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Acute and longitudinal fMRI brain response to deep brain stimulation in Parkinson’s disease

Skyler Deutsch1, Katelyn Vu1, Andrea Fuentes2, Sarah Wang3, Alastair Martin1, Jill Ostrem3, Philip Starr4, Doris Wang4, Ian 
Bledsoe3, Melanie Morrison1

1Radiology and Biomedical Imaging, University of California San Francisco, San Francisco, CA, 2Department of Neurology and 
Neurological Sciences, Stanford University, Stanford, CA, 3Neurology, University of California San Francisco, San Francisco, 
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Introduction: Deep brain stimulation (DBS) is an e!ective second-line therapy for Parkinson’s disease symptom management, 
though there is still significant, unexplained variability in patient outcomes. With recent advances in DBS hardware enabling 
patients to undergo MRI with stimulation, researchers have been leveraging functional MRI (fMRI) to better understand this 
variability in response to DBS. (Loh et al. 2022) It has been repeatedly shown that DBS modulates activity in the cerebellum 
and cortico-basal ganglia-thalamo-cortical network. (Kahan et al. 2012) (Mueller et al. 2018) The direction however in which 
DBS alters brain activity di!ers across studies and the time course and relationship of these alterations with symptom 
response is limitedly understood. (Loh et al. 2022) (Shen et al. 2020) The globus pallidus interna (GPi) target has also been 
less represented in studies than the subthalamic nucleus (STN). (Boutet et al. 2021) (Zhang et al. 2021) (Hwang et al. 2023) To 
address the gaps in knowledge, we present our early findings of acute and longitudinal brain patterns underlying STN and 
GPi DBS, leveraging a prospective imaging dataset where motor response is evaluated immediately prior to imaging under 
identical stimulation conditions.

Methods: Sixteen patients with PD (mean age 64.88; 19% F) implanted with a Medtronic Percept PC DBS system 4.77-66.48 
months prior (STN=7, GPi=9; Fig 1A), consented to postoperative resting-state (rs)-fMRI simultaneous to brain stimulation. 
Imaging was performed on a 3T GE system in low-SAR mode for a total of 24-min: 12 with stimulation in an alternate bipolar 
setting programmed to mimic the clinical monopolar settings, and 12 with DBS turned o! (Fig 1B). Immediately before 
scanning, motor testing was performed in the bipolar research configuration with stimulation turned on, then o!, to measure 
degree of acute symptom improvement. Three patients returned for repeat imaging and motor testing 2.33-6.35 months 
later. All patients had preoperative motor testing done as part of their clinical work up for DBS; five patients had preoperative 
rs-fMRI available. Time-series data were preprocessed in CONN. (Whitfield-Gabrieli and Nieto-Castanon 2012) The variability 
(standard deviation) of fMRI signal in brain areas comprising the motor network was calculated, representing neural 
adaptability. (Garrett et al. 2010) We investigated target-specific patterns of acute and longitudinal fMRI response to DBS in 
relation to degree of symptom improvement.
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Results: Brain variability was significantly elevated in a subset of basal ganglia and cerebellar areas, both in the DBS-ON 
and OFF conditions (Fig 1CD). Stimulation altered network variability; the direction and degree of modulation correlated 
with degree of acute motor improvement, interestingly, with some opposing trends for patients implanted in the STN versus 
GPi that could reflect target-specific inhibitory and excitatory influence on the network (Fig 1EF). On average, preoperative 
variability was significantly reduced in multiple brain areas, suggestive of a neuroplastic e!ect (Fig 2AB). Again, degree 
and direction of modulation frequently correlated with longitudinal (pre-to-post) motor symptom improvement (Fig CD). In 
two patients, variability averaged over the subset of key motor areas was mostly consistent across multiple postoperative 
timepoints and did not approach preoperative values, further supporting the neuroplasticity hypothesis (Fig 2E).

Conclusions: Preliminary results from this study show that in Parkinson’s disease, DBS acutely and longitudinally modulates 
the moment-to-moment variability of brain areas within the motor network. The direction of modulation of specific motor 
areas is related to patients’ degree of clinical motor improvement. With the largest di!erences in fMRI variability metrics 
detected across the pre- vs post-DBS imaging conditions, longitudinal findings likely reflect neuroplastic e!ects and warrant 
further investigation.
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Neurocircuitry of apathy in Parkinson’s patients with subthalamic nucleus deep brain stimulation
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Kopell1, Martijn Figee1
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Introduction: Subthalamic nucleus deep brain stimulation (STN DBS) improves motor symptoms of Parkinson’s disease (PD), 
but its e!ect on motivation is controversial. Apathy, characterized by lack of motivation and energy, commonly occurs in PD, 
and is often exacerbated after STN DBS and post-surgical levodopa withdrawal. Apathy is linked to dopaminergic denervation 
in limbic and associative pathways which are not typically targeted with STN DBS. Similar to motor symptoms, apathy can be 
a levodopa-responsive PD symptom. The routine withdrawal of levodopa after surgery could therefore reveal apathy when 
these non-motor pathways are not stimulated with STN DBS. Here, we examined the moderating role of levodopa withdrawal 
on the relationship between postoperative apathy and the structural connectivity of stimulation volumes to limbic and 
associative networks.

Methods: Apathy scores and medication information were collected in 28 PD patients before and six months after STN DBS. 
We modeled stimulation volumes and structural connectivity patterns using patient-specific di!usion-weighted magnetic 
resonance images and probabilistic tractography. First, we explored the interaction between medication reduction and 
stimulation of limbic, associative, and motor pathways on apathy change. Second, we investigated the modulatory role 
of medication withdrawal by testing the relationship between apathy change score and stimulation-related connectivity 
separately in patients with high (N = 17) and low (N = 11) medication withdrawal.

Results: Apathy increased after STN DBS in 13 of the 28 patients. There was a significant interaction between medication 
withdrawal and left ventromedial prefrontal cortex (vmPFC) involvement on change in apathy. In patients with high medication 
withdrawal, DBS-related apathy was associated with lower connectivity of the stimulation volume to the left ventromedial 
prefrontal cortex and orbital frontal cortex. The change in apathy was unrelated to motor pathway connectivity, or motor 
symptoms. These findings were additionally used for a tractography guided change in stimulation parameters for a case 
example with apathy post DBS. Which resulted in a significant apathy decrease.
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Conclusions: Our study suggests that insu"cient stimulation of limbic fronto-subthalamic network connections combined 
with high levodopa withdrawal contributes to STN DBS-related apathy in PD, which may inspire novel personalized non-motor 
targeting strategies.
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Neural circuitry underlying DBS treatment for self-injurious behaviours in Autism Spectrum Disorder
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Introduction: Children with Autism Spectrum Disorder (ASD) often manifest self-injurious behaviours (SIB) that may become 
severe and refractory with limited treatment options (Arron et al. 2011). These SIBs may lead to disability or death and deprive 
children and their families of quality of life. Deep brain stimulation (DBS) has recently been developed in a world-first phase 
I clinical trial at the Hospital for Sick Children as a potential treatment for a!ected children (NCT03982888; Yan et al. 2022). 
The nucleus accumbens (NAcc) is thought to be a relevant target because of its key role in the neurocircuitry regulating SIB. 
However, the neural underpinnings of NAcc stimulation for SIBs are poorly understood, and multi-disciplinary translational 
studies using both pre-clinical animal models and clinical data are necessary to explore the mechanisms of disease and 
treatment. Here, we evaluated the behavioural and neuroanatomical changes induced by NAcc-DBS in a mouse model of SIB 
and ASD to provide insights into the pathophysiology underlying the treatment being o!ered in the phase I clinical trial at the 
Hospital for Sick Children.

Methods: BTBR T+ Itpr3tf/J (BTBR) mouse models of SIB and ASD received chronic DBS or sham stimulation to the bilateral 
NAcc (100 µA, 100 Hz, 60 µs). Treatment was followed with a series of behavioural tests evaluating ASD-related phenotypes 
(self-injurious, repetitive, anxiety-like, and social behaviours) and structural MRI. Deformation-based morphometry (Lerch, 
Sled, and Henkelman 2011) and MAGeTbrain (Multiple Automatically Generated Templates Brain Segmentation Algorithm; 
Chakravarty et al. 2013) pipelines were applied to identify distinct volumetric changes along the NAcc neurocircuitry and 
correlated with SIB improvement in BTBR mice.
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Results: Chronic, high-frequency NAcc-DBS reduced repetitive and SIBs, as well as improved sociability among BTBR mice. 
These behavioural improvements were correlated with reduced volume in several brain areas thought to be critical for the 
regulation of SIB, such as the frontal cortex, habenula, amygdala, and hypothalamus (Figure 1).

Conclusions: We demonstrate that NAcc-DBS improves SIB outcomes in BTBR mice through induction of volumetric changes 
to diverse brain structures involved in SIB regulation. These findings will provide mechanistic insight to the world-first pilot 
trial of NAcc-DBS in children with severe SIB and ASD. Results from this study will advance our understanding of the neural 
circuitry subserving SIB, mechanisms underlying symptom improvement following treatment, and provide foundational 
evidence to establish NAcc-DBS as a therapy for a!ected children.
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Habenula neurostimulation improves neuropsychiatric symptoms in a Fragile X-ASD transgenic model
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Introduction: Fragile X syndrome (FX) is the most frequent genetic cause of intellectual disabilities and autism spectrum 
disorder (ASD) and is caused by mutations in the Fmr1 gene, resulting in changes in the neurocircuitry regulating emotions, 
cognition, somatosensation and neurotransmitter release1. The habenula (Hb) is particularly interesting as it is a key 
component of the neurocircuitry responsible for modulating the reward value of social interactions, the circadian cycle, and 
the sensory integration necessary for flexible behavioural adjustments2,3. The Hb is a candidate for deep brain stimulation 
(DBS) in humans4, a therapy that modulates dysfunctional neural circuitry by delivering intracranial electrical stimulation5. 
Translational studies are necessary to understand DBS’s e!ects and mechanisms of action and facilitate the development of 
clinical treatments. The Fmr1 knockout (Fmr1-KO) mice are a well-established model of FXS showing comparable behavioural 
deficits and brain structural and functional di!erences, as seen in patients with this syndrome6. This study aimed to investigate 
DBS of the Hb (Hb-DBS) as a potential neurostimulation therapy for improving the behavioural deficits observed in the Fmr1-
KO mouse model of FX-ASD.

Methods: Adult male and female Fmr1-KO mice (RRID: IMSR_JAX:004624) were randomly assigned to receive Hb-DBS 
treatment or control. Background strain wild-type (WT) mice (RRID: IMSR_JAX:004828) were used as behavioural control 
to determine if the Hb-DBS treatment would reduce the behavioural di!erences between transgenic and healthy animals, 
thus reflecting a positive e!ect of treatment on the neuropsychiatric symptoms observed at baseline. All procedures were 
performed after approval from the Animal Care Committee in accordance with the Canadian Council on Animal Care (AUP 
#25-0355H). Animals were group-housed in the Digital Ventilated Cages system (DVC®, Tecniplast) with free access to food, 
water and environmental enrichments. Following the acclimatization period, Fmr1-KO mice were randomly selected to receive 
surgery for the implantation of electrodes targeting the Hb (AP: -2mm, ML: 0.3mm, DV: -2.5mm)7 or control surgery. Animals 
were allowed to recover from surgery for one week. Thereafter, mice in the Hb-DBS group were connected to an external 
pulse generator and received daily stimulation sessions (3h/session, six sessions total. Stimulation parameters: 0.3V, 100Hz, 
60us). Control animals were not connected to the external pulse generator but were kept under the same conditions and for 
as long as the other group. The circadian cycle pattern, sociability, anxiety-like behaviour, and somatomotor behaviours were 
evaluated in all mice. Linear mixed e!ect models were used for statistical analysis (R studio), and the significance level was set 
as p<0.05.

Results: Baseline di!erences between genotypes were found in all behavioural measures (Figure 1), with Fmr1-KO showing an 
inconsistent pattern of the circadian cycle (β=6.90; SE=2.24; df=24; p<0.01), with periods of resting during the active time (i.e., 
dark time) and periods of activity during the resting time (i.e., light time), increased anxiety-like behaviour (β=71.49; SE=20.44; 
df=24; p<0.01), reduced sociability (β=128.84; SE=17.284; df=24; p>0.001) and impaired thermic sensitivity (β=6.90; SE=2.24; 
df=24; p<0.01). Treatment with Hb-DBS was e!ective in reducing anxiety-like behaviour (β=71.49; SE=25.30; df=46; p<0.01), 
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increasing sociability (β=136.58; SE=21.87; df=24; p>0.001) and improving thermic sensitivity (β=1.12; SE=0.32; df=46; p<0.01), 
however it did not a!ect the circadian cycle (β=0.87; SE=0.38; df=15; p>0.05).

Conclusions: Treatment with Hb-DBS improved the neuropsychiatric symptoms observed in the Fmr1-KO mouse model of FX-
ASD, with treated animals showing reduced anxiety-like behaviour, increased sociability and enhanced sensory perception. 
Further studies are necessary to investigate the neurobiological mechanisms associated with behavioural changes.
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Introduction: As a neuromodulation technique, deep brain stimulation is often used for ameliorating cognitive disabilities, 
such as improving memory impairment. Existing evidence showed that direct stimulation resulted in di!erent e!ects in 
memory performance. Some reported that stimulation impaired memory performance (e.g., Jacobs et al., 2016), while others 
reported that stimulation improved memory (e.g., Suthana et al., 2012). Therefore, in the present study, we intend to find out 
di!erent memory performance induced by selective stimulation site and stimulation frequency.

Methods: Participants Twenty-eight medically refractory frontal or temporal epilepsy patients (mean age = 24.03y, sd = 8.36y, 
10 female) who were implanted with SEEG depth electrodes were collected in Xuanwu hospital. Experimental procedure & 
Stimulation protocol A white square moved in the 4*4 grid, and the participants were instructed to learn the sequence and 
the location of the moving square (Fig1A). All participants learned 3 locations in each color background and they were self-
adapted to memorize (1) two to three color backgrounds and (2) repeat four to six times based on their practice performance. 
After the 10s distractor task, participants were asked to replicate the sequence in each color grid. There were three blocks 
of spatial temporal sequences in each session. During the encoding period, participants either received stimulation in the 
hippocampus or no stimulation (Stim-o! condition). Stimulation was delivered in the continuous biphasic rectangular pulse 
at 0.5 mA with 90μs pulse width at 5 Hz or 50 Hz, using RISHENA stimulator (RISHENA, China). Intracranial EEG data was 
recorded using amplifiers from Brain Products for the whole task periods, with the sampling rate of 2500 Hz. Electrode 
localization Location for each contact was identified by co-registering the post-implanted CT scans and the pre-implanted 
MRI image, and we segmented individual’s structural T1 image using FreeSurfer and obtained the anatomical label for each 
contact. White matter categorization All stimulation sites were re-categorized as either located in the gray matter or near 
white matter, following the procedure from Mohan et al (2020). We calculated the midpoints of the anode and cathode 
electrodes, and a sphere with a radius of 4 mm was constructed centered on this midpoint. Then, we estimated the number 
of white matter vertices located in the sphere. Finally, we grouped the stimulation sites as gray matter or near white matter by 
taking the median of the white matter vertices’ number. Here, the median number of white matter vertices located inside the 
sphere is 165.

Results: We implemented the generalized linear mixed-e!ects model in order to investigate whether characteristics 
of stimulation site and frequency would a!ect stimulation e!ect (Fig1B). We defined independent variables as (1) the 
corresponding location of the stimulation site and seizure onset zone (SOZ), (2) white matter proximity and (3) stimulation 
frequency. Here, we found a marginal significant three-way interactive e!ect (χ2=5.59, p=.061). We conducted the simple 
e!ect analysis and found that if the stimulation site is located in the SOZ, stimulation would not significantly change memory 
performance. However, if the stimulation site was located outside the SOZ, 5 Hz stimulation in gray matter would reduce 
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the probability of recall (z=-3.72, p<.001), whereas stimulation near white matter would improve memory performance 
(z=2.36, p=.037).

Conclusions: In the present study, we found that the selection of stimulation site and frequency contributed to the stimulation 
e!ect. If we stimulate in the SOZ, the stimulation shows no e!ect on the memory performance. Yet, if we stimulate outside the 
SOZ, low frequency stimulation in gray matter will impair memory performance, while high frequency stimulation near white 
matter enhances memory performance.
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Bridging brain coordinates and machine learning for surgical targeting and morphometric mapping
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Introduction: A deviation of 2 millimeters (mm) in deep brain stimulation (DBS) electrode positioning can result in variability 
of upwards of 60% in therapeutic benefit1. Suboptimal targeting may require reimplantation, which can pose additional risks. 
Localizing DBS targets is not always possible because of their small size, lack of contrast, and patient motion. Tools which 
involve non-linear alignment of an atlas to patient images, considered ‘gold standard’ for automatic localization, yield errors on 
the order of 2-3 mm2 and highly depend on image quality (Figure 1A). Gadolinium enhanced T1w MRI (MRI-gad) is employed 
during DBS planning, as it helps with avoiding blood vessels. However, MRI-gad presents challenges during non-linear 
alignment3. Automatic localization of brain structures via machine learning (ML) o!ers faster and generalizable alternatives to 
registration approaches. However, limited studies cater ML to DBS targets while demonstrating generalizability in clinic (e.g. 
on MRI-gad)4. We validate an ML model (Figure 1) to localize surgical targets from the coordinates of salient brain landmarks5 
in patient space. Our approach is agnostic to field strength, generalizable to other brain regions, and enables more nuanced 
understanding of brain morphology that can be expressed in millimeters (Figure 2).
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Methods: We curated and openly released6 three imaging datasets: The SNSX dataset, 64 healthy and DBS patients imaged 
at 7-T; the LHSCPD dataset, same DBS participants as in SNSX, but imaged at 1.5-T MRI-gad; and the AFIDs dataset, multi-
center, multi-resolution MRI data with curated anatomical landmarks across a diverse population (N = 169), including healthy, 
abnormal ventricular size, and neurodegenerative disease. We leveraged coordinates of 32 anatomical landmarks (called 
AFIDs) from aforementioned datasets. AFIDs feature an inter-rater localization error of ~1 mm, validated across MRI field 
strengths and disease via 50,000+ Euclidean distances (ED) from 20 expert and novice human raters5,6. We computed the 
subthalamic nucleus center (STN) from segmentations on T2w 7-T MRI scans curated by 3 expert neurosurgeons and the lead 
author. Coordinates of AFIDs were used as features to predict the STN center. Principal component analysis and correlations 
were used to evaluate relationships between AFIDs, subsequently a linear regression model was trained via nested 4-fold 
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cross validation. We employed an unseen paired dataset of 22 DBS patients imaged at both 7-T and 1.5-T to demonstrate our 
model’s robustness across MRI field strength. We then applied a validated registration framework7 to predict the STN, and 
statistically compared that to our model. To simulate the upper limit of mis-localization errors by trained raters, we augmented 
AFID locations anisotropically by 2 mm and evaluated prediction error. Finally, to evaluate the generalizability of our model to 
other brain regions we perform a leave-one-AFID out analysis where the excluded AFID was predicted from all other AFIDs.

Results: STN prediction error on our test set is 1.01 ± 0.56 mm, outperforming non-linear alignment which failed for 6 patients 
(produced irregular wrap fields). Additionally, our model exhibited no statistical di!erence when predicting STN coordinates 
from 7T or 1.5T MRI-gad imaging. We leveraged our model to predict the STN on an MRI-gad scan from a DBS electrode 
re-implantation case, leading to more accurate targeting (Figure 1C). STN predictions from augmented AFID placements 
(2 mm) featured an error of 0.34 ± 0.12 mm. Finally, our brain target generalizability yielded an error of 1.1 ± 0.36 mm on 7 
midbrain AFIDs.
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Conclusions: We demonstrate a novel surgical targeting framework that accommodates for inter-patient variability and is 
agnostic to MRI field strength. We integrate this approach within the clinical workflow and showcase its utility in predicting 
surgical targets and informing DBS electrode re-implantation where conventional imaging is suboptimal.
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Introduction: Anorexia nervosa (AN) is a complex mental health disorder characterized by significant weight loss and 
associated medical and psychological comorbidities. The relapsing nature of AN relates to high levels of disability and 
mortality, positioning AN as the psychiatric condition with the greatest risk of death (Zipfel et al., 2015). Due to the limited 
e!ectiveness of current treatments for severe AN, new strategies, including deep brain stimulation (DBS) are being explored 
(Villalba-Martínez et al., 2020). However, the neural mechanisms potentially driving DBS interventions in AN are still not 
completely elucidated. In this vein, the main goal of this investigation was to explore changes in structural connectivity, as 
examined through di!usion tensor imaging (DTI), in patients with severe AN before and after DBS.

Methods: In this study, 16 participants (8 AN patients and 8 matched controls) underwent a baseline DTI acquisition. AN 
patients received DBS targeting either the subcallosal cingulate (DBS-SCC, N=4) or the nucleus accumbens (DBS-NAcc, N=4), 
based on the presence of anxious-a!ective comorbidities and AN subtype. Additionally, four AN patients (two from each DBS 
group) participated in a post-DBS DTI evaluation. We compared fractional anisotropy (FA) values derived from DTI between 
AN patients and controls and assessed structural connectivity changes pre- vs. post DBS. The analyses were conducted using 
the TRACULA (TRActs Constrained by UnderLying Anatomy) tool, part of FreeSurfer (Yendiki et al., 2011), and the TBSS (Tract-
Based Spatial Statistics) from the FSL (Smith et al., 2006).

Results: We observed statistically significant di!erences in numerous white matter tracts between patients with severe AN 
and controls at baseline, as illustrated in Fig. 1A (p < 0.05; matched controls > AN patients). Moreover, in AN patients two 
specific white matter tracts proven significant changes pre vs. post DBS at the group level: the anterior thalamic radiation 
(ATR; p = 0.0204; Fig. 1B) and the superior longitudinal fasciculus – parietal bundle (SLFP; p = 0.0272; Fig. 1B). Remarkably, 
at the individual level, each subject exhibited an increase in at least one of these two white matter tracts following the 
DBS intervention.
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Conclusions: Our research provides further support to the notion that white matter integrity is significantly compromised 
in distinct brain regions in patients with severe AN. Moreover, in AN patients treated with DBS, we originally observed an 
increase in structural connectivity in two white matter pathways, namely ATR and SLFP, independent of the stimulation 
target. This change in structural integrity due to DBS may be attributed to the triggering of microstructural neuroplasticity 
mechanisms following brain stimulation (Antonenko et al., 2023). Altogether, our findings suggest that DTI metrics may serve 
as a helpful tool for both guiding and tracking brain changes following DBS treatment in psychiatric populations.
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Cortical Evoked Responses to Enhance Targeting and Personalize DBS Intervention for OCD
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Introduction: Obsessive-compulsive disorder (OCD) is a debilitating condition, a!ecting approximately 2.3% of individuals 
throughout their lifetime (Ruscio et al., 2010). The US FDA allows treatment of severe cases using deep brain stimulation (DBS) 
to the anterior limb of the internal capsule (ALIC) under an Humanitarian Device Exemption (Anderson and Ahmed, 2003). DBS 
has demonstrated e"cacy in providing relief from symptoms. However, the journey to stable recovery remains unpredictable, 
often necessitating trial-and-error adjustments in stimulation. This variability is attributed to individual di!erences in the neural 
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response to stimulation and uncertainty about surgical target engagement. Subjective symptom reporting is not su"cient for 
rapid parameter optimization, necessitating the development of objective, brain-based biomarkers to confirm optimal DBS 
target engagement.

Methods: We recorded high density electroencephalography (hd-EEG, 256-array) in nine OCD patients during 2 Hz 
stimulation to the anterior limb of the internal capsule (ALIC). Cortical evoked responses, time-locked to the DBS pulse, were 
captured for each electrode contact within the target region, amounting to eight total conditions (four per hemisphere). The 
clinically optimal contact in each hemisphere was identified prior to surgery using di!usion weighted MRI tractography. The 
reliability of the stimulus evoked propagation patterns was examined for every individual and for every stimulation condition. 
Global Mean Field Power (GMFP) was extracted from every condition, and used to calculate the Area Under the Curve (AUC). 
We hypothesized that stimulation delivered to the tractography-defined optimal target would result in greater AUC activation.

Results: Results showed that stimulation in the ALIC generates stable and reproducible cortical responses within individuals, 
with some elements of the cortical response also being consistent between individuals. Moreover we found a significantly 
stronger propagation pattern when the stimulation was delivered to the tractographically defined target, both for early (0-
80ms) and late (130-150ms) responses.

Conclusions: Overall, these novel discoveries pinpoint the potential usage of the cortical evoked potential as a brain-based 
biomarker of DBS target engagement. These findings have implications for understanding brain function, and potential 
applications for personalizing therapeutic interventions.
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Introduction: Aggression exacts a significant toll on human societies and is highly prevalent among neuropsychiatric patients, 
yet treatment options are limited. While the neural mechanisms leading to aggression are unclear, it can occur following 
focal brain damage. Such cases provide unique insight into brain regions causally responsible for aggression symptoms 
and may identify therapeutic targets. The most famous case of lesion-induced aggression comes from Phineas Gage, which 
provides the first clinical evidence showing the causal role of the PFC in regulating aggression. However, later studies 
have demonstrated that lesions causing aggression are located in di!erent parts of the brain, not just PFC, thus leaving the 
localization of aggression unclear. Recently, it has become possible to map complex behavior to human brain circuits based on 
locations of brain damage that modulate the behavior by leveraging a wiring diagram of the human brain termed the human 
connectome1,2. This technique, termed lesion network mapping, is particularly helpful when lesions causing similar symptoms 
occur in multiple di!erent brain locations.

Methods: We analyzed 182 patients who had su!ered penetrating head injuries during their service in the Vietnam War 
3. Aggression was assessed with the aggression/agitation subscale of the Neurobehavioral Rating Scale (NBR-A). Lesion 
locations were mapped to a common brain atlas. The network of brain regions connected to each lesion location was 
identified utilizing resting state functional connectivity from healthy participants (n = 1000). Lesion-connections associated 
with increased aggression were then identified. To validate whether our lesion-derived aggression regions and network are 
relevant to neuropsychiatric symptoms associated with aggression, we utilized three independent datasets. The first dataset is 
the lesion location of the historic case of Phineas Gage extracted from Damasio’s study4. The second dataset is a cohort of 25 
patients who received anterior thalamic deep brain stimulation (DBS) as a treatment for drug-resistant focal epilepsy, in which 
irritability and aggression are frequently shown as side e!ects5. The third dataset is the Harvard Lesion Repository, which 
contains 928 symptom-causing lesions spanning 25 independent lesion datasets.
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Results: We found that lesions associated with aggression occurred in many di!erent brain locations but were characterized 
by a specific pattern of brain connectivity to a hub region (termed LNM node) in the right prefrontal cortex. This identified 
hub partially overlaps Gage’s lesion (Fig. 1a). Functional connectivity between Gage’s lesion (Fig. 1b) and lesions in our VHIS 
cohort can significantly predict the patients’ aggression scores (r = 0.15, p = 0.041; Fig. 1c). Connectivity with our identified 
hub also predicted improvement in irritability in the independent DBS dataset, suggesting potential therapeutic relevance. 
This predictive ability was most specific to irritability, as functional connectivity between DBS stimulation sites and our LNM 
node was significantly distinct between irritability and the remaining 20 symptoms measured (t19 = -10.44, p = 2.59 × 10-9; Fig. 
2a). Similar to prior studies2,5, We derived an “aggression network” based on functional connectivity to our hub region and 
validated it using the Harvard Lesion Repository. We showed that lesions associated with criminal behavior demonstrated the 
most alignment with our aggression network amongst these 25 symptoms (Fig. 2b). Not only is the intersection of criminality 
significantly higher than zero (t16 = 2.20, p = 0.043), but it also exhibited the highest intersection with our lesion-derived 
aggression network.
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Conclusions: We conclude that brain lesions associated with aggression map to a specific human brain circuit, and that the 
hub of this circuit provides a testable target for therapeutic neuromodulation.
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Introduction: The clinical e"cacy of deep brain stimulation (DBS) is significantly influenced by the accuracy of electrode 
placement (Okun et al., 2005, 2008; Bot et al., 2018; Neudorfer et al., 2023). Computerized models that reconstruct the 
electrode in silico have been used to investigate the relationship between electrode placements and clinical improvements. 
These models may be studied on a local (coordinates and stimulation volumes) and global network level (activated fiber 
tracts and associated functional networks). If accurate, models may be used to predict clinical outcomes in patients that were 
not used to create them (Horn et al., 2017; Boutet et al., 2021; Roediger et al., 2022). If successful, this leads to clinical utility 
of the models to potentially guide both DBS surgery and programming. Given promise, a recent trend in the emergence of 
computerized DBS models could be seen in the literature. However, a guide for best practices and parameter choices is 
lacking. Here, our aim was to compare a multitude of models and parameter choices based on a large multi-centre DBS cohort 
of patients who underwent the subthalamic nucleus DBS (STN-DBS) surgery for Parkinson’s disease (PD).

Methods: We base analyses on retrospective data from a large cohort of N = 170 PD patients who underwent bilateral 
DBS targeting to the STN at five international centres. We used Lead-DBS v3 to localize electrodes and model stimulation 
volumes in each patient (Neudorfer et al., 2023). Relative motor improvements before and after surgery were measured via 
the Unified Parkinson’s Disease Scale III (UPDRS-III). We then created predictive models on four levels: The first model was 
solely based on active coordinates of stimulation sites. Euclidean distance of active electrode contacts from an a priori optimal 
target coordinate (Caire et al., 2013) was calculated. The second model included an estimated stimulation volume based on 
programming parameters and was based on overlaps between these volumes and a sweet spot that was calculated following 
the approach by Horn et al., (2022). Third and fourth, DBS Fiber Filtering (Irmen et al., 2020) and DBS Network Mapping 
(Horn et al., 2017) approaches were carried out to identify the streamlines and functional networks associated with beneficial 
clinical e!ects (Figure 1). Sweet spots, optimal streamlines and optimal networks were validated using leave-nothing-out 
and 10-fold cross-validation to avoid circularity of the models. Results from all four models were fed into a multiple linear 
regression analysis.
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Results: As expected, Euclidean distances between active contacts and the a priori optimal coordinate correlated negatively 
with clinical improvements (R = -0.30, p < 0.001). Similarly, sweet spot, optimal tract and optimal network models were able to 
explain significant amounts of variance in clinical improvements (R = 0.19, p = 0.015; R = 0.29, p < 0.001 and R = 0.34, p < 0.001, 
respectively). In a combined model, 14% of the variance in empirical clinical improvements could be explained (F-statistic = 6.8, 
p < 0.001). In this model, only the Fiber Filtering scores contributed significantly (ß = 0.21, p = 0.018) (Figure 2).

Conclusions: Our findings confirm a robust relationship between electrode placements and clinical improvements following 
STN-DBS for PD. When combining results of models from local and global measures, models can still only account for a 
fraction of the overall variance.
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Introduction: The anterior and centromedian thalamic nuclei (ATN/CM) are the two commonly target structures in deep 
brain stimulation (DBS) for epilepsy. To optimize this surgical planning, several MRI-based thalamic atlases have been 
introduced, but they were often unsuccessful for precise stimulation targeting1. While the e"cacy of DBS has been assessed 
in many previous studies, a comprehensive investigation based on fully quantitative approaches is still lacking, especially in 
elucidating the relationship between varying rates of seizure reduction (SR) and DBS patterns or relating their pathological 
e!ects to an underlying anatomy. Here, we addressed these issues by 1) validating existing MRI thalamic atlases based on 
comparisons with histological data (to select the best reference atlas), 2) mapping the volume of DBS-activated tissue (VTA) 
on the thalamic nuclei of selected atlases (to assess how important precisely stimulating the targeted nucleus is to achieve 
SR), and 3) comparing the morphology of the thalamus between the control and patient groups.

Methods: Through the literature survey, we have found 5 publicly released thalamic atlases (Allen2, Freesurfer3, Ilinsky4, Distal1 
and Thomas5). We quantitatively validated these atlases by comparing to the thalamic nuclei from postmortem brain data6. 
For this, we manually segmented ATN and CM in histology (Fig1A) and calculated a dice index (DI) between our segmentations 
and the borders of nuclei in MRI atlases to choose the best reference atlas. Analysis 1: We analyzed structural MRI of in-total 
50 patients (31 focal [ATN] and 19 generalized epilepsy [CM]). We computed DI between the thalamic nucleus of the selected 
atlas and VTA at each subject. A receiver operating characteristic (ROC) curve was then plotted to evaluate the accuracy of 
classifying responder and non-responder groups (RG/NRG) across multiple DI values. Analysis 2: Next, we conducted a shape 
analysis to investigate the pathological e!ect on the thalamic morphology across the two patient groups (ATN/CM) compared 
to the control using a SPHARM-MAT algorithm7. After modeling the thalamic structure’s surface, two sample t-test was 
employed to quantify their morphological di!erences. False discovery rate (FDR) corrected for the Type-I error.

Results: Our atlas validation demonstrated that ATN and CM boundaries in histology match to di!erent MRI atlases, 
respectively. Indeed, the ATN showed the largest overlap with Thomas5, while in CM, the Freesurfer3 showed the best 
fit (Fig1B). The ROC (based on the DI between the nucleus atlas and VTA) for the accuracy of distinguishing RG and NRG 
revealed 0.75 of AUC for ATN and 0.489 for CM (Fig1C). It showed that the higher the overlap is with the atlas, the better 
seizure outcome is, in only ATN. Similarly, the thalamic shape analysis also showed the significant group changes only in the 
ATN-targeted patients compared to controls (Fig2) but not in CM patients. In the ATN group, overall trends of findings showed 
an inward deformation across multiple nuclei (Fig2). Notably, this atrophy was specifically noted in the right ATN. In the CM-
targeted group, however, there were no group di!erences between patients and controls.
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Conclusions: Our study validated the existing MRI-based thalamic atlases based on postmortem histology. The series of 
analyses demonstrated that the e"cacy of DBS may be di!erent, depending on the targeted thalamic nucleus. Indeed, 
while the DBS targeting ATN seems moderately e"cacious in terms of seizure reduction, the CM-DBS cases failed to show 
comparable therapeutic e!ects. In the shape analysis, the individual heterogeneity in the CM group may influence the 
observed negative finding. Further research is required for the individual-level phenotyping and also the whole-brain analysis 
that targets beyond the thalamic nuclei (e.g., whole-brain connectivity) to comprehensively investigate potential factors of 
brain substrates that can a!ect the DBS outcome.
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Introduction: Dystonia is a debilitating neurological disorder characterized by involuntary sustained or intermittent muscle 
contractions causing abnormal movements, postures, or both. Among the established therapeutic options is invasive 
circuit-based neuromodulation with deep brain stimulation (DBS) of bilateral globus pallidus (GPi), which yields an average 
of 30%-60% clinical improvement in di!erent forms of dystonia. Yet, only about 5% of dystonia patients undergo DBS 
surgery and, among those treated, around 25% of patients have poor response. A limiting factor in patient selection for 
successful DBS treatment is the absence of a pathophysiologically relevant biomarker to inform treatment outcomes prior to 
neurosurgical intervention.

Methods: We developed and tested a deep learning algorithm, DystoniaDBSNet, which uses a structural brain MRI of patients 
who underwent DBS-GPi to automatically identify the neural biomarker of predictive treatment e"cacy. Whole-brain T1-
weighted MRIs from 130 patients with focal, multifocal, segmental, or generalized dystonia (64 M/66 F, age 45.78±18.62 years) 
treated at Massachusetts General Hospital, University College London, and the University of Florida were included in this 
study. Clinical improvement was defined as at least a 30% reduction of symptom severity based on the standardized Burke-
Fahn-Marsden Dystonia Rating Scale. The DystoniaDBSNet model was trained and validated using phenotype-, sex-, age-, 
and surgical site-matched patient cohorts, allocating 80% of patients for training and 20% for testing.

Results: The training model of DystoniaDBSNet achieved the area under the receiver operating characteristic curve (AUC) 
of 100% in discriminating DBS benefiting from non-benefiting patients. DystoniaDBSNet automatically identified a neural 
biomarker of DBS treatment outcome, which included clusters in the bilateral precentral and middle frontal gyri, left superior 
frontal gyrus, anterior cingulate cortex, thalamus, and right postcentral gyrus. In the testing set of patients with di!erent clinical 
phenotypes of dystonia, DystoniaDBSNet achieved an overall accuracy of 96.0%, with 100% sensitivity, 85.7% specificity, and 
a 3.87% referral rate in predicting the DBS treatment outcome.

Conclusions: DystoniaDBSNet yielded a fully automated, objective, and highly accurate predictive outcome of DBS treatment 
in patients with di!erent forms of dystonia from a single structural MRI that was collected prior to neurosurgical intervention. 
The components of the DystoniaDBSNet biomarker included brain regions known for their contribution to dystonia 
pathophysiology. The translational significance of DystoniaDBSNet is in its potential to enhance clinical decision-making in 
DBS candidate selection and ultimately to deliver improved clinical care to patients with dystonia.
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Noninvasive Stimulation of the Nucleus Accumbens using Transcranial Focused Ultrasound
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Introduction: Transcranial focused ultrasound (tFUS) is an emerging noninvasive neuromodulation technique that can 
stimulate deep brain regions with a high spatial resolution1,2. Previous clinical trials have demonstrated that tFUS can attenuate 
sensory processing3, pain4, and modulate self-reported mood and mental vigor5 by stimulating specific brain targets, including 
the thalamus and lateral frontal gyrus. The penetrative depth and spatial resolution of tFUS expand the scope of traditional 
noninvasive neuromodulation approaches to previously inaccessible regions, such as the nucleus accumbens (NAc). NAc is 
a key node of the brain reward circuit6, and dysregulation of this region has been demonstrated to contribute to pathological 
markers of addiction such as cue reactivity and drug-seeking behavior in substance use disorder (SUD) making it a potential 
therapeutic target for tFUS7. In this pilot study, we investigated whether tFUS on NAc can modulate the reward network.

Methods: Ten healthy individuals (7 females, mean age ± SD: 31 ± 8.39 years) were recruited for this single-blind, sham-
controlled, pilot study. All participants were randomly assigned to either the active tFUS group (N=5) or the sham group 
(N=5). Participants attended a single experimental visit, and all research methods were conducted within a Siemens 3T 
Prisma MRI scanner. First, a structural T1 MRI scan was acquired, followed by pre-tFUS resting-state functional MRI (fMRI; four, 
6-minute scans). Then, 20 minutes of either active or sham tFUS was administered targeting the left NAc during concurrent 
fMRI acquisition (two, 10-minute scans). Lastly, a post-tFUS resting-state fMRI was acquired (four, 6-minute scans). This study 
was approved by the MUSC IRB, registered on ClinicalTrials.gov (NCT05986019), and all participants signed the informed 
consent before enrollment. The real-time tFUS targeting was conducted within the bore of the MRI prior to ensuring the tFUS 
transducer was in the correct position to deliver ultrasound to the NAc target as described in our previous study (Figure 1a & 
b)4. After tFUS targeting, the concurrent tFUS-fMRI scan was performed. Each tFUS-fMRI run consisted of a 30s tFUS “ON” 
block, followed by a 30s “OFF” block, and repeated ten times. During the tFUS “ON” block, ultrasound stimulations were 
generated using the BrainSonix BXPulsar 1002 tFUS System with sonication parameters as follows: Fundamental frequency = 
650 kHz, Pulse repetition frequency = 10 Hz, Pulse width = 5 ms, Duty cycle = 5%, Sonication duration = 30 s, ISPTA.0 = 995 
mW/cm2, ISPTA.3 = 719 mW/cm2, Peak rarefactional pressure = 0.72 MPa. For the sham group, the tFUS system was set up 
identically to the active tFUS group, including targeting, however, tFUS was not turned on during the tFUS-fMRI scan. Both 
tFUS/fMRI and resting fMRI data were preprocessed using the same procedures as described in our previous study8,9.
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Results: The brain activation maps demonstrated that tFUS on the left NAc reduced the brain activities in the anterior part of 
the bilateral NAc and most regions of the left posterior NAc (Figure 1c; two-sample t-test, p < 0.05), indicating that tFUS can 
directly inhibit NAc activities. Additionally, we also demonstrated a significantly increased functional connectivity between 
the NAc and mPFC after tFUS on the left NAc in the active group (Figure 1d; paired t-test, t = 2.850, p = 0.046), however, no 
significant changes were observed in the sham group (t = 0.041, p = 0.969).

Conclusions: This study demonstrates the feasibility and safety of this novel technique for deep brain stimulation. 
Furthermore, these preliminary findings suggest that tFUS could be potentially a promising neuromodulation tool for the direct 
and noninvasive management of the NAc and shed new light on the treatment for SUD and other brain diseases that involve 
reward processing.
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Deep brain stimulation impacts functional brain connectivity in Parkinson’s disease
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Introduction: Deep-brain stimulation (DBS) became a successful method to treat Parkinson’s disease (PD), particularly with 
stimulating the subthalamic nucleus (STN-DBS), although the precise mechanisms mediating its e"cacy remain elusive. 
Recent work is investigating the target location of STN-DBS (sweet spot) as a biomarker of the motor outcome of STN-DBS 
in PD (Dembek 2019) with higher beta-band activity with posterior and dorsal STN lead positions (Horn 2017) which is in-line 
with increased motor performance. In order to find an impact of STN-DBS target location on functional brain connectivity, we 
investigated brain network centrality di!erences using functional MRI in subgroups of PD patients showing a more dorsal and 
a more ventral position of STN-DBS.

Methods: The study included 99 patients with advanced type of PD (33 fem, age 59.5±7.9 years, disease duration 15.1±6.3 
years). Clinical assessment and functional MRI was performed in two sessions in the STN-DBS ON and OFF state. Imaging was 
performed in resting state using a 1.5T MAGNETOM scanner (Siemens Healthineers, Erlangen, Germany) with a birdcage head 
coil and a gradient-echo EPI sequence (flip angle 90°; repetition time 3 s; echo time 51 ms). A set of 31 axial slices (thickness 
3 mm; 1 mm gap; in-plane resolution 3×3 mm2) were acquired with interleaved slice order covering the whole brain. For each 
participant and each session, 203 functional volumes were acquired resulting in a total scanning duration of 10 min. Volumes 
of activated tissue (VTA) were calculated with the Lead-DBS software using T1-weighted structural images (Horn 2019). Data 
preprocessing and analysis was performed with SPM12 and the CONN toolbox (Whitfield-Gabrieli, 2012) including realignment 
for motion correction, unwarping to correct for image distortions, slice-time correction, normalization, and spatial filtering using 
a Gaussian kernel with 10 mm. To correct for nuisance signal fluctuations, a regression analysis was computed using the signal 
from white matter and cerebrospinal fluid, as well as the parameters from head movements (Friston-24 model). Preprocessing 
was finalized using a high-pass filter with a cuto! frequency of 0.01 Hz. Thereafter, for each patient, STN-DBS brain network 
centrality di!erence was computed using the OFF-ON di!erence of global correlation (GCOR). All GCOR di!erence maps were 
fed into a second-level analysis using a one-sample t-test including the VTA’s volume and the coordinates of the center-of-
gravity (VTA-CoG) as additional covariates. The same analysis was performed for the 30 patients with the most dorsal and the 
most ventral VTA-CoG in the left and right hemisphere, respectively. Significant results were obtained using family-wise error 
(FWE) correction with P<0.05 (Flandin 2019, Friston 1994).

Results: We found an STN-DBS-related brain connectivity decrease showing a significant GCOR di!erence across the whole 
group of 99 PD patients in the left and right temporal lobe (Fig 1). The same pattern of GCOR decrease was obtained with the 
subgroup of 30 patients with the most dorsal VTA-CoG in the left hemisphere, however, no significant result was obtained 
with the subgroup of 30 patients with the most ventral VTA-CoG (Fig 2). A similar result was obtained when investigating 
subgroups of patients with the most dorsal/ventral VTA-CoG in the right hemisphere.

Conclusions: Our study demonstrated an impact of STN-DBS target location onto functional brain connectivity while 
significant brain connectivity changes were obtained with a dorsal position of STN-DBS. Thus, our result is in-line with recent 
findings suggesting the sweet spot of STN-DBS in more dorsal regions of STN (Horn 2017, Dembek 2019), however, the 
observed temporal lobe connectivity alterations in relationship to the STN-DBS target location remain unclear. Further work is 
necessary to investigate the causal relationship of STN-DBS motor improvement and functional brain connectivity alterations 
related to the STN-DBS target location.
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Figure 1. Functional brain connectivity decrease with STN-DBS in a group of 99 PD patients. Color-coded regions show a 
reduced global correlation (GCOR) with STN-DBS.

Figure 2. Functional brain connectivity di!erences with STN-DBS including (A:) 30 PD patients with a dorsal target location of 
STN-DBS, and (B:) 30 patients with a ventral target location of STN-DBS.
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Symptom Network Modulation by Deep Brain Stimulation in Obsessive-Compulsive Disorder
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Introduction: Symptom diversity among patients with obsessive-compulsive disorder (OCD) significantly contributes to 
outcome variability after deep brain stimulation (DBS) (Figee & Mayberg, 2021). Indeed, the same anatomical site is often 
targeted, without tailoring the surgical strategy to the symptoms dominating a patient’s clinical profile. This approach has 
proven e!ective for the “average” OCD patient’s cardinal symptomatology by activating a specific fiber bundle in the internal 
capsule (Baldermann et al., 2021; Li et al., 2020). Nonetheless, encompassing a wider range of dysfunctional circuits may 
require modulating a combination of symptom tracts (Figee & Mayberg, 2021; Hollunder et al., 2022). Here, we segregate the 
connectome into a set of therapeutic sub-circuits related to enhancements in obsessions, compulsions, depression, anxiety, 
cognitive flexibility, and cognitive control.

Methods: This study relied on retrospective data from a multi-institutional cohort of OCD patients (N=99), all of whom 
underwent bilateral DBS at one of six stereotactic sites: anterior limb of the internal capsule (ALIC) (N=51), nucleus accumbens 
(N=15), inferior thalamic peduncle (N=5), bed nucleus of the stria terminalis (N=9), subthalamic nucleus (N=13), or combined 
stimulation of subthalamic nucleus and ALIC (N=6, four electrodes per patient) (Figure 1). Using a Lead-DBS based 
preprocessing pipeline (Neudorfer et al., 2023), electrode reconstructions a"rmed positioning within the intended target 
regions for the majority of patients. Combining 3D reconstructions of electrodes and adjacent anatomy, the localized e!ect 
of DBS on tracts was estimated via finite element modeling. Symptom improvement was expressed as percent change from 
preoperative baseline on established rating scales and neuropsychological tests: obsessions vs. compulsions (Yale-Brown 
Obsessive Compulsive Scale), depression (Beck Depression Inventory / Montgomery Åsperg Depression Rating Scale / 
Hamilton Depression Inventory), anxiety (Hamilton and Beck Anxiety Inventories / State-Trait Anxiety Inventory, state section), 
cognitive flexibility (Intra-Extra Dimensional Set Shift Task / Trail Making Test, part B), and cognitive control (Stroop). The 
generalized DBS Fiber Filtering method (Irmen et al., 2020) was carried out to identify which streamlines of a normative group 
connectome were discriminative for beneficial e!ects per symptom domain. Tract models were confirmed using five-fold 
cross-validation (CV).
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Results: Despite di!erences in electrode placement across institutions and surgeons (Figure 1), the therapeutic impact on 
overall obsessive-compulsive symptomatology consistently implicated a common prefronto-cortical pathway traversing the 
ALIC. This model showed positive in-sample associations (R=.39, p<1e-3) and was robust to five-fold CV (R=.30, p<.01). Plain 
electrode connections (Figure 2A) could further be segregated into symptom-wise bundles (Figure 2B), with those beneficial 
for obsessions (in-sample R=.41, p<1e-3) located most dorsally (dorsolateral prefrontal areas), in dorso-ventral direction 
followed by those for depression (in-sample R=.40, p<1e-3), compulsions (in-sample R=.40, p<1e-3), cognitive control (in-
sample R=.54, p<0.01), cognitive flexibility (in-sample R=.49, p=.042), and anxiety (ventromedial prefrontal areas; in-sample 
R=.66, p<1e-3). Five-fold CVs confirmed generalizability of results for obsession (R=.31, p=.01), compulsion (R=.26, p=.037), 
and anxiety models (R=.63, p<1e-3), but not significantly for depression (R=.15, p=.227), cognitive control (R=.22, p=.315), and 
cognitive flexibility (R=.10, p=.679).
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Conclusions: Fundamentally, our results may enhance our comprehension of the pathophysiological underpinnings and 
operative mechanisms of DBS relevant to various OCD symptoms. These insights could be instrumental for addressing 
symptoms transcending di!erent diagnoses, or for customizing treatments to unique symptom clusters exhibited by 
individual patients.
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Brain-wide anatomical and functional e!ects of subcallosal cingulate white matter DBS
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Introduction: Deep brain stimulation targeting subcallosal anterior cingulate cortex (SCC-DBS) and adjacent white matter 
(WM) is a promising therapy for treatment resistant depression (TRD)1,2. The neural mechanisms through which SCC-DBS 
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facilitates recovery from TRD are, however, not fully characterized, making it di"cult to optimize treatment for all patients. 
While white matter abnormality is reported to relevant with depression severity3, it remains unclear how DBS stimulation of 
white matter alters brain-wide circuits even in healthy brains, an essential first step in determining the therapeutic mechanisms 
of SCC-DBS. The aim of the current study was to establish how SCC-DBS works in the healthy brain, focusing on determining 
the brain-wide network-level functional and anatomical e!ects of white matter stimulation.

Methods: To model the approach used to successfully treat TRD patients, we implanted SCC-DBS electrodes in two male 
rhesus macaques. The organization and di!erentiation of gray matter and the white matter in the macaque brain, especially 
the frontal and temporal cortex, are highly similar to humans making them the best available animal model4. Di!usion-
weighted imaging (DWI) (Siemens Skyra 3T, human head 32ch coil, b=1000 s/mm2, 1.5mm isotropic resolution, 8 b0s per scan, 
two opposite phase encoding = AP/PA) and whole brain resting-state functional MRIs (rs-fMRIs, echo planar image, custom-
built 4-channel monkey coil, 1.5mm isotropic) were acquired before electrode implantation. Using probabilistic di!usion 
tractography analysis (FSL, FMRIB), we identified the confluence of the cingulum bundle (CB), forceps minor (FM), and uncinate 
fasciculus (UF)5. We then unilaterally implanted a single miniaturized DBS lead in this location in one hemisphere. The other 
hemisphere serves as a control. One month after electrode implantation, stimulation (5mA, 130Hz, 90μsec) began and was 
maintained for 6 weeks. Following 6 weeks of SCC-DBS stimulation and explantation of the electrode, we acquired functional 
and di!usion scans to match the pre-electrode scans to investigate the functional and anatomical changes induced by SCC-
DBS. Fractional anisotropy (FA), calculated from the DWI, was used to investigate anatomical changes in WM, and rs-fMRI data 
were analyzed using a seed-based comparative-connectome approach to determine where SCC-DBS stimulation induced 
changes in functional connectivity (FC), using AFNI, FSL, and MRtrix3. Seed ROI was set in the stimulated area 25 where 
the artifact was minimized by the absence of the DBS lead. Multiple comparison analyses were conducted to confirm the 
statistical di!erences.

Results: Di!usion tractography reconstruction of the CB, FM, and UF revealed a close homology between humans and 
monkeys. The confluence of the 3 WM tracts was located in the WM adjacent to area 25, and the location was highly similar to 
humans. Thus, we were able to accurately model the anatomical target that is used in human TRD patients. After 6 weeks of 
SCC-DBS stimulation, FA was significantly increased in the CB in the stimulated hemisphere. The midcingulate portion of CB 
carries fibers connecting the anterior and posterior cingulate cortex (PCC), and this specific part showed a significant increase 
in FA. FC between the stimulated ROI (Area 25) and DMN hubs (medial prefrontal cortex and PCC) and limbic system hubs 
(cingulate cortex, hippocampus, amygdala) were significantly decreased following 6-weeks of stimulation.

Conclusions: Chronic SCC-DBS changes brain-wide structures and functional networks connected to the SCC. Specifically, 
WM changes were prominent in the stimulated CB, especially MCC portion, and functional changes were predominant 
in the DMN. Our data reveal the specific e!ects of SCC-DBS on brain-wide anatomical and functional connectivity, 
information essential for establishing the neural mechanisms of DBS for TRD, as well as the biological bases of pathologically 
depressed mood.
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White Matter Integrity Predicts Recovery Response Time of Deep Brain Stimulation for Depression
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Introduction: Deep brain stimulation (DBS) targeting the subcallosal cingulate cortex (SCC) has proven e!ective for treatment-
resistant depression (TRD), across a set of consecutive cohorts. SCC is structurally connected with other brain regions via 
white matter (WM) bundles, and stimulation of all connections is crucial for DBS clinical outcomes. Despite consistent SCC 
targeting, which aims to maximize the activation of critical WM bundles, variability persists in the recovery response time 
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across patients, potentially linked to baseline variations in brain abnormalities. This study explores the status of WM integrity 
(approximated using di!usion MRI) and their longitudinal changes in the critical WM activation pathways.

Methods: We assessed the time to reach a stable response (TSR, more than 50% improvement of HDRS17 in two consecutive 
weeks) in 33 TRD patients receiving SCC-DBS. Preoperative and longitudinal MRI data were acquired on a 3T scanner with 
2 mm isotropic resolution and 60 directions, including five b0 and two opposite phase encoding directions for distortion 
correction. The study examined the relationship between TSR and baseline fractional anisotropy (FA) of targeted WM bundles 
(cingulum bundle, forceps minor, subcortical junction, and uncinate fasciculus). Pearson correlation between TSR and FA along 
each WM bundle’s trajectory was conducted, selecting the area with the maximum r value. Selected FA values in WM bundles 
served as features for linear regression predicting TSR. In the same areas, longitudinal FA changes at 1, 3, and 6 months post-
operation were analyzed to compare fast and slow responders (each n = 1).

Results: Our findings reveal a significant negative correlation between TSR and FA in bilateral midcingulate cortex (left: r 
= -0.64, p < 0.01; right: r = -0.52, p < 0.01), bilateral forceps minor (left: r = -0.40, p = 0.02; right: r = -0.42, p = 0.02), and left 
uncinate fasciculus adjacent to left hippocampus (r = -0.46, p < 0.01) and left insula (r = -0.42, p = 0.01). A linear model of FA 
successfully predicted TSR (leave-one-out cross-validation; r= 0.68, r2 = 0.46, p < 0.001), with the left midcingulate cortex 
emerging as the strongest predictor among critical WM bundles. Moreover, post-hoc analysis found that the magnitude of 
FA increases in these regions over 6 months was associated with a faster response. Slow response was associated with FA 
values in cingulum bundles and forceps minor that did not change or decreased over the same period.
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Conclusions: These findings suggest that WM abnormalities in critical WM bundles undergo repair with chronic SCC-
DBS suggesting that DBS may facilitate neuroplasticity changes in selective activated WM pathways. This study sheds 
light on both sources of individual variability in SCC-DBS response time, as well as a potential mechanism mediating DBS 
antidepressant response.
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Introduction: Deep brain stimulation (DBS) of the subcallosal cingulate cortex (SCC) has shown e"cacy in treating treatment-
resistant depression (TRD). Recent advancements in targeting have shifted the focus from a focal target to a multi-node 
network target within the SCC. The SCC’s interconnectedness with other brain regions through white matter (WM) bundles 
underscores the necessity of stimulating all connections for a clinical response. Surgical targeting relies on individual 
structural connectivity analysis to maximize the activation of critical WM bundles including the cingulum bundle, forceps minor, 
and subcortical junction. Due to the limitations of many clinics to collect high spatial and angular di!usion-weighted data, use 
of normative connectome data might be a suitable substitute to identify patient-specific targets for SCC DBS surgery because 
of its high signal-to-noise ratio and test-retest reliability. Applying normative data to define an SCC target, predefined by 
connectome data, is also more convenient than a personalized SCC target, which necessitates individual di!usion data for 
each case. We explored inter- and intra-subject variabilities of WM activation pathways in known SCC targets using available 
human connectome data to investigate connectome-based targeting accuracy.

Methods: We approximated bilateral volumes of tissue activated (VTAs) in 143 TRD patients based on their known DBS 
stimulation settings (amplitude and contact configuration) using Lead DBS software. For each hemisphere, a probabilistic 
stimulation map (PSM) was derived using VTAs, and one SCC target was defined by maximum value of PSM (x = ±7, y = 24, z = 
-8). Whole brain tractography was performed on the Human Connectome Database (HCP; n = 1,000) using this target as the 
identical center of seed (radius = 3 mm). The inter-subject similarity in each critical WM bundle was measured using correlation 
coe"cient values. Moreover, intra-subject similarity (spatial similarity) was measured in each critical WM bundle while the seed 
was moved 3 mm in (1) superior-inferior, (2) anterior-posterior, and (3) medial-lateral directions.
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Results: The findings revealed low inter-subject similarity in general (0.53 ± 0.07 out of 1.00), with distinct dissimilarity patterns 
within the left and right hemispheres. Notably, the cingulum bundle and subcortical junction exhibited significantly lower inter-
subject similarity on the left side than right (p < 0.001). Intra-subject similarity analysis demonstrated a low similarity in the left 
hemisphere when the seed was moved in the superior-inferior or medial-lateral axis (0.56 ± 0.14), whereas high similarity was 
observed with movement in the anterior-posterior axis (0.84 ± 0.11; p < 0.001).

Conclusions: The predefined SCC targets, which can be optimal for SCC-DBS in normative data, induced high variability of 
WM activation in individual subjects. Our findings suggest that identifying SCC targets using normative data may compromise 
treatment e"cacy due to low inter-subject similarity. Moreover, spatial similarity results emphasize the necessity of delivering 
a precise target identification due to the large variability of WM activation pathways in inferior-superior and medial-lateral 
directions. This study further validates the importance of patient-specific targeting using individual connectivity profiles.
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Introduction: Deep Brain Stimulation (DBS) is a neurosurgical procedure typically used in the treatment of Parkinson’s 
disease (PD) and its related motoric dysfunction. While it is highly e"cacious, (Bratsos, 2018) there is variability in response 
to implantation, with some patients improving more than others. Previous research has shown that stimulation of white matter 
(WM) tracts surrounding the targeted structure (specifically the subthalamic nucleus) may be implicated in the therapeutic 
e!ect of DBS. (Abdulbaki, 2021) Therefore, we hypothesize that variability in outcome post-DBS could be explained by the 
WM measures.

Methods: We selected 8 random patients with PD who underwent DBS surgery at The University of Alabama at Birmingham 
(UAB). We collected Unified Parkinson’s Disease Rating Scale (UPDRS)-III, both before DBS and 12-month post DBS in every 
patient. Additionally, we collected conventional 30 directions di!usion weighted MRI (dMRI) data on a 3T MRI at a b-value of 
1000s/mm2 before the surgery. All MRI processing was performed using the cloud-platform for reproducible neuroimaging 
analyses known as brainlife.io (Hayashi & Caron et al, 2023). Structural MRI images were segmented into tissue-types (gray-
matter, white-matter) for tracking using the brainlife.io app.239, and cortical parcellations were generated using Freesurfer 
implemented as brainlife.io app.664. Di!usion MRI data was preprocessed using QSIPrep (Cieslak et al, 2021) implemented as 
brainlife.io app.246. Anatomically constrained tractography (Smith et al, 2012) implemented as brainlife app.297 was used to 
simulate white matter fiber pathways. Resulting tractograms were then segmented into 3 bi-hemisphere tracts (motor thalamic, 
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spino-thalamic, and thalamico-cerebellar tracts) using a custom version of the white matter query language (Bullock et al, 
2019) implemented as brainlife.io app.188. Measures of macrostructure (streamline count, midpoint density) were estimated 
using custom MatLAB code implemented as brainlife.io app.189. The di!usion tensor model (DTI) was used to estimate 
measures of microstructure along each tract using brainlife.io app.297 and app.361 for model fitting and tract profilometry 
(Yeatman et al, 2012) respectively. Along-the-tract measures such as fractional anisotropy, axial di!usivity, radial di!usivity, 
mean di!usivity, fiber count, fiber density, and number of streamlines were extracted for each patient and used in linear 
regression via Jamovi to predict change in UPDRS-III from before and after DBS implantation.

Results: Due to limited sample size (n=8), no significant results at a level of pcorr<.05 were obtained. However, multiple results 
trended toward significance. The midpoint density of the left motor thalamic tract (r=.694, p=.056), and the axial di!usivity of 
the right motor thalamic tract (r=.652, p=.08) showed the strongest e!ect size of correlation for improvement in UPDRS-III.

Conclusions: While evidence is limited due to the small sample size available at the time of the analysis, these results 
point to a potential link between white matter tract measurements and response to DBS implantation, and warrant 
further investigation.
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Deep Brain Stimulation for Obsessive-Compulsive Disorder: evolution of tractography-based targeting
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Introduction: Deep brain stimulation (DBS) in the anterior limb of the internal capsule (ALIC) for obsessive-compulsive 
disorder (OCD) can result in large improvements in symptoms and quality of life. However, without a clear stimulation target 
within the anatomically variable ALIC region, clinical benefits require long trial-and-error periods of parameter optimization. 
We report an evolution toward precision ALIC DBS targeting for OCD based on patient-specific tractography. Our aim was to 
develop a targeting method that would result in a more uniform target location and symptom response pattern. We generated 
a responder common map of ALIC connectivity and used it to target a new cohort of patients prospectively. To validate our 
targeting method, we generated a tractography-based stimulation model to predict clinical outcomes.

Methods: We included 13 OCD patients implanted with bilateral DBS leads in the ALIC. In the preliminary cohort (n=3), 
tractography-based DBS targeting was informed by the reconstruction of the lateral ALIC connected to the brainstem and 
the medial ALIC connected to the dorsomedial thalamus. In cohort A (n=7), we refined our tractography-based target by 
including additional cortical ALIC projections1. Data from patients in the preliminary cohort and cohort A was used to generate 
a responder common map as in2. For each patient, the stimulation volumes were generated with the therapeutic stimulation 
settings. Probabilistic tractography was performed with FSL bedpostx from the stimulation volumes (seed regions) to the 
rest of the brain. 5000 streamlines were generated per seed voxel, and a cerebrospinal fluid avoidance mask was used. To 
obtain the responder common map, individual white matter tracts were warped into MNI space, thresholded at 1% to remove 
false positives, binarized, and averaged. This map was used to prospectively target patients in cohort B (n=7). A tractography-
based stimulation model was generated with data from cohorts A and B (n=10). For each patient, we generated a whole-brain 
tractogram of 10 million streamlines in MRtrix3 as in3. We segregated the ALIC streamlines into di!erent pathways according 
to their connectivity to the PFC1 and the medial and lateral midbrain regions highlighted by the common map. Then, we 
estimated the activation of these ALIC pathways for each stimulation setting and related it to symptom improvement. We fitted 
a linear regression model to predict Y-BOCS improvement based on the individual pathway activation.
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Results: Tractography-based ALIC DBS improved OCD symptoms in cohorts A and B by 41.2% over 6 months with an overall 
80% response rate. OCD improvement was faster and larger in cohort B using the common map target versus cohort A, 
targeted without these data (Month 1, median Y-BOCS improvement 7.7% in cohort A and 19.4% in cohort B; Month 6, 38.9% 
in cohort A and 45.6% in cohort B). Targeting based on the common map also required fewer trial-and-error parameter 
adjustments. At the cortical level, the responder common map highlighted connectivity to the vmPFC and vlPFC. At the 
midbrain level, we observed two tracts: 1) lateral to the red nucleus and medial to the subthalamic nucleus, 2) medial to the 
red nucleus. A linear model with L2 regularization was implemented and evaluated with 10-fold cross-validation. The model 
predicted Y-BOCS improvement (R2 = 0.53, mean squared error (MSE)=167). The empirical Y-BOCS scores and model-
predicted Y-BOCS scores were also significantly correlated (Pearson’s r=0.77, p=8.4e-32).

Conclusions: This study demonstrates that patient-specific tractography can help precisely select targets for ALIC DBS. 
This approach leads to a consistent and selective reduction of OCD symptoms with minimal parameter adjustments. Our 
therapeutic map of ALIC connections represents progress in overcoming the limitations of ALIC DBS, potentially contributing 
to a more widespread clinical use of DBS for OCD.
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Longitudinal Functional Changes in Treatment-Resistant Depression with SCC Deep Brain Stimulation
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Introduction: In recent years, advancements in understanding the safety of MRI in deep brain stimulation (DBS) implanted 
patients have led to more studies exploring the potential of measuring functional and structural changes with chronic 
stimulation. While previous studies showed that the subcallosal cingulate cortex (SCC) DBS induces long-term metabolic 
changes in corticolimbic circuits1-3, but longitudinal alterations in function using resting-state functional MRI (rs-fMRI) remain 
unknown. This study rigorously investigates longitudinal resting-state functional changes within intrinsic connectivity networks 
(ICNs) during a 6-month period of SCC DBS for TRD. Emphasizing its significance, the research aims to replicate key findings 
observed in a previous positron emission tomography (PET) study3, specifically highlighting alterations in the default mode 
network (DMN) and salience network (SN).

Methods: Four TRD patients with fully implanted DBS devices targeting the SCC area underwent 3.0T rs-fMRI at three-time 
points: baseline, 1-month, and 3-months of chronic stimulation. Additionally, two patients underwent an extra time point at 6 
months of chronic stimulation. Image analysis was conducted using the Analysis of Functional NeuroImages (AFNI)4. To assess 
regional neural activity, the Amplitude of Low-Frequency Fluctuations (ALFF) and Regional Homogeneity (ReHo) approaches 
within individual gray matter regions were applied. We utilized 17 standard ICNs derived from a published resting-state 
functional connectivity study in healthy adults5. ALFF and ReHo values for each ICN were calculated by averaging all gray 
matter voxels within each ICN, excluding artifact voxels a!ected by DBS lead and cable. Linear mixed models, accounting for 
individual variability as random intercepts, were employed to examine longitudinal functional changes and their correlation 
with the Hamilton Depression Rating Scale 17 (HAMD) scores.

Results: Significant longitudinal alterations in local activity were identified within the Salience B and Default A networks. 
Particularly, the local activity, encompassing ALFF and ReHo, exhibited substantial increments at the 1-month mark of chronic 
stimulation. In the Salience B network, significant time e!ects were observed for both ReHo (p=0.014) and ALFF (p=0.002). 
Similarly, within the Default A network, both ReHo (p=0.002) and ALFF (p=0.003) showed significant time e!ects. These 
functional alterations also showed significant negative correlations with HAMD scores. Specifically, in the Salience B network, 
both ReHo (p=0.028) and ALFF (p=0.003) demonstrated negative correlations with HAMD scores. In the Default A network, 
significant negative correlations were also observed for both ReHo (p=0.003) and ALFF (p=0.003) with HAMD scores.

Conclusions: We observed significant longitudinal changes in local activity within the Salience B and Default A networks 
following SCC DBS. Notably, there was a marked increase in ReHo and ALFF at the 1-month chronic stimulation. While the 
direction of these changes opposes a previous PET study3, the observed pattern underscores that both the SN and DMN 
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undergo significant alterations. This replication of distinct network changes underscores the complexity and meaningful 
neural shifts induced by SCC DBS in these networks. The dynamic changes in network activity were negatively associated 
with HAMD scores, indicating a potential link between the observed neural activity changes and symptomatic improvements 
in TRD. The local brain activity changes in SN and DMN with chronic stimulation highlights the complexity of the neural 
mechanisms involved in the therapeutic e!ects of DBS.
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Introduction: Anatomical changes of the subcallosal cingulate cortex (SCC) have been observed in structural imaging studies 
demonstrating a volume reduction in depressed patients vs healthy controls (HC). The significance of this is unclear. Likewise, 
the left SCC volume reduction has been reported in deep brain stimulation (DBS) non-responders versus responders. 
Therefore, variation of neuroanatomy in the SCC, including structural asymmetry, may moderate di!erences in response to 
SCC DBS in patients with treatment-resistant depression (TRD). We aim to characterize pathological structural abnormality of 
SCC in TRD subjects versus HC, explore the e!ects of structural asymmetry on the lateralized behavioral response to DBS, 
and explore whether SCC gray matter (GM) modulates DBS response.

Methods: Participants included 47 subjects with TRD who underwent bilateral SCC DBS along with 16 healthy controls. 
Segmentation of SCC was performed with FreeSurfer (version 7.1.0, http://surfer.nmr.mgh.harvard.edu/) and further refined 
with a semi-automated correction. Volume, thickness, and laterality were extracted for all subjects. The volume of tissue 
activated (VTA) was generated with patient-specific stimulation parameters at 6 months. The volume of overlap between VTA 
and SCC GM (including overlap volumes of upper and lower banks) and the distance between VTA center of mass (COM) 
and SCC GM was also calculated for TRD subjects. ANCOVA was conducted to compare the structural asymmetry of the 
above variables between TRD subjects and HC and between DBS responders (> 50% decrease of HDRS-17 at 2 years) and 
non-responders. Lastly, multivariate linear regression was performed using these extract features and the following clinical 
measures: HDRS-17 baseline, HDRS-17 changes at 2 years, and time to stable response (TSR2, more than 50% HDRS-17 
decrease for two consecutive weeks).

Results: There was no significant GM volume reduction of left, right, or mean SCC volumes of TRD subjects versus HC nor 
between DBS non-responders and responders. Left SCC volume was significantly greater than right across TRD subjects [t 
(46) = 7.56, p < 0.0001] and HC [t (15) = 3.55, p = 0.003] with no di!erence in laterality between HC and TRD and responders 
and non-responders. There was no di!erence between responders and non-responders in VTA and SCC overlap volumes. 
There were also no between-group di!erences in overlap volumes of the SCC upper and lower banks. There were no 
di!erences in upper and lower bank volume of overlap laterality between responders and non-responders. However, an 
increased overlap, particularly of the right [t (27) = 2.36, p = 0.026], mean lower bank [t (27) = 2.27, p = 0.031] and lower right 
bank of SCC [t (27) = 2.62, p = 0.014], predicted an increase in TSR2. Finally, non-responders demonstrated a greater Euclidian 
[F (1, 44) = 9.52, p = 0.004] and horizontal distance [F (1, 40) = 5.33, p = 0.028] between the right VTA COM and SCC and 
increased right-sided Euclidian distance of VTA COM laterality index [F (1, 44) = 8.76, p = 0.005] than responders.
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Conclusions: SCC volume and laterality may not serve as biomarkers to predict depression, depression severity, DBS 
response, or time to response. Left-sided SCC laterality likely represents normal anatomical asymmetry. While the volume of 
SCC gray matter included in the VTA does not di!erentiate DBS responders from non-responders, an increase in the volume 
of overlap of the right and lower banks of SCC predicts an increased time to respond. This suggests the importance of 
precise anatomical targeting in SCC DBS since placing the DBS lead too medial and inferior may slow the DBS response, and 
positioning the lead too lateral can prevent DBS response, likely due to missing critical white matter tracts. Therefore, optimal 
DBS response requires not only consideration of targeting WM tracts but also of the location of SCC GM in relation to the 
DBS leads.
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Introduction: Whole-brain di!usion tractography analysis has demonstrated that deep brain stimulation (DBS) responders 
share unique bilateral pathways from their SCC stimulation volumes to 1) the medial prefrontal cortex via forceps minor (FMi) 
and uncinate fasciculus (UF); 2) rostral and dorsal cingulate cortex via the cingulum bundle (CB); and 3) the subcortical regions 
via the subcortical junction (SJ) tract. DBS non-responders do not activate these pathways due to suboptimal implantation of 
leads. We aim to characterize white matter (WM) abnormalities in these SCC DBS-activated brain networks, understand the 
e!ects of WM damages on the clinical response, and explore the e!ects of WM integrity asymmetry on lateralized behavioral 
response in subjects with treatment resistant depression (TRD).

Methods: Participants included 46 subjects with TRD who underwent bilateral SCC DBS and 40 healthy controls. Di!usion-
weighted imaging (DWI) preprocessing was performed using FSL (FMRIB Software Library, http://www.fmrib.ox.ac.uk/fsl). 
First, a voxel-wise, permutation-based analysis was carried out using tract-based spatial statistics (TBSS) to detect significant 
di!erences in fractional anisotropy (FA) and FA laterality index (LI = [L-R]/[L+R]) between TRD subjects and HC and between 
DBS responders (> 50% decrease of HDRS-17 at 6 months) and non-responders. Voxel-wise correlations were performed 
between FA and clinical measures, including HDRS-17 baseline, HDRS-17 percent change at 6 months and 2 years, and time to 
stable response (TSR2, more than 50% HDRS-17 decrease for two consecutive weeks). Second, mean FA was extracted from 
pre-determined WM regions of interest (ROI), including the FMi, UF, CB, and SJ tracts. Di!erences in FA and laterality between 
groups were analyzed using a student’s t-test. The mean FA of these tracts was correlated to the above clinical measures 
using Spearman correlation.

Results: Voxel-wise TBSS analysis demonstrated significant decreases in FA in TRD subjects versus HC in various WM 
tracts including pathways critical for DBS response such as CB, FMi and UF (corrected p < 0.05). There were no significant 
di!erences in FA between DBS responders and non-responders. TSR2 was significantly negatively correlated to FA of 
various tracts, again including those involved in DBS response, particularly CB, FMi, and UF (corrected p < 0.05). ROI analysis 
confirmed these findings as mean FA was significantly decreased in CB [t (84) = 2.36, p = 0.020], UF [t (84) = 2.08, p = 0.041], 
FMi [t (84) = 3.63, p = 0.0005], and SJ tracts [t (84) = 2.59, p = 0.012] in TRD subjects versus HC. Both HC and TRD subjects 
demonstrated significant right-sided FA laterality of CB [HC, t (39) = 2.97, p = 0.005; TRD, t (45) = 3.39, p = 0.002] and UF tracts 
[HC, t (39) = 3.17, p = 0.003; TRD, t (45) = 5.08, p < 0.0001] while SJ tract was left-lateralized [HC, t (39) = 28.6, p < 0.0001; TRD, t 
(45) = 20.9, p < 0.0001). There were no di!erences in LI between groups. Lastly, SJ FA LI was negatively correlated with HDRS-
17 percent change at 2 years (rs = -0.327, p = 0.042), while right UF mean FA (rs = -0.308, p = 0.037) was negatively correlated 
with HDRS-17 baseline.
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Conclusions: Compared to HC, TRD patients have decreased WM integrity in critical WM tracts necessary for DBS response, 
including CB, UF, SJ, and FMi. Notably, more damaged WM in therapeutic pathways took longer for a stable response. Right-
sided FA laterality of CB and UF and left-sided laterality of SJ tracts likely represent normal anatomical asymmetry. However, 
increased left-sided SJ FA laterality may be a biomarker for reduced clinical response. It remains to be determined to what 
extent changes in FA in these tracts can serve as a biomarker to di!erentiate DBS responders and non-responders.

References
1. Alagapan, S. et al. (2023), ‘Cingulate dynamics track depression recovery with deep brain stimulation’, Nature, vol. 622, pp.130-138.
2. Choi, K.S. et al. (2015), ‘Mapping the “depression switch” during intraoperative testing of subcallosal cingulate deep brain stimulation’, 

JAMA Neurology, vol. 72, no. 11, pp. 1252-1260.
3. Conroy, S.K. et al. (2021), ‘Left versus right subcallosal cingulate deep brain stimulation for treatment-resistant depression’, Personalized 

Medicine in Psychiatry, vol. 25-26.
4. Riva-Posse, P. et al. (2014), ‘Defining critical white matter pathways mediating successful subcallosal cingulate deep brain stimulation for 

treatment-resistant depression’, Biological Psychiatry, vol. 76, no. 12, pp. 963-969.

Poster No 24
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Introduction: Millions of individuals su!er from tremor disorders, such as essential tremor and tremor-dominant Parkinson’s 
disease. Deep brain stimulation (DBS) of the ventral intermediate nucleus (VIM) has proven e!ective for treatment-resistant 
essential tremor. However, the clinical outcome of DBS highly depends on precise targeting, which has been challenging due 
to imaging limitations and inter-individual variability. Moreover, previous studies using di!usion-tractography suggest that 
the e"cacy of VIM DBS may be associated with the dentate-rubro-thalamic tract (DRTT), but no straightforward approach 
exists to extract DRTT associated with a therapeutic benefit. This study aimed to define therapeutic pathway maps based on 
anatomical or tractography data and validate them using clinical measures. Additionally, the study evaluated the therapeutic 
pathway maps by measuring inter-subject similarity using human connectome project (HCP) data.

Methods: We studied 10 patients with severe tremors who underwent VIM DBS surgery (age range, 70 - 82 years). Patients 
were divided into two groups based on their TETRAS scores measured before and within 1 year post-surgery: responders (n 
= 8, improvement < 50%) and non-responders (n = 2, improvement < 50%). Individual leads were reconstructed, and volumes 
of tissue activated (VTAs) were estimated using Lead DBS software with given stimulation settings (amplitude and contact 
configuration). First, therapeutic anatomical maps were defined by averaging VTAs weighted by clinical improvement. 
Therapeutic pathway maps were also defined by estimating VTA-based structural connectivity shared by responders. Next, 
overlapping voxels of anatomical and pathway maps with individual VTAs and connectivity were calculated. Lastly, the inter-
subject similarity (reliability) of the therapeutic pathway was evaluated using the Human Connectome Project dataset (n = 100).

Results: Results showed a slight di!erence in anatomical overlap with VTAs between responders and non-responders 
(p = 0.07; RES = 44.3; NON = 3.0). On the other hand, there was a significant di!erence in connectomic overlap between 
responders and non-responders (p = 0.02; RES = 161.3; NON = 64.5). This trend and significance were observed explicitly in 
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the left brain hemisphere. Lastly, high similarity in connectivity toward therapeutic pathways was found among HCP subjects 
(0.7 out of 1.0).

Conclusions: This study defined the therapeutic pathways for VIM DBS, surpassing anatomical maps in di!erentiating clinical 
improvement and demonstrating high similarity among individuals. The results imply the importance of connectomic targeting 
for VIM DBS and its potential practical applications. Minor variability (0.3 out of 1.0) indicates the need for individual data in 
personalized DBS targeting. These findings o!er valuable insights into accurate and personalized neurosurgical guidance.
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Introduction: The basal ganglia (BG), long associated with motor control, has been less emphasized in language processing 
compared to cortical regions. However, research has established links between the BG and language-related cortical areas 
such as the inferior frontal gyrus and other prefrontal regions (Ullman, 2006), indicating its potential involvement in language 
functions. This has spurred interest in the role of the BG, particularly the subthalamic nucleus (STN), in language processing. 
While recent studies have identified the STN’s participation in motor aspects of speech production and lexical semantics 
(Chrabaszcz et al., 2021; Lipski et al., 2018), its extent in high-level language aspects like syntax and contextual semantics 
remains an area of exploration. On another front, deep language models (DLMs), emerging as a new tool in computational 
neuroscience, have become a powerful lens for exploring brain functions related to language processing (Goldstein et al., 
2022; Li et al., 2023). The current project aims to leverage DLMs to investigate the role of the STN in language processing.

Methods: We used local field potential (LFP) recordings during deep brain stimulation (DBS) surgery targeting the left STN in 
two Parkinson’s Disease patients. Patients engaged in a sentence repetition task: repeating 10 sentences from the Harvard 
Psychoacoustic Sentences set. We analyzed theta, beta, and high gamma frequency bands of the STN-LFP data when 
patients were articulating sentences, correlating LFP with linguistic features derived from GPT-2 large (Brown et al., 2020). 
Four types of embeddings from GPT-2 were used: full, lexical, syntactic, and residual contextual. An L2-regularized linear 
regression model reconstructed the LFP signals from linguistic features, with the correlation coe"cient (R score) quantifying 
the degree of STN’s potential involvement in corresponding language aspects. 5-fold cross-validation was applied to obtain 
reliable R scores.

Results: Our analysis revealed significant correlations across all linguistic features in theta and beta bands for all patients 
compared to permutation baseline (p < 1e-5). For patient one, the theta band showed the most robust correlation 
(R=0.39±0.04, mean±std) and the beta and high gamma bands showed average R scores of 0.22±0.04 and 0.28±0.02, 
respectively. The second patient, despite a dominant theta band in language processing, showed a lower high-gamma R 
score of 0.07±0.02, possibly due to speech impairment. Linguistic feature analysis indicated that lexical embedding had lower 
R scores (0.272 across frequency bands), while syntactic, residual contextual, and full embeddings exhibited similar higher R 
scores (0.299, 0.301, and 0.299, respectively). Paired-samples t-test indicated a di!erence between the lexical and three other 
features (p = 0.0025). Di!erent from cortical studies, we found all Transformer layers of DLM encoded STN features similarly. 
Temporal dynamics analysis, extending word onset to 100~600ms pre-onset, showed that lexical features’ R scores remained 
relatively stable, whereas the scores for other higher-level linguistic features exhibited a strong downward trend. This may 
suggest that the STN’s role in lexicon processing is persistent throughout speech production, whereas its involvement in 
higher-level language processing is more immediate and transient, di!ering from cortical processing patterns.

Conclusions: Through the lens of DLM, we found STN theta power can be predicted from both lexical-level and high-level 
language features. Interestingly, these features predict theta band power better than either beta or gamma power. Our results 
also suggest that the STN exhibits distinct temporal dynamics and correlations with DLM features compared to the cortex. This 
study is the first to apply DLMs in dissecting the neural substrates of language within the BG, o!ering a novel methodological 
approach that could broaden our understanding of subcortical structures’ role in language processing.
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Therapeutic DBS for OCD Suppresses Default Mode Network and Associated Subcortical Circuits
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Introduction: Deep brain stimulation (DBS) is a treatment for severe, refractory obsessive-compulsive disorder (OCD) that 
applies direct electrical stimulation to the anterior limb of the internal capsule (ALIC). To examine the di!erence between 
therapeutic and nontherapeutic DBS, we compared BOLD response when DBS was cycled ON and o! in di!erent DBS 
electrode contact configurations.

Methods: Subjects: 5 subjects with severe, refractory OCD were implanted with an MR-compatible Medtronic Percept DBS 
stimulator as part of clinical care. Quadripolar leads were implanted bilaterally within the ALIC region. Three subjects were 
classified as treatment responders based on clinical response to DBS. Among responders, contact configurations were 
classified as therapeutic and nontherapeutic based on long-term clinical response. MRI: MR scans were acquired on a GE 
Discovery MR750 3T scanner. We collected T1-weighted structural scans and DWI pre- and post-implantation (55 direction 
HARDI, b=2000). Gradient-echo fMRI was acquired in low-SAR mode with a 32-channel head coil. For each 6-minute fMRI 
scan, we selected one of 12 bipolar contact configurations to deliver stimulation that was cycled ON/OFF for 1-minute blocks. 
fMRI Processing: T1 and fMRI were preprocessed with fMRIprep, a standardized pipeline that combines tools from AFNI, ANTs, 
FreeSurfer, FSL, and Nipype. BOLD runs were corrected for slice-timing and head motion, and resampled to an MNI space 
template. ICA-AROMA was performed after removal of non-steady state volumes and spatial smoothing with an isotropric, 
Gaussian kernel of 6mm FWHM. Components were manually reviewed by two expert raters, and those classified as noise 
by both raters were removed. Using AFNI, motion outliers (FD>0.2) and additional polynomial drift terms were removed and 
ON-o! contrasts and group comparisons were generated. Electrode reconstruction and DWI processing: DWI scans were 
preprocessed using QSIprep and MRtrix3. MP-PCA denoising and Gibb unringing was performed, and FSL’s eddy was used 
for head motion and Eddy current correction. The DWI images were resampled to ACPC. Using Lead-DBS, a MATLAB toolbox 
for DBS electrode reconstruction and simulation of DBS stimulation, CT, T1 and DWI scans were co-registered and normalized 
using ANTs and SPM, after which DBS electrodes were reconstructed and manually localized. White matter tracts were 
reconstructed from di!usion imaging data using generalized q-sampling. The volume of activated tissue (VAT) was modeled 
for bipolar contact pairs, and the VATs were used as seeds to generate connectivity to parcels from Schaefer cortical atlas.

Results: We compared stimulation ON and o! across subjects for contact pairs that had therapeutic (n=6 runs, 3 subjects) 
vs nontherapeutic (n=11 runs, 3 subjects) stimulation. In therapeutic compared to nontherapeutic configurations, stimulation 
correlated with significant BOLD suppression (p<0.05) in areas related to OCD, including the right orbitofrontal cortex, bilateral 
dorsomedial prefrontal cortex, and right thalamus, distant from the sites of the active electrode contacts. We also examined 
the relationship between DBS and canonical resting-state fMRI networks. Comparing stimulation ON vs o!, we found a 
significant (p<0.05) di!erence in BOLD signal change between therapeutic and nontherapeutic contacts bilaterally in the 
default mode network. In the di!usion data, a significant percentage of streamlines seeded from therapeutic electrode VAT 
ROIs connected to areas of the default mode and limbic networks.
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Conclusions: Our findings suggest that relief of OCD symptoms by DBS may be mediated by suppression within the OCD 
network, as well as in the default mode network via structural connections to the network. This combination of stimulation-
based fMRI and di!usion imaging approach to characterizing the impact of DBS on networks may provide a novel method for 
optimizing contact locations and parameters to treat severe OCD.
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Modeling between DBS signals and brain white matter integrity based Dystonia patients
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Introduction: Dystonia is a disorder of motor programmes controlling semiautomatic movements or postures, with clinical 
features such as sensory trick, which suggests sensorimotor mismatch as the basis. Dystonia was originally classified as a 
basal ganglia disease. it is now regarded as a ‘network’ disorder1. Dystonia is a form of dyskinetic cerebral palsy(CP), and 
CP is associated with white matter injury3. We propose that DBS signals travel through white matter tracts to a!ect both 
local and distant brain sites. Deep brain stimulation (DBS) has been an important treatment for movement disorders, such 
as dystonia or Parkinson’s disease2-3. we hypothesize that the signal of DBS transfer is related with the white matter injury 
such as demyelination, axonal degeneration etc. DTI is one of the most important method for quantifying these damages of 
white matter. In this study, we built a general linear modelGML) to descripe the relationships between the DBS signal and DTI 
coe"cients. The result shows the DBS signal peak-to-peak amplitude (P2P) and time-to-(first-) peak delay (T2P) are related 
with fiber length, fiber diameter and fractional Anisotropy.

Methods: Neuroimages of 6 children with dystonia are used in this study. Our clinical procedure for determining DBS targets 
includes the implantation of 10 temporary AdTech MM16C depth electrodes (Adtech Medical Instrument Corp., Oak Creek, 
WI, USA) at potential DBS targets (including basal ganglia and thalamic subnuclei), as identified based on clinical criteria in 
each patient. Electrophysiology recordings were performed during the first 24 to 48 hours after clinical implantation of the 
temporary stereo-electroencephalography (sEEG) depth electrodes. Di!usion images were processed using the TOP-UP 
for motion artifacts were corrected through Eddy-current corrections. After correcting the distortions, both post-surgery 
CT and DWI volumes were aligned to the same plane using the FLIRT tool in FSL. The voxel size of the T1-weighted images 
was re-sliced to 1mm3 and used as the source image to warp the CT and DTI images. As a result, the pre-surgery DWI and 
post-surgery CT volumes were aligned to the structuralMRI volume (T1-weighted) for each subject. The DTI coe"cients, 
such as tract length, tract diameter, and fractional anisotropy (FA), can be used to quantify the characteristics of each fiber 
tract. On the other hand, the evoked potentials (EPs) can be characterized by their peak-to-peak amplitude (P2P) and time-
to-(first-) peak delay (T2P). In this study, our goal was to explore the relationship between these EP characteristics and DTI 
coe"cients. We hypothesize that the fiber length will be correlated with the delay (T2P) while fiber diameter will be inversely 
correlated with delay and positively correlated with the amplitude (P2P).In order to test our hypotheses at group level we used 
generalized linear model (GLM). The linear model was defined as: T 2P = a · F A + b · L + c · R + d · D+ p1 P 2P = e · F A + f · L + g 
· R + h · D + p2

Results: As expected, the multimodal analysis shows a significant correlation between the DTI coe"cients and 
electrophysiological characteristics. The EP amplitude (P2P) is positively correlated with FA and tract volume, while EP delay 
(T2P) exhibits a negative correlation with both measures. Interestingly, EP amplitude shows a negative correlation with tract 
length, while EP delay do not show a significant relation to tract length.

Conclusions: Our study has successfully demonstrated the quantification of the relationship between 22-2 
electrophysiological signals and white matter integrity using techniques such as DTI and sEEG recordings during DBS. By 
comparing tractography with ground truth electrophysiology, we have identified significant correlations between neural tract 
characteristics and neural responses to electrical stimulation in deep brain structures.
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Introduction: Damaged functional areas are compensated by other cortical regions to maintain brain function. Although 
cortical rearrangement can occur in either hemisphere when the tumor grows to the posterior language area (PLA), 
the rearrangement of Wernicke’s area has rarely been reported.1,2 This study investigated the characteristics of cortical 
rearrangement of the PLA within the ipsilateral hemisphere using direct electrical stimulation (DES) during awake brain 
surgery and resting-state functional connectivity.

Methods: Sixty-two patients with left hemispheric glioma who underwent awake brain surgery were included in the study. All 
the patients underwent structural magnetic resonance imaging (MRI) and resting state functional MRI (rsfMRI) preoperatively. 
Each structural MRI was spatially normalized to the Montreal Neurological Institute (MNI) template via the segmentation 
routine using SPM12. Patients were divided into PLA and non-PLA groups based on lesion extension to the PLA. Cortical 
brain mapping was performed using DES. During intraoperative language assessment, patients were asked to name the 
pictures presented on the screen. When incorrect (impaired) responses were elicited in the naming task during DES, the point 
was considered an area with a language function (positive points). The region was considered an area with a non-language 
function (normal points) if the response was correct (unimpaired). We defined incorrect responses as “positive responses” and 
correct responses as “normal responses.” Spatial locations of the positive and normal responses were retrospectively plotted 
on the corresponding original 3D T1 images for each patient using operative reports and intraoperative video records with 
the iPlan software. Each positive point on the original T1 images was transferred to the corresponding point on the normalized 
T1 images. The positive points were then mapped onto the corresponding lattice cells on the lateral view of the brain. The 
frequency of the positive responses was calculated as the ratio of the number of patients with positive responses to the 
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number of stimulated patients. RsfMRI analysis was conducted using SPM12, FSL, and the Human Connectome Project (HCP) 
pipelines. We calculated the betweenness centrality (BC) among the 360 cerebrocortical parcels,3) which were averaged 
across the vertices in each parcel from HCP.4) The frequencies of positive responses were compared between the groups 
using the chi-square test. One- and two-way analysis of variance (ANOVA) was performed to examine the BC characteristics. 
This study was approved by the Medical Ethics Committee of Kanazawa University (approval numbers: 1797 and 3322).

Results: In awake language mapping, 48 positive and 488 normal points were identified. In the non-PLA group, areas with a 
high proportion of positive responses were detected in the posterior part of the superior temporal gyrus (pSTG) and middle 
temporal gyrus, while no positive responses were detected in the supramarginal gyrus (SMG). In the PLA group, a high 
proportion of positive responses were distributed widely in the cortical area, including the pSTG and temporoparietal junction. 
The proportion of positive responses in the posterior SMG (pSMG) was significantly higher in the PLA group (47%) than in the 
non-PLA group (0%) (P=0.0091). RsfMRI revealed that BC in the pSMG was significantly higher than that in the surrounding 
areas in both the non-PLA and PLA groups (t(41)=4.95, P=8.73 × 10-6; t(19)=3.09, P=0.0047, respectively). Finally, we performed 
a mixed ANOVA with the areas (pSTG/pSMG) and patient groups (non-PLA/PLA groups) as the main e!ects. A significant 
interaction was observed between the areas and the patient groups (F(1,38)=6.50, P=0.013).

Conclusions: This study suggests that the posterior language area can be rearranged from pSTG to pSMG, which is a hub 
region in the brain, with lesion progression to the posterior superior temporal gyrus.
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ECoG high-gamma activity peak during speech production increases the ECS e!ect
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Introduction: Electrical cortical stimulation (ECS) has the capability to induce behavioral and cognitive changes through 
precise modulation of targeted brain regions. This phenomenon manifests in e!ects such as involuntary motor movements, 
visual distortions, and transient language impairments, particularly when specific brain areas related to motor control, vision, 
or language processing are targeted. Notably, the surgical removal of these regions often results in postoperative functional 
deficits, underscoring the importance of ECS as a preoperative and perioperative tool for functional mapping. In the context 
of language mapping, ECS serves as a benchmark for preserving speech function1. While established ECS protocols for 
language tasks exist, they are primarily based on empirical observations and adapted to individual patient variations. 
Therefore, it is crucial to have a comprehensive understanding of the causal relationship between stimulation parameters and 
resulting behavioral outcomes. Broadband high-gamma activity (HGA), detected through electrocorticography (ECoG), serves 
as an additional biomarker with superior spatial resolution, reflecting neural activity related to language2,3. This study aimed to 
investigate whether the timing of ECS initiation during a naming task influences symptom frequency and how this timing aligns 
with the trajectory of HGA.

Methods: Two epilepsy patients from Megumino Hospital, Japan, provided informed consent for the clinical ECS language 
mapping extension before brain surgery. Prior to ECS, a picture naming task was used to capture task-related HGA. 
Subsequent ECS identified stimulation sites inducing transient language impairments through 5-7mA stimulation. The site with 
the most pronounced HGA was selected for ECS with variable onsets (0.35 to 1 second post-picture onset). ECS, administered 
at 50Hz for 1 second, resulted in trial classifications as ‘no symptom’ or ‘symptom’ based on speech anomalies.

Results: HGA peaked at 5.44 and 4.72 z-scores at 684 and 454 milliseconds for the first and second patients, respectively, 
with corresponding intervals of 383-955 and 333-764 milliseconds. Figure 1 shows the HGA together with the time-frequency 
maps of the the stimulation target area (ROI). The symptom occurrence in Figure 2 was 92% and 47% before the HGA peak for 
the first and second patients, decreasing to 37% and 13% post-peak



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 49

ABSTRACTS

Conclusions: Stimulation before the HGA peaks significantly reduced the response speed compared sham stimulation. This 
underscores the crucial interplay between speech production, HGA, and ECS e"cacy. Moreover, faster-responding patients 
require earlier ECS, suggesting tailored protocols for e"cient functional mapping, particularly in time-sensitive procedures like 
awake craniotomies.
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Introduction: In recent years, awake surgery has become the treatment strategy for gliomas, with the aim of preserving 
cerebral function in both the left and right hemispheres. Cortical localization of various functions has been reported; however, 
the left-right characteristics related to the frequency of their detection are not known. In this study, we report on functional 
mapping of the bilateral cerebrum in awake glioma surgery, assuming cortical functional localization and frequency of 
positive detection.
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Methods: We performed intraoperative assessment tasks for motor, sensory, language (picture naming, semantic 
comprehension, and reading), social cognition (low-level and high-level mentalizing), and visual cognition (visuospatial 
recognition) in 135 glioma patients (WHO grades 1-4; 56 right, 79 left) who underwent awake surgery to preserve cognitive 
functions in the bilateral cerebrum at our hospital from 2014 to 2021. Cortical mapping points (MPs) where positive findings 
were obtained by direct electrical stimulation, and cortical areas where positive and negative findings were obtained were 
recorded. All MPs were extracted by MNI152 standard brain space analysis using SPM and MRIcron, classified into Brodmann 
areas (BA), and then each BA positivity rate in all cases was calculated, and brain functions and cortical areas per each 
positive detection rate were reflected in the standard brain atlas.

Results: The BA 4, 6, and 1-3 areas exhibited positive detection rates >70%, with almost no di!erence between left and right 
sides of the brain. The left and right BA22, left BA37 and 44, and right BA7 and 43 areas showed 50-70% positivity, with 
language on the left and social cognition and visual cognition on the right. In contrast, all areas with positive detection rates 
>10% were widely located ventral to the temporal lobe on the left and dorsal to the frontal to parietal lobes on the right. In 
other words, the functional localization and high frequency of detection were consistent in the Roland’s area and the peri-
Sylvian area. Although the latter showed a left-right di!erence in positive function and detection area, intraoperative selective 
functional mapping ensured a nearly symmetrical high positive detection rate.

Conclusions: It should be noted that although the cerebrum has functional anatomical di!erences between the left and right 
hemispheres, it is an organ with symmetrical features, as evidenced by similar positive detection frequencies on the left and 
right hemispheres during awake functional mapping.
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Introduction: In the treatment of gliomas located in the peri Rolandic areas of the brain, accurately mapping the sensorimotor 
regions is crucial to preserve both motor and sensory functions. Typically, techniques like electrical cortical stimulation (ECS) 
and the median nerve somatosensory evoked potential (SSEPs) phase reversal technique (MSSEP-PRT) are employed1-2. 
However, ECS can be time-consuming and carries the risk of inducing seizures, while MSSEP-PRT may be challenging to 
interpret3-6. This study aims to investigate the use of high-density electrocorticography (ECoG) for passive functional mapping, 
with the spatial-temporal, and spectral features of SSEPs in real time. Additionally, we demonstrate that besides central sulcus 
(CS) delineation, the spectral patterns of the SSEPs can di!erentiate between di!erent consciousness states.

Methods: During surgery, SSEPs were recorded using high-density ECoG grids placed on the sensorimotor cortex of fourteen 
patients, both in an anesthetized and awake state. Neural data from 0.6Hz median nerve stimulation were captured at 2.4kHz 
and processed in real-time using MATLAB Simulink. The system displays SSEPs’ peak activations as a 2D heat map on a 
screen, particularly around the 20ms time point (N20), and generates the spectral power in the gamma range using Stockwell 
transform. This was then projected on the 3D rendering of each patient’s brain generated from Magnetic Resonance Imaging 
(MRI). We used the area under the curve (AUC) of the receiver operating characteristic (ROC) curve to determine the accuracy 
in distinguishing the anterior and posterior channels based on the peak amplitude at N20 and gamma power. We also applied 
paired t-tests to compare the gamma oscillations in each state.

Results: Consistently across patients, the 20ms time point showed a clear discrimination between anterior (motor) and 
posterior (sensory) channels with a high separation accuracy of 93.6±14.9%. The color contrast revealed the delineated 
CS correlating with the sulcus in the 3D rendering, Figure 1A. We also observed late gamma (60–250 Hz) modulation in all 
subjects approximately 50 ms after stimulation onset, extending up to 250 ms in each state in the primary somatosensory 
area (S1), Figure 1B. The late gamma activity was suppressed in the anesthetized state (independent t-test t (13) = -3.2519, p = 
0.0140) and increased significantly relative to baseline in the awake state (independent t-test t (13) = 6.0072, p < 0.01; Figure 
3A). The late gamma had a delineation accuracy of 81±10.3% in the anesthetized and 91±13.4% in the awake state.
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Conclusions: These results show that both spatial-temporal mapping from SSEPs and long-latency gamma modulations can 
individually delineate sensorimotor areas and the spectral profile can assess consciousness during neurosurgery. These 
findings have significant implications for operative planning in neurosurgical procedures
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Introduction: The brain’s spatiotemporal architecture, marked by functional connectivity motifs, is key to brain health and 
consciousness. Emerging theories highlight the thalamus’ neuromodulatory role in shaping cortical connectivity motifs (Shine 
et al., 2023). However, testing these theories is challenging due to the small size, deep location and functional complexity 
of subcortical areas, where non-invasive neuroimaging techniques face limitations. In Stanford, we pioneered multi-site 
stimulation and recording in the thalamus using deep intracranial electrodes for mapping thalamic-centric causal connectivity. 
Thalamic stimulations are shown to evoke distinct EEG profiles than cortical stimulations from a recent mice study (Claar et al., 
2023). Meanwhile, we have limited knowledge from direct human thalamic measurements. Therefore, our goal is to extract 
meaningful neural features from stimulation evoked potentials (SEP), then infer whole-brain causal connectivity.

Methods: In this study, we recruited 27 participants with focal epilepsy with implanted electrodes for clinical purpose. 
Employing our standard single pulse electrical stimulation protocol, we investigated causal connectivity by stimulating a 
bipolar electrode pair while recording from all others. We utilized UMAP algorithm to encode neural signals (McInnes et al., 
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2020), with the input of time-variant power and inter-trial phase coherence spectrograms of SEPs. We derived activation 
labelling by employing semi-supervised learning, after partially labelling activations manually based on preset criteria. Then, 
we employed group-level supervised UMAP to map the activated spectrograms to the anatomical labels: THAL-ipsi, THAL-
contr, COR-ipsi, and COR-contr (stimulating from THAL/COR in the ipsi/contralateral hemisphere). Category-specific spectral 
features were determined with cluster-based permutation significance testing. To decode individual evoked signals using 
these features, we used the spectral information from each significant cluster as a template and apply sliding-window cross-
correlation to track dynamic changes in feature proximity for all trials.

Results: Neural features 1 and 2, corresponding to gamma (~40ms) and high theta (75-165ms), respectively, were 
distinguished in ipsilateral vs. contralateral recordings of cortical stimulations (COR-ipsi vs. COR-contr). These clusters align 
with documented N1 and N2 components in brain stimulation literature (Keller et al., 2014). Notably, a third cluster (Feature3) 
in thalamus stimulations, peaking late (>165ms) and lasting ~250ms in the theta band, is distinct from the N2 component. 
Examining whole-brain causal connectivity matrices based on feature presentation, we observe: (1) modularity within adjacent 
anatomical areas in the Feature-1 matrix, suggesting direct connectivity (Fig. 3b); (2) widespread Feature-2 representations 
across regions and hemispheres, maintaining first-order modularity, indicating indirect connectivity building on the initial 
connectivity; (3) Feature-3 matrix showing whole-brain connectivity from thalamus without first-order modularity, suggesting 
persisting thalamocortical feedback. Comparing thalamic subdivisions, anterior thalamus (antTH) exhibits stronger Feature 
1 and 3 representations with frontal areas, indicating recurrent connectivity, while posterior thalamus (pstTH) has more 
connections with parietal and occipital areas than antTH.
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Conclusions: We encoded whole-brain stimulation-evoked potentials into 3 neural features, representing direct connectivity, 
indirect connectivity via cortex, and indirect connectivity via thalamocortical feedback. Decoding revealed that the thalamus 
receives direct connectivity from the whole brain, while its direct cortical projection is limited to the same hemisphere. 
In contrast, the indirect thalamocortical late feedback spans the entire brain, acting as a propagator of theta oscillations 
persisting in cortical signals for approximately 200 ms post-thalamic excitation.
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Introduction: Intraoperative functional mapping during awake brain surgery is the first therapeutic option for tumor resection. 
Indeed, ~80% of these tumors involve eloquent areas, that is, regions of high functional expressivity that need to be spared 
from resection. This underscores the need for intraoperative sensitive tasks to map and preserve these regions, avoiding 
postoperative sequelae. Classically, functional mapping has focused on overt functions in the dominant hemisphere, namely, 
motricity and language in the left hemisphere. However, there are other distributed functions crucial for daily life that are 
challenging to map but need preservation1. One example is action comprehension, a vital social ability supported by the 
Action Observation Network (AON). Neuroanatomically, the AON involves dorsal bilateral fronto-parietal regions, including the 
inferior frontal cortex, premotor cortex, inferior parietal lobe, and superior temporal sulcus2. These regions are interconnected 
subcortically, primarily through the superior longitudinal fasciculus (SLF) and anterior thalamic radiations3.

Methods: The AON mapping task comprises a series of images depicting a model engaged in incomplete, ongoing actions. 
Participants must infer the overarching motor goal behind the observed movement by selecting between two alternatives 
(e.g., to drink or to clean). Actions are observed in naturalistic contexts that can either facilitate or hinder action recognition4,5. 
Four patients diagnosed with brain tumors in the right hemisphere underwent awake surgery for tumor resection along 
with intraoperative functional mapping of the AON. Patient A had a parietal cavernoma, patient B had a glioma in the insula, 
patient C had an insular astrocytoma and patient D had a insular glioma. Cortical and subcortical mapping were performed by 
combining direct electrical stimulation (DES) with a bipolar stimulation electrode, while the patient performed the AON task. 
If the patient produces an error in at least 2 out of 3 non-consecutive stimulation trials, it indicates that the stimulated region 
has a functional role and should be preserved from resection. A trial is considered erroneous if, due to stimulation, the patient 
misinterprets the intentionality of the action or if the response is delayed or absent. It is also considered an error when the 
patient rectifies the answer only after the stimulation has ended. This task was video recorded during the course of the awake 
craniotomy for posterior behavioural analysis.

Results: In patient A, both horizontal (SLF) and vertical (thalamocortical fibers) connectivity were consistently disrupted, 
leading to slowed response times and semantic errors. In patient C, cortical positive stimulation sites were identified in the 
insula and the roof of the ventricle of the temporal horn, resulting in delayed or incorrect responses.

Conclusions: Overall, our findings provide causal evidence for the role of cortical (e.g., IFG) and subcortical (e.g., SLF) AON 
nodes in facilitating action recognition. At the clinical level, these results validate the e!ectiveness of the AON task as a 
valuable tool for mapping social abilities in the right hemisphere, a key element that is currently missing in the surgical 
management of eloquent areas in the non-dominant hemisphere.
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Introduction: Direct electrical brain stimulation combined with intracranial electrophysiological recordings hold the potential 
to modulate and test the functional role of neural activity in the awake human brain. While clinicians have used direct electrical 
brain stimulation for functional mapping and treatment of neurological and psychiatric disorders, the e!ects of stimulation on 
neural activity are poorly understood. Changes in neural activity from stimulation in local and remote areas are often highly 
complex and variable. Stimulation has most often been delivered at locations individually, however, simultaneous or patterned 
stimulation at multiple locations holds the potential to modulate distributed networks more precisely.

Methods: To better understand and precisely control the responses to stimulation in individual patients, we first 
took the approach of modelling the e!ects of stimulation on neural dynamics across the brain. We collected human 
electrocorticographic recordings from 8 neurosurgical epilepsy patients while systematically delivering cortical stimulation 
at di!erent frequencies, amplitudes, durations, and locations while patients were at rest. Using a dynamic linear state-space 
model framework, we fit input-output models to timecourses of neural activity, represented by high frequency activity, while 
patients received stimulation.

Results: We first show that dynamic responses in brainwide neural activity following stimulation at individual locations across 
brain regions can be accurately predicted using latent state space models. We further show patient-specific models build 
can be used to predict responses to novel stimulation locations. Lastly, we analyzed changes in large-scale neural activity in 
response to multisite stimulation and compare these responses to those predicted from patient-specific state-space models 
built while patients were stimulated at individual locations. We found that we able to reliably predict the timecourse of 
responses to stimulation delivered at novel combinations of multiple locations.

Conclusions: The ability to characterize and model neural responses to novel locations as well as patterns of multisite 
stimulation could allow clinicians and researchers to design stimulation protocols for precise modulation of neural activity. 
Stimulation parameters and patterns may be selected to elicit specific changes to ongoing behaviorally relevant neural signals 
in the human brain to modulate higher-order cognitive functions and to more e!ectively probe functional brain networks and 
treat neurological disorders.
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Introduction: The cerebello-thalamo-cortical tract (CTCT) exhibits pathophysiological disturbances in individuals with 
essential tremor (ET) when compared to healthy subjects (Gallay et al., 2008). Existing research suggests that both Deep 
Brain Stimulation and Magnetic Resonance-guided Focused Ultrasound (MRgFUS) (Zesiewicz et al., 2005) are e!ective 
interventions for managing tremor activity in drug-resistant ET patients (Giordano et al., 2020; Agrawal et al., 2021; Miller 
et al., 2022). MRgFUS achieves this by creating a permanent focal brain lesion in the ventral intermediate nucleus (VIM) 
via ultrasound-induced thermal ablation (Chazen et al., 2018). In response to localized tissue damage, microstructural 
reorganization of white matter tracts (Pineda-Pardo et al., 2019; Sammartino et al., 2019) may occur in terms of Wallerian 
degeneration (Rotshenker, 2011) or compensatory rewiring of neural connections . Therefore, it is crucial to comprehend the 
microstructural changes within the CTCT associated with MRgFUS thalamotomy in longitudinal studies.

Methods: Twenty-seven ET patients (68.7±10.25 years; 19 males and 8 females) underwent VIM MRgFUS, including 24 right-
hand dominant and three left-hand dominant tremor patients. Before, 1 month and 6 months after MRgFUS treatment, clinical 
as well as T1-weighted and Di!usion Tensor Imaging (DTI) data were acquired at 3T (Philips Achieva scanner with 8-channel 
head coil). We included part B and subscores of the upper extremity tremor rating of part A of the Clinical Rating Scale for 
Tremor to create a modified outcome measure (“CRST-AB subscale”) consisting of 7 items resulting in a maximum of 28 points. 
Scores were calculated for the treated and non-treated side separately. Probabilistic tractography was performed to map the 
CTCT (Pohl et al., 2022) taking the ipsilateral dentate nucleus as seed and contralateral precentral gyrus as target to assess 
probabilistic fiber density (FD). Furthermore, weighted least square tensor fitting was performed to obtain fractional anisotropy 
(FA), axial di!usivity (AD) and radial di!usivity (RD) measures of microstructural integrity using the FDT pipeline within the 
FSL toolbox (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FDT). The various maps of fiber density and white matter integrity from left 
dominant tremor subjects were swapped from left to right. Finally, the measures were compared by implementing pairwise 
comparisons between di!erent time points using FSL’s randomise approach (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Randomise). 
Significant results were reported at p<0.05 corrected for multiple comparisons using the threshold-free cluster enhancement 
(TFCE) method.

Results: Significant tremor reduction was observed 1 month (M±SD: 5.02 ± 4.27; t(26) = -13.8, p <0.001, Cohen’s d = -2.65) and 
remained reduced 6 months after MRgFUS (M±SD = 5.85 ± 4.56; t(26) = -13.4, p <0.001, Cohen’s d = -2.58), relative to before 
MRgFUS treatment (M±SD = 18.78 ± 4.27) . We observed decreased CTCT fiber density at 1 as well as 6 months after, as 
compared to before MRgFUS (Figure 1a). Microstructural integrity in terms of FA was reduced 1 month and, though with smaller 
cluster size, 6 months after MRgFUS (Figure 1b). Similarly, a reduction was observed in AD 1 month after MRgFUS (Figure 1c). 
Conversely, both AD (Figure 1c) and RD (Figure 1d) were increased at 6 months at the distal part of the CTCT tract (between 
thalamus and precentral gyrus).
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Conclusions: In line with a previous report (Mazerolle et al., 2021), this study reports reduced fiber density and microstructural 
white matter integrity (FA) longitudinally in the CTCT of the treated side. Moreover, increases in AD and RD at 6 months after 
MRgFUS were found in distal parts of the CTCT of the treated side, suggesting a chronic degeneration leading to axonal 
damage (Song et al., 2003) or demyelination (Song et al., 2002), respectively.
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Introduction: The cortex of primate is organized by submillimeter functional domains. But little is known about how these 
coordinated units form a highly organized network on a brain-wide scale. Recently, the use of holographic optogenetics 
to target multiple brain areas opens up the possibility to modulate cortical information flow with diverse spatiotemporal 
patterns. Here we develop another patterned illumination method by infrared neural stimulation (INS), which is capable of 
producing a spatially focal stimulation via heat transients. This e!ective field is smaller than the column width in cat (~700µm). 
Combined with BOLD functional MRI in ultrahigh field, coordinated connectivity of the whole-brain can be mapped and further 
manipulated with patterns.

Methods: Animal preparation Three adult cats were anesthetized with sufentanil and vecutonium bromide and the brain state 
was examined by a grating visual stimulus. After localized the visual area by structural imaging with reference tubes, a cranial 
window fitting the size of bundle was opened. Then the bundle tip was attached to the cortical surface. Agar was applied to 
reduce the artifacts caused by air bubbles. Infrared stimulation Infrared laser was delivered by a solid-state laser generator 
(CW-1875±10nm) and a pulse modulator (Master-9). Each pulse train consisted of 250µs pulses at 200Hz for 0.5 seconds. 
Each channel block consisted of 9s stimulation with 3 pulse trains and 9s blank. One piezoelectric switch (Piezosystem) 
was customized by an Arduino (Mega-2560) to control channel switching. Radiant exposures were calibrated before every 
experiment (SD within one channel:4.51×10^(-6) J/cm^2; SD between channels: 0.082J/cm^2) and ranged from 0.2 to 0.7J/
cm^2 per pulse train. Data acquisition A single-shot echo planar imaging (EPI) sequence (TR=2000ms, TE=17ms, resolution=1×1 
mm2, 0.5-mm slice thickness, FA=78°) was acquired in a 7T MR scanner (Siemens Healthcare) with customized 2mm and 3mm 
surface coils (Suzhou, China). After canonical preprocessing, Fourier coherence analysis and general linear model (GLM) were 
applied to extract significant activations.

Results: The spatiotemporal feature of local responses depends on the channel distance After validated the tip location 
(area 18/19) by anatomical registration, we examined the local spatiotemporal feature by alternating pair channels with three 
distances (0.2, 2, and 3mm). Di!erent components of the hemodynamic response can be distinguished by adjusting the 
frequency of interest and extracting phase values. Both 2mm- and 3mm- pairs evoked separable channel-specific clusters, 
whereas 0.2mm-pair had mostly responses of both channels. The channel-specific tuning curves showed alternative negative 
BOLD dips, indicating the possible surround modulation process. The global activations of pair channels show integration 
and segregation patterns in diverse areas Significant clusters were extracted by GLM and further categorized by PCA and 
KNN. The overall network distribution (PMLS, AMLS, 21a, 20a, SVA, 5) was similar to previous anatomical evidences but had 
variations between patterns. Most ipsilateral area 19 responded to both channels, while only distal areas (area 7a and 5) had 
separated activations. It might indicate di!erent integrative properties of receptive field along the cortical hierarchy.
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Conclusions: We developed a multi-channel infrared-fMRI system and demonstrated its feasibility of producing mesoscale 
stimulus with varying channel spacing and mapping static networks of two separated points. The overall network with 
separable channel-specific clusters suggests the possible coordinated columnar structure across the whole brain. And 
the network variability across the hierarchy indicates that, similar to the structural architecture, a regularity of functional 
connectivity at the mesoscale might exist.
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Introduction: Subthreshold depression (StD) refers to clinically relevant depressive symptoms that do not meet the criteria for 
depression (Hwang et al. 2016). Many studies have reported cognitive impairments in individuals with StD. Especially, spatial 
cognition impairment can have a severe impact on the StD individuals’ ability to judge distance and orientation in daily life 
(Volz et al. 2022). However, the patterns of neural activity during spatial cognition processes in individuals with StD remain 
unclear. To explore the impact patterns of StD on spatial cognition, our study designed a spatial cognition experiment that 
mimics a natural scene and analyzed the EEG networks during both resting and task states.

Methods: According to the definition of StD in previous studies (Volz et al. 2022), this work screened 15 StD and 15 healthy 
control (HC) subjects each through interviews, the Center for Epidemiological Studies Depression Scale (CES-D, Chinese 
version) and Beck Depression Inventory-II (BDI-II) scale. The experiment included a 2 minutes eyes-closed resting state 
(RS) stage and 16 simulated robotic arm docking tasks. The docking tasks were close to natural scenes to induce the spatial 
cognition of subjects. The EEG data were recorded by 62 channels G.HIamp system and the operation details were recorded 
through screen recording software. Then each docking process was divided into four stages: observation stage, large-scale 
movement (LM) stage, fine operation (FO) stage and docking stage, the operation time of each stage were got by o-ine 
analysis of screen recording videos. The main steps of EEG preprocessing include: data segmentation, average reference, 
1-60Hz filtering, artifact removal, baseline correction, trial rejection (>100µv). Then the preprocessed EEG data were filtered 
into five frequency bands: delta (1-4Hz), theta (4-8Hz), alpha (8-13Hz), beta (13-30Hz), and gamma (30-50Hz). In each frequency 
band, the phase locking values of every two EEG channels were calculated, and there were five 62*62 network matrixes. At 
the end, networks of StD group and HC group were compared by t-test.
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Results: The results of operation time showed that StD group spent significantly more time than HC group (P<0.05) in LM 
stage and FO stage while completing the docking task. The longer operation time of the StD group validated the spatial 
cognition impairment of StD subjects in previous studies. Then, this study focused on analyzing brain networks of RS 
stage, LM stage and FO stage. For the RS stage, in the theta and alpha bands, the HC group had stronger connections with 
the channels in parietal lobe as hub nodes compared to the StD group. Parietal lobe was related to spatial attention, the 
di!erential connections in RS stage may indicate that the StD caused spatial attention decline (Aleksandra et al. 2023). For 
LM and FO task stages, in the delta, beta and gamma bands, the frontoparietal connections of StD group were stronger 
than those of HC group. These enhanced frontoparietal connections may be neural compensation made by the StD group to 
complete spatial cognition task (Vallesi et al. 2011; Caldinelli et al. 2022). In the whole, network patterns of RS stage indicated 
the spatial cognition decline of StD group, and the enhanced frontoparietal connections in LM and FO task stages, possibly 
indicated the neural compensation mechanism of StD group to ensure spatial cognition task completion.

Conclusions: This study analyzed the impacts of StD on spatial cognition based on resting and task state EEG networks. 
Consistent with previous studies, behavioral results and RS network patterns indicated that StD can lead to spatial 
cognition decline. At the same time, there was neural compensation mechanism of StD group by enhancing frontoparietal 
connections to ensure the completion of spatial cognition tasks. This study provides new insights into the impact of StD on 
spatial cognition.
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Introduction: Working memory is a cognitive function crucial for a wide range of everyday tasks, including problem-solving, 
decision-making, and learning. Recent advances in non-invasive brain stimulation techniques have o!ered a promising avenue 
for investigating the neural mechanisms underlying working memory and its modulation. Specifically, transcranial alternating 
current stimulation (tACS) is one of the e"cient neuromodulation techniques to improve cognitive abilities non-invasively. This 
study aimed to examine the e!ects of non-invasive electrical brain stimulation using tACS, coupled with phase modulation 
between the central executive network (CEN) and default mode network (DMN), on working-memory performance using 
functional magnetic resonance imaging (fMRI).

Methods: Twenty-six healthy adult participants were recruited for this study. We conducted an fMRI experiment to investigate 
whether a cross-frequency coupled tACS protocol with a phase lag (45 and 180 degree) between CEN and DMN modulated 
working-memory performance. Participants performed the Sternberg working-memory task with tACS during the entire 9-s 
retention period of every trial. High-resolution structural and functional MRI scans were obtained to measure the blood-
oxygen-level-dependent (BOLD) response during task performance. BOLD signal changes were analyzed to assess functional 
connectivity within the CEN and DMN and their interaction with task-related activation.

Results: We found that the phase lag between the CEN and DMN during tACS modulates working-memory performance. We 
observed that the 180-phase-lag tACS condition in the fast group showed a significant increase in reaction times. Additionally, 
the right hippocampus was significantly more activated in the 180-phase-lag tACS condition. Functional connectivity analyses 
revealed altered network interactions under these two di!erent phase lags between the CEN and DMN.

Conclusions: Our findings suggest that non-invasive electrical brain stimulation, with phase modulation between the CEN 
and DMN, can e!ectively enhance working-memory performance. These results shed light on the potential for targeted 
neuromodulation techniques to optimize cognitive function and may have implications for the development of interventions 
aimed at improving working-memory abilities. Further investigations are warranted to elucidate the precise neural 
mechanisms underlying these e!ects.
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Introduction: In the conventional transcranial electrical stimulation (tES) with a pair of electrodes, small drift of electrode 
locations could alter the pattern of electric field inside the brain1. In this paper, we hypothesized that the similar problem might 
arise when a commercialized tES system with multiple electrodes mounted on an elastic cap is used. Therefore, the influence 
of the electrode displacement on the electric field was investigated. In addition, a new optimization method considering the 
possible displacements of the electrodes was proposed to improve the robustness to the electrode displacement during the 
repeated use of the tES system.

Methods: A digitizer is used to estimate the average displacement of electrodes during repeated self-wearing of the electrode 
cap. Ten participants tried on a cap by themselves a total of 25 times. We generated five models for finite element method 
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(FEM) based on the electrode locations of the international 10-10 EEG system: the original location, forward shift, backward 
shift, rightward shift, and leftward shift. Left hand motor cortex (HM), right intraparietal sulcus (IPS), left dorsolateral prefrontal 
cortex (DLPFC), and visual cortex (VC) were set as the regions of interest (ROIs). We optimized the input current distributions 
for each of the five electrode locations using the FEM-based field simulation and the least squares algorithm to best modulate 
the designated ROIs. We then generated a new current distribution by averaging the five optimization results. We compared 
how the intensity of electric field (from the mean value within the ROI) and the focality of electric field (from the maximum 
value outside the ROI divided by the minimum value within the ROI) decreased when the electrode locations were shifted.

Results: The average displacement of electrodes was 1.08 cm, based on which the electrode locations were shifted. Our 
method showed higher intensity and focality in all ROIs, exhibiting the superiority of the proposed method.

Conclusions: In this study, we improved the robustness of tES to the electrode shift by employing a new optimization method 
that averages optimization results for five FEM models with di!erent electrode displacements. It is expected that the proposed 
optimization method can be a useful tool to improve the robustness and reliability of tES in practical scenarios.
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Introduction: Major depressive disorder (MDD) is a common and severe a!ective disorder characterized by negative mood 
and high risk of suicide. Electroconvulsive therapy (ECT) is an e!ective treatment for MDD patients, but its underlying neural 
mechanisms remain largely unknown. The aim of this study was to identify changes in brain connectome dynamics after ECT 
in MDD and to explore their associations with treatment outcome.

Methods: We collected longitudinal resting-state fMRI data from 80 MDD patients (50 with suicidal ideation and 30 without; 
SI and NSI, respectively) before and after ECT and 37 age- and sex-matched healthy controls. A multilayer network model was 
used to assess modular switching over time in functional connectomes. Repeated measures analysis of variance was applied 
to assess di!erences in dependent variables (network dynamics) with group (MDD vs. healthy controls and MDD-SI vs. MDD-
NSI) and time (before vs. after ECT) served as the independent variables. Post-hoc analyses were also performed using a 
two-sample t-test between groups and paired t-test between times. Support vector regression was used to assess whether 
pre-ECT network dynamics could predict treatment response in terms of symptom severity.

Results: Analysis of global modularity (F = 7.25, p = 0.008, ηp2 = 0.06) and modular variability (F = 8.80, p = 0.004, ηp2 = 
0.07) both revealed significant group-by-time interaction e!ects. Post-hoc analysis showed that MDD patients had lower 
global modularity (t = -4.33, p < 0.001, Cohen’s d = -0.86) and higher modular variability (t =1.99, p = 0.049, Cohen’s d = 0.45) 
in functional connectomes compared to controls at baseline. ECT enhanced global modularity (t = 2.94, p = 0.004, Cohen’s d 
= 0.47) and reduced variability (t = -4.18, p < 0.001, Cohen’s d = -0.61) in MDD patients. Analysis of regional modular variability 
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revealed a significant group-by-time interaction e!ect predominantly located in the default mode and somatomotor networks 
(all F > 7.76, p < 0.006, FDR corrected). Post-hoc analysis showed that modular variability was significantly lower after ECT in 
those regions in MDD patients (all t < -2.60, p < 0.011, FDR corrected). Support vector regression analysis showed pre-ECT 
modular variability could accurately predict symptom improvement in MDD patients (r = 0.315, p = 0.004, 1,000 permutation 
tests). In suicidal ideation subgroup analysis, ECT was associated with decreased modular variability in the left dorsal anterior 
cingulate cortex of MDD-SI (t = -4.33, p < 0.001, Cohen’s d = -0.38), but not MDD-NSI (t = 0.975, p =0.338, Cohen’s d = 0.21) 
patients, and pre-ECT modular variability could accurately predict symptom improvement in the MDD-SI group (r = 0.295, p = 
0.039, 1,000 permutation tests), but not in the MDD-NSI group.
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Conclusions: We highlight ECT-induced changes in MDD brain network dynamics and their predictive value for treatment 
outcome, particularly in patients with suicidal ideation. This study advances our understanding of the neural mechanisms of 
ECT from a dynamic brain network perspective and suggests potential prognostic biomarkers for predicting ECT e"cacy in 
patients with MDD.
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Introduction: Alzheimer’s disease is considered the most common cause of dementia1. Several studies reported that 
transcranial direct current stimulation (tDCS) could help improve cognition for patients with Alzheimer’s disease (AD)2. 
Previous studies used the same montage for AD and cognitively normal individuals (CN). However, anatomical di!erences 
for individuals due to brain atrophy a!ect the flow of tDCS-induced current3. Therefore, conventional montages might not 
su"ciently stimulate the target area of AD. In this study, we investigated tDCS e!ect for both AD and CN focused on the 
electric field intensities within each brain region when using the same montages through simulation.

Methods: We used 180 T1-weighted magnetic resonance images (MRIs) from Alzheimer Disease Neuroimaging Initiative 
(ADNI) dataset4 for four groups (AD-females, AD-males, CN-females, CN-males). We made no statistical di!erences in age 
distribution across groups. An anatomical head model was constructed based on each MRI. We segmented the models into 
gray matter (GM), white matter (WM), scalp, skull, CSF, and ventricles through our deep learning-based brain segmentation 
models5,6. We divided GM into 68 regions based on the function of each brain region. The mesh generation was performed 
using CGAL version 4.07. CGAL generated segmented MRI data into 3D tetrahedral mesh based on the Delaunay triangulation 
method. The electrical potential induced by tDCS was determined according to the transformed Maxwell equation in static 
conditions and boundary conditions8. We used the Eigen library as a solver to calculate the tDCS-induced electric field. 
We assigned electrical conductivities of each region in units of S/m (GM 0.276; WM 0.126; scalp 0.465; skull 0.01; CSF 1.65; 
ventricles 1.65). We located electrodes in F3-Fp2 to stimulate the left rostral middle frontal gyrus (RMF) associated with 
cognitions. The maximum current was analyzed through the 90th percentile to minimize errors. We analyzed statistical 
di!erences in the tDCS-induced electric field between AD and CN for each brain region. For statistical analysis, we used the 
parametric unpaired t-test. A p-value of less than 0.05 was considered statistically significant.

Results: In all regions, the male group showed significantly lower electric field intensities than the female group regardless 
of disease. The electric field intensity within the ventricle was significantly higher in CN-males than in AD-males. Among the 
68 subdivided regions of GM, we focused on the electric field intensities within 14 brain regions associated with cognitions 
(both sides of RMF, the superior temporal gyrus, the middle temporal gyrus, the inferior temporal gyrus, the insula, the 
parahippocampal cortex, and the entorhinal cortex) as shown in fig. 1. In females, there were no significant di!erences 
between AD and CN. AD-males showed significantly smaller intensities within the left/right superior temporal gyrus, the left/
right middle temporal gyrus, and the left insula than CN-males.

Conclusions: We could not observe significant di!erences in the target area between AD and CN. However, it is well known 
by previous studies that not only one specific brain region but also other all anatomical characteristics a!ect current flows9. 
Our results showed that some regions were significantly di!erent in the electric field intensities between AD and CN while 
others did not. It might be necessary to consider all brain regions that a!ect the electric field distribution for improving the 
stimulation e!ect. Also, the AD showed lower electric field intensities in subdivided GM regions than the CN even if not at a 
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statistically significant level . It might be interpreted that stimulating the target area for AD when using the same montages for 
CN is di"cult due to complex factors such as brain atrophy. We propose that montage optimization that considers anatomical 
variations and brain atrophy might lead to improvement of tDCS e!ects.
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Introduction: High impulsivity significantly contributes to the likelihood of substance use, relapse rates, and risky behavior. 
Consequently, interventions to improve impulsivity are highly warranted. High-definition transcranial direct current stimulation 
(HD-tDCS), a non-invasive brain stimulation technique altering cortical excitability, stands as a powerful tool to modulate brain 
activation associated with impulsivity. However, previous research has produced inconclusive results regarding stimulation 
e!ects on impulsivity. Findings suggest that inter-individual di!erences in the electric field created by HD-tDCS can partially 
explain variance in behavioral outcomes1, as well as functional brain connectivity2. Due to the heightened sensitivity of HD-
tDCS to individual brain architecture3, these di!erences may exert more pronounced influences on outcomes compared 
to conventional tDCS. Furthermore, literature suggests that nicotine interacts with the e!ects of tDCS because both a!ect 
calcium channel signaling4. This study investigates the e!ects of HD-tDCS on response inhibition in smokers and non-
smokers, aiming to understand the underlying mechanisms better and delineate factors influencing responsiveness to 
(HD-)tDCS.

Methods: In a double-blind, placebo-controlled, between-subjects study employing simultaneous HD-tDCS and functional 
magnetic resonance imaging (fMRI), we recruited forty-five male chronic tobacco users and forty-five non-smoking male 
participants. Participants performed the Stop Signal Task before and after receiving either sham tDCS or 20 minutes of 1.5mA 
anodal HD-tDCS over the right inferior frontal gyrus during resting state fMRI. Carbon monoxide (CO) levels were assessed in 
chronic tobacco users as a measure of nicotine intake. Using T1 and T2 weighted anatomical images, individual head meshes 
were created with CHARM5. Electric field simulations were computed using SimNIBS6. Within the right inferior frontal gyrus, 
the mean electric field magnitude within a 5mm radius sphere was computed for each participant.

Results: Behavioral data revealed significant improvements in Stop Signal Reaction Times (SSRTs) following active and 
sham stimulation in non-smoking participants. Chronic tobacco users showed improved SSRTs following sham but not active 
stimulation. While CO levels did not influence tDCS e!ects, lower CO levels were associated with shorter SSRTs. Results also 
highlighted significant variability in HD-tDCS-induced electric fields. Seed-to-voxel analysis indicated increased resting-state 
functional connectivity (rsFC) under the anode, particularly to the left prefrontal cortex, in active compared to sham stimulation 
during initial stimulation periods and post-stimulation. These e!ects were driven by rsFC fluctuations in the sham group, while 
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the active group remained stable. Additionally, an e!ect of e-field magnitude was found, with a higher magnitude correlating 
with increased rsFC during the first part of the stimulation.

Conclusions: Collectively, our findings suggest that enhanced SSRTs are primarily attributed to a training e!ect rather than 
being influenced by HD-tDCS. This contradicts many studies using conventional tDCS setups reporting improved response 
inhibition following anodal prefrontal tDCS. In chronic tobacco users, anodal HD-tDCS even seems to suppress the training 
e!ect. Additionally, considering the high variability of electric fields, our study highlights the importance of taking individual 
di!erences into account when assessing the impact of HD-tDCS, urging further investigation in this domain.
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TDCS over VLPFC increases reward sensitivity in a two-armed bandit task
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Introduction: Dysfunctional reward processing is a transdiagnostic characteristic of several psychiatric disorders. For example, 
patients with depression (Vrieze et al., 2013) and schizophrenia (Weiler et al., 2009) can present with impaired probabilistic 
reward learning, and increased sensitivity to reward has been observed in patients with substance use disorders (Myers et al., 
2016) and during manic episodes in patients with bipolar disorder (Pizzagalli et al., 2008). There is growing clinical interest in 
the use of noninvasive neuromodulation, such as transcranial direct current stimulation (tDCS) for targeting symptoms such as 
anhedonia. The right ventrolateral prefrontal cortex plays a critical role in probabilistic reward learning (Rudebeck et al., 2017). 
We hypothesized that anodal tDCS over right ventrolateral prefrontal cortex would result in increased reward sensitivity during 
a probabilistic reward learning task – the two-armed bandit.

Methods: Thirty healthy participants underwent anodal, cathodal, and sham tDCS in a counterbalanced, block design over 
two sessions using a four-electrode center-surround montage over right ventrolateral prefrontal cortex. During stimulation, 
electrical current at the center electrode was ramped up to 2mA (anodal tDCS) or down to -2mA (cathodal tDCS) over 30 
seconds, and sustained for 5 minutes. Sham blocks consisted of a 30 second ramp up/down followed by 5 minutes of no 
stimulation. A two-armed bandit task administered during stimulation (or sham) was used to assess reward learning sensitivity.

Results: Win-stay lose-shift behavior during the task was assessed using linear mixed e!ects models. Interaction e!ects 
indicated that both anodal and cathodal stimulation resulted in increased likelihood of “staying” with a symbol after a winning 
trial, and increased chance of “shifting” to another symbol after a loss. When post-stimulation sham blocks were divided into 
early and late phases, the e!ect of stimulation on win-stay/lose-shift behavior persisted during the early but not late sham 
blocks, suggesting the presence of an o-ine carryover e!ect of both anodal and cathodal stimulation.

Conclusions: As hypothesized, anodal tDCS over right ventrolateral prefrontal cortex increased sensitivity to probabilistic 
reward learning by increasing both the chances of staying with a stimulus after winning and switching stimulus choice after 
a loss. Interestingly, cathodal stimulation also increased reward sensitivity. The changes to reward sensitivity persisted after 
stimulation o!set and slowly decayed back to baseline, suggesting a carryover e!ect of stimulation. Future studies should 
characterize the magnitude and duration of this carryover e!ect to better inform both experimental design and protocols using 
tDCS in the treatment of psychiatric disorders with dysfunctional reward processing.
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MRI-based models of electric-field distribution for the modulation of primary progressive aphasia
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Introduction: Transcranial direct current stimulation (tDCS) is a non-invasive technology used to modulate cortical activity in 
clinical settings1. Preliminary evidence suggests its outcomes are dramatically impacted by interindividual di!erences in head/
brain structural features2. The optimization of tDCS parameters on the basis of personalized biophysical electric field (E-field) 
models could boost clinical e"cacy. Unfortunately, under-performing tissue-segmentation algorithms limit their reliability, 
which remains controversial when applied to populations with cortical damage3. Additionally, the influence of specific tissue 
layers modified by pathological conditions, such as neurodegeneration, on tDCS current remains uncertain4. We here aimed 
to: (1) compare the accuracy of E-field distribution models based on automatic vs. manually MRI-segmentation approaches, 
(2) gauge the influence of head tissue layers on electrical current strength; and (3) assess their ability to predict cognitive 
modulation in patients with dementia.

Methods: A cohort of n=16 patients diagnosed with semantic variant of primary progressive aphasia (sv-PPA) was stimulated 
with a single session of anodal tDCS (1.57mA, 0.06 mA/cm2, for 20 min) to the left Anterior Temporal Lobe (ATL). Guided with 
an MRI-based neuronavigation system, an anode was placed on a scalp site showing the shortest path to relevant ATL MNI 
coordinates [x=-53; y=4; z=-32] and a cathode over the right supraorbital region (AF8)5. language performance was assessed 
prior and following the tDCS session with a Semantic Association task6. A Finite Element Model (FEM) of the patient’s head/
brain tissue layers was built with the SimNIBS3.2.6 headreco pipeline5. In parallel, we manually segmented the layers of 
the model (White Matter, Gray Matter, CSF, Bone, Air, Eyes and Skin) and used this same tool to build a structural model for 
comparison. E-field simulations were conducted in both types of models and assessed with metrics assessing local and global 
E-field impact. Measures regarding the volume of the di!erent tissue layers crossed by the E-Field were also estimated. 
Non-parametric statistics tested di!erences on tissue volumes and predicted E-field estimated on manually vs automatically 
segmented FEM models. Spearman correlations explored associations between structural measures, E-field values and 
changes in semantic abilities induced by anodal ATL tDCS.

Results: We compared manually vs. automatically segmented head-models’ E- total and normal (~tangential) E-field strength 
throughout the left temporal lobe or in a smaller ROI (10 mm radius sphere on ATL MNI coordinates) (Fig.1A&B). Significantly 
higher values in total E-field strength were found for manually, compared to automatically segmented FEM models (p=0.0131, 
Fig.2A). White matter (p=0.0062), CSF (p=0.0443) and skin (p=0.0003) volumes di!ered statistically between both types of 
models;) (Fig.2B). Moreover, cortical thickness (r=0.768; p=0.0374), CSF volume (r=-0.520; p=0.0386) for the whole temporal 
lobe significantly predicted total E-field strength, estimated with manual segmentation (Fig.2C). Unfortunately, no significant 
correlations between patient’s semantic performance gains and E-field estimates were found for any of the two FEM structural 
models tested (Fig.2D).
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Conclusions: We conclude that MRI-based current distribution models built with automatic tissue segmentation algorithms 
remain suboptimal estimating E-field currents in atrophied brains. Additionally, we identified tissue layers (gray matter 
and CSF) modified by the pathology that impact the most E-field estimates predicted on the tDCS target. Unfortunately, 
E-field models failed to correlate with language performance gains. Our results highlight the need for individually 
customized stimulation strategies to achieve more e"cient tDCS clinical interventions via MRI-based biophysically inspired 
computational models.
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Modulating Cerebral Metabolic Rate: Investigating tDCS E!ects in Patients with Multiple Sclerosis
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Introduction: Transcranial direct current stimulation (tDCS) is a safe and well-tolerated method which uses weak electrical 
currents to modulate cortical excitability. TDCS studies of multiple sclerosis (MS) have shown clinical improvements in fatigue2, 
motor function3 and cognitive performance4. Although extensive research has been done focusing on the clinical outcomes of 
tDCS, there remains a notable gap in the exploration of neuronal metabolic responses to this stimulation, a crucial metric for 
gauging tDCS-induced changes in neuronal activity particularly in a real-time setting. In this study, we investigated cerebral 
metabolic rate of oxygen (CMRO2) response to tDCS in MS to gain more in-depth understanding of both concurrent (during 
tDCS) and post-tDCS (immediately after tDCS) e!ects on the neuronal metabolic response.

Methods: 20 patients (age=45±13 years, 13 females) with MS diagnosis were recruited to participate in this simultaneous 
tDCS-MRI study. Stimulation was given via an MRI-compatible tDCS device (Soterix Medical) and consisted in a 15 minutes left 
anodal dorsolateral prefrontal cortex (DLPFC, F3) direct current stimulation at 2.0mA as used in the previous study4. The tDCS-
MRI protocol used in this study included three timepoints: pre-, during- and post-tDCS (Figure 1). Imaging data was acquired 
in a 3T scanner fitted with a 64 channels head coil and comprised of the following sequences: phase contrast MRI (PC-MRI) to 
measure total blood influx through bilateral carotid and vertebral arteries, subsequently normalized for subject-specific brain 
volumes, from a 3D-T1-MPRAGE, to obtain a global measure of cerebral blood flow (CBF); T2-Relaxation-Under-Spin-Tagging 
(TRUST)5 was used to measure venous oxygenation (Yv) in the superior sagittal sinus, just above the venous confluence. 
To investigate the tDCS-induced neuronal changes we calculated CMRO2 combining CBF and Yv measures, as reported 
previously6. Paired t-test was used to compare measurements of each imaging parameter amongst combination of the three 
time points as well as baseline vs follow up.
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Results: As shown in Figure 2, global CBF increased from pre-tDCS (39.80±5.75 mL/100g/min) to during-tDCS (43.92±5.74 
mL/100g/min; p<0.0001). Yv exhibited a slight increase from pre-tDCS (58.83±3.39%) to during-tDCS (59.93±3.34%; p=0.006). 
CMRO2 showed a notable 7.9% increase from pre-tDCS (128.30±14.00 µmol/100g/min) to during-tDCS (137.77±14.17 µmol/100g/
min; p=0.002). Across all parameters, post-tDCS results remained elevated immediately after tDCS, although they didn’t reach 
statistical significance. This implies that a lingering e!ect may occur, necessitating repeated tDCS sessions to e!ectively 
achieve the desired treatment outcome.

Conclusions: In MS patients, we observed a real-time significant increase in CBF during tDCS stimulation, which notably 
exceeded the increase observed in Yv (11.0% CBF vs 1.9% Yv). This suggests that the stimulated neurons quickly utilized most 
of the surplus oxygen, leading to the observed increase in CMRO2 (7.6%) measured with advanced MRI. This aligns with 
the current understanding that anodal tDCS enhances neuronal firing by further depolarization of the neuronal membrane7. 
Notably, these e!ects do not rapidly dissipate after stimulation cessation but instead tend to persist or linger. The CMRO2 
response to tDCS (the CMRO2 di!erence between during- and pre-tDCS) measured with concurrent tDCS-MRI may have 
important implication in predicting future treatment outcome in individual patient and di!erentiating responders from non-
responders before tDCS intervention.
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E!ects of tACS on electrophysiological signals are task-dependent
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Introduction: Transcranial alternating current stimulation (tACS) is a non-invasive technique that delivers low-intensity 
alternating currents intending to a!ect neural activity and behavior (Liu et al., 2018). Recent research has shown that the 
e!ects of tACS are often inconsistent and not replicable (Kasten et al., 2019; B. Krause & Kadosh, 2014). In this study, we 
investigated the e!ects of 10Hz alpha (vs 41Hz gamma) stimulation on alpha oscillations during a vigilance-oddball paradigm. 
Similar tasks involving sustained attention are used to study the e!ects of tACS on electrophysiology and behavior (Zaehle et 
al., 2010, Vossen et al., 2015). Here, we aimed to test whether electrophysiology is reliably modulated by neurostimulation.

Methods: In this study, participants (n=38) underwent occipital (Fig. 2A) alpha (10Hz) and gamma (41Hz) stimulation, on 
separate days. During each session, participants performed three blocks of a vigilance-oddball task: the first without 
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stimulation (PRE), the second with either alpha or gamma stimulation (STIM), and the third without stimulation (POST). In each 
block, participants performed a vigilance-oddball task (Fig. 1A); where they were instructed to fixate on a white cross in the 
center of the screen and respond to color changes to the fixation cross using a button press on a keyboard. The color of the 
cross changed from white to either red or green, one of which occurred 80% of the time (DEFAULT color change) and the other 
20% of the time (ODDBALL color change). Half the participants were instructed to use their left index finger for the DEFAULT 
color change (Left-hand dominant group, see Fig. 1B) and the other half their right index finger (Right-hand dominant group, 
see Fig. 1B). Simultaneous EEG was recorded from 256 electrodes during all the blocks.

Results: Due to the lateralized nature of the responses, we checked whether tACS a!ected alpha power in a lateralized 
manner. We observed that enhancement in alpha power (Δ = POST - PRE) was greater for alpha stimulation than gamma 
stimulation but only for the contralateral electrodes (Fig. 2C, right; t(37)=-2.55, p=0.015) to the dominant response hand 
(response hand for DEFAULT color change) and not for the ipsilateral electrodes (Fig. 2C, left; t(37)=1.45, p=0.156). Moreover, 
the di!erence in the enhancement of alpha power between alpha and gamma stimulation (ΔΔ = alpha stim - gamma stim) was 
significantly higher for the contralateral electrodes as compared to the ipsilateral ones (Fig. 2D; t(37)=-3.68, p<0.001).

Conclusions: Our findings reveal that alpha tACS enhances alpha power but this enhancement is more pronounced in the 
electrodes contralateral to the dominant hand involved in the task. It is noteworthy that this lateralized e!ect is observed 
even though our tACS electrode montage (Fig. 2A) wasn’t lateralized. This implies that the e!ect is likely driven by the motor 
planning aspects involved during the task paradigm. Thus suggesting that the e!ects of tACS on electrophysiological signals 
depend on the nature of the task being performed.
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The impact of accelerated iTBS and cTBS on white matter microstructure in OCD - a pilot study
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Introduction: Theta burst stimulation (TBS) is a novel repetitive Transcranial Magnetic Stimulation paradigm that employs 
theta burst stimulation to enhance or dampen cortical excitability by mimicking cortical theta rhythms, allowing for 
accelerated stimulation in short periods. Despite its potent clinical e!ects, the mechanisms of TBS, particularly its impact 
on microstructural integrity, remain largely unknown. This pilot study utilized di!usion tensor imaging (DTI) to examine the 
relationship between accelerated continuous TBS (acTBS) and intermittent TBS (aiTBS) and white matter microstructure, 
aiming to further understand the neural mechanisms of action of TBS.

Methods: DTI data were acquired from 21 individuals with Obsessive-Compulsive Disorder (OCD) who participated in an 
ongoing open-label accelerated TBS study for this pilot analysis [NCT04286126]. The diagnosis of OCD was determined by 
a structured clinical interview for DSM disorders, and symptom severity was measured using the Yale-Brown Obsessive-
Compulsive Scale (YBOCS). All participants received either 18,000 pulses per day of aiTBS to the dorsomedial prefrontal 
cortex (DMPFC) or acTBS to the right orbitofrontal cortex (rOFC) over 5-10 days at 100% or 110% of the resting motor threshold, 
respectively. MRI data were acquired at baseline (1 week before treatment) and post-treatment. Multishell di!usion images 
(1.5mm isotropic, TR/TE = 5650/65 ms, b = 1500, 3000s/mm2, 65 directions) and Anatomical images (3D, T1-weighted, 
FOV = 256x256mm, 0.9mm isotropic, TR/TE = 6.39/2.62ms) were acquired using a 3T GE Discovery MR750 scanner with 
a 32-channel head-neck imaging coil at the Center for Cognitive and Neurobiological Imaging at Stanford University. 
Participants were screened for MRI safety before scanning procedures. We chose to examine fractional anisotropy (FA) 
changes in five regions of interest (ROI) from a recent ENIGMA paper on OCD. Tract-based spatial statistics (TBSS) were 
employed to analyze skeletonized microstructural estimates for each ROI. Repeated-measures ANOVA was performed with 
covariates, including stimulation targets of DMPFC and rOFC, follow-up time between visits (days), sex, age, and baseline OCD 
symptom severity as measured by the YBOCS.

Results: Demographics included an age range of 18-57 years old (mean 37.3 years old), with 45% male. The mean (SD) 
baseline YBOCS score was 30.62 (3.92). Thirteen individuals received aiTBS over DMPFC, and eight individuals received cTBS 
over rOFC. Post-treatment follow-up time ranged from 20 days to 524 days (median 42 days). A repeated-measures ANOVA 
showed a main e!ect of study visit on FA in the Uncinate fasciculus after including covariates of age, sex, treatment duration, 
and follow-up time (F=4.736, p = 0.049, η²p = 0.267), but post-hoc testing comparing FA between Pre- and Post-treatment 
did not substantiate the main e!ect (p > 0.05). No significant di!erences were detected for radial di!usivity (RD), axial 
di!usivity (AD), or mean di!usivity (MD) in any ROI. ROI-based TBSS analysis did not demonstrate significant white-matter 
microstructural changes from baseline to post-treatment in specific brain regions.

Conclusions: Our pilot data (N = 21) analysis suggests the need for a larger sample to thoroughly investigate the e!ects of 
acTBS and aiTBS on white matter microstructure with adequate statistical power.
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Transcranial magnetic stimulation simulation reveals electric-field di!erences between DLPFC and M1

Larissa Behnke1,2, Yuki Mizutani-Tiebel2, Kai-Yen Chang2, Frank Padberg2, Daniel Keeser2

1University of Zurich, Department of Psychology, Zürich, Switzerland, 2Department of Psychiatry and Psychotherapy, University 
Hospital LMU, Munich, Germany

Introduction: The treatment of psychiatric disorders is challenging and not all patients respond well to primary indicated 
medications and/or psychotherapy. One promising method investigated for treatment-resistant psychiatric patients is non-
invasive neuromodulation. Therefore, repetitive transcranial magnetic stimulation (rTMS) o!ers a treatment alternative for 
psychiatric disorders (Kan et al., 2023). Many rTMS treatment protocols target the left dorsolateral prefrontal cortex (lDLPFC) 
and stimulation intensity is determined by the participants individual resting motor threshold (rMT) of the left primary motor 
cortex (lM1). Using the rMT is a reliable measure of cortical excitability with a peripheral response, but it is unknown if the 
stimulation intensity determined by the individual’s lM1 results in comparable cortical activation when stimulation is applied at 
the lDLPFC. Therefore, we investigated the intensity and spread of an electric-field simulation targeting lDLPFC and lM1 using 
the simulation software SimNIBS 4.0.

Methods: We simulated electric-field distributions (n=17, 8 female, age: M=26.29, SD =3,39, range: 21-36 years) from T1 and 
T2 structural MRI scans of healthy participants recorded as part of a simultaneous TMS-fMRI setup (Mizutani-Tiebel et al., 
2022). The baseline scans we used for this simulation were aquired with a 64-channel coil in a 3T Siemens Prisma Magnetom 
scanner. Coordinates for each lDLPFC target were located by conducting a reverse co-registration from MNI152 stereotaxic 
coordinates x=–38, y=+44, z=+26 to the subject space of each scan. The initially recorded stimulation marker (pulse) was 
used as the stimulation target for each simulation. The coil handle direction was manually adjusted to a 45° angle with the line 
between hemispheres and stimulation points were projected onto the scalp. Stimulation targets for lM1 and rMT were defined 
by using electromyography on the right abductor pollicis brevis. The rMT was defined with the di/dt value which induced 
motor evoked potentials (MEPs) greater than 50μV in 5 out of 10 pulses. For the simulation of DLPFC/M1, we specified the 
MRi-B91 TMS coil file and set the stimulation intensity to the di/dt value recorded from the TMS stimulator during the actual 
rTMS protocol. The stimulation intensity was defined as 80% of each participants rMT.

Results: Surprisingly, the 99th percentile electric-field strength was higher for lDLPFC than for lM1 targets. However, at higher 
(99.9th) and lower (50th, 75th and 90th) percentiles, electric-fields intensity did not show significant di!erence between 
lDLPFC and lM1. The field-focality, a measure of gray matter area with a field 75 and 50% of the 99.9th percentile electric-
field intensity, significantly di!ered between stimulation locations. Calculated field-focality at lDLPFC was higher than at lM1, 
indicating a higher spread of the stimulation at prefrontal areas.

Conclusions: Here we show that TMS stimulation with the same intensity, but di!erent targets do not result in the same 
activation in the underlying structures. Our simulation shows that electric-field strength and field-focality can di!er between 
stimulation sites. The primary motor cortex (M1) is more specialized for motor control and has less functional diversity than the 
frontal brain regions. Frontal brain areas are involved in higher-order cognitive functions such as decision making, working 
memory and executive functions, which require a more complex and variable cytoarchitecture. Stimulation of these diverse 
and interconnected regions may lead to a wider range of e!ects, contributing to greater variability (Mueller et al., 2013). 
Future investigations should delve into these factors and treatment protocols should consider variations in TMS e!ects across 
di!erent stimulation targets.
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Application of HARDI to assess optimal coil orientation in neuronavigated TMS of the motor cortex
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Introduction: Transcranial magnetic stimulation (TMS) is a modality for noninvasive brain stimulation with rapidly growing 
diagnostic1 and therapeutic2 applications. While used in the treatment of conditions such as depression or neuropathic pain, 
results of neuromodulation protocols are known to be heterogeneous between individuals and centers3. Additionally, the 
neurophysiological processes underlying TMS e!ects are still insu"ciently understood (3). One factor that might contribute 
to optimized results of TMS is the orientation of the stimulating coil in relation to cortical and subcortical anatomy. We present 
preliminary results from healthy participants in whom we investigated the role of intragyral fiber orientations in terms of TMS 
e!ects on the motor cortex.

Methods: 20 healthy participants (average age: 27 years, 10 females) underwent high angular resolution di!usion imaging 
(HARDI; 60 gradient directions modeled on a sphere [b-value=1500 s/mm2] and 6 interleaved b0 volumes) and T1-weighted 
(T1w) imaging at 3 Tesla. The T1w images were used for neuronavigated TMS (nTMS). Up to three nTMS sessions separated by 
at least 14 days were conducted per subject to assess the robustness of the optimal coil orientation. In each nTMS session, we 
elicited 140 motor-evoked potentials (MEPs) from the abductor pollicis brevis muscle hotspot using 7 di!erent coil orientations 
(30° - 150° relative to the longitudinal axis of the precentral gyrus, in 20° steps) on the dominant hemisphere. The MEPs were 
analyzed regarding the influence of coil orientation on MEP amplitudes. Additionally, HARDI data were corrected for signal 
drift, motion, echo planar imaging /EPI), and eddy current (EC) distortions and coregistered to the T1w imaging used in the 
navigation of TMS via ExploreDTI4. Herein, constrained spherical deconvolution (CSD) truncated at maximum harmonic order 
L-max=8 was used to model fiber orientation distributions (FODs). These were visualized in relation to the observed optimal 
stimulation direction (Figure 1).

Results: In total, 6720 individual MEPs were analyzed. The MEP amplitude correlated significantly with coil orientation (rho = 
-0.39, p << 0.0001; Figure 2). A random e!ects regression model predicted a deviation from the optimal orientation (defined 
by highest mean MEP amplitude) by 20 degrees to lead to MEP decreases of -168 μV (β=-168, t=-28.97). On a qualitative level, 
when comparing the optimal stimulation direction to HARDI-derived fiber orientations, we noticed a notable parallel alignment 
of FODs to the e-field direction yielding maximal MEPs (Figure 1).
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Conclusions: Coil orientation during TMS in relation to gyral anatomy significantly modulates motor responses. HARDI-
derived fiber orientation imaging could aid in predicting optimal coil orientation in non-motor areas, e.g. for therapeutic 
TMS applications.
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Assessing the e!ects of TMS coil size on quantitative mapping of human motor cortex
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Introduction: Transcranial Magnetic Stimulation (TMS) is a powerful non-invasive neurostimulation method that is established 
in preoperative functional mapping for neurosurgical interventions1. The geometry of the coil plays a crucial role in shaping the 
induced electric field (E-field), thus influencing the spatial specificity and e"cacy of TMS pulses (larger coils provide enhanced 
depth penetration but with a trade-o! of decreased focality)2. The spatial extent of the E-field determined by the coil type has 
been a crucial consideration for improved quantitative TMS protocols, where the goal is to isolate a cortical “hotspot” for a 
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target muscle3. Yet, it is not well-characterized how invariant the mapping results are with respect to the size of the TMS coil, 
and/or if using di!erent coils would provide complementary information.

Methods: Data were acquired from a single healthy, right-handed male subject who provided written informed consent. The 
workflow is illustrated in Fig. 1. Before TMS session, T1- and T2-weighted MR images were obtained using a Siemens 3 Tesla 
scanner. The head model was created from MRI using the SimNIBS headreco4. TMS pulses were delivered using a MagPro 
X100 stimulator (MagVenture, Denmark). Two figure-of-eight coils, B60 and B35 (MagVenture; with coil diameter 2x75 mm 
and 2x46 mm, respectively) were used in separate runs during the same session. Each run involved 250 TMS single biphasic 
pulses at 5-second intervals. The stimulation intensity for B60 was set at 150% of the resting motor threshold (rMT), which 
corresponds to 68% of the maximum stimulator output (MSO). Meanwhile, B35 was operated at 133% of the rMT (limited by 
100% MSO). For each stimulation, each coil was randomly positioned around the motor cortex. Coil locations were recorded 
using a neuronavigation system (TMS Navigator, Localite, Germany). Motor evoked potentials (MEPs) were recorded from three 
finger muscles - first dorsal interosseous (FDI), abductor digiti minimi (ADM), and abductor pollicis brevis (APB). MEPs were 
sampled at 5 kHz and post-processed with a bandpass filter (100-1000 Hz). Coil positions and the head model were utilized 
to compute the E-fields using an LU-based BEM-FMM5. The identification of the “hotspot” for each muscle was determined 
by maximum R2 scores derived from logarithmic sigmoid regression, establishing the correspondence between induced 
magnitude E-field distribution and MEPs6.

Results: A goodness-of-fit map illustrating the functional cortical representation of the fingers under two coils is presented 
in Fig. 2. The functional map was further derived by combining B60 and B35 datasets. To ensure an equivalent number of 
data points, 125 random trials were selected from the B60 coil and 125 from the B35 coil. The identified “hotspots” were 
consistently within a 3 mm range across three coil configurations (B60, B35, combined) for each muscle. As expected, the B35 
coil with higher focality of E-field exhibited an improved localization in the goodness-of-fit map. Specifically, the B60 mapping 
showed a “spread” of the hot spot neighboring gyri (Fig. 2, red arrows) that is likely associated with the limitations of the TMS 
coil focality, rather than the actual extent of the cortical motor representation. The results from the combination of two coil 
types produced a functional map that captures the “best of both worlds” – the spatial spread to the neighboring gyri of the 
B60 coil is reduced, while the R2 scores of the B35 are enhanced.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 80

ABSTRACTS

Conclusions: Our study showed that TMS mapping results across two coils of di!erent sizes produced qualitatively similar 
outcomes, indicating the overall robustness of the approach. Combining both coil types produced a balanced mixture of both 
features in terms of sensitivity and specificity. In the future, by utilizing multichannel TMS coil arrays7, we may generate a wider 
range of E-field patterns and further reduce the ambiguity in the localization maps.
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Introduction: The primary motor cortex stands out as the most commonly targeted region for Transcranial Magnetic 
Stimulation (TMS) (Stinear et al., 2009), modulating motor function and engaging in activities (Hamano et al., 2021). It currently 
represents a vital target region for inducing plasticity in motor skill learning (Saisanen et al., 2021). The conventional target 
hand motor hotspot is determined by Motor Evoked Potentials (MEP), reflecting the conduction of corticospinal tract. Cortical 
excitability, as assessed by MEP measurements, serves as an indicator of neural architecture in the brain. Studies have shown 
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that despite no di!erences in cortical excitability and behavioral test between groups, facilitatory TMS still enhances cortical 
plasticity in the experimental group (Kolbasi et al., 2023). Pointing function-specific target may yield better modulatory e!ects 
than hotspot (Wang et al., 2020). During the early stages of training, instructing participants on errors and correct techniques 
could enhance sport performance, especially in mastering more challenging skills (Tzetzis and Votsis, 2006). Motor imagery 
training involves repetitively mentally rehearsing the correct technique, enhancing muscle control through cognitive brain 
areas associated with motor function. The goal is to improve complex sports skills and prevent injuries during physical activity 
(Ladda et al., 2021). One study found overlapping voxel activation in the brain when participants imagined wrist flexion and 
extension movements compared to the actual execution of these movements (Szameitat et al., 2012). In our study, we utilized 
the back gliding shot-putting as a motor imagery task, identified function-specific targets through fMRI, and applied 10 Hz 
repetitive TMS in conjunction with motor imagery to enhance participants’ motor performance.

Methods: We recruited 45 healthy, right-handed Physical Education students who were randomly assigned to three groups: 
the function-specific target, hotspot, and without rTMS groups. All three groups underwent 7 consecutive days of motor 
imagery training and physical practice of the back gliding shot-putting technique. Subsequently, all participants underwent 
two behavioral assessments and magnetic resonance imaging scans (including task and resting state) both before and 
after rTMS. The activation peak voxel of the motor imagery task was defined as the function-specific target. The function-
specific target and hotspot groups received 7 days of 10 Hz rTMS, with a stimulation intensity set at 100% of the resting motor 
threshold (RMT), totaling 1800 pulses per day. A spherical region of interest (ROI) with a radius of 4 mm was computed for 
whole-brain functional connectivity (FC) using the coordinates of the stimulation targets (task activation peak voxel for the 
without rTMS group).

Results: Significant alterations in thigh angle during the gliding phase, torso angle at left foot landing during the transition 
phase, and torso angle at right foot landing were observed with the function-specific target group > hotspot group > without 
rTMS group. Figure 1 illustrates substantial di!erences in the spatial distribution of function-specific targets and hotspots. 
ANOVA conducted on FC maps revealed a significant modulatory e!ect in the supplementary motor area (GRF correction, 
voxel level p < 0.001, cluster level p < 0.05) (Figure 2a). Post-hoc comparisons indicated a significantly larger alteration in FC 
for both rTMS groups compared to the group without rTMS (Figure 2b). All three groups exhibited significant alterations in FC, 
with a marked decrease in the two rTMS groups and a significant increase in the group without rTMS (Figure 2c).

Figure 1. The spatial distribution of function-specific targets and hotspots.
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Figure 2. The intervention e!ect across all three groups.

Conclusions: The application of rTMS, particularly when administered to function-specific targets, has demonstrated a 
noteworthy synergy with motor imagery training. This synergy significantly contributes to enhancing the learning outcomes of 
participants involved in acquiring complex sports skills.

References
1. Hamano, Y. (2021), ‘The integrative role of the M1 in motor sequence learning’, Neuroscience letters, vol. 760, no. 136081
2. Kolbasi, E.N. (2023), ‘Enhancement of motor skill acquisition by intermittent theta burst stimulation: a pilot study’, Acta Neurologica 

Belgica, vol. 123, no. 3, pp. 971-977
3. Ladda, A. M. (2021), ‘Using motor imagery practice for improving motor performance - A review’, Brain and cognition, vol. 150, no. 10570
4. Säisänen, L. (2021), ‘Primary hand motor representation areas in healthy children, preadolescents, adolescents, and adults’, 

NeuroImage, vol. 228, no. 117702
5. Stinear, C. M. (2009), ‘Repetitive stimulation of premotor cortex a!ects primary motor cortex excitability and movement preparation’, 

Brain stimulation, vol. 2, no. 1, pp. 152–162
6. Szameitat, A. J. (2012), ‘Cortical activation during executed, imagined, observed, and passive wrist movements in healthy volunteers and 

stroke patients’, NeuroImage, vol. 62, no. 1, pp. 266–280.
7. Tzetzis, G. (2006), ‘Three feedback methods in acquisition and retention of badminton skills’, Perceptual and Motor Skills, vol. 102, no. 1, 

pp. 275-284
8. Wang, J. (2020), ‘High-Frequency rTMS of the Motor Cortex Modulates Cerebellar and Widespread Activity as Revealed by SVM’, 

Frontiers in neuroscience, vol. 14, no. 186

Poster No 53

TMS on the dorsolateral prefrontal cortex induces striatal dopamine release. A 18F-DMFP PET study
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Introduction: Transcranial Magnetic Stimulation (TMS) is a non-invasive brain stimulation technique which can modulate 
connectivity in the human brain. It is commonly used for depression treatments with long stimulation protocols to the Pre 
Frontal Cortex (PFC). In this multi-modal study, We combined Positron Emission Tomography (PET) and TMS technique to 
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investigate the fronto-striatal connectivity in the human brain. Fronto-striatal networks are responsible for a wide range of 
motor and cognitive functions that includes emotion regulation, movement and attention. In PET sessions, we measured 
the release of endogenous dopamine in the striatum in response to repeated blocks of excitatory, intermittent theta burst 
stimulation (iTBS) of the Left-Dorsolateral Prefrontal Cortex (L-DLPFC). The 18F-DesmethoxyFallypride (DMFP) radioligand 
was utilzed, as it is a high a"nity Dopamine receptor-antagonist which binds to the D2,D3 receptors in striatum region.. 
The radioligand has benefits, including longer physical half-life and its transportation through o!-site cyclotron unit, thus 
accomplishing the demand of pharmacologic challenging studies.The main objective of the current study was to test the dose 
dependent e!ects of iTBS over the left DLPFC on the dopamine release in the striatum.

Methods: 23 healthy subjects participated in the study, who underwent iTBS sham (control) and verum (active) stimulations 
on separate days.The stimulation intensity was set at 90% of resting motor threshold (rMT) for the verum (active) condition. 
In both stimulation session, the total duration of the PET scan was 120 mins (28 time frames), consisting of 4 excitatory 
iTBS delivered to the left-DLPFC at 30 mins interval. Excitatory iTBS protocol was comprised of 600 pulses, delivered in a 
sequence of 20 trains and 10 theta-bursts in a total duration of 190 secs. Each 2 secs long train consisted of a burst of 3 stimuli 
at 50 Hz, repeated in 5 Hz frequency and having inter-train interval of 8 secs The repeated TMS inside the PET scanner were 
performed using neuro-navigation. 18F-DMFP was used as the radiotracer, which allowed us to perform measurements lasting 
120 minutes. PET dynamic data was analysed using reference method in which cerebellum was used as the reference region 
(due to lack of D2-D3receptors). Ratio of the striatal and cerebellar activities were calculated at di!erent time points for sham 
and verum conditions and termed as indices to the receptor binding. Receptor Binding ratios were the main outcome measure 
representing the ligand binding which is inversely proportional to the Dopamine (DA) levels. Mean Binding ratios in the sub-
regions of the striatum (Nucleus Caudate and Putamen) were compared between the two conditions using repeated measures 
of analysis of variance (ANOVA).

Results: Mean receptor Binding ratios showed a significant di!erence between sham and verum stimulations. We observed 
lower Binding ratios in the verum stimulation compared to sham stimulation. Verum iTBS increased the dopamine release in 
both striatal sub-regions, relative to sham iTBS. Dopamine levels in the verum stimulation session increased progressively 
across the time frames within about 75 minutes (after three doses of iTBS stimulation) and then essentially remained 
unchanged until the end of the session.
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Conclusions: Results suggest that the short-timed iTBS protocol performed in time-spaced blocks can e!ectively induce 
a dynamic dose dependent increase dopaminergic fronto-striatal connectivity. This scheme could represent a valuable 
alternative to painful, long stimulation protocols in experimental and therapeutic settings. Specifically, our results demonstrate 
that three repeated iTBS, spaced by a short time period, achieve larger e!ects than one single stimulation. This finding has 
implications for the planning of therapeutic interventions, for example, for the treatment of major depression.
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Introduction: Transcranial magnetic stimulation (TMS) is a powerful tool for non-invasive brain stimulation, with versatile 
applications in research, diagnostics, and the treatment of psychiatric and neurological disorders. Currently, TMS is 
administered the same way to all individuals, resulting in inconsistent treatment outcomes. To increase its e!ectiveness, one 
approach involves personalizing the treatment by incorporating concurrent neuroimaging methods to guide the procedure. 
By integrating TMS with real-time neuroimaging modalities such as functional magnetic resonance imaging (fMRI) and 
electroencephalography (EEG), our objective is to tailor TMS treatment by optimizing stimulation timing, targeting, and dosing 
on an individualized basis. This abstract outlines our experimental configuration for closed-loop TMS–EEG–fMRI, and shares 
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our preliminary findings on investigating brain state-dependent TMS–EEG responses and their correlation with concurrently 
measured BOLD activity in fMRI.

Methods: The experimental setup consists of MRI-compatible EEG amplifiers (NeurOne Tesla, Bittium Ltd.), TMS stimulator 
(MagPro R30, MagVenture Inc.) and TMS coil (MagVenture MRi-B91). The EEG amplifiers and TMS coil are positioned within 
the MRI scanner (3T Siemens Skyra) bore. The TMS coil is attached to a custom-made coil holder arm2 and is integrated with 
a slightly curved custom-made 8-channel MRI surface head coil array3. The subject is equipped with a 64-channel EEG cap 
(Easycap GmbH) that features seven custom-made carbon-wire-loops (CWLs) leveraged in EEG artifact suppression6. EEG is 
streamed to a real-time processing unit4 operating on a modified firmware capable of suppressing MRI-induced artifacts and 
timing TMS to a predefined oscillatory brain state of EEG5. 150 single TMS pulses were delivered to the left primary motor 
cortex (M1) of a right-handed healthy volunteer while the TMS-elicited network activity was monitored with interleaved fMRI 
acquisition. Functional images were acquired with a gradient-echo echo-planar-imaging (GE-EPI) sequence (TR = 2000 ms; 
TE = 26.0 ms; voxel resolution 2×2×2 mm3; flip angle 90°). Each TMS–fMRI run consisted of five 30-second “TMS” and “REST” 
blocks. Each TR included a silent 1-second gap during which a TMS pulse was delivered. 64-channel EEG was recorded at 
20 kHz throughout the experiment. The spatially filtered (surface Laplacian) phase of the signal in the C3 electrode at each 
TMS onset was extracted and divided into four parts: peak, trough, falling, and rising. fMRI images were slice-time and motion 
corrected, spatially smoothed, coregistrated with anatomical T1 images, and analyzed with SPM127. The design matrix included 
four regressors, each corresponding to a di!erent EEG phase condition. Additionally, realignment parameters were included in 
the model as nuisance regressors.

Results: During TMS, a significantly increased (p < 0.05 FWE) fMRI signal was detected in M1 and the supplementary motor 
area (SMA) under the trough, falling, and rising phase conditions. However, the activation varied in strength and morphology 
across the conditions: TMS applied on the trough of EEG signal elicited broader network activity in SMA and M1 compared to 
other conditions. TMS applied during the EEG peak condition did not elicit significant activation (p < 0.05 FWE) in M1 nor SMA, 
which has been reported as a low-excitability state in earlier TMS–EEG studies with motor-evoked potentials (MEPs)4. The 
activated regions of M1 and SMA matched the activated sensorimotor network during a voluntary finger-tapping experiment.

Conclusions: Here we present the preliminary results from our multimodal TMS–EEG–fMRI system. In the future, we aim for 
full real-time integration including acquisition and data processing of fMRI and EEG as well as TMS delivery. This technical 
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endeavor could open new avenues of subject-specific research and development of novel diagnostic methods and treatment 
strategies for a variety of brain disorders.
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Introduction: Dementia, also known as major neurocognitive disorder, is a comprehensive term used to describe the loss 
of cognitive abilities, changes in memory, language functions and alterations in behavior.1 Major neurocognitive disorders 
have significant repercussions on patients, their families, the economy, and healthcare systems.2 Anosognosia is a word of 
Ancient Greek origin that translates to “without knowledge of disease”. Anosognosia represents a multifaceted neurological 
phenomenon that exists along a spectrum. It pertains to situations, where individuals are unable to recognize or accurately 
assess the deficits caused by their disease. Anosognosia has substantial implications for individuals with dementia and the 
caregivers who support them.3 The primary objective of this study was to explore the neural underpinnings of anosognosia in 
individuals with neurodegenerative diseases. Given the complexity of anosognosia research, our approach was characterized 
by an unbiased, systematic investigation, and a meta-analysis conducted without any predefined hypotheses.

Methods: The systematic review was conducted in accordance with PRISMA guidelines. The protocol for the systematic 
review and meta-analysis was registered on the database PROSPERO. The comprehensive search is conducted by using 
the electronic database MEDLINE (PubMed). Anosognosia-related keywords were included following an extensive literature 
search, while the classification of neurodegenerative diseases was based on the DSM-5 criteria. The search strategy consists 
of three main categories: neurodegenerative diseases, lack of awareness and neuroimaging methods. Two independent 
reviewers conducted a thorough screening of article titles and abstracts, and where necessary, they examined full texts in 
accordance with a predefined search strategy. Studies failing to meet the eligibility criteria were systematically excluded from 
the analysis. Data are extracted from papers according to a predesigned data collection form. For meta-analysis Brainmap 
GingerALE (v3.0.2) software is used. GingerALE is designed for conducting meta-analyses of neuroimaging studies via 
the activation likelihood estimation (ALE) method.4 For the quality assessment of studies, we used the Newcastle-Ottawa 
Scale adapted version of cross-sectional studies. Lastly, we conducted Jackknife sensitivity analysis to test the reliability of 
the results.

Results: During the initial screening phase, we identified a total of 1,904 studies. Following eligibility criteria, we arrived 
at a final selection of 16 studies that met the criteria for inclusion in the systematic review. All studies used appropriate 
measurements, and diagnostic criteria, and included representative groups of relative dementia subtypes. In the ALE analysis, 
the results revealed two clusters and three peak coordinates. Gray matter correlations of dementia across all groups showed 
that medial frontal gyrus and cingulate gyrus were mainly a!ected areas by anosognosia. The outcomes of the jackknife 
sensitivity analysis revealed the stability of specific brain regions. The medial frontal gyrus demonstrated robust stability in 12 
out of 16 iterations, while the cingulate gyrus exhibited stability in 14 out of 16 iterations.

Conclusions: Awareness of a disease has significant impacts on both patient and caregiver in terms of having the correct 
diagnosis and following an appropriate treatment. Patients with anosognosia struggle with self-evaluation of disease-related 
symptoms and decline. Therefore, it is necessary to understand the underlying mechanisms of this phenomenon and its 
correlates in the brain. To our knowledge this is the first coordinate based meta-analysis on anosognosia in several types 
of dementia. Our results,aligning with previous research findings (5) (6), revealed that reduced gray matter volumes and 
diminished metabolic activity within the medial frontal gyrus and cingulate gyrus are inversely correlated with the severity 
of anosognosia.
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Improving Coil Setup and Data Processing Strategies for Concurrent MRI and Brain-Stimulation Studies

Michael Burke1, Yiwu Xiong1, Lorena de Melo1, Kuri Takahashi1, Maximilian Lueckel2, Emilio Chiappini1, Til Ole Bergmann3, 
Erhan Genc1

1Leibniz Research Centre for Working Environment and Human Factors, Dortmund, Germany, 2Neuroimaging Center (NIC), 
Focus Program Translational Neuroscience, Johannes Gutenberg University, Mainz, Germany, 3Johannes-Gutenberg 
University Medical Center, Mainz, Rhineland-Palatinate

Introduction: Transcranial magnetic stimulation (TMS) is an established non-invasive method for stimulating the human brain. 
However, its neurophysiological and behavioral e!ects remain poorly understood. The concurrent application of TMS and 
fmri provides a robust research approach that merges TMS’s causal capabilities with fMRl’s high spatial resolution. Here, 
we conduct a comparative assessment of two di!erent TMS-fMRI setups and preprocessing methods, all of which will be 
compared to data acquired using a standard 64ch head coil without stimulation. Our primary objective is to elucidate the 
constraints inherent in current procedures and thereby define optimal strategies for probing the impact of brain stimulation 
on both behavior and neural activity. This investigation holds significant promise for advancing future research employing this 
sophisticated technique.

Methods: 1. Acquisition a) Testing 3 MRI head coils: 64-Channel coil (Fig1), Custom-made coil setup with two 18ch body 
array coils wrapped around the head using a home-made holder for maximum accessibility and space for TMS stimulation 
equipment, commercially available MRI-TMS coil (Navarro et al. MRM 74:1492-1501) consisting of two 7ch coils, one of the two 
7ch coils has a MR compatible TMS coil attached, for MR acquisition. b) MRI sessions included resting-state fMRI (rsfMRI) and 
anatomical MRI at our 3T Prisma scanner. For rsfMRI (10 min), participants were asked to keep their eyes closed. Multiband-
multiecho (MBME) EPI sequence: TR=1250 ms, multiband factor=3, and 3 TE times (13, 35, 56 ms). 2. Preprocessing a) 
Homogenization: Spatial signal intensity homogenization was done by applying a signal intensity correction profile obtained 
from two images acquired with the respective receive coil and with the scanners integrated body coil. b) Multi echo fMRI data 
were used to calculate T2*-maps by fitting an exponential decay curve. S0 maps were calculated for each EPI image and 
time courses with increased SNR were extracted from these S0 maps for further analysis. 3. Postprocessing a) Independent 
component analysis (ICA) was performed to obtain brain networks from rsfMRI data using FSL’s MELODIC. b) Motor and visual 
ICA networks were identified based on cross-correlation analyses with a set of major brain networks as described by Smith et 
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al. PNAS 106, 13040-13045 (2009) c) Spatial similarities of visual and motor ICAs were compared using the Dice coe"cient (0: 
no similarity, 1: identical spatial overlap of components).

Results: Correlation of ICA components with visual component as identified by Smith et al. increased with data preprocessing 
(from r=0.48 to r=0.59, 64ch,r=0.59 to r=0.61 for body array and r=0.33 to r=0.42 MRI-TMS-coil) and slightly increased for 
motor components (r=0.33 to r=0.37 for 64ch, r=0.26 to r=0.32 for body array, and remained unchanged for the MRI-TMS coil). 
Dice coe"cient showed higher similarity of components obtained with 64-channel coil and body array coil setup. However, 
the spatial similarity of components obtained with MRI-TMS coil vs. 64-channel coil or body array coil was lower for visual and 
motor networks identified by ICA.

Conclusions: Brain networks identified from rs-fMRI spatially varied depending on the coil setup and data preprocessing 
strategy used. Results obtained from wrapped around body array coil setup closer resembled the findings obtained with the 
64-channel coil. The optimal coil configuration di!ers depending on whether brain networks or only local cortical activity 
in proximity to the coil are under investigation. On the other hand, the MRI-TMS coil provides best accessibility for brain 
stimulation whereas no brain TMS brain stimulation can be performed using the 64ch coil, the best compromise with respect 
to access and with improved data preprocessing strategies is the body array setup for deep brain and brains network studies. 
With the enhanced coil setup we will be able to improve concurrent brain networks studies during brain stimulation.

References
1. Navarro de Lara, L. I. et al. A Novel Coil Array for Combined TMS/fMRI Experiments at 3 T, Magnetic Resonance in Medicine 74:1492-

1501 (2015)
2. Ahmed, Z. et al. ME-ICA/tedana: 23.0.1. (2023) doi:10.5281/ZENODO.1250561
3. Smith, S. M. et al. Correspondence of the brain’s functional architecture during activation and rest. Proc. Natl. Acad. Sci. U.S.A. 106, 

13040-13045 (2009).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 89

ABSTRACTS

Poster No 57

Sexing the parental brain in shopping: a 3T fMRI study
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Introduction: Parental love knows no bounds. This love manifests in various behavioral aspects, such as parents watching 
animations or playing puzzle games together with their children. Bartels and Zeki (2004) proposed that the activation of the 
periaqueductal gray (PAG) is more pronounced in mothers when they see their own children compared to unfamiliar ones. This 
study emphasizes the pivotal role of PAG in the context of parental love, yet there is little exploration of parental love in the 
context of shopping. Knutson et al. (2007) used functional Magnetic Resonance Imaging (fMRI) to measure neural activation 
in participants during the shopping process. They found that the nucleus accumbens (NAcc), medial prefrontal cortex (MPFC), 
and insula could predict human shopping decisions. In this study, we utilize fMRI to investigate the di!erences in the brain 
neural circuits of novice parents during shopping decisions.

Methods: In this study, 45 subjects were recruited, of which 21 were fathers and 24 were mothers, aged between 25-40 
years, all having children aged 2 to 5 years at the time of the scan. The shopping task involved a set of 400 pictures, including 
200 items for children (equally split between boys and girls), 100 items for mothers, and 100 items for fathers. The father and 
mother subjects are tested separately (e.g., fathers were scanned in Tainan, whereas mothers were scanned in Taichung). 
The participants only saw pictures related to their own sex (e.g., fathers saw father-related items) and the sex of their child 
(e.g., fathers saw girl-related items), randomly appearing in the slow event-related fashion. In each 16-second trial, there 
were 8 seconds to decide whether to buy the presented item (with the picture and the price underneath). The data analysis 
involved both univariate (i.e., the General Linear Model) and multivariate (i.e., MVPA searchlight) analyses, applied to the SPM-
preprocessed data. Additionally, logistic regression was employed to predict their shopping decisions.

Results: The behavioral results showed that, as expected, both mothers and fathers exhibited a higher propensity to purchase 
items for their children and a lower inclination to buy for themselves: out of the 30% purchase rate, an average of 60-70% 
were for the children. When examining gender di!erences, parental love manifests di!erently in the male and female brain. 
GLM contrasts indicated that, while both parents activated similar brain regions when contrasting purchases for their children 
versus themselves, mothers exhibited a more extensive activation of cerebral areas compared to fathers. In contrast, the PAG 
was more activated in fathers, and was equally salient using both univariate and multivariate analyses (see Fig. 1). Logistic 
regression analysis further emphasized the predictive role of behavioral indicators, such as reaction time, product price, and 
product category (parent or children items), in purchasing decisions, as well as the significantly predictive roles of NAcc, 
MPFC, and PAG activities (Fig. 2). Lastly, parametric analysis with reaction times also showed significant modulation e!ects in 
MPFC (i.e., the longer the decision time, the stronger the MPFC activity), the core site of value computation, only when parents 
shopped for themselves, but not when parents shopped for their children.
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Conclusions: In summary, our results revealed that (a) both mothers and fathers share a comparable dedication to expressing 
love, as evidenced by a willingness to invest more in their o!spring and less in personal purchases; (b) via di!erential brain 
mechanisms, mothers exhibiting greater cerebral involvement and fathers showing relatively higher subcortical activities and 
higher subcortical-cortical connectivities, in purchasing behavior; (c) The PAG, NAcc, and MPFC e!ectively predicted parental 
shopping decisions; and (d) when buying for their children, parents are unconditional buyers; when buying for themselves, 
parents are rational shoppers.
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Introduction: Transcranial magnetic stimulation (TMS) is a noninvasive method for brain stimulation employed in an increasing 
range of diagnostic and therapeutic settings (Krieg, 2017; Lefaucheur et al., 2020). Although TMS-based neuromodulation 
(NM) protocols are utilized in the treatment of neuropsychiatric and other conditions, the underlying neurophysiological 
processes remain insu"ciently understood (Goldsworthy, Hordacre et al. 2021). One thus far unexamined factor to optimize 
TMS NM outcomes is the orientation of the stimulating coil relative to individual cortical anatomy, which has been recognized 
as a relevant factor in single-pulse stimulation (Ra"n, Pellegrino et al. 2015). We present preliminary findings from healthy 
participants in whom we investigated the impact of e-field orientation during continuous theta burst stimulation (cTBS) on NM 
regarding motor evoked potentials (MEPs).

Methods: 8 healthy participants (average age: 23 ± 3 years, 4 females) underwent T1-weighted (T1w) imaging at 3 Tesla to 
obtain images for neuronavigated TMS (nTMS). Three nTMS sessions separated by at least 14 days were conducted per 
subject to assess the impact of the e-field orientation during cTBS on the MEP amplitude. After identification of the abductor 
pollicis brevis muscle hotspot and the coil orientation for maximum MEP generation within the dominant hemisphere, the 
resting motor threshold (rMT) was determined and 30 MEPs were elicited at 150% rMT (M. Goldsworthy, Hordacre, & Ridding, 
2016; Hordacre et al., 2017). Afterwards, cTBS with conventional parameters (40 s, 600 stimuli, 3 stimuli with 50 Hz every 200 
ms) (Huang, Edwards et al. 2005) was performed at 70 % rMT (M. Goldsworthy et al., 2016; Hordacre et al., 2017) at the same 
site using one out of three protocols (OPT: stimulation with optimal coil direction; 90°: anterior coil end rotated 90° upwards 
from OPT; SHAM: stimulation with a 7.3-cm spacer). Subsequently, we elicited 3 sets of 30 MEPs at increasing intervals 
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after cTBS (0-5 min, 5-10 min, 10-15 min). The MEPs were analyzed to evaluate the influence of the e-field orientation on 
MEP amplitudes.

Results: After adjusting for a family-wise error rate, MEP amplitudes pre- and post-TBS di!ered significantly between the 
measured time points, with the observed di!erences varying by e-field orientation of cTBS (Figure 1A-C). On a group level, 
cTBS in both OPT and SHAM conditions demonstrated heightened MEPs compared to baseline (OPT: post-cTBS 3553±1999 
µV vs. pre-cTBS 2923±2460 µV, p<0.05; Figure 1A; SHAM: post-cTBS 3174±2160 µV vs. pre-cTBS 2235±1703 µV, p<0.0001; 
Figure 1C). Here, SHAM demonstrated significantly higher increases of MEP amplitudes compared to the other two conditions 
(SHAM-cTBS 698±1249 µV vs. OPT-cTBS 321±1293 µV vs. 90°-cTBS 293±1240 µV, p<0.05; Figure 1E). Results on the group level 
did not reflect pronounced and heterogenous NM e!ects as observed on the single-subject level (Figure 1G-J).

Conclusions: On a group level, counter to the classical assumption of MEP suppression, we observed MEP facilitation 
following cTBS in both OPT and SHAM conditions, potentially highlighting the need to further elucidate sham-derived e!ects 
in TMS NM (Boucher et al., 2021). These findings add to research questioning the consistency of TMS NM (M. R. Goldsworthy, 
Hordacre, Rothwell, & Ridding, 2021). Changes in NM response based on e-field orientation were more pronounced for some 
subjects compared to others (Figure 1G-J), stressing the inter-individual variability in NM responses (M. R. Goldsworthy et 
al., 2021). Our results may underscore the complexity and variability of cTBS e!ects on cortical excitability. Additionally, we 
provide first evidence implying e-field orientation during TMS NM as a factor influencing NM outcome. Individual optimization 
of e-field orientation could improve NM outcomes in other settings, e.g. therapeutic applications.
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Introduction: Transcranial Magnetic Stimulation (TMS) o!ers a non-invasive method to stimulate cortical neurons, allowing to 
map causal structure-function relationships. Traditional TMS mapping methods, using fixed coil orientations and target grids, 
often struggle with accurately pinpointing neural structures responsible for e!ects like motor evoked potentials (MEPs) due to 
the spatial unfocality of the TMS-induced electric field (e-field) (Weise et al., 2023, Numssen et al., 2023). To address this, we 
recently proposed and validated a novel TMS-mapping approach that increases the precision of TMS mapping by considering 
the variance of the e-field across multiple coil positions and orientations (Weise et al., 2023, Numssen et al., 2021, Weise et al., 
2020). Additionally, robotic TMS approaches have been reported to facilitate improved e"ciency, tolerability, and precision 
in deriving high-fidelity motor maps (Grab et al., 2018). This study compares TMS-based and functional magnetic resonance 
imaging (fMRI) based cortical localizations of finger muscle representations in the primary motor. Previous study observed that 
the fMRI-based activation for a thumb tapping task was positioned more laterally and anteriorly compared to TMS abductor 
pollicis brevis hotspot (Wang et al., 2020). Here, our objective is to compare the identified cortical position of the first dorsal 
interosseous (FDI) muscle hotspot, as determined through robotic TMS using our precise localization approach, with the peak 
activation of index finger tapping in fMRI.

Methods: In our robotic TMS study, fifteen right-handed participants (10 females, average age 24.7 ± 1.7 years) were examined. 
For an overview of the experimental design and the general workflow, refer to Figure 1A from Weise et al. (2023). Before 
TMS, they underwent T1-weighted, T2-weighted, DWI, and finger tapping fMRI scans. Participants performed an event-related 
finger tapping task, responding to visual cues with right index finger movements. The TMS-induced electric field (E-field) was 
computed using a finite element model (FEM) using SimNIBS (Saturnino et al., 2019). Administering 200 single TMS pulses at 
170% MT with varied coil positions and orientations yielded robust cortical maps. To identify the cortical origin of the MEPs we 
utilized nonlinear regression of a log-transformed sigmoidal function of fit the local E-field to the MEP amplitude (Numssen et 
al., 2021). Optimal parameters for cortical elements were identified using the Levenberg-Marquardt algorithm, with R² values 
indicating the goodness of fit, illustrated on cortical congruence maps. Figure 1B is an illustrative representation of an example 
result from an individual participant.
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Results: Our findings revealed a notable discrepancy relationship between the fMRI activation and the TMS hotspot in the 
brain (Figure 1C). A statistically significant di!erence was noted along the x-axis (t = -2.48, p = 0.026), indicating that the fMRI 
activation was more laterally positioned relative to the TMS hotspot. No significant di!erences were noted along the y and z 
axes. The mean Euclidean distance between the fMRI activation and TMS hotspot was approximately 8.47 millimeters.

Conclusions: Our precise localization revealed that peak fMRI activation during index finger tapping tasks is typically more 
lateral compared to the FDI hotspot identified by robotic TMS. This highlights the distinction between neural networks 
activated by passive cortical stimulation and active movement. TMS evokes direct neural activity, while fMRI detects 
subsequent hemodynamic changes, which might not coincide spatially with the initial activation site. This discrepancy could 
be attributed to the intricate dynamics of cortical activation, neurovascular coupling, or activation spread in adjacent areas 
during task performance.

References
1. GRAB, J. G., ZEWDIE, E., CARLSON, H. L., KUO, H. C., CIECHANSKI, P., HODGE, J., GIUFFRE, A. & KIRTON, A. 2018. Robotic TMS 

mapping of motor cortex in the developing brain. J Neurosci Methods, 309, 41-54.
2. NUMSSEN, O., VAN DER BURGHT, C. L. & HARTWIGSEN, G. 2023. Revisiting the focality of non-invasive brain stimulation - Implications 

for studies of human cognition. Neurosci Biobehav Rev, 149, 105154.
3. NUMSSEN, O., ZIER, A. L., THIELSCHER, A., HARTWIGSEN, G., KNOSCHE, T. R. & WEISE, K. 2021. E"cient high-resolution TMS mapping 

of the human motor cortex by nonlinear regression. Neuroimage, 245, 118654.
4. SATURNINO, G. B., PUONTI, O., NIELSEN, J. D., ANTONENKO, D., MADSEN, K. H. & THIELSCHER, A. 2019. SimNIBS 2.1: A 

Comprehensive Pipeline for Individualized Electric Field Modelling for Transcranial Brain Stimulation. In: MAKAROV, S., HORNER, M. & 
NOETSCHER, G. (eds.) Brain and Human Body Modeling: Computational Human Modeling at EMBC 2018. Cham (CH).

5. WANG, J., MENG, H. J., JI, G. J., JING, Y., WANG, H. X., DENG, X. P., FENG, Z. J., ZHAO, N., ZANG, Y. F. & ZHANG, J. 2020. Finger 
Tapping Task Activation vs. TMS Hotspot: Di!erent Locations and Networks. Brain Topogr, 33, 123-134.

6. WEISE, K., NUMSSEN, O., KALLOCH, B., ZIER, A. L., THIELSCHER, A., HAUEISEN, J., HARTWIGSEN, G. & KNOSCHE, T. R. 2023. Precise 
motor mapping with transcranial magnetic stimulation. Nat Protoc, 18, 293-318.

7. WEISE, K., NUMSSEN, O., THIELSCHER, A., HARTWIGSEN, G. & KNOSCHE, T. R. 2020. A novel approach to localize cortical TMS e!ects. 
Neuroimage, 209, 116486.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 94

ABSTRACTS

Poster No 60

Lateral Prefrontal Cortex rTMS May A!ect Functional Controllability in Mild Cognitive Impairment

Simone Papallo1, Fabrizio Esposito2, Federica Di Nardo3, Sabrina Esposito4, Mario Cirillo2, Giovanni Cirillo2, Mattia Siciliano4, 
Francesca Trojsi4, Ilaria Gigi4

1University of Campania, “Luigi Vanvitelli”, Napoli, NA, 2University of Campania “Luigi Vanvitelli”, Naples, Italy, 3University of 
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Introduction: Mild cognitive impairment (MCI) can be viewed as the prodromal stage of Alzheimer’s disease1. It refers to 
a condition of cognitive decline greater than expected in relation to a patient’s age and education and can a!ect all brain 
domains2. Non-invasive brain stimulation might play an important role in slowing down or preventing the transition from MCI 
to dementia as it is relatively free of adverse e!ects3. Particularly, repetitive transcranial magnetic stimulation (rTMS) has 
provided therapeutic e!ects, modifying cognitive performances and brain functional connectivity (FC) in many neurological 
and psychiatric diseases4. Varying the frequency of the stimulation protocol, it can induce an excitatory (high frequency, 5–20 
Hz) or inhibitory e!ect (low frequency, ≤1 Hz) on cortical excitability5 and previous studies have shown FC increases across 
di!erent brain regions6. Here, by leveraging network control theory (NCT) modelling applied to the human connectome, 
we investigated the e!ects of high-frequency (10 Hz) rTMS stimulations applied to the dorso-lateral prefrontal cortex on the 
average (AC) and modal (MC) controllability78 of functional connectome nodes encompassing the stimulation site.

Methods: All details about subject and procedures, including MRI data acquisition and pre-processing and rTMS stimulation 
protocol can be found in6. We extracted FC matrices from n=11 (age: 64.82 ± 10.03, 5 males) and n=12 (age: 68.33 ± 8.56, 4 
males) MCI patients who underwent respectively active and sham rTMS sessions and MRI scans at baseline, 4 weeks and 
6 months. We applied a 200-region parcellation9 whose cortical nodes are pre-labelled to seven large-scale functional 
networks. Based on the NCT formulation for time-invariant systems, we estimated the AC and MC and regressed out age and 
gender covariates, separately for each group and time point. Resulting AC and MC were converted to percentile ranks and 
statistically analysed by fitting a 2-way mixed-e!ects ANOVA model with one between-subject factor (active vs. sham) and 
one within-subject factor (baseline vs. 4 weeks vs. 6 months). One- and two-sample T-tests were performed for pairwise post-
hoc comparisons. ANOVA F-maps for the interaction were projected on a brain template to descriptively display nodes with 
significant e!ects.

Results: The group-by-time interaction was statistically significant in the node closest to the stimulation site (RH_Cont_
PFCl_2), within the fronto-parietal control network (FPCN), both for AC (p = 0.033, Figure 1) and MC (p = 0.008, Figure 2). The 
post-hoc t-test showed a significant di!erence between groups after 4 weeks from the treatment (p=0.047) for MC, while no 
e!ects on AC. However, similar e!ects were observed in other nodes.
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Conclusions: Because the DLPFC was the stimulation site, we focused on lateral pre-frontal cortex (PFCl) nodes to investigate 
whether and how the treatment had a!ected their estimated levels of functional controllability. Indeed, DLPFC has a crucial 
role in cognitive functions early impaired in AD, such as attention, executive functions, and working memory10 and PFCl nodes 
are part of the FPCN. Particularly, we expected MC alterations within the FPCN as this NCT metric is supposedly related to the 
ability of the brain (seen as one networked system) to e"ciently transit towards more di"cult-to-reach FC states, as required 
by the performance of cognitively demanding tasks10. Albeit only initials, the presented results suggest that DLPFC-rTMS might 
have a!ected especially MC changes over the first six months from the treatment.
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MRI-guided cTBS Alleviated Auditory Hallucinations: A Randomized Double-blind Sham-controlled Trial

Qiang Hua1, Gong-Jun Ji1, Kai Wang1

1Anhui Medical University, Hefei, Anhui

Introduction: The clinical e"cacy of repetitive transcranial magnetic stimulation (rTMS) for treatment-resistant auditory verbal 
hallucinations (AVH) are undetermined. To address this issue, we develop an optimized continuous theta-burst stimulation 
(cTBS) protocol and test its e"cacy in a randomized, double-blind, sham-controlled trial (NCT02863094).

Methods: We randomly allocated schizophrenia patients with AVH to receive 14 days active or sham cTBS treatment, and 
collected structural and resting-state functional MRI data for each patient before treatment. Structural MRI was used to guide 
stimulations over the left temporoparietal junction area (TPJ, [-51, -31, 23] in MNI space). The primary outcome was the auditory 
hallucinations rating scale (AHRS) changes at post-treatment. The secondary outcomes were the AHRS score change at 
follow-up, the Positive and Negative Syndrome Scale (PANSS) score change and the number of responders at post-treatment 
and follow-up. Treatment responders were defined as 25% improvement or greater in AVH symptom alleviation. The e"cacy 
of cTBS treatment was analyzed using linear mixed-e!ects models and Chi-squared test. We try to explain the outcome 
variability between patients using the personalized electric field (E-field) and AVH network. E-field was simulated using 
SimNIBS toolbox and each patient’s T1-/T2-weighted images. Personalized AVH network was defined as the connectivity map 
of AVH hub regions (Kim et al., 2021, Molecular Psychiatry) on each patient’s functional MRI data. We tested whether that the 
e!ective E-field a!ecting AVH network can predict the AHRS alleviation for patients in the active group.

Results: Sixty-one schizophrenia patients with AVH completed treatment (33 women [54.1%]; mean [SD] age, 27.52 [9.22] 
years). In the intention-to-treat analysis, patients in active group showed a significantly greater improvement in the AHRS 
score (di!erence, 6.10; 95% CI, 3.48 - 8.72; F = 18.60, P < .0001; Figure 2A) and the PANSS score (di!erence, 11.97; 95% CI, 
6.70 - 17.25; F = 17.34, P < .0001; Figure 2B) at post-treatment. The responder rates were higher in the active group (15 of 32 
[46.88%]) vs the sham group (4 of 29 [13.80%]) (2=7.76, P = 0.005; Figure 2C). These e!ects persisted at follow-up. The cTBS 
was well tolerated, and no adverse event occurs in both groups. The AHRS improvement predicted by the strength of TMS-
induced E-field within the personalized AVH-network was positively correlated with the real improvement at post-treatment (r 
= 0.46, P = 0.009; Figure 2D).
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Conclusions: MRI-guided cTBS e!ectively relieve AVH symptom in schizophrenia patients by modulating the personalized 
AVH network.
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Introduction: Transcranial Magnetic Stimulation (TMS) is a well-established non-invasive technology used both for mapping 
human cognitive processes and therapeutic neuromodulation. Concurrent electroencephalography (EEG) enables to assess 
the neural impact of TMS1. However, due to the limited spatial resolution of EEG, TMS-evoked EEG activity remains spatially 
unspecific as it represents the sum of mixed spatial sources directly or indirectly activated by TMS2. The integration of 
magnetic resonance imaging (MRI)-based neuronavigation into TMS procedures o!ers precise information on the TMS coil 
position during the recordings, enabling individualized modelling of the distribution of TMS-delivered currents (E-fields, Fig. 
1A)3. Here, we present and test a novel analysis pipeline for TMS-EEG datasets. This approach combines the distribution 
of TMS-generated E-fields with head and brain structural features extracted from individual MRIs. The aim is to utilize the 
E-field as prior information to extract the local cortical TMS-evoked activity at the stimulated site more accurately from the 
recorded EEG.

Methods: The analysis pipeline (Fig.1B) is based upon previous frameworks for the design of spatial filters for EEG/MEG data 
based on cross-talk functions (DeFleCT)4. We first reconstructed individual finite element head models (FEM) in a cohort of 
n=18 participants with Simnibs4.03 and ISO2MESH5 and computed the lead field matrix through the Helsinki BEM framework6. 
We then estimated the E-field distribution induced by a TMS pulse in this same forward model using Simnibs4.3 and outlined 
the cortical region most impacted by it (>70% of the maximal TMS-induced E-field strength). Finally, a spatial filter with 2 
minimization constraints (one for noise and another for distributed sources decreasing cross-talk leakage within the ROI) 
was applied4 to the EEG data to obtain activity in the cortical area directly impacted by TMS. To characterize the pipeline’s 
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performance, we processed EEG datasets from this same cohort, stimulated with 80 TMS pulses (Magstim Rapid2) delivered 
at 60% of the maximal stimulator output (MSO) to the left primary motor cortex (M1). Non-parametric cluster-based statistics 
(dependent t-test;7) were used to compare TMS-evoked potentials (TEP, from -100 to 600 ms – with respect to the TMS pulse) 
obtained with our spatial filter, and the same data but at sensor-level from a set of pre-defined electrodes (C1, C3, CP1, CP3).

Results: Our analyses revealed important corrections for spatially filtered compared to non-spatially-filtered data operating 
in the temporal and spatial domains. More specifically spatially-filtered data were characterized by a consistent lower power 
amplitude (μV) particularly from ~100 ms with respect to the TMS pulse (t=2.5 p=0.04, t=4.1 p=0.003, Fig.1C). The sensor-level 
topographies of our TEP (from ~100 ms onwards) suggest signs of possible multisensory activation (Fig.1C.1)8. Our pipeline 
suppresses the contribution of those responses in the filtered signal (Fig.1C.2), originating from the targeted cortical ROI, 
revealing a damping wave pattern at the directly simulated region.

Conclusions: The spatial resolution of EEG remains a major challenge for combined TMS-EEG experiments. We here present 
a framework and a pipeline, which provides the community with a tool to estimate more accurately the focal EEG-evoked 
signals in the cortical region of interest, e.g. at the area experiencing the largest E-fields. Importantly, this can be adapted to 
varying research goals and integrate multimodal datasets (fMRI, DTI, fNIRS etc.) by projecting its readouts into compatible 
forward models or by using them in real-time close-loop implementations9. Our outcomes set the stage to disentangle 
complex patterns of TMS-evoked/induced brain dynamics previously inaccessible and foster their implementation in multiple 
experimental and clinically applied scenarios in which non-invasive brain stimulation shows promise.
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Introduction: The study aims to understand the impact of neuromodulation, particularly repetitive transcranial magnetic 
stimulation (rTMS), on the ventrolateral prefrontal cortex (vlPFC) and its role in emotion regulation, especially in older adults. 
Dysregulated emotions, prevalent in various neuropsychiatric and neurological disorders, are exacerbated by aging-related 
brain changes. While functional neuroimaging links vlPFC activity to emotion regulation in younger adults, the causal role 
and the e!ects of aging on this process remain unclear. The research characterizes the behavioral e!ects of non-invasive 
transcranial stimulation to the right vlPFC in emotion regulation, comparing healthy older and younger adults. The study also 
investigates the impact of this intervention on intrinsic connectivity within emotion regulation-relevant functional networks 
using resting functional MRI. The current report focuses on key behavioral data analysis results related to the first aim of 
the study.

Methods: Participants included 23 healthy individuals (11 older adults, 12 younger adults) recruited from the Greater Salt 
Lake area and the University of Utah. Exclusion criteria covered neurological disorders, epilepsy in 1st-degree relatives, 
intellectual/developmental disability, visual/sensory deficits, estimated IQ < 90, history of major psychiatric disorders, current 
psychotropic medications, contraindications to rTMS, contraindications to MRI, and pregnancy. rTMS parameters targeted 
the vlPFC based on its consistent involvement in emotion regulation. Coordinates were derived from Wager and colleagues’ 
fMRI study, focusing on the right vlPFC [MNI coordinates: x = 52; y = 31; z = -9]. Subjects received 600 pulses of cTBS, iTBS, or 
Sham stimulation before the emotion regulation task, each in three separate sessions, using a MagVentureTM TMS Cool-B65 
Butterfly Coil at 80% of the resting motor threshold. For the Emotion Regulation Task post-TMS, subjects attended to pictures 
(“LOOK” condition) or engaged in reappraisal (“DECREASE” condition). Instruction cues (“Neutral Look,” “Negative Look,” or 
“Negative Decrease”) preceded each picture. Subjects underwent three stimulation sessions, viewing a total of 108 pictures 
(72 negative, 36 neutral). In the “Look” condition, they attended to the picture without altering feelings; in the “Decrease” 
condition, they reinterpreted the picture to reduce negative response. After each trial, a visual analog rating scale recorded 
a!ect intensity ratings, a key measure of negative a!ect intensity.

Results: The investigation into Transcranial Magnetic Stimulation (TMS) and emotion regulation yielded key findings. No 
significant reappraisal di!erences were found across TMS conditions (cTBS, iTBS, sham), suggesting TMS lacked a distinct 
impact, potentially influenced by baseline variability. Demographic factors (age, income, education) did not predict emotion 
regulation, indicating their limited role in TMS impact. While no significant di!erence in sham stimulation response was 
noted between Older Adults (OA) and Younger Adults (YA), a contrast emerged with iTBS. YA showed a greater increase 
in reappraisal e!ectiveness, aligning with TMS studies favoring younger individuals. Within YA, increasing age correlated 
positively with baseline reappraisal e!ectiveness, possibly linked to frontal lobe development. Surprisingly, in OA, older age 
was positively associated with a greater cTBS-induced emotion regulation increase, aligning with TMS studies reporting 
unexpected inhibitory e!ects with age. These nuanced findings illuminate the intricate interplay between TMS, age, and 
emotion regulation.
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Conclusions: Age-related contrast emerged within iTBS. YAs displayed greater increase in reappraisal e!ectiveness 
compared to OAs. Notably, in OA, older age was unexpectedly parametrically associated with a greater cTBS-induced emotion 
regulation e!ectiveness increase, which warrants further investigation in future studies.
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Introduction: Understanding how local perturbation in neural activity influence brain dynamics is a compelling way to 
inference the information flow of large-scale brain network. The concurrent transcranial magnetic stimulation (TMS) and 
electroencephalography (EEG) is the best technology to support this non-invasive perturbation-based analysis for inferencing 
the cortico-cortical directed connectivity in human brain (Biabani, Fornito, Mutanen, Morrow, & Rogasch, 2019; Gollo, Roberts, 
& Cocchi, 2017; Rogasch & Fitzgerald, 2013). By conducting TMS-EEG, we can track the TMS-evoked activity originating from 
a target brain region to propagate throughout the whole brain(Momi et al., 2021; Thut & Miniussi, 2009). By using source-
localized TMS-EEG analysis and whole-brain connectome-based computational modelling, Moni et al indicated that the initial 
EEG signal changes was caused by local dynamics in stimulation regions, while later EEG signal changes were influenced 
by activity within a wider connected network(Momi, Wang, & Gri"ths, 2023). However, the information flow of TMS-evoked 
activity was unclear.

Methods: In this study, we used concurrent TMS-EEG dataset which was collected and provided to community by the 
Rogasch group (https://figshare.com/articles/dataset/TEPs-_SEPs/7440713). The dataset consisted of a total 20 healthy 
individuals (24.50±4.86 years; 14 females), all of whom received single-pulse TMS stimulation on primary motor cortex (M1) 
while brain activity was recorded by density EEG. The detailed description of the dataset and steps for preprocessing can be 
found at(Biabani et al., 2019). We performed source reconstruction by using MNE software library. Finally, the brain activity 
was extracted through Schaefer 200 parcellations atlas(Schaefer et al., 2018). The analysis pipeline was as follow: (1) By 
conducting sparse non-negative matrix factorization (sNMF) model, the TMS-EEG activity was decomposed into co-activation 
modules and time-varying weights. (2) By calculating phase slope index (PSI) for the time-varying weights, we can inference 
the directional information flow among co- activation modules. The PSI measures the asymmetry in phase di!erences 
between signals, providing insights into the directed interactions among brain regions(Basti et al., 2018).

Results: Our results indicated that TMS-evoked brain activity can be decomposed into 10 co-activation modules (Fig 1). We 
summarize these 10 modules into 3 modes – ‘Left hemisphere dominant module’, ‘Right hemisphere dominant module’, 
and ‘Bilateral modules’. (1) Left hemisphere dominant module include module 1, 2, 3, 4. Module 1 and 2 mainly involves left 
Somatomotor network (SMN) which can be regarded as stimulation regions. Module 3 mainly involves left Default network 
(DMN) and Visual network (VN). Module 4 mainly involves left DMN. (2) Right hemisphere dominant module include module 
5, 6, 7, 8.3 Bilateral modules include module 9,10. By conducting PSI analysis (Fig 2), our results indicated that (1) TMS-evoked 
brain activity propagates from the left hemisphere dominant module to the right hemisphere dominant module. This outcome 
suggests that TMS stimulation extends beyond the stimulated region, transmitting across the network to the contralateral 
brain areas. (2) Although Module 2 serves as the stimulated region, it concurrently acts as a recipient in the information flow 
(high in-degree), which validate previews research demonstrating the recurrent, re-entrant activity of stimulation region. 
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Additionally, we observed the pathway from Modules 3 and 4 on the ipsilateral hemisphere transmitting to Module 2, instead 
of the transmission originating from modules on the contralateral hemisphere to Module 2.

Conclusions: This finding is instrumental in enhancing our understanding of how signals propagate in the brain, providing a 
novel connectome perspective to the clinical application of TMS.
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Introduction: Repetitive transcranial magnetic stimulation (rTMS) is used as a treatment for neuropsychiatric disorders, such 
as depression (O’Reardon et al., 2007). Clinically, rTMS targets are typically identified using anatomical landmarks (Cash et al., 
2020). However, multiple studies have shown that the e"cacy of rTMS treatments depends on its ability to modulate specific 
functional networks (Liston et al., 2014). Limited evidence exists regarding the impacts that targeting specific networks has 
on the functional connectivity of di!erent circuits. Moreover, evidence has focused on network estimates that are based on 
group data. Recent work in our lab and others (Braga & Buckner 2017) have used precision functional connectivity MRI (fcMRI) 
estimates to delineate functional network topography in the individual. This study evaluates the specificity of personalized 
rTMS upon network-level connectivity, defined with precision fcMRI methods, at the individual level.

Methods: Two healthy adults (S1 and S2) underwent a baseline scan (3T MRI) to collect individualized functional data in order 
to perform fcMRI analyses to delineate the location of their salience (SAL) network. After the baseline session, each individual 
completed 30 rTMS sessions, at least 4 days apart from each other. Ten sessions targeted a representation of the SAL 
network in the left dorsolateral prefrontal cortex (LDLPFC), ten sessions targeted the SAL in the right DLPFC (RDLPFC), and 10 
sessions targeted the same LDLPFC site but with sham rTMS, administered in a counterbalanced order. RTMS sessions were 
directly followed by a resting-state MRI scan that included at least two BOLD runs of fixation. After quality control, 59 and 53 
runs were used for each subject, respectively. BOLD fMRI data were acquired using a multiband gradient-echo echo-planar 
pulse sequence. A T1 scan was acquired using an MPRAGE sequence (see acquisition parameters in Braga et al., 2019). MRI 
data were analyzed using FSL, Freesurfer, SPM, and custom, in-house software. The SAL target was derived using a seed 
map encompassing the entire SAL network, defined by Yeo et al., 2011, but excluding a DLPFC mask in each hemisphere. The 
specific target was chosen as the region exhibiting the maximal functional connectivity with the SAL seed map. RTMS was 
administered with a Magventure Cool B65 A/P liquid-cooled coil, capable of active and sham stimulation, with the following 
parameters: 20Hz stimulation, at 110% of the subject’s resting motor threshold over 45 trains (2s and 40 pulses per train), with 
an intertrain interval of 28s for a total of 1800 pulses (22.5 min) (Eldaief et al., 2023). During stimulation, a neuronavigation 
system was used to stimulate the predefined targets precisely and reproducibly across sessions by loading the subject’s 
fcMRI data, overlaid on the subject’s native-space structural MRI. To measure di!erences in post-TMS correlation strengths 
across conditions, we first used all 31 fMRI runs to estimate 15 functional networks using precision MRI estimates through a 
Multi-Session Hierarchical Bayesian Model (MS-HBM) (Braga and Buckner 2017), and to determine the network identity of the 
stimulated targets in each subject. Then, for each rTMS condition, we used the first runs of the ten MRI sessions to compute 
correlation strength between the target ROI and each functional network using the mean Fisher-transformed Pearson’s 
correlation coe"cient between the time course of all vertices within each target ROI (left and right) and the vertices within 
each predefined network (excluding the target region).
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Results: Precision mapping of fcMRI showed that the main network targeted was CG-OP on both sides in S1, and SAL/PMN on 
the left and DN-A on the right in S2 (Fig1). Connectivity results showed opposite rTMS e!ects within the targeted left CG-OP in 
S1 and right DN-A in S2 (Fig2).

Conclusions: Future research will prospectively use precision fcMRI mapping to investigate individual rTMS e!ects on 
distinct circuits.
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Phase-targeted sleep EEG neurofeedback inside the MR scanner drives cerebrospinal fluid flow

Joshua Levitt1, Leandro Jacob2, Laura Lewis3

1Boston University, Boston, MA, 2Massachusetts Institute of Technology, Cambridge, MA, 3Massacusetts Institute of 
Technology, Cambridge, MA

Introduction: Closed-loop neurofeedback methods hold great promise for enhancing the precision and performance of 
neurostimulation techniques. However, how closed-loop EEG interventions a!ect brain function is not well understood, 
due to the challenges of performing MRI imaging during closed-loop EEG interventions. Recent advances in low latency 
denoising of EEG have made EEG-fMRI neurofeedback more feasible1,2. Here we developed an algorithm that enables low-
latency EEG-fMRI neurofeedback and use it to gain insight into the neurobiological e!ects of closed-loop acoustic stimulation 
(CLAS). Previous experimentation with CLAS has shown that delivering auditory stimuli in-phase with sleep slow waves 
(fig. 1a) improves performance on memory tasks, and increases slow wave duration and amplitude3,4. By performing a CLAS 
experiment inside the scanner, we collected high resolution spatial data to examine the neural basis of this intriguing finding. 
We focused in particular on cerebrospinal fluid (CSF) and slow waves, which have been shown to be temporally correlated5. 
Sleep contains pulsatile waves of CSF flow linked to waste clearance5,6.

Methods: 8 adults were recruited to participate in an EEG-fMRI nap study, and each completed two 25-minute sleep runs. 
During each run, they were instructed to press a button with each breath until they fell asleep. A neural network was 
used to predict upcoming slow wave phase of channel FpZ. When the phase was predicted to fall within a desired range 
corresponding to the slow-wave peak, the subject randomly received either an audio stimulus (50ms of pink noise; 50% 
chance) or a sham stimulus (no stimulus; 50% chance). EEG data was collected and preprocessed in real time using LLAMAS1 
to remove scanner artifacts (acquisition code shared at github.com/jalevitt/EEG-LLAMAS/). MR data was collected with a 3T 
scanner and a TR of 378ms, calling upon recent advances in fast fMRI7. Volumes were positioned with the bottom slice at 
the entrance to the 4th ventricle, and CSF flow was measured as in Williams et al.5,8. Stimuli delivered while the subject was 
awake were excluded from analysis, as were stimuli for which the delta power in the previous 10 seconds was below 3uV^2, to 
remove those not delivered during a slow wave.

Results: We calculated the slow-wave phase at the time of the stimulus and found successful phase-targeting of slow waves 
(fig. 1 b) and found a significant di!erence between the stim and sham ERPs (fig. 1c). To assess the e!ect of the stimulus on 
oscillatory dynamics, we calculated the mean event-locked power in the spindle band (13-16Hz) and slow wave band (0.4-
3Hz) in the time range 0.5-1s . We found that stimulation caused a significant increase in slow wave power and spindle power 
(fig. 2a-c). We calculated the stimulus-evoked response of the CSF signal and found a significant increase in CSF flow after 
stimulation in the stim condition compared to the sham condition (fig. 2d).
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Conclusions: We successfully performed EEG-fMRI neurofeedback, enabling us to image the neural consequences of EEG-
targeted sensory stimulation in sleep. Furthermore, we show that were able to deliver stimuli in-phase with slow waves using 
a neural network, which is a novel approach. Our results replicate prior studies that an evoked response and enhanced 
slow-wave power with CLAS. We also found an increase in spindle power, which supports the hypothesis that spindles act 
as a ‘sensory gate’9. We found that phase-targeted stimulation increased CSF flow into the 4th ventricle. Previous research 
found an increase in CSF flow following slow waves5, and our results demonstrate this e!ect can be causally increased using 
an audio stimulus to enhance slow waves. This study establishes the feasibility of EEG-fMRI neurofeedback, enabling a wide 
range of studies to image the e!ects of EEG-based neuromodulation. Furthermore, our results demonstrate that CLAS can 
provide a noninvasive way to enhance CSF flow in the human brain.
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The e!ect of transcranial photobiomodulation on EEG power: variation with light pulsation frequency

Hannah Van Lankveld1,2, Alicia Mathew2, Sophie Niculescu2, Reza Zomorrodi3, Lew Lim4, Nazanin Hosseinkhah4, J. Jean Chen1,2
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Introduction: Transcranial photobiomodulation (tPBM) involves the delivery of near-infrared (NIR) light through the cranium 
to stimulate neural tissues1. Evidence of the interaction between NIR light and neuronal processes in the human brain will not 
only help establish PBM as a brain-stimulation tool on par with such established methods as transcranial magnetic stimulation 
but will also lead to a deeper understanding of biophotonics and their role in brain function. In PBM research, EEG has been 
used to show an increase in alpha (α), beta (β) and gamma (γ) power as well as a decrease in gamma (γ) power post PBM in 
comparison to the sham condition2,3,4,5. However, the real-time EEG response to tPBM in humans is currently unknown. In this 
study, we use pulsed tPBM at two frequencies to demonstrate the real-time in vivo human EEG response in the γ band.
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Methods: EEG data from five healthy subjects (4F/1M, age 19-25) were recorded during transcranial photobiomodulation 
stimulation using the Magstim geodesic EEG system (256 channels). tPBM was applied using a 1064nm pulsed NIR laser 
with an optical power density of 150 mW/cm2. The frequency of the pulsation was alternated between 10Hz and 40Hz. The 
stimulation paradigm was [4-min o!; 6-min on; 4-min o!]. The target area was the left forehead, with the irradiated surface 
area and application technique remaining the same for all subjects and recordings. EEGlab toolbox was used for data 
resampling, artifact removal, independent component analysis and channel rejection. A custom MATLAB script was used to 
divide the EEG signal into the five main frequency bands (δ, θ, α, β, γ) and to compute epoch-specific band-specific power 
spectra using a sliding window of 4.5 seconds. The tPBM response in these power spectra time courses for each band 
were assessed using a general linear model. We focused on the γ band specifically, and used cluster-based permutation 
thresholding to determine electrodes that responded to the stimulus.

Results: Figure 1 shows both positive and negative γ power responses to tPBM at both 10Hz pulsation frequency and 40Hz. 
Most subjects displayed a localized frontal-lobe positive EEG response, in accordance with the site of stimulation. However, 
while subjects 2, 3 and 4 also showed spatially extensive negative responses, subjects 1 and 5 did not. The responses to 10Hz 
and 40Hz stimulation are largely spatially similar. Figure 2 shows the average percent change in γ power, across all subjects 
at all significantly responding electrodes, which are also summarized as bar graphs. The 40Hz pulsation frequency elicits a 
larger positive response across all positively significant electrodes, and the 10Hz pulsation frequency elicits a larger negative 
response across all negatively significant electrodes. In both cases, a time lag of approximately 90 seconds after the onset of 
photobiomodulation is observed (Fig. 2a).

Conclusions: This study demonstrates, for the first time in humans, a real-time lagged EEG-power response to tPBM. Our 
work further shows an important relationship between light pulsation frequency and the neuronal current response. We 
demonstrate localized positive γ response in contrast to an extensive negative γ response for both 10 Hz and 40 Hz pulsation. 
The 40 Hz stimulation elicits a greater positive response than 10 Hz. Given the lack of such data in the literature, this work is 
an important first step towards accelerating PBM research to the level of other brain stimulation modalities.
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Enhancing Cognitive Performance by Rhythmic Auditory Stimulation at Individual EEG Theta Frequency
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Introduction: Rhythmic sensory stimulation is a safe and e!ective method of non-invasive brain stimulation that has been 
shown to improve di!erent cognitive functions in a variety of health conditions, including normal aging and Alzheimer’s 
disease (Manippa et al., 2022; Sahu & Tseng, 2023; Traikapi & Konstantinou, 2021). Significant results have been obtained 
in the auditory, somatosensory, and visual rhythmic stimulation modalities (Henry & Obleser, 2012; Lea-Carnall et al., 2017; 
Ronconi et al., 2018) inducing resonant brain responses at the presentation frequencies. However, there is no consensus 
about the best method for setting the frequency parameter. We propose that the individual EEG-induced frequency observed 
during the execution of an inhibitory control task is related to performance, and using this parameter in rhythmic auditory 
stimulation could potentially enhance cognitive performance.

Methods: Older adults between 60 and 75 years old (n =38, 19 female) were recruited for this study. All participants were right-
handed, had more than 12 years of schooling, and did not have neurological impairment or hearing disorders that impacted 
their communication. Participants realized the auditory version of the Simon task (Simon & Rudell, 1967) before and after 
receiving rhythmic auditory stimulation. Their brain activity was registered through EEG using Biosemi 64 channels. Following 
the preprocessing of the EEG data from the pre-stimulation phase and the implementation of a time-frequency analysis of 
induced response, we identify the frequency of each participant (individual frequency) as the one with the highest amplitude 
within the theta band. To contrast the results of using di!erent stimulation conditions through clicks, we included individual 
frequency, lower frequency (2Hz), higher frequency (33% upper than individual frequency), and irregular stimulation (non-
periodical). Finally, the reaction time (RT) change of the Simon task before and after stimulation was compared between the 
di!erent conditions.

Results: The individual frequency of older adults was in the range of theta band (M = 3.64 Hz, SD = 0.82), revealing a 
significant negative correlation with RTs in both conditions of the Simon task (congruent, r = -.59, p < .001; incongruent: r = -.54, 
p < .001). We conducted a repeated measures ANOVA to investigate the e!ect of stimulation and congruency on the change 
in the reaction times pre-post stimulation in the Simon task. The results showed a main e!ect of stimulation type (p < .001, 
ηp2 = 0.48) and congruency [p = .023, ηp2 = 0.13]. Furthermore, an interaction e!ect between stimulation and congruency 
was observed [p = .015, ηp2 = 0.09] (Figure 1). Based on post hoc analyses, it was found that the two stimulation conditions 
that yielded the best results were the individual frequency (M = 28.28 ms, SD = 35.72) and the higher frequency (M = 30.26 
ms, SD = 37.08), with no significant di!erence between them. The irregular stimulation obtained the worst result (M = 2.88 ms, 
SD = 34.37). The lower frequency produced a moderate result (M = 17.57 ms, SD = 36.93), which was significantly better than 
the irregular stimulation (mean di!erence = 14.68 ms, t = 4.85, p < .001), but worse than the results obtained with the individual 
frequency (mean di!erence = 10.71 ms, t = 3.54, p = 0.001) and the higher frequency (mean di!erence = 12.68 ms, t = 4.19, 
p < .001).
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Conclusions: Our findings suggest that rhythmic auditory stimulation can enhance performance on the Simon task compared 
to non-periodical stimulation. Notably, the greatest improvements were observed when the stimulation was customized to the 
individual EEG-induced frequency, even if it was higher. Considering individual oscillatory activity related to specific cognitive 
tasks could improve the outcomes of neurorehabilitation programs using rhythmic auditory stimulation.
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E!ect of the Stimulus Timing in the fNIRS-based BCI using a RSVP paradigm
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Introduction: Functional near-infrared spectroscopy (fNIRS) has recently gained prominence in advancing brain-computer 
interfaces (BCIs) but faces limitations in rapid serial visual presentation (RSVP) tasks due to its temporal resolution issues1,2. 
Despite delays in hemodynamic responses, we observed notable di!erences in hemodynamic responses between target and 
non-target groups. These finding suggests the potential of fNIRS-BCI with quick stimuli.

Methods: From the STL-10 dataset3, we used vehicle images with 288×288 pixels such as airplanes, cars, ships, and trucks. 
A single airplane image was the target, while non-target images were randomly chosen from other vehicles. The background 
of each image was blurred to minimize its interference with object recognition. In total, we made 40 image sequences. Each 
image sequence comprised 20 randomly selected images, with target image sequence containing one target image along 
with 19 non-target images. Thirty healthy adult females (22.34 ± 2.48 years) participated. Participants completed 40 sets, 
each with 20 target and 20 non-target image sequences in a random order. Figure 1 shows the timeline of the experiment. 
The onset and o!set of each set were signaled by ‘Start’ and ‘End’ messages for 1-second, respectively. Participants viewed a 
burst of 20 images for 2 seconds, presented at a rate of 10 Hz They were required to identify the presence of the target image 
by key press. A 30-second resting period accounted for response delays. The fNIRS were recorded using a 15-channel NIRSIT 
Lite device (OBELAB Inc., Seoul, Republic of Korea. Approval for this study was granted by the Institutional Review Board of 
Sookmyung Women’s University (IRB No. SMWU- 2209-HR-083-01). The target groups were categorized into early, middle, 
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and last groups based on image presentation order. The 20 target image sequences were distributed into 7 for early group, 
7 for middle group, and 6 for last group. We extracted ∆HbO mean values and normalized the data by scaling the range from 
0 to 1. We performed normality and homoscedasticity of the data using Shapiro-Wilk and Levene tests, respectively. Games-
Howell and Bonferroni post-hoc tests were applied to compare each group after conducting One-way ANOVA, Welch’s 
ANOVA, and Kruskal-Wallis tests. If the data exhibit characteristics of normality and homogeneity of variance, we performed 
One-way ANOVA, and Bonferroni post-hoc tests. For non-parameter data, we conducted Kruskal-Wallis and Bonferroni post-
hoc tests. We conducted Welch’s ANOVA and the Games-Howell test on parametric data with non-homogeneity of variance. 
Significance was determined based on Bonferroni and Games-Howell adjusted p-values <0.05.

Results: After excluding poor-quality data, we analyzed 28 data. We examined the concentration changes of oxygenated 
hemoglobin (∆HbO) variations in the prefrontal cortex (PFC) across four groups using mean values. Across all PFC channels, 
significant distinctions were observed between the target and non-target groups(p<0.001), as shown in Figure 2. Specially, 
Channel 3 showed noticeable di!erences among all groups (p<0.001). Channel 7 exhibited significant di!erences within target 
groups(p<0.001). Di!erences between early and middle groups were observed in Channels 4(p=0.002), 8(p=0.025), 1, 5, 9, 
and 11(p<0.001). Among the early and last groups, there were distinctions in Channels 4(p=0.006), 6(p=0.014), 1, 9, 10, 12 and 
15(p<0.001). Channels 10, 11, 12, and 15 significantly di!ered between middle and last groups (p<0.001), with lower significance 
in Channel 8(p=0.046). However, there was no significant di!erence in Channel 13 among all groups.

Conclusions: Our findings back the use of fNIRS-BCI in RSVP tasks, showing discernible di!erences in hemodynamic 
responses between target and non-target groups. These di!erences varied with the timing of the target image presentation. 
Our future work aims to develop a dependable and robust BCI system using fNIRS.
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Learning to control the visual cortex and enhancing visual attention via fMRI-based Neurofeedback
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Introduction: Attention is a crucial cognitive function allowing us to select pertinent sensory information while ignoring 
irrelevant stimuli in the environment1. This capacity emerges from top-down mechanisms involving bilateral fronto-parietal 
networks that interact with early visual areas7. Following frontal or parietal brain lesions and therefore disruption in this system, 
peculiar conditions may emerge, such as unilateral spatial neglect (USN): a syndrome denoted by impaired awareness of 
stimuli presented in the visual field contralateral to the lesion site, in absence of pure sensorial or motor losses. One functional 
explanation of this condition might rely on abnormal biases in top-down regulation of sensory pathways from higher-level 
attentional networks towards early visual areas8. Neuromodulation and up-regulation of such preserved sensory areas have 
proved to account for partial restoration of this balance3,4,6 and improvement in clinical symptoms5. In particular, functional 
MRI (fMRI) based real-time neurofeedback (NFB)3,4,5,6 represents a promising and e!ective neuromodulation tool. However, 
specific mechanisms underlying successful modulation of visual areas via fMRI NFB are still unclear. For this reason, we couple 
the spatial precision of fMRI with the temporal resolution of EEG in EEG-MRI multimodal imaging fashion during NFB training 
to unravel structural and functional correlates of such learning process in the brain. Results from this study will further help 
develop an informed EEG-NFB based protocol to apply in clinical context for USN rehabilitation.

Methods: Following a double-blind randomized clinical trial routine, we train 30 participants to upregulate either left (N = 15) 
or right visual cortex (VC) over the course of 2 NFB training sessions, while a control group (N = 30) receives a sham feedback 
(i.e. a feedback sampled from another participant’s brain activity). We then investigate the e!ects of NFB on behavior using 
several computerized tasks for visual attention as well as multiple neural (MRI, EEG) measures. Furthermore, we address the 
question of how successful NFB modulation of the visual cortex takes place in the brain at high spatial and temporal resolution 
thanks to multimodal EEG-MRI imaging applied during the second session of NFB. Finally, baseline EEG-MRI measures 
(resting-state fMRI, EEG, Di!usion Tensor Imaging) allow us to investigate possible predictive biomarkers of a successful NFB 
intervention at single subject level. NFB is performed using an open-source Python/Matlab based software (OpenNFT2) in 
combination with an in-house-developed Matlab based software for NFB sessions preparation (prepNFB9).

Results: Results show significant training e!ects in real-time estimated brain activity across NFB sessions in the experimental 
group training right VC (Fig.1, * denotes cluster at p < .05). Concomitant EEG time-frequency topographies during the second 
session of NFB show how such learning could be explained by beta and alpha band neuronal oscillations modulation. 
Furthermore, whole-brain analysis shows recruitment of higher-level brain areas generally involved in attentional processes 
(Fig.2, p < .001 unc), such as the Middle Frontal Gyrus (MFG), during neurofeedback regulation. Finally, such neural changes 
seem to di!erentially a!ect behavioral responses, biasing accuracy towards the contralateral visual field (compared to trained 
visual cortex) during a visual search task.
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Conclusions: Participants appear able to learn how to regulate their occipital cortex activity thanks to real-time NFB and 
improve, according to training direction, behavioral performances in visual attention task(s). At the same time, such learning 
process might be reflected in modulation of alpha/beta brain frequencies and recruitment of higher-level attentional hubs.
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E!ects of personalized near-infrared LED therapy based on brain networks from EEG
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1iMediSync, Inc., Seoul

Introduction: Mild cognitive impairment (MCI) is a preliminary stage of dementia characterized by a decline in cognitive 
function compared to the same age group, yet with retained abilities to perform activities of daily living. Early diagnosis and 
treatment during this stage can slow down the progression of dementia. Near-infrared (NIR) LED therapy is being researched 
for its potential to improve brain nerve function through light stimulation. NIR therapy targeting the brain is known to promote 
the activation of mitochondria in brain cells within the cerebral cortex, facilitating increased blood flow and simultaneously 
enhancing neurological activity. This study conducted LED therapy on participants diagnosed with MCI at the community level 
and investigated any changes in the EEG signal-based brain network. As previous studies have indicated, particularly about 
brain network, small-worldness is identified as an indicator that can di!erentiate between dementia, MCI, and the normal 
control group. Among the frequency bands, the small-worldness value in the theta band has been shown to be higher in MCI 
patients compared to dementia patients, and higher in healthy group compared to MCI patients. These findings demonstrate 
the potential utility of the small-worldness in distinguishing between these cognitive states.

Methods: A total of 48 participants, consisting of 11 males and 37 females, with an average age of 74.26, took part in the 
experiment. The experiment spanned 8 weeks, and to assess the e!ects of the experiment, brain networks were calculated 
based on EEG measurements at both baseline and the conclusion of the 8-week period. The equipment used in this 
experiment was the dry type, 10-20 system EEG measurement device (iSyncWave) developed by iMediSync, the organization 
conducting this study. This device is equipped with near-infrared LED diodes with a wavelength of 850nm on each electrode, 
allowing for the provision of individualized therapy protocols tailored to the participant’s EEG patterns. The calculated features 
were based on a network with 68 regions of interest (ROIs) using the Desikan–Killiany atlas. Features were calculated for 
di!erent frequency bands of EEG signals, including Theta (4~8Hz), Alpha1 (8~10Hz), Alpha2 (10~12Hz), and Beta1 (12~15Hz). 
The brain network features examined included characteristic path length and small-worldness. Characteristic path length is 
an indicator of the e"ciency of information integration in the network. Small-worldness is a feature describing the e"ciency of 
network structure.

Results: After the therapy, there was a noteworthy reduction in characteristic path lengths across all frequency bands (Theta: 
0.001<p≤0.01, Alpha1: 0.01<p≤0.05, Alpha2: 0.001<p≤0.01, Beta1: 0.0001<p≤0.001). Moreover, small-worldness significantly 
increased after treatment in all frequency bands (Theta: 0.0001<p≤0.001, Alpha1: 0.01<p≤0.05, Alpha2: 0.0001<p≤0.001, Beta1: 
0.001<p≤0.01).

Conclusions: Through personalized LED therapy, we examined brain network features, including characteristic path length 
and small-worldness. Characteristic path length is known to increase when connections between brain regions are disrupted. 
Therefore, the observed decrease in characteristic path length after therapy can be considered a result of improved overall 
brain network integration. Furthermore, small-worldness significantly increased after therapy, with a trend towards values 
closer to 1. This tendency suggests an enhancement in the structural e"ciency of the network. In particular, the increase in 
small-worldness in the theta band can be viewed as a positive change, considering previous research indicating that normal 
individuals exhibit greater small-worldness in the theta band compared to MCI patients. This is a pilot study of the impact 
of LED therapy. Future research will delve into quantitative EEG(QEEG) changes based on di!erent types of LED therapy 
protocols and explore indicators of brain network across various frequency bands.
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Introduction: Hyperreactivity towards alcoholic cues is a key aspect in understanding and treating alcohol use disorders, 
particularly in the ventral striatum (VS) (Heinz et al. 2009). Real-time fMRI neurofeedback (rtfMRI NF) is a newly emerging non-
invasive method to reduce ventral striatal alcohol-cue reactivity. Existing studies have found its capacity on decreasing cue-
induced craving and empowering participants modulating their brain processes (Karch et al., 2015; Kirsch et al., 2016; Pindi et 
al., 2022). However, the e"cacy of rtfMRI NF might be subject to e!ective strategies that participants can employ to regulate 
the brain process (Oblak et al., 2017). Mindfulness, which aims at building insight and non-reactive acceptance of one’s own 
experience, might provide promising strategies to regulate brain activity elicited by alcohol triggers. In our randomized, 
double-blind, sham-controlled study, we investigated the hypothesis that mindfulness-based instructions will increase the 
rtfMRI NF training e"ciency in reducing VS alcohol-cue reactivity for participants with problematic alcohol use. The study was 
approved by the Ethics Committee of the Medical Faculty Mannheim at Heidelberg University (2020-632N) and pre-registered 
at the Open Science Foundation (OSF, NeuMinds https://osf.io/7bmqw/).

Methods: Participants with problematic alcohol use, as in our previous study (Kirsch et al., 2016) identified with the online 
version of the alcohol use disorder identification test (AUDIT), were enrolled and randomly assigned to one of three groups: 
group 1: NF with mindfulness-based instruction, group 2: NF without mindfulness-based instruction, and group 3: sham NF 
without mindfulness-based instruction. Participants received a 2-session rtfMRI NF at a 3T Scanner (Biograph, Siemens 
Healthineers, Erlangen, Germany) at the Central Institute of Mental Health (CIMH). Before NF, participants received either a 
mindfulness-based instruction or a length-matched neutral message (an introduction to CIMH) for 5 min. During NF, an alcohol 
picture and a thermometer display reflecting the brain activation induced by alcohol pictures were presented on the screen. 
Participants were instructed to down-regulate the thermometer. Both real NF groups (groups 1 and 2) were presented with NF 
signals from VS, while the sham NF group (group 3) received signals from the auditory cortex (A1) which is not involved in cue 
reactivity or cognitive control. (see rtfMRI NF setup in Figure 1a, and training process in Figure 1b).
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Results: A total of 66 participants have been enrolled (age: 23.82±7.52, 37/29 male/female), group1: n=25, group2: n=19, 
group3: n=22. The randomized groups did not di!er in gender, age, alcohol consume associated measures, or trait 
mindfulness. Craving was assessed before and after each session using a visual analog scale to track NF-related dynamics 
(Figure 2a). Group1 (real NF with mindfulness instruction) showed a decreasing tendency of craving after NF at the first NF 
session. The VS activity to alcohol cues is shown in Figure 2b, and group1 decreased VS activity from the 2nd run to the 
transfer run. To test whether mindfulness instruction has an impact on real NF, group1 and group2 (real NF with control 
instruction) were compared (Figure 2d). The negative e!ects across all NF runs reflect that VS activity of group1 was lower 
than that of group2 during all NF runs, but the di!erences were not significant. The negative e!ect size in the transfer run, 
although not significant, indicates a possible larger learning e!ect in group1.

Conclusions: These preliminary results suggest a possible supportive e!ect of mindfulness-based instruction on rtfMRI NF 
training on both clinical outcomes (reduction in self-reported cravings) and neurobiological outcomes (reduction in alcohol 
cue-induced VS activity) for people with problematic alcohol use. We will continue recruiting participants to reach our 
recruitment goals (N=111) and make solid conclusions with su"cient statistical power.
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An fMRI Study of Instant Brain E!ects of taVNS on Parkinson’s Disease
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Jiliang Fang1

1Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing, China, 2Department of Neurology, Xuanwu 
Hospital of Capital Medical University, Beijing, China

Introduction: The incidence of Parkinson’s disease (PD) among individuals over the age of 60 in China is approximately 1.37%1. 
It is predicted that by 2030, there will be 5 million Parkinson’s disease patients in China, accounting for approximately half 
of the world’s Parkinson’s disease patients. In addition to the typical motor symptoms such as resting tremor, bradykinesia, 
muscle rigidity, and postural gait disorders, Parkinson’s disease is accompanied by nonmotor symptoms such as constipation, 
fatigue, mood disorders, and sleep disturbances, and is slowly progressive2. Currently, the primary treatment for Parkinson’s 
disease is dopamine substitution therapy3. The patient population is primarily elderly, and this elderly group has many 
underlying health conditions and takes multiple medications. Therefore, it is necessary to identify a convenient non-
pharmaceutical therapy for patients with Parkinson’s disease. Currently, non-drug therapies available for Parkinson’s disease 
include repetitive transcranial magnetic stimulation, transcranial direct current stimulation, surgery, and the like, which are 
often complex and invasive. In contrast, taVNS o!ers a non-invasive, portable therapy that holds significant advantages.
Previous clinical studies have demonstrated that transcutaneous auricular vagus nerve stimulation-taVNS-significantly 
improves gait freezing4 and other motor disorders5 in patients with Parkinson’s disease and can regulate other non-motor 
symptoms such as insomnia6, depression7, mild cognitive impairment8, and more. Therefore, this study aims to utilize resting-
state fMRI to investigate the brain mechanism of the immediate adjunctive treatment of mild to moderate Parkinson’s disease 
with taVNS.

Methods: 17 patients with Parkinson’s disease in the early to middle stage who were taking medication regularly were 
recruited, and 17 healthy people matched by gender, age and education level were collected as a control group. The PD group 
was treated with taVNS for 30 min during the “o! “ state, and resting fMRI scans were performed before and after the taVNS, 
while the HC group obbtained the same fMRI scan. Observations were made to compare the di!erences in whole-brain-
wide amplitude of low-frequency fluctuation (ALFF), fractional amplitude of low-frequency fluctuation (fALFF), and Regional 
Homogeneity (ReHo) between the 2 groups of subjects, as well as the changes in whole-brain-wide ALFF values of patients 
before and after taVNS treatment.

Results: Compared with the HC group, the bilateral cerebellar ALFF values were reduced; the fALFF values of the right 
cuneate lobe/right superior occipital gyrus and the left precentral gyrus/left postcentral gyrus were reduced; and the ReHo 
values of the right cerebellum-and right cuneate lobe/Calcarine fissure /right lingual gyrus were reduced in PD group. After 
immediate treatment with taVNS, ALFF values were elevated in bilateral supplementary motor areas/bilateral medial superior 
frontal gyrus/left anterior cingulate and paracingulate gyrus in the PD group compared with pre-treatment.
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Conclusions: Brain function abnormalities in cerebellar, sensory, and motor-related cortical brain regions still exist in early and 
middle stage Parkinson’s disease patients who take medication regularly. The immediate modulating e!ect of taVNS mainly 
focuses on bilateral auxiliary motor area and prefrontal lobe, which may be the brain mechanism for its adjuvant treatment of 
mild-to-moderate Parkinson’s disease patients.
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Introduction: Attention is not constant but fluctuates from moment to moment(Esterman & Rothlein, 2019). Although a lot of 
studies have found alpha (8-12 Hz) synchrony appears to influence sensory processing during visual attention tasks(Esterman 
& Rothlein, 2019; Foxe et al., 1998; Fu et al., 2001; Herrmann & Knight, 2001), most of them only show correlation but not 
causality(Peylo et al., 2021). Here, we established a cognitive brain-machine interface (cBMI)(Chinchani et al., 2022), which 
was designed to monitor real-time alpha oscillations and was proved to regulate endogenous attention in visuomotor 
tasks successfully.

Methods: 2 electroencephalograph (EEG) experiments with 75 young adults aged 18-28 years old were included in our study. 
A cartoon visual search paradigm with 5 green planes (non-target) and one yellow plane (target) distributed in a clockwise 
manner (Fig. 1A). Participants were asked to use the computer joystick, an e"cient and cost-e!ective response device for 
recording continuous movements(Szul et al., 2020), to maneuver to the target position while maintaining their gaze on the 
central fixation. In this case, we can precisely measure participants’ response time and belief time (Fig. 1B). Experiment 1 (N = 
50) was designed to find the neural biomarker related to di!erent attention levels in which the target search array appeared 
in 10 Hz frequency between 2-10 s intertrial interval after response end (Fig. 1C). Importantly, in experiment 2 (N = 25), we 
monitored the positive or negative biomarker contained from experiment 1 every second to determine the target appeared 
time which demonstrated our system can casually regulate the endogenic attentional visuomotor in real-time (Fig. 1D). The 
EEG recording, preprocessing processes, and EEG analyses methods, including N2pc (time-locked to target onset), alpha 
power, and channel tuning functions (CTFs) were based on the former attention studies(Jensen & Mazaheri, 2010; Zhao et 
al., 2023).
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Results: In experiment 1, we found di!erent cognitive protocols connected to attention fluctuates that the alpha power 
decreased in good performance trials but increased in bad performance trials (Fig. 2A). In experiment 2, the belief time 
became shorter (t = -2.378, p < 0.05) when using the positive protocol (when alpha power decreased in the test segment, 
the target search array will appear) than using the negative protocol (target search array only appeared while alpha power 
increased) (Fig. 2B). N2pc component which appears to reflect target selection(Eimer, 1996) was larger in the negative 
protocol condition than in the positive protocol condition (t = -2.248, p < 0.05), which indicated that in the positive attention 
condition, benefit in the spatial representation for target selection during the search array is no longer needed (Fig. 2C). CTFs 
which reflect the spatial distribution of alpha power measured by scalp after the target search array for positive and negative 
protocol condition (Fig. 2D). The time-resolved slope of CTFs results suggest that alpha power tracked the target location 
earlier in positive condition (T = 175 ms) than in the negative protocol condition (T = 412 ms) (Fig. 2E).
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Conclusions: Taken together, we monitored real-time alpha oscillations attached to attention fluctuations and successfully 
regulated endogenous attention to motivate better behavior performance. This work may be helpful in understanding 
the mechanism of attention and can be applied to improve cognition in diverse psychiatric disorders, including ADHD 
and schizophrenia.
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Introduction: In recent years, photobiomodulation (PBM), known as low-level light therapy (LLLT), has become popular to treat 
various neurodegenerative diseases . The positive e!ects, such as increased blood circulation and ATP production, resulting 
from the stimulation of mitochondria by PBM have been confirmed in in vitro and in vivo experiments . In some experiments 
conducted on humans, it has been confirmed that LED light penetrating the skull produces similar e!ects on nerve cells . In 
some experiments conducted on humans, it has been confirmed that LED light penetrating the skull produces similar e!ects 
on nerve cells. Zomorrodi et al. investigated the results of 17 weeks of PBM therapy in AD patients, assessing cognitive 
function, quality of life, and EEG dimensions. However there is a notable absence of large-scale human studies applying PBM 
to a substantial number of elderly individuals with cognitive impairment to discern the specific improvements in cognitive 
function and changes in EEG features. This study focused on assessing actual cognitive function and monitoring changes in 
diverse EEG features, including both EC and EO power, as well as Dominant Frequency Variability (DFV), a parameter known 
to be associated with cognitive function.

Methods: Before the PBM Intervention, eye-closed and eye-open resting-state QEEG data were collected from 70 Subject, 
each of which is longer than 2 minutes. 48 subjects are diagnosed as MCI, and 22 as early dementia. We measured 19ch EEG 
based on international 10-20 system. They were pre-processed by bad epoch rejection and ICA method using iSyncBrain®, 
and spectrum power were calculated. On the other hand, with the cleaned data, which underwent a Band Pass Filter (6.5 to 
12 Hz), peak points exceeding the threshold were selected. Then, the distance between peaks was calculated, determining 
the intervals between each peak. DFV was calculated from the standard deviation of the distribution. Additionally, CDR 
was obtained by experienced neurologists. Each participant received PBM three times a week for 10 minutes over 8 week 
period. Near-infrared light emission was conducted using iSyncWave, with a wavelength of 850 nm and a frequency 
of approximately 10 Hz (proportional to the Dominant Frequency identified in EEG measurements for each participant). 
Following the intervention, EEG measurements and CDR calculations were performed in the same manner to the pre-
intervention assessments.

Results: In the Eye-closed EEG power spectrum, a trend of decreased theta and increased alpha was observed in most 
regions after PBM. In the Eye-open EEG power spectrum, a tendency of decreased alpha peaks power was observed after the 
intervention. DFV showed significant increase.

Conclusions: According to previous studies, in healthy individuals, alpha peaks in eye-closed are suppressed in eye-open, 
but in patients with cognitive impairment, the suppression does not occur normally, leading to a reduced di!erence between 
EC and EO . In the cognitive impairment group participating in this experiment, it was confirmed that the suppression was 
impaired, and after PBM, improvement in this aspect was observed. Additionally, it is generally known that as cognitive 
function declines, DFV decreases . In this study, a tendency of recovery in DFV was observed after PBM, suggesting a positive 
impact on cognitive function.
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Asymmetrical Impacts of Motion Vibrational Stimulations on Resting-State Brain Connectivity
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Introduction: Previous research has substantiated and elucidated the existence of brain asymmetry between hemispheres1. 
Functional asymmetry primarily manifests as left-right disparities in brain activation, and from a network perspective, 
the laterality of functional networks provides avenues for investigating the brain plasticity following intervention2. The 
asymmetrical brain organization not only influences motor control but extends its impact to high-order cognitive processes, 
including language, spatial perception, and emotional processing.3 A previous study identified an association between 
handedness and di!erences in e!ective connectivity within the human motor network, emphasizing the significant role of 
the left supplementary motor area (SMA) in individuals with right-handed dominance4. Vibration stimulation had been used in 
improvement of muscle power, decreasing spasticity, and enhancement of exercise e!ect5,6. The di!erent e!ect of vibration 
stimulation from bilateral hands was not tested yet. In this context, we investigate the functional connectivity following 
vibration stimulations applied to both the left and right hands.

Methods: In this study, 15 healthy participants (4 females, all exhibiting right-handedness) were subjected to distinct 
vibrational stimulations applied to their right and left hands. Resting-stat data were acquired during an 8-minute scan under 
eyes-closed conditions using a 3T MR scanner (GE750). Each participant underwent two MRI sessions, with baseline image 
acquisition occurring prior to the application of vibrations. Following the initial imaging session, participants dismounted 
the MRI table for intervention while seated in a chair with a backrest. Subsequently, they underwent a second fMRI resting-
state scan. During vibrational stimulation, participants were seated with their hand’s elbow flexed at 90 degrees and a slight 
separation from the trunk. Participants were instructed not to touch their trunk and to securely grip the device. Vibrational 
muscle force stimulation was sequentially administered at four frequencies: 15, 30, 45, and 60Hz, each lasting 1 minute, with a 
1-minute rest interval between frequency switches. Data underwent preprocessing and analysis using CONN toolbox version 
19.c. Large-scale network analysis encompassed a priori selected regions of interest within the default mode network (DMN), 
sensorimotor, visual, salience, dorsal attention, fronto-parietal, language, and cerebellar networks. Two-way ANOVA test was 
used to check the significance. A statistical significance threshold of uncorrected p < 0.001 was applied.

Results: When seeding at the post-central gyrus (post-CGr), we found the connectivity was enhanced in both left and right 
hand. Increasing connectivity between post-CGr and the same side lateral occipital cortex was observed in both sides (p 
< 0.001). Decreasing connectivity between post-CGr and supramarginal/angular gyrus was observed (p < 0.001). Weaker 
connectivity change of right-hand vibrations was noticed as compared to that of left-hand vibrations. Additional negative 
connectivity was noticed between post-CGr and dorsomedial prefrontal cortex (DMPFC).
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A (pre) & B (post): Stimulation was from left hand. C (pre) & D (post): Stimulation was from right hand. Red circle: Lateral 
occipital lobe. Blue circle: Supramarginal and angular gyrus.

Conclusions: After vibration muscle force stimulations, brain connectivity in the posterior brain area surpassed that in the 
anterior area and left-sided connections to right-sided motor areas increased. The e!ect of increasing connectivity between 
bilateral motor areas was more pronounced in left-hand vibrations than right-hand vibrations. Our results underscored the 
asymmetric e!ects resulting from stimulations applied to di!erent hands. Further exploration involving left-handed volunteers 
is warranted.
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Transcranial photobiomodulation increases functional connectivity and cortical excitability
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1Chinese Institute for Brain Research, Beijing, China

Introduction: Transcranial photobiomodulation (tPBM), a promising noninvasive intervention, has been shown promising for 
modulating brain activity(Dmochowski et al. 2020; Song et al. 2020; Zhao et al. 2022). However, the mechanism underlying 
how tPBM modulates brain activity has not been systematically discussed(Dole et al. 2023). In the current study, we utilized 
the latest Transcranial Magnetic Stimulation(TMS) evoked potentials (TEP) and electroencephalogram(EEG) functional 
connectivity to shed light on this problem(Conde et al. 2019; Scho!elen and Gross 2009).

Methods: The study consisted of two experiments. In experiment I, data was collected from 75 subjects who were divided 
into three groups based on the frontoparietal(FP1/2) stimulation sites and wavelengths: 1) 1064 nm tPBM applied to the FP2, 
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2) 1064 nm tPBM applied to the FP1, 3) 852 nm applied to the FP2. To investigate the e!ect of tPBM on the brain network, all 
participants received a 12-minute non-invasive laser tPBM session, followed by an 8-minute EEG data acquisition to construct 
functional connectivity. In experiment II, data were collected from 60 subjects divided into two groups based on wavelengths 
(1064 nm / 852nm). All participants received 12 minutes of laser tPBM at FP2 followed by 8 minutes of EEG acquisition with 
pulsed TMS at 0.2 Hz to calculate TEP, some of the 1064 nm group underwent the same protocol again after 24 hours. 
Both experiments mentioned above were double-blind and included a sham control group. The diode-pumped solid-state 
laser utilized in this study had a linewidth of ±1 nm. The laser beam was uniformly distributed and covered an area of 13.57 
cm2 (4 cm in diameter), producing a continuous power output of 2271 mW. This resulted in a power density or irradiance of 
167 mW/cm2(Zhao et al. 2022). The stimulation site in our experiment(FP1/2)was based on the 10-20 system used for EEG 
electrode placement.

Results: The results of Experiment I indicate that the e!ects of tPBM on brain network modulation are site and wavelength-
specific, with delayed e!ects observed(Fig 1). Specifically, when the stimulation site was FP2, only the wavelength of 1064 
nm led to significant enhancement of functional connectivity. Although the number of functional connectivity enhancements 
in the 0-2 min period after the stimulation was low, it increased significantly in the 6-8 min period, becoming ten times more 
than in the 0-2 min period. Most of these enhancements were observed in the occipital-parietal and parietal-frontal lobes. 
The findings from Experiment II indicate that tPBM has wavelength-specific and sustained e!ects on the modulation of neural 
activity(Fig 2). When a wavelength of 1064 nm was applied to FP2, a significant di!erence was found between the pre and 
post-stimulation TEP within the 0-100ms and 200-250ms after TMS pulse, and the significant di!erence at 200-250ms even 
lasted for up to 24 hours.

Figure 1. Brain network patterns in 3 conditions. 1064 nm tPBM applied to FP2 led to a significant enhancement of 
functional connectivity.

Figure 2. TMS evoked potentials at 2 wavelengths. 

Conclusions: This study presents two experiments demonstrating that tPBM at 1064 nm on FP2 can modify brain activity 
and network patterns, with e!ects lasting up to 24 hours. By providing a systematic investigation of the modulation e!ect 
the tPBM applies to the brain, this study may be important in paving the way for developing and applying this promising 
neuromodulation technology.
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An fMRI study on various a auricular neurostimulation parameters to optimize anti-pain e!ects
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Introduction: Recently, a form of noninvasive neuromodulation known transcutaneous auricular neurostimulation (tAN) has 
emerged as a promising form of brain stimulation. Although preliminary findings suggest tAN is safe and e!ective in reducing 
opioid withdrawal symptoms, the mechanism at which it achieves this is unknown. Furthermore, the optimal stimulation 
parameters (frequency, ear stimulation target) are still unclear. In this prospective neuroimaging study, we use a novel 
concurrent tAN/fMRI paradigm to administer tAN within the MRI scanner in various settings and targets to activate auricular 
cranial nerves both independently and concurrently. We aim to understand whether combining stimulation at multiple ear 
sites produces greater neurophysiologic e!ects than stimulating solely the auricular branch of the vagus nerve (ABVN) or the 
auricular trigeminal nerve (ATN) alone.

Methods: Up to 96 healthy adult participants will attend a single experimental visit during which they will receive ear 
stimulation at one of three active conditions (ATN, ABVN, COMBO) and at two sham conditions (earlobe 15Hz, earlobe 100Hz). 
Enrolled participants will first have a baseline stimulation calibration conducted after which participants will be placed in the 
MRI scanner and electrodes will be connected to the MRI-compatible stimulation system. 8 minutes of stimulation will be 
delivered to the various ear targets in a 30s ON/OFF block design while acquiring high-resolution functional imaging. The 
fMRI data was processed to obtain the first-level task activation maps for each participant at each stimulation frequency. A 
one-sample t-test was then performed to generate the mean task activation maps.

Results: To date, we have enrolled n=39 (mean age +/-SD = 37.1 +/-13.2 years, n=28 female), and in this analysis, we 
present blinded data from the first 20 participants. All three active tAN conditions showed positive brain activations in the 
supramarginal gyrus, while ABVN and combo tAN have higher brain activity in the anterior insular compared to tragus tAN 
(one sample t-test, p <0.05). Moreover, combo tAN also revealed strong deactivation in the primary sensorimotor area. In 
contrast, sham conditions (both 15Hz and 100Hz) induced brain activities have a similar spatial pattern, including positive brain 
activation in the temporoparietal junction (TPJ), insular, ventral lateral prefrontal cortex, and posterior temporal lobe. However, 
stimulation at 100Hz resulted in an overall higher intensity of activation compared to 15Hz.

Conclusions: This NIH Heal Initiative study is part of a five-year mission to understand how to create non-opioid treatments 
for pain and reduce opioid dependence. Using functional MRI acquired concurrently during neurostimulation allows us 
to map the specific auricular dermatomes that may have biologic impacts, and determine whether specific parameters 
may optimally recruit brain areas in the pain network. Although still early with a small sample size to date, there are likely 
identifiable di!erences between ear stimulation targets and understanding these di!erences will allow us to optimize tAN for 
pain disorders.
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Resting-state fMRI Study of Neurofeedback Emotion Regulation in DLPFC
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Introduction: Real-time functional MRI neurofeedback (rtfMRI-NF) is a safe non-pharmacological intervention (Weiskopf, N. 
2012). This technique has been successfully applied to enhance the ability for autonomous emotion regulation. Although the 
dorsolateral prefrontal cortex (DLPFC) is associated with both emotion and cognition. the mechanism of emotional regulation 
through stimulating DLPFC remains incompletely understood. Our purpose is to investigate alterations in resting-state 
function before and after DLPFC regulation through neurofeedback training, so as to get a better understanding of the brain’s 
mechanisms of emotional regulation and cognitive control, and provide new methods for future neurofeedback therapy.

Methods: All fMRI data were collected on a 3T Siemens Prisma of Henan Key Laboratory of Imaging and Intelligent Processing 
using the 64-channel head coil. Real time online data processing was performed on the OpenNFT system (Koush, Y., et al. 
2017). We designed a rt-fMRI neurofeedback experiment based on regulation of left DLPFC activity in Healthy Human. Twenty-
seven healthy young people participated in the experiment. The subjects completed two visits with an interval of 5-10 days 
(Figure 1A). The rtfMRI-NF experiment paradigm consisted of two sessions. First NF session included a resting state run (Rest1, 
6 min 40 s) before training, a pre-training run (6 min 2 s) during which the person could adapt to NF training and then the three 
NF runs (each 6min 2s). Second NF session included the three NF runs (each 6 min 2 s), a transfer run (6 min 2 s) to observe 
whether the patient had mastered the regulation strategy, and then a resting state run (Rest2, 6 min 40 s) after training. Each 
NF run consisted of 12s for experiment preparation and alternating 18 s negative emotion stimulus block, 40 s feedback 
block, 12 s rest with cycle for 5 times. At stimulus blocks, subjects saw three negative emotion pictures (Lu Bai, et al. 2005), 
each lasting for 6 seconds. At rest blocks, subjects were asked to calm the mind and during feedback blocks, subjects were 
instructed to regulate feedback score in the screen as high as possible (Figure 1B). feedback blocks were designed to provide 
feedback of left DLPFC activity in real time and instructed subjects to voluntarily control the feedback signal by recalling a 
positive autobiographical memory. The resting-state fMRI data were performed using SPM12 (www.fil.ion.ucl.ac.uk/spm) and 
DPABI (Chaogan Yan, et al. 2010). ReHo and ALFF (YuFeng Zang, et al. 2004, 2007) were analyzed using a paired-sample 
t-test before and after NF training.

Fig. 1. (A) rt-fMRI NF experimental procedure of two visits and procedure of two NF sessions. (B) Design of NF training runs.

Results: In this paper, we explored alterations in resting-state before and after NF training in subjects (Figure 2A, 2B). We 
observed an increase in the ReHo map score following the training in the right middle temporal gyrus, and a decrease in the 
ReHo map score in the left lingual, left cuneus, bilateral calcarine, and insula. Additionally, we identified significantly increased 
ALFF in the left inferior occipital gyrus and right middle temporal gyrus, and reduced ALFF in the left Rolandic operculum. 
Furthermore, we found a significant reduction in rumination, state anxiety, and Beck Depression Scale scores following 
neurofeedback training (Figure 2C).
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Fig. 2. A) Regions with altered ALFF score after rtfMRI-NF training (B) Regions with altered ReHo score after rtfMRINF training 
(GRF corrected voxel p<0.005). (C) Significantly di!erent scale scores.

Conclusions: Through rt-fMRI NF training based on the left DLPFC, alterations in resting-state ReHo and ALFF in emotional 
and cognitive brain regions may be related to enhanced cognitive function and improved emotional regulation abilities. 
Furthermore, rt-fMRI NF has demonstrated e!ectiveness in modulating negative e!ects and is anticipated to serve as a 
potential adjunct for clinical treatment in the future.
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Monte Carlo Dosimetry Simulation of Transcranial and Intranasal Photobiomodulation
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Introduction: Photobiomodulation (PBM) is defined as the application of low levels of red or near-infrared light to stimulate 
neural tissue1,2. Wavelength, optical power density, pulsation frequency, skin colour and light source are commonly known 
parameters that impact the overall energy delivered to the tissue. Previous in vitro research suggests that the peak PBM 
response happens when the deposited energy reaches 3 Joules/cm3, but it is unclear how this relates to di!erent stimulation 
parameters. Despite the many in vivo studies, the PBM stimulation protocols vary amongst studies, and there has yet to be a 
full characterization of light energy deposition based on the physics, likely leading to the large variabilities in responses3. This 
study will model the extent that local transcranial and intranasal photobiomodulation (tPBM & iPBM) can penetrate through 
neural tissue using Monte Carlo simulations4,5.

Methods: The Monte Carlo Extreme (MCX) package was utilized to simulate the near-infrared light propagation through the 
multi-layer tissues of the human head, using the colin27 brain atlas, in which light propagation through di!erent tissue types is 
mainly governed by coe"cients of (1) absorption, (2) scattering (dispersion), and (3) transmission. We simulated a single optode 
laser source positioned for transcranial (tPBM) and intranasal (iPBM) simulation (as shown in Figure 1), with 8e9 incidental 
photons. Wavelengths simulated: 670nm, 810nm and 1064nm; power densities: 100mW/cm2 200mW/cm2 and 300mW/cm2. 
These are typical values from the literature. Moreover, we incorporated attenuation and scattering coe"cients associated with 
Caucasian (white), African and Asian skin colours6. Matlab was used to compute the energy deposition in the brain regions 
closest to the optodes, as summarized in Fig. 1.
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Results: Simulations show that the rostral dorsal prefrontal cortex for tPBM and the ventromedial prefrontal cortex for iPBM 
accumulate the highest energy (Figure 2). As shown in Figure 2.a, the 810 nm wavelength for tPBM and (Fig 2.e) 1064 nm 
wavelength for iPBM produced the highest energy accumulation. As shown in Fig. 2.b,e, optical power density is linearly 
correlated with energy. Moreover, in Fig. 2.c, we show that Caucasian (white) skin accumulates higher energy than other 
modelled skin colours. A maximum of 15% of the incidental energy for tPBM and 1% for iPBM reach the cortex (Fig 2.a). These 
correspond to a minimum of 100 and 40,000 minutes to reach the 3 J/cm3 target for tPBM (810nm and 100 mW/cm2) and iPBM 
(1064nm and 5 mW/cm2), respectively.

Conclusions: We found that the optimal wavelength depends on the penetrated tissue types. Thus, 810 nm and 1064 nm are 
optimal in tPBM and iPBM, respectively. The simulation also illustrated energy deposition being a linear function of power 
density. Moreover, melanin produces skin pigmentation and is the main variable in characterizing skin colour8. This study is 
the first to account for skin colour as a PBM consideration, demonstrating light skin being most conducive to light propagation. 
Moreover, we predict a maximum of 15% of the incidental energy is deposited into brain tissue, higher than previously 
reported using cadaver heads and skull fragments9. Even then, we show that at 300 mW/cm2 and 810 nm, at least 40 min of 
irradiation is required to reach the currently assumed optimal energy of 3J/cm3 (Fig 2.b). However, clinical research has shown 
increases in brain rhythms10, and cognitive improvements with much lower energy dosages. This highlights the need to further 
understand the dynamic physiological processes impacting the PBM response in vivo.
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Acute e!ects of auricular vagus nerve stimulation on the gut-brain axis in functional dyspepsia
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Introduction: Functional dyspepsia (FD) is a disorder of gut-brain interactions associated with upper gastrointestinal (GI) 
pain and discomfort, but lacking e!ective therapies. FD has been linked with dysregulation of the gut-brain axis, mediated 
by abnormal vagal a!erence and brainstem neurocircuitry. In fact, the vagus nerve is intimately involved in autonomic 
control of the upper GI tract, with a!erent projections to medullary brainstem nuclei, mainly to the nucleus tractus solitarii 
(NTS). Our own functional Magnetic Resonance Imaging (MRI) data found altered NTS-cortical connectivity in FD patients 
compared to controls in a post-meal state, associated with slower propagation of gastric peristaltic waves (Sclocco et al., 
2022), as measured by our recently developed abdominal cine-MRI whole-stomach dynamic imaging approach (Sclocco et al., 
2021). We propose that such maladaptive plasticity across di!erent aspects of gut-brain communication can be targeted by 
transcutaneous auricular vagal nerve stimulation (taVNS), which interacts with brainstem vagal circuitry.
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Methods: 15 FD patients (13F, 29.1±13.2y/o) and 15 healthy controls (HC; 10F, 32.1±7.7y/o) consumed their maximum tolerable 
amount of a 470ml high-calorie food-based contrast meal (pineapple-based for enhanced gastric MRI contrast). Post-meal, 
subjects were scanned with stomach MRI (+15, +45, +70min) and brain fMRI (+25, +55, +80min) at 3T, while experiencing active 
(“A”, 1.5s stimulation trains delivered at 100Hz in left cymba concha during exhalation) or sham (“S”, no current) taVNS on two 
separate visits (Fig.1A). During stomach scans, 4D cine-MRI were collected continuously for 5min (temporal resolution 7s). After 
gastric segmentation, peristaltic propagation velocity in the antrum was calculated by comparing cross-sectional area time 
series from two sections 10 antral slices apart to track the duration of time for a peristalsis contractile wave peak to propagate 
from one location to the next. Velocities were compared between conditions using a mixed e!ects model with fixed e!ects 
of Scan and Ingested Volume. During brain fMRI, resting-state data were acquired using an accelerated multiband sequence 
(2mm isotropic voxels, 1.27s TR, 288 volumes). Following preprocessing (FMRIPREP, AFNI), average BOLD timeseries extracted 
from a region previously localized as NTS were used to generate seed-to-voxel whole-brain functional connectivity maps. 
These maps were combined across scans for each subject in a fixed e!ects model, and then contrasted between conditions 
(z>2.3, pFWE<0.05).

Results: taVNS did not modulate gastric function in HC. In FD, peristaltic propagation velocity was on average 0.7mm/s 
faster during active taVNS compared to sham (β �=0.67, SE=0.28, t=2.39; Fig.1B). Since there was no significant e!ect of time, 
data were averaged across post-meal time points, and follow-up comparison confirmed significantly higher velocity during 
active taVNS (A: 5.1±0.3mm/s (mean±SEM); S: 3.7±0.4mm/s; p=0.017). Relative to HC, FD patients demonstrated a significant 
reduction in NTS connectivity to anterior cingulate cortex (ACC) and medial and ventrolateral prefrontal cortices (m/vlPFC; 
Fig.1C) during active taVNS compared to sham. Interestingly, we had previously reported higher NTS connectivity in FD 
compared to HC in a similar set of brain regions.

Conclusions: Our analysis found that taVNS acutely modulates gut-brain communication in FD patients, potentially restoring 
impaired gastric motility by reversing altered cognitive processing of interoceptive (gastric) signaling. Further, our MRI 
approach allowed for a fully non-invasive evaluation of gut-brain interaction in a post-meal state. Future work focusing on 
longitudinal e!ects of taVNS will inform therapeutic applicability in disorders of gut-brain interaction such as FD.
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Introduction: Low-back pain (LBP) is a prevalent condition, impacting around 23% of the population and ranking as a primary 
musculoskeletal disorder with an 84% prevalence rate. It is characterized by discomfort spanning from the T12 to S1 vertebrae, 
lacking a specific identifiable pathological cause. LBP manifests in three distinct phases: the acute phase, a brief flare-up 
lasting less than 6 weeks; the sub-acute phase extending from 6 to 12 weeks; and the chronic stage. The chronic low back 
pain (cLBP) is defined by persistent pain persisting for more than three months, significantly a!ecting daily life and work 
commitments1. Despite constituting only 20% of LBP cases, cLBP incurs a substantial 80% of France’s total annual expenditure 
on LBP, amounting to 2.7 billion euros. Pain perception extends beyond a simple stimulus-response pattern, involving 
activation in motor, sensory, and emotional regions, displaying substantial variability among individuals and within the same 
person. The literature frequently illustrates a “pain matrix,” depicting consistent activation of cortical and subcortical networks 
during the acute pain experience in healthy individuals2. This includes primary (S1) and secondary sensory cortices (S2) and 
the posterior insula, processing sensory details (pain location, duration). Furthermore, it encompasses regions like the anterior 
cingulate cortex (ACC), anterior insula, prefrontal cortical areas (PFC), and subcortical areas (basal ganglia and thalamus), 
contributing to the motivational and emotional facets of pain and its modulation. In this longitudinal study, fMRI was utilized 
to evaluate alterations in fronto-striatal functional connectivity in patients with cLBP who underwent a 20-day neurofeedback 
program centered on alpha-synchrony. While these brain oscillations are believed to significantly influence individual pain 
perception, the specific mechanisms remain to be fully elucidated

Methods: We conducted a pilot study on a neurofeedback alpha-synchronization training in cLBP patients. Participants 
underwent a first meeting with an fMRI, a questionnaire set and a neurofeedback session. Then, they practiced 
neurofeedback in alpha-synchronization training for 20 days and came back to the hospital for the same monitoring under 
a rsfMRI acquisition. The first objective of this study was to describe the observed functional connectivity alterations 
between the medial prefrontal cortex and the nucleus accumbens on fMRI acquisitions in “resting state” and “alpha-
synchronization”, before and after a neurofeedback protocol. The second objective was to search for correlations between 
the functional connectivity alterations, and the changes in clinical scores (pain, disability, and quality of life) following the 
neurofeedback protocol

Results: Wilcoxon test showed no significant medial prefrontal cortex - nucleus accumbens functional connectivity. We then 
we correlated the connectivity maps with pain scales and found 6 significantly functionally connected regions to the medial 
prefrontal cortex: the right middle occipital gyrus, primary visual cortex, precuneus and caudate nucleus at two distinct 
locations, and the left putamen. Spearman’s correlation displayed significant results (p<.05) between the resting state “before” 
and the “worst mental pain in the past 7 days” as assessed with the psychological and physical pain visual analogue scale 
(PPP-VAS)3



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 131

ABSTRACTS

Fig. 1. Cortical and subcortical regions showing enhanced rsfcMRI following the protocol. Right Middle Occipital Gyrus [a], 
Right Primary Visual Cortex [b], Right Caudate Nucleus [c-e], Left Putamen [f]

Conclusions: This study brings clinical evidence of functional connectivity alterations between the medial prefrontal cortex 
and cortical and subcortical regions in chronic low back pain patients. We also showed that clinical scores could perhaps be 
correlated with changes in functional connectivity. Clinical studies with a higher number of participants are needed in order to 
highlight clear chronic pain cortical processes.
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Transcranial photobiomodulation modulates brain signal variability in older adults

Hong LI1, Ying Han2, Haijing Niu1
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Introduction: Transcranial photobiomodulation (tPBM), as a a safe and noninvasive neuromodulation technique, plays a critical 
role in preventing normal brain aging and maintaining or improving cognition in older adults. Recently, Hu et al. conducted 
a study to investigate the e!ect of tPBM on brain activation during a working memory (WM) task in healthy older adults 
and found that tPBM resulted in a decrease in brain activation mainly in the right hemisphere. Brain signal variability is the 
fluctuation of functional brain activity within an individual at di!erent temporal and spatial levels, which allows for adaptation 
and adjustment to changing internal and external demands. There is a growing body of evidence suggesting that moment-to-
moment brain signal variability could be considered an important neuro marker in characterizing healthy aging. However, it is 
still unknown whether tPBM can modulate brain signal variability and thereby enhance working memory ability in older adults.

Methods: In this study, 84 healthy adults aged 49-79 (mean ± SD, 64.19 ± 6.22, 60 females) participated in a single-blind, 
counterbalanced design. Participants first received either a 12-minute active or sham tPBM stimulation targeted on the left 
dorsolateral prefrontal cortex, followed by a digit n-back working memory task with three loads (n = 1, 2, 3). Functional near-
infrared spectroscopy (fNIRS) was used to record the hemodynamic changes of the whole head during the task. The sham 
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session followed the same procedure as the active tPBM session, except that the laser device was turned o! after 5 seconds. 
The active tPBM and sham-controlled sessions were separated by one month. After preprocessing the fNIRS data, the brain 
signal variability (operationalized as the SD HbO) was estimated by averaging the variability within each block for each 
WM load. The n-back task performance was evaluated by accuracy (ACC) and mean response time (RT). To extract spatial 
patterns of brain signal variability associated with task conditions or behavior performance, we used a multivariate Partial 
Least Squares (PLS) analysis. The task PLS analysis was used to examine the e!ect of tPBM stimulation on SD HbO for each 
memory load. Next, we utilized a behavioral PLS analysis to examine the relationship between tPBM-related changes in SD 
HbO and tPBM-related changes in WM performance.

Results: A task-PLS model revealed one significant latent variable (LV) (permuted p < 0.001) indicating a decrease in brain 
signal variability after tPBM compared to the sham-controlled condition, regardless of 1-, 2-, or 3-back condition (Figure 1). This 
was observed in several regions typical of WM studies, including the bilateral dorsolateral prefrontal cortex (DLPFC), pre-
motor cortex and supplementary motor area (PMA), supramarginal gyrus (SMG), visual cortex 3 (V3), frontal eye fields (FEF), 
and left angular gyrus (AG). No regions showed an increase in variability on tPBM compared to the sham-controlled condition. 
Additionally, a behavioral PLS analysis was conducted to examine whether the reduction of tPBM-related fNIRS signal 
variability could predict improved WM performance. Results revealed that the decreased tPBM-related fNIRS signal variability 
was associated with improved accuracy, as indicated by a single significant LV (permuted p = 0.005, Figure 2). This negative 
relationship was mainly significant in several regions, including bilateral DLPFC, SMG, AG, V3, left primary somatosensory 
cortex (PSS), somatosensory association cortex (SAC), right V2, and PMA. However, no significant LV (permuted p = 0.289) was 
found for the mean RT model.

Conclusions: In summary, tPBM has been shown to reduce task-related fNIRS signal variability in older adults, and this 
reduction has been linked to improved WM performance. This suggests that tPBM may reduce the cognitive e!ort required 
to complete WM tasks, o!ering a potential avenue for inducing long-term cognitive improvements in normal aging or age-
related conditions.
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Introduction: Electroconvulsive therapy (ECT) is an established, safe and highly e!ective treatment for treatment-resistant 
depression. There are cognitive deficits in episodic memory and executive function following ECT, although these are mostly 
transient and moderate. While changes in brain morphometry following ECT are robust findings, functional connectivity 
findings are inconsistent. However, changes specifically in limbic connectivity have been suggested, a finding consistent with 
known structural modulations. One of the specific aims of our ECT-MRI project is to understand whether changes in functional 
connectivity occur after treatment.

Methods: Included participants were diagnosed according to DSM-V with major depressive disorder (MDD) without psychotic 
features or bipolar disorder (BD) currently in a major depressive episode without psychotic features, scored ≥25 on the 
Montgomery-Åsberg Depression Rating Scale (MADRS), and were aged between 18 and 75 years. Neurocognitive data were 
assessed using the Montreal Cognitive Assessment (MoCA) and the Brief Assessment of Cognition in Schizophrenia (BACS). 
MRI data were acquired pre-ECT and immediately post-ECT using a Siemens Magnetom Skyra 3T whole-body scanner. T1-
weighted sequence parameters were set to: repetition time (TR)=2.5s, echo time (TE)=2.18ms, inversion time=1040ms, slice 
thickness=0.8mm, acquisition matrix (AM)=256×256, flip angle=8°, and field of view (FOV)=256mm. Resting-state functional 
MRI sequence parameters were set to: TR=0.8s, TE=30ms, flip angle=52°, multiband=6, FOV=216mm, AM=90×90, slice 
thickness=2.4mm, and acquisition time=10 minutes. Participants were instructed to fixate to a cross shown on the screen. 
Functional and anatomical images were preprocessed using the standard preprocessing pipeline in CONN functional 
connectivity toolbox 22.a in Statistical Parametric Mapping 12. Region of interest (ROI)-to-ROI and ROI-to-voxels analyses were 
performed with bivariate (hrf weighting, GLM) correlation with the 32 network regions predefined in the CONN toolbox. A 
standard combination of an uncorrected p<0.001 height threshold (to initially define clusters of interest) and a FDR-correction 
of α<0.05 were used.

Results: Twelve depressed patients (age=51.3±9.9 years, female/male=5/7, MDD/BD=10/2) were assessed before (MADRS_
pre=35.5±6.8, MoCA_pre=25.9±3.4, BACS_pre=-1.3±1.1) and after ECT (MADRS_post=10.3±9.6, MoCA_post=27.0±3.0, 
BACS_post=-1.0±1.3, number of ECTs=8.9±2.7). ROI-to-voxels analyses revealed significant (p<0.05, FDR corrected) changes in 
functional connectivity induced by ECT from eight seed ROIs originating from five networks (Figure 1).
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Conclusions: Our preliminary results show ECT induced changes in functional connectivity, particularly in regions related to 
memory, emotional and motor functions. Consistent with previous studies (Fu et al., 2023; Porta-Casteràs et al., 2021; Wei et 
al., 2021), the results suggest an involvement of the cerebellar and limbic regions that may be related to treatment response as 
well as to transient cognitive deficits following ECT. More rigorous evaluation in relation to cognitive symptoms is needed.
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Introduction: Major depressive disorder(MDD) is a condition with high recurrence rate and high disability rate1. Unfortunately, 
the e!ect of antidepressants are poor currently2. It is necessary to find a new treatment for MDD. Transcutaneous aurucular 
vagus nerve stimulation(taVNS) is confirmed to be e!ective for MDD3, but it’s mechanism is unclear. Therefore, this study 
employed resting-state BLOD-fMRI to explore the brain mechanism of taVNS in the treatment of MDD.

Methods: Including 63 MDD patients and 68 healthy controls (HCs) matching sex, age and education, MDD patients were 
treated with taVNS for 8 weeks, and 17 items of Hamilton Depression Scale (17-HAMD) and Hamilton Anxiety Scale (HAMA) 
were evaluated before and after treatment, and resting-state BOLD-fMRI data were collected at the same time. HCs were not 
treated, only evaluate 17-HAMD and HAMA and scan resting-state BOLD-fMRI once when entering the group. DPABI was used 
to preprocess the resting-state BOLD-fMRI data, calculating the low frequency amplitude (ALFF), and then use the ALFF result 
of the baseline as the seed point to calculate function connectivity (FC). The results before and after treatment of taVNS were 
analyzed in a partial correlation with the clinical scale.

Results: After 8 weeks of taVNS treatment, the depression and anxiety symptoms of MDD patients improved. Compared 
with HCs, the ALFF values of the right Frontal_Med_Orb (MOFC) of MDD patients were increased, and the FC values of right 
MOFC and left MOFC were increased. Compared with before treatment, the ALFF value of the right putamen was reduced, 
and the FC value of the right MOFC and the right Frontal_Inf_Oper, the right superior temporal gyrus, the left middle temporal 
gyrus and the right supp;ementary motor area (SMA) were reduced. Among them, the FC di!erence between the right MOFC 
and the right SMA before and after treatment is significantly negatively correlated with the 17-HAMD score di!erence before 
and after treatment.

Conclusions: taVNS may play an antidepressant role by reducing the FC values of right MOFC and right SMA in MDD patients.

References
1. Schechter LE. Major depressive disorder. Curr Pharm Des. 2005;11(2):143-4.
2. Vöhringer PA, Ghaemi SN. Solving the antidepressant e"cacy question: e!ect sizes in major depressive disorder. Clin Ther. 2011 

Dec;33(12):B49-61.
3. Wang L, Wang Y, Wang Y, Wang F, Zhang J, Li S, Wu M, Li L, Rong P. Transcutaneous auricular vagus nerve stimulators: a review of past, 

present, and future devices. Expert Rev Med Devices. 2022 Jan;19(1):43-61.

Poster No 86
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Introduction: Homonymous lateral hemianopia (HLH) is a visual deficit following retro-chiasmal lesions in which conventional 
visual rehabilitation has shown poor e!ectiveness. We present interim analysis of visual perimetry and neuroimaging datasets 
from a pre-therapeutic, randomized cross-over, double-blind trial in HLH patients after a unilateral stroke. It assesses the 
ability of Transcranial Alternating Current Stimulation (tACS) to improve visual perception via the synchronization of dorsal 
attentional orienting systems1,2,3. We hypothesized a high degree of variability in visual outcomes and a strong influence of 
gray matter regions and white matter tracts (either spared or impacted by the stroke) subtending perceptual and attentional 
orienting abilities4,5, following active tACS.

Methods: A cohort of n=9 HLH patients (8 male & 1 female, age: 59±12 years old) without pre-existing severe ophthalmological 
disorders or contraindication to tACS and/or MRI, was recruited at least 3 months after a stroke, for this study. A group of 
matched controls (4 male & 1 female, 49±14 years old) was studied for comparison. All participants underwent an MRI battery 
including T1-3D (TE=3.2ms, 1x1x1 mm3) and Di!usion (60 dir., b=1500 s/mm2, RT=14s, TE=88ms, 2 mm thickness) sequences. In 
3 independent sessions set a week apart, we assessed the short-term modulation of the following tACS conditions: (A) Right 
hemisphere frontal 30 Hz tACS to the Frontal Eye Field (FEF); (B) Contralesional occipito-parietal 10Hz tACS to the intraparietal 
sulcus (IPS) and (C) Sham tACS. E!ects were estimated by changes in the surface of the ‘seen’ visual field in kinetic (binocular) 
and static (monocular) visual field perimetry (Octopus 900, Haag-Streit), prior vs. immediately following 20 minutes of tACS. 
Stroke lesions of each patient were delineated on the original 3DT1 sequences with MRIcron6 then normalized to the MNI 
template using SPM7. For lesion mapping, the AAL8 and Natbrainlab9 templates were used respectively, to estimate the % of 
damaged grey/white matter structures. Additionally, white matter tractography (DSI studio) was used to assess disconnections 
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of key white matter notably, the optic radiations (OR) and the superior longitudinal fasciculus (SLF) by estimating their 
Fractional anisotropy (FA).

Results: Visual field perimetry at baseline showed higher accuracy for kinetic (~56%) compared with static (~41%) visual 
field assessments, suggesting the presence of blindsight phenomena in these patients. Group analyses failed at this stage 
of recruitment to reveal significant e!ects or di!erences between the tACS conditions on the surface of the ‘seen’ visual 
field surface (all comparisons p>0.05, Wilcoxon Rank). Regardless, detailed examination of response patterns suggested 
improvements to di!erent degrees in individual patients (particularly for those following occipito-parietal tACS) compared 
to sham. Most importantly, gray matter MRI assessments showed lesion patterns encompassing mainly the superior, middle 
and inferior occipital gyri, the lingual gyrus and the calcarine fissure (Fig.1) Tractography analyses of the OR and SLF revealed 
partial disconnections and lower FA in HLH patients for the OR (p<0.02) but not the SLF (p>0.05) compared to healthy controls 
(Fig. 2).
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Conclusions: At the current stage of recruitment, our analysis attests of the large heterogeneity of lesion patterns, spared 
visual field surface, predicted E-fields and the tACS outcomes. The recruitment of further patients is compulsory to allow 
reliable assessments of lesion patterns and modulatory e!ects. Recovery patterns shown by individual patients argue in favor 
of an influence of the status of key white matter tracts, and particularly the optic radiations (OR). Heterogeneity suggests 
a need for treatment customization based on the presence or absence of blindsight phenomena as guided by MRI-based 
biophysically tACS current distribution models.
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Chloe Duprat1, Borana Dollomaja2, Jan Paul Triebkorn3, Jean-Didier Lemaréchal4, Fariba Karimi5, Maxime Guye6, Fabrice 
Bartolomei7, Huifang Wang3, Viktor Jirsa8

1AMU, Marseille, Bouches-Du-Rhone, 2Institut de Neurosciences des Systemes UMR1106, Marseille, Marseille, 3AMU, INS, 
INSERM U1106, Marseille, PACA, 4AMU INS, Marseille, Bouches-Du-Rhone, 5ETH, Zurich, Zurich, 6Aix Marseille Université, 
Marseille, PACA, 7AMU, INS, INSERMU1106, Marseille, PACA, 8nstitut de Neurosciences des Systèmes, Marseille, N/A

Introduction: The exploration of brain activity in the context of refractory epilepsy has been attempted through modeling and 
simulation to provide patient-specific diagnosis. The e"cacy of whole-brain models, such as the Virtual Epileptic Patient (VEP), 
has been demonstrated in simulating seizure-patterned brain activity, specifically induced by intra-cortical stimulation1. Recent 
studies have introduced the innovative technique of temporal interference (TI) to stimulate the brain non-invasively that 
e!ectively targets deep brain tissue with focal precision, avoiding overlying brain tissue2. Diagnosing epilepsy is challenging, 
especially in complex focal cases where specific brain areas, known as epileptogenic zones (EZ), are responsible for seizure 
onsets. Inducing seizures through brain stimulation, such as stereo-electroencephalography (SEEG) implantation based on 
the EZ hypothesis, is a current diagnosis approach3. However, this method has limitations: not every area can be implanted 
due to cognitive considerations, the location scheme established before induced-ictal recording cannot be modified 
between stimulations, the stimulated area is sensitively dependent to electrode contacts location inside the brain region 
and implantations can involves complications. The temporal interference method o!ers the same advantages i.e. depth and 
focality, without the aforementioned invasiveness-related challenges. Thus, combining temporal interference with scalp EEG 
allows simultaneous non-invasive monitoring of the whole brain activity. This study aims to assess the diagnosis performance 
of temporal interference stimulation in identifying epileptogenic networks.

Methods: A high-resolution virtual brain, built from a patient’s magnetic resonance and di!usion images (MRI and dMRI), 
incorporates the anatomical specifics and structural connectivity of the individual. The whole brain was discretized as a 
Neural Mass Model (NMM) for the subcortical regions and as a Neural Field Model (NFM) for the pial surface of the cortical 
regions4. Temporal interference fields are calculated and linearly summed to derive the modulation envelope of interfering 
electric fields. This resulting field, directly responsible for stimulation, is interpolated onto the virtual brain. The e!ective neural 
response is computed through the Epileptor-Stimulation model5. Simulations are conducted considering EEG, SEEG, and 
simultaneous EEG-SEEG recording methods. The results are fitted to the real time-series, and the model is inferred6 to extract 
corresponding region parameters. These parameters are crucial, as they are intricately linked to properties of the brain, such 
as excitability associated with seizure onsets (Fig. 1). The parameters inferred from TI-induced ictal recordings are validated 
using ground truth parameters obtained from spontaneous seizure recordings. To assess the e"ciency of EEG recording, we 
compare parameters inferred from TI-EEG with those from TI-SEEG and identify any additional information contributed by EEG 
during concurrent SEEG-EEG co-recording (Fig. 2).
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Results: The workflow was performed on a cohort of 20 patients from La Timone Hospital in Marseille. All patients 
experienced spontaneous and SEEG-induced seizures, all recorded by SEEG. The recorded ictal activity is then mapped 
at the source-level by the inverse solution and mapped again at the EEG-level by the forward solution on the virtual brain. 
We compared the performance of model inversion using SEEG, EEG and SEEG-EEG simultaneously. Results show that their 
performance depends on the di!erent locations of EZNs and the seizure types.

Conclusions: The e"cacy of the TI stimulation modeling approach attests to its potential as a valuable tool for inducing 
seizure for drug-resistant epilepsy diagnosis. This study can contribute to the development of e!ective, targeted, low-volume, 
and cost-e!ective treatment options for refractory-epilepsy patients, providing a safer non-invasive therapeutic option.
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Introduction: Electroconvulsive Therapy (ECT) is the most e!ective treatment for depression. However, self-limiting physical 
side e!ects and serious cognitive dysfunctions limits the application of ECT. In Magnetic Seizure Therapy (MST), as there is 
no direct electrical stimulation of structures such as the hippocampus, implicated in ECT-related memory impairment, memory 
dysfunctions are not expected. However, MST-related studies are limited by small sample sizes and open label designs. Then, 
it was proposed the “Electro-Magnetic Convulsive Therapies for Depression (EMCODE): a double blind, randomized, non-
inferiority study”, comparing 100Hz MST with bitemporal ECT. The primary objective involves assessing changes in depressive 
symptoms and cognitive measures in treatment-resistant depression (TRD) patients undergoing MST as compared to ECT 
treatment. A secondary objective involves the investigation of structural MRI changes and associations with clinical and 
cognitive outcomes.

Methods: Details of the study protocol can be found in1. The co-primary outcome scales were the Hamilton Rating Scale for 
Depression (HAMD-17) and the Autobiographical Memory Task (AMT). Longitudinal volumetric weighted 3D T1 MRI images 
were acquired using a 3.0 T device (Achieva, Phillips, Amsterdam, The Netherlands). Processing was performed using the 
Longitudinal pipeline provided by the Computational Anatomy Toolbox 12 (CAT12), a toolbox of the Statistical Parametric 
Mapping software (SPM12). Voxel-Based (VBM) and Region-Based Morphometry (RBM) were performed. We used the 
Neuromorphometrics atlas for RBM analysis. A statistical model was built with the flexible factorial design. The following 
contrasts were used: post-treatment > baseline in ECT and MST, post-treatment > baseline in ECT & MST and post-treatment > 
baseline & ECT > MST (interaction). Associations between MRI findings with outcomes were performed using R Version 4.1.2. 
We used linear mixed models with a three-way interaction between the fixed predictors volume, time, and treatment. HAMD-
17 and ATM sub scores were the outcomes. Participants were included as random intercept. To each three-way significant 
interaction, we performed two-way interaction between brain volume and time separately to each group.

Results: Forty-one patients were included. There was a progressive reduction of HDRS-17 scores for both groups (Fig. 1a). The 
MST group presented a better profile for the AMT sub scores (Fig. 1b-c). In VBM analysis, no significant structural changes 
were observed for any contrast. In RBM analysis, the following structures present significant changes in patients who received 
ECT: left and right hippocampus (t = 8.23, p = .00008; t = 8.23, p = .0004), left and right entorhinal area (t = 4.73, p = .025; t = 
4.71, p = .035), left posterior insula (t = 3.15, p = .014), right amygdala (t = 5.01, p = .023), and right temporal pole (t = 4.46, p = 
.03) (Fig. 2a). No significant structural changes were observed in patients who received MST. The following structures present 
significant changes when considering patients who received ECT or MST: left and hippocampus (t = 6.36, p = .003; t = 4.88, p 
= .008), left entorhinal area (t = 3.54, p = .019), and right amygdala (t = 3.79, p = .009) (Fig. 2b). Only the left hippocampus (t = 
5.73, p = .006) presented significant change after treatment when comparing both interventions (Fig 2c). For the contrast post-
treatment > baseline in ECT & MST in RBM analysis, significant interactions with HAMD-17 as outcome were found for the right 
hippocampus (t = -7.12, p = 0.04) and amygdala (t = -7.12, p = 0.04). For both interventions, the higher the volume increase, the 
bigger the antidepressant e!ect. However, only the MST group showed significant two-way interactions.
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Conclusions: Regional-based, and not voxel-based, volumetric changes after MST in TRD patients were associated with 
depressive symptoms.
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Introduction: The aim of this study was to investigate the direct e!ects of transcranial focused ultrasound stimulation (FUS) on 
cerebral blood flow in the primary motor cortex using a double-blind, theta-burst-like protocol (1). Given the limited e"cacy of 
current treatments for severe psychiatric disorders, the investigation of FUS as a potential neuromodulatory tool in psychiatry 
is of relevance. The technique is still being established - this study is the first FUS study to investigate the e!ects on arterial 
spin labeling (pcASL).

Methods: Seventeen healthy volunteers (mean age=26.31, SD=3.34; 9 women) participated in a rigorous experimental 
design in which they underwent FUS stimulation guided by precise neuronavigation targeting motor regions that utilized the 
maximum of the individual finger tapping BOLD signal from the baseline MRI measurement. The study spanned three days 
and included a baseline and randomized active/shame stimulation conditions. Arterial spin labeling (ASL) was performed 
both before and after the two stimulations, resulting in 5 measurements per subject and a total of 85 ASL measurements for 
the complete sample. The evaluation was performed with Oxford ASL (2) and used the regions of the Glasser atlas (3) for the 
primary motor cortex: 6cdl, 6cvl, 6dl, 6m, and 6vl and 8dl, 8m, and 8vl for both hemispheres.

Results: Contrary to expectations, the study found no significant changes in cerebral blood flow in the primary motor cortex 
after FUS stimulation.
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Conclusions: These initial findings suggest that the current intensity parameters may not be robust enough to produce 
noticeable e!ects (we followed the current internationally recommended safety regulations). However, this finding forms the 
basis for future investigations, including secondary analyses using resting-state functional MRI (rsfMRI), magnetic resonance 
spectroscopy (MRS), and finger tapping paradigm, which have also been recorded but not yet analyzed. Given the limited 
treatment options and the promising results from animal studies, research into FUS as a neuromodulatory approach for 
psychiatric patients remains important. Although no significant changes in cerebral blood flow in the primary motor cortex 
were achieved in this study, the translational aspect is of great importance, which probably needs to apply higher but safe 
intensities. This first pilot study underlines the need for further optimization of the stimulation parameters. The results of the 
study contribute to the ongoing discourse on innovative therapeutic modalities in psychiatry.
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Introduction: Here, we first investigate if focused ultrasound (FUS) neuromodulation-which is uniquely capable of producing 
spatially precise1 brain stimulation, non-invasively, anywhere in the brain2-may be leveraged to assist in the development 
of a fruitful meditation practice. Growing empirical evidence supports meditation’s benefits wellbeing, protecting both 
psychological3 and physical health4–7. However, even with extant meditation-assistance (e.g., mobile applications, 
neurofeedback8), many struggle to regularly practice9. FUS now o!ers the ability to directly alter the activity of known neural 
correlates of meditation10–12, avoiding many limitations of EEG (spatial resolution, questionable e"cacy13 and MRI14 (cost)-based 
neurofeedback. Here, we directly inhibit2 three candidate regions derived from prior findings10–12-the posterior cingulate cortex 
(PCC), bilateral caudate (CAUD), or bilateral ventral anterior insula during meditation in 36 expert and 36 novice Vipassana 
meditators while multimodal data streams record e!ects on phenomenology and physiology during and after meditation/FUS.

Methods: 36 Expert Vipassana practitioners (>5y consistent practice, >20m, 5d/w), 36 Novice practitioners (no meditation 
experience or spiritual practice). Novices are trained over 1w, 4 sessions, 3h guided meditation, and assessed for skill. All 
subjects participate in 5 sessions (Fig. 1c). S1:Baseline trait questionnaire and MRI scanning (T1 for targeting, DTI, fMRI). 
S2-5:Subjects report expectations, mood, and sleep quality. Subjects are seated and comfortably secured in place while 
FUS-emitting transducers target one region. For 1 session/subject, a FUS-blocking gel pad provides a sham control (Fig 1d; 
detection n.s.). 1-hour vipassana meditation. Beginning at minute 12, 12m of FUS inhibition2 begins. Every ~4m(+-30s) subjects 
report meditative depth and “intensity” (any altered phenomenology) from 1-5, while heart rate (HR), HR variability (HRV), 
respiration rate, and galvanic skin response are measured. Post-questionnaires record phenomenology during meditation-
e.g., quality of meditation via Meditation Depth Index15 and broader metrics (e.g., Profile of Mood States16). All online measures 
(during meditation, e.g., depth, HRV) are assessed for a main e!ect of condition (CAUD/PCC/SHAM/INSU) within each 4m 
segment of meditation. Each (O-ine) battery within the post-questionnaire is independently assessed for a main e!ect of 
condition with appropriate follow-ups. Sig. findings are regressed on trait data (e.g., meditation experience, connectivity 
measures). MRI measures include functional and structural connectivity between targets and the whole brain. A completely 
novel innovation, new methods17 allow us to relate expected[18], [19] variation in FUS energy deposition to behavioral/
physiological e!ects for each brain voxel, producing fMRI-esc spatial maps of what tissue drives our e!ects.
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Figure 1. A: Subject and equipment prior to meditation. B: Simulations of FUS foci for each target. C: Study design, FUS 
parameters. D. Gel pad for transducer-head coupling, FUS permeable (clear).

Results: Preliminary data in experts (n=14; full 36 by OHBM) suggests a substantial improvement in meditative depth during/
after caudate FUS (vs. Sham), both in online probes and o-ine questionnaires (Fig. 2a,b,d). Caudate FUS also reduced HR 
and increased HRV and induced a high correlation between each measure and depth (p<0.0001). FUS simulations predict 
increased depth in sessions where more FUS pressure was found in caudate tissue (Fig. 2e). Similar, weaker e!ects of PCC 
FUS were found. More limited data in novices(n=6; 36 by OHBM)reveals no clear trends.

Figure 2. A: Online depth in experts (smoothed), active FUS conditions vs. sham, solid lines depict significant portions. B: 
CAUD depth (vs. Sham) in in experts, 4m blocks, p values. C: HR, HRV in CAU.

Conclusions: Highly convergent multimodal data supports the notion that caudate FUS increases meditative depth, which 
strongly correlates with adaptive physiological changes. No such correlation during Sham FUS suggests a mechanistic 
relationship between physiological changes and successful meditation induced by caudate FUS. Our ambitious first look at 
FUS-based meditative aids has produced extremely hopeful preliminary results.
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Introduction: Essential Tremor (ET) is a prevalent movement disorder characterized by involuntary rhythmic tremors.1 The 
Dentate tract (DRTT) plays a crucial role in modulating movement2. The DRTT consists of two portions: the decussating DRTT 
(dDRTT), the more prominent one, crosses the midline to the contralateral red nucleus and thalamus3; the less prevalent 
non-decussating DRT (ndDRTT) proceeds ipsilaterally from the dentate nucleus to the red nucleus and thalamus. Focused 
Ultrasound (FUS) is a non-invasive method gaining popularity for treating movement disorders, including ET, by precisely 
targeting the DRT to alleviate symptoms. Currently, there is still no radiological parameter to predict the outcome after 
MRgFUS. We plan to apply MRI techniques, including Di!usion Tensor Imaging (DTI), to reconstruct the corticospinal tract 
(CST), dDRTT and ndDRTT and investigate changes in the tract after FUS treatment in ET patients. We aim to correlate the 
changes in the DRT with the treatment outcome

Methods: Seven patients diagnosed with ET were enrolled in the study. Pre-treatment, post-treatment, and 3 months post-
treatment TETRAS scores (The Essential Tremor Rating Assessment Scale) were measured. All patients underwent 3T 
magnetic resonance imaging for high resolution T1-weighted image (T1w) and di!usion-weighted images (DWI). All images 
were pre-processed with iDIO package5. We used generalized q-sampling imaging inDSI-Studio for fiber tracking. Whole 
brain deterministic fiber tracking with 100,000 seeds were used, the CST, nd-DRTT, and dDRTT were reconstructed with the 
following related region of interest: primary motor area, red nucleus, dentate nucleus, and spinal cord. ( Figure 1) All images 
were registered to the pre-treatment images for extracting all di!usion indices along each fiber tracts (only target on treatment 
field of view). Finally, we then used the paired T-tests to compare Fractional Anisotropy (FA), Radial Di!usivity (RD), Mean 
Di!usivity (MD), and Axial Di!usivity (AD) before treatment, immediately after treatment, and 3 months later at the lesion site.5
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Results: The average TETRAS score was 23.6 points preoperatively, 17.8 points immediately after MRgFUS, and 12.8 points 3 
months after MRgFUS. No significant side e!ects were noted after MRgFUS. In the treatment side DTI analysis, we performed 
three groups of paired T-tests (Group 1: pre-treatment vs post-treatment, Group 2: pre-treatment vs 3 months follow-up, Group 
3: post-treatment vs 3 months follow-up). We found a decrease in FA of the corticospinal tract (CST), a decrease in FA, and an 
increase in RD in dDRT, and a decrease in FA in ndDRT in Group 1. In Group 2, we found a decrease in FA in CST, a decrease 
in AD in dDRT, and ndDRT. In Group 3, we discovered an increase in FA in CST, an increase in FA, and a decrease in RD and 
MD in dDRT; an increase in FA and a decrease in MD in ndDRT. Figure 2 showed the change of dDRTT in pre-treatment, post 
treatment and 3 months follow up.

Conclusions: There is a significant improvement in TETRAS after MRgFUS treatment, with further tremor improvement 
observed 3 months later. The changes in FA could indicate microstructural changes after FUS, observable in CST, dDRT, and 
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ndDRT. However, the changes in RD and AD observed in dDRT and ndDRT could serve as MRI evidence of tract destruction 
after MRgFUS, suggesting that RD and AD in dDRT and ndDRT could serve as MRI markers for ET patients.
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Introduction: Insomnia is a prevalent sleep disorder that profoundly impacts individuals’ quality of life. Transcranial focused 
ultrasound stimulation (tFUS) is a non-invasive brain stimulation technique that has shown promise in neuromodulation. The 
medial prefrontal cortex (mPFC) is a region of the brain that plays a crucial role in regulating sleep and wakefulness. In this 
study, we aimed to investigate the therapeutic potential of tFUS on functional connectivity (FC) in the medial prefrontal cortex 
(mPFC) of insomnia patients.

Methods: We conducted a randomized controlled trial with 45 participants, including 24 insomnia patients and 21 healthy 
controls. Participants were randomly assigned to either the tFUS group or the sham group. The tFUS group received excitatory 
stimulation (70% duty cycle with 5 sec sonication interval) for 20 minutes per session. The sham group received a similar 
procedure but without actual stimulation. We used resting-state functional magnetic resonance imaging (fMRI) to measure FC 
between the mPFC and other sites of the brain before and after tFUS. We also collected data on sleep quality, sleep duration, 
and other sleep-related parameters. The neuroimaging-based prediction model was built based on brain structures and 
connectome, reconstructed from individual structural brain images, and neural mass models that describe the local dynamics 
of each brain region. We analyzed changes in simulated FC through resting-state simulations before and after tFUS, and 
further investigated the correlation between the results and clinical indices (i.e., improvement in Insomnia Severity Index (ISI)).

Results: tFUS significantly increased FC in the mPFC of insomnia patients compared to the sham group. We also observed 
noticeable improvement in insomnia-related symptoms in the patient group after tFUS. The long-term e!ects of tFUS on sleep 
quality will be further investigated in our research. The correlation between the predictive model and the actual improvement 
degree of the ISI was also investigated.

Conclusions: Our findings suggest that tFUS could modulate the brain functional network of insomniac patients, potentially 
providing an e!ective therapeutic approach to insomnia. Individualized prediction model may enhance the clinical application 
potential and the realization of personalized precision medicine. However, further studies are needed to confirm these results 
and to optimize the sonication protocol for clinical application.
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Introduction: Two-dimensional (2D) ultrasound (US) is the preferred tool for routine monitoring and assessment of fetal 
growth and anatomy1. By capitalizing on the availability and flexibility of low-cost freehand 2D US scanners, it is possible to 
provide routine prenatal monitoring in resource-constrained settings. However, scanning is heavily operator-dependent, and 
scarcity of skilled sonographers limits its use. Deep Neural Networks (DNNs) can assist with automated US analysis2, but 
their robustness is a!ected by variability in quality of US images collected by di!erent operators with subjective acquisition 
protocols. We, therefore, propose an uncertainty-aware deep learning model for 3D pose prediction of 2D fetal brain images, 
to be used for scanning guidance. Specifically, we train a multi-head network to jointly regress 3D plane poses from 2D 
images in terms of di!erent geometric transformations and their respective data-dependent uncertainties. Leveraging the 
output uncertainties can result in a model that is more robust to noise e!ects observed in freehand US scanning.

Methods: Our data consisted of 3D US volumes acquired at 19 gestational weeks as part of the INTERGROWTH-21st 
study3 and aligned to a reference 3D atlas space4. We selected 24, 2, and 7 3D volumes for training, validation, and testing 
respectively. The proposed network took as input 2D slices sampled from arbitrary cross-sectional planes of the 3D volumes. 
The corresponding plane poses are parameterized by xyz coordinates of 3 reference points and defined as 3D pose 
P�Rheight×width×9. We adapt existing work2 which predicts the 3D pose P¬ of 2D US fetal brain images by incorporating 
components to account for uncertainty. We refer to our proposed model as QAERTS, which predicts the pose represented 
by various parameterizations of rotation (i.e., Quaternions, Axis-angles, Euler angles, Rotation matrices) in addition to shared 
Translation and Scaling using a multi-head DNN (Fig 1). We hypothesize that confidence of predictions with inputs of variable 
quality can be quantified by measuring variance between di!erent parameterizations of predicted poses. As the original loss 
function of MSE in2 does not capture predictive uncertainty and assumes uniform variance across all inputs, we utilize the 
outputs to predict a multivariate normal distribution parameterized by the ensemble mean (P¬avg) of poses and the learned 
variances (σ2avg) after each geometrical transformation. Then, Gaussian Negative Likelihood Loss (GNLL) is minimized 
with respect to ground-truth reference poses. Accounting for heteroscedasticity during training allows higher weight to be 
assigned to inputs with lower variance, and improves learning by focusing on lower-noise regions in feature space6. The 
evaluation metrics used are Euclidean distance (ED), plane angle (PA), normalized cross-correlation (NCC) and structural 
similarity (SSIM)2.

Results: As shown in Fig 1(b-e) and 2, our proposed model, QAERTS, with ablation studies, were compared to Base2, and its 
modification to predict mean and variance (MVE) from separate heads6, as well as current uncertainty-based deep learning 
baselines, namely Monte-Carlo Dropout (MCD)7, Deep ensembles (DE)8 and Deep Evidential Regression (EDL)9. QAERTS 
reports improved performances across each metric compared to base, MVE, MCD and EDL, but is not as capable as DE (Fig 
1b-e)10. Nevertheless, QAERTS mitigates computational overhead in terms of time and parameters compared to DE, while 
maintaining competitive performance on pose prediction quality compared to other baselines (Fig 2).
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Conclusions: We observe overall performance of all techniques improves through uncertainty-aware learning and our 
proposed model, QAERTS, was second only in predictive performance to DE but with ~5x fewer parameters. This suggests 
QAERTS can reduce model ambiguity with respect to input quality while being computationally e"cient.
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Enhancement of glymphatic activity in early Alzheimer’s disease using low-intensity ultrasound

Sang Won Jo1, Jaeho Kim1, Bo-yong Park2

1Dongtan Sacred Heart Hospital, Hallym University College of Medicine, Hwaseong, Gyeonggi-do, 2Inha University, 
Incheon, Incheon

Introduction: Alzheimer’s disease (AD) is marked by the accumulation of metabolic waste in the brain, with glymphatic 
dysfunction implicated in its progression. Low-intensity ultrasound (LIUS) has emerged as a potential non-invasive modality 
to facilitate glymphatic clearance. This study was aimed to evaluate the e"cacy and safety of LIUS in improving glymphatic 
system activity and cognitive function in early AD patients.

Methods: In this prospective pilot study, conducted from September to November 2022, ten participants (mean age 69 years; 
5 men) with positive amyloid positron emission tomography (PET) imaging underwent LIUS. The LIUS treatment involved 
thrice-weekly sessions over four weeks. Magnetic resonance imaging (MRI) and amyloid PET scans were used for quantitative 
analysis of glymphatic activity, blood-brain barrier (BBB) integrity, microbleeds occurrence and amyloid deposition changes, 
respectively. The study also employed neuropsychological tests to assess cognitive changes. To analyze the quantitative 
values of di!erent MRI sequences and neuropsychological test results before and after LIUS treatment, the paired sample 
t-test (or Wilcoxon signed-rank test) was used.
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Results: All participants completed the treatment without significant adverse events. Post-treatment, the cerebral cortex 
showed increased glymphatic activity (slope mean ratio on T1 value-time graph [slope (post-treatment)/slope (pre-treatment)]: 
1.14, p=0.048). Neuropsychological testing demonstrated improvements in cognitive function (the Trail Making Test Black & 
White Part A and B, p=0.017 and p=0.044, respectively; the Korean version of Quality of Life, p=0.046; Attention Questionnaire 
Scale, p=0.036). No significant changes were observed in blood-brain barrier integrity, microbleed, or brain volumetry.

Conclusions: LIUS appears to be a safe method for enhancing glymphatic clearance and cognitive function in early AD 
patients. These results highlight LIUS’s potential as an e!ective therapeutic option for AD, warranting further investigation 
with a larger cohort and a control group for more definitive conclusions.
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Steerable transcranial ultrasound stimulation (TUS) validated by acoustic radiation force imaging
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Introduction: Transcranial Ultrasound Stimulation (TUS) is a non-invasive technique that has considerable potential in the 
field of neuromodulation, given its spatial precision in the millimetre range and ability to reach deep targets in the human 
brain (Yaakub et al., 2023). Combining TUS with Magnetic Resonance Acoustic Radiation Force Imaging (MR-ARFI; Darmani 
et al., 2022) potentially enables the assessment of stimulation focus and intensity, both of which are extremely important 
for stimulation validation. Di!erent to monitoring approaches based on temperature rises as used in high-intensity focussed 
ultrasound (HIFU), MR-ARFI assesses TUS e!ects via MR signal phase changes from subtle tissue displacements (Pauly, 2015). 
Due to the correlation between tissue displacement (quantified by phase di!erence maps) at a given position and the acoustic 
intensity of the beam there, MR-ARFI o!ers an opportunity for real-time target validation. This is essential not only for safety 
reasons, but also to validate the acoustic simulations and make sure the desired stimulation outcomes are reached. We extend 
our previous work on MR-ARFI (van den Heuvel et al., 2023) by showing how a novel using 256-element transducers allows 
for well-defined steering of the TUS focus by changing stimulation parameters without any change in the setup.

Methods: Our method uses a novel setup consisting of a custom-made MR-compatible, 256-element TUS system for precise 
beam steering, as well as a developed framework for TUS stimulation control, from which the desired acoustic intensity can be 
controlled. The focus localization is done using an MR-ARFI sequence (van den Heuvel, 2023) as the imaging method. Images 
(1.5x1.5x5mm3 voxel size, TE/TR=80/1000, 32 averages) are acquired with and without TUS sonication, in an interleaved 
scheme. A soft tofu phantom (e.g., McGarry et al., 2013) is used to simulate brain tissue, given their similar density and acoustic 
properties. Sonication was performed at 283kHz with a duration of 19ms. This study involves two separate experiments, 
designed to address the current challenges encountered in TUS implementation. Beam steering capabilities of the system are 
verified by varying the specified focus coordinates to the corners of a 10mm by 10mm square. Intensity e!ects were tested by 
varying voltages from 20V to 80V (Figure 2).

Results: Our beam steering experiment validates the ability of the developed system to precisely control the location of the 
ultrasound focus (Figure 1), as well as its intensity (Figure 2). From Figure 1, we can see that the focus shifts to the desired 
position with a high degree of accuracy. Moreover, despite the presence of slight artefacts arising from the fragile structure 
of the used tofu phantom, it is clear that the focus intensity is quadrant-independent, which suggests consistent results 
regardless of the chosen steering direction. Regarding the voltage experiment (Figure 2), the gradual transition of the intensity 
of the focus is in agreement with the linear relationship found in previous studies (e.g., Li et al., 2022). This predictability is 
important for acoustic dose planning, particularly in clinical applications, where precise knowledge of the acoustic intensity 
is critical.

Conclusions: Here we have shown that MR-ARFI can be used to measure TUS e!ects with high spatial resolution. As 
expected, phase changes at the focus were increasing with the voltage used. Beam steering capabilities were successfully 
demonstrated by shifting focus location around the initial central target. Our proposed TUS-MRI setup shows that multi-
element TUS transducers enable precise steering of the TUS focus without any change in the mechanical setup. This enables 
online adjustments to not only compensate for discrepancies between simulation results and accrual sonication e!ects, but 
also to switch stimulation targets on-the-fly, i.e. during an TUS/MR experiment.
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Quantitative Susceptibility Mapping in Cerebral Cavernous Malformations: Phantom vs Human lesions

Ogechukwu Ngwu-Hyacinth1, Williams Willoughby1, Mark Bolding1
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Introduction: Cerebral cavernous malformation (CCM) is a vascular anomaly a!ecting over 0.5% of the population, with 
a heightened risk of stroke and epilepsy due to recurring lesional hemorrhages. Currently, surgery is the only definitive 
treatment1, but this poses a significant risk of morbidity and mortality. We propose magnetic resonance image-guided focused 
ultrasound (MRgFUS) treatment of CCM lesions, a technique combining magnetic resonance imaging (MRI) and focused 
ultrasound (fUS) for visualizing, targeting, and monitoring lesions. Studies have shown that the thermal energy released at 
the focus of the ultrasound can induce ablation of vascular lesions. Furthermore, MRI, particularly utilizing gradient echo T2 
star-weighted and susceptibility-weighted imaging, is recommended for CCM detection1. Additionally, MRI has been shown to 
produce real-time temperature maps and estimates of tissue coagulation during the ablation process2. However, susceptibility 
artifacts from hemorrhagic residues in vascular lesions hinder accurate temperature monitoring during MRgFUS treatment3. 
The study aims to address this knowledge gap by using quantitative susceptibility mapping (QSM), an MRI technique, to 
estimate iron content in CCM phantoms. Objectives: - To compare the susceptibility of CCM phantoms with the susceptibility 
of CCM lesions in humans.

Methods: To make the CCM phantom, jelly beads were made from a mixture of red-colored liquid containing 2g of Iron (III) 
citrate (0.1g Fe2+) and sodium alginate spherified in a Calcium lactate solution and frozen to achieve a solid consistency. 
To mimic CCM lesions, three gelatin brain molds were embedded with the frozen jelly beads and the mold was allowed to 
form at room temperature. MRI images were acquired at 3.0T using TE = 10ms, TR = 100 ms, 30cm field of view and 128*128 
matrix. MRI data were analyzed using FSL (www.fmrib.ox.ac.uk/fsl). QSM maps were reconstructed from data acquired with a 
3-dimensional T2*-weighted gradient echo sequence. To validate our QSM estimates, the mean susceptibility values of the 
CCM phantoms were correlated with the QSM-derived iron measurements in human patients4.

Results: The iron-embedded jelly beads appeared hyperintense on the QSM maps compared to the nearby gelatin mold. The 
susceptibility of iron in these phantoms, as demonstrated by QSM, averages about 2ppm, similar to the iron content of human 
CCM lesions, as shown in this paper4.

Conclusions: This preliminary experiment developed a phantom with similar magnetic, spin relaxation and susceptibility 
properties as a human CCM to enable testing various MRI pulse sequences and monitoring temperature feedback during fUS 
treatment on phantom models. While acknowledging iron as the assumed predominant susceptibility source in the phantom, 
the study concludes that high-field MRI techniques, particularly QSM, o!er new avenues for CCM lesion monitoring. Future 
investigations will explore correlations between susceptibility and physical properties of CCM phantoms, informing the 
transition to in-vivo animal models and, eventually, clinical trials.
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Transcranial Ultrasound (TUS) applied to Corpus Callous Diminishes EEG Alpha Power
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Introduction: The alpha rhythm is perhaps the most prominent feature in EEG recordings, yet its spatial origins and functional 
significance have been debated since its was first observed in 1929. In Berger’s pioneering work, he noted prominent “alpha 
waves” that were abolished with the eyes open in the first recorded human EEG (Berger 1929). Combined cortical surface, 
intracortical depth electrode, and intra-thalamic recordings provided additional evidence that alpha may be generated by 
the pulvinar nucleus and other nuclei of the thalamus influence cortical alpha activity (Lopes da Silva 2023). At birth and 
throughout infancy, there is no distinguishable EEG alpha rhythm (Trujillo, Gao et al. 2019). Given that the emergence of the 
alpha rhythm appears to parallel the development of myelin and the formation of white matter fiber bundles, we hypothesized 
that white matter signaling may also play a role in generating or carrying the alpha rhythm. To explore this theory, we applied 
transcranial ultrasound (TUS) sonication to healthy adult subjects in the following brain regions: corpus callosum, medial 
dorsal thalamus, and the pulvinar nucleus and measured changes in EEG alpha power.

Methods: All study protocols were approved by the CCN IRB prior to commencing studies. A total of 24 subjects were enrolled 
in the study. A subset of subjects (N=8) returned on a di!erent day to receive sonication at a di!erent brain target. Thus, 
there were a total of 30 data collection sessions across the study cohort (mean age = 19 +/- 6 y.o., 33% female). EEG data was 
collected at baseline, following a sham condition, and after TUS sonication. EEG was recorded while subjects performed an 
“eyes open/eyes closed” task consisting of 3 blocks of each task for 30 seconds each to permit time for changes in alpha 
power. T1 MRI scans were used for neuronavigation purposes. Subjects received sonication to one of the three brain targets 
or 30 seconds on, and 30 seconds o! for a total of 10 minute.
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Results: During both baseline and “sham-TUS” EEG recordings, we observed a prominent alpha peak in spectral 
decompositions across participants during the eyes closed. We found no significant alpha power changes following TUS to 
thalamus or pulvinar (Figure 1). In contrast, we observed a significant diminution in alpha power following sonication of the 
corpus callosum (Figure 2).

Conclusions: TUS applied to the medial dorsal thalamus and pulvinar nuclei, did not significantly alter alpha power during 
the eyes closed state, when the alpha peak is conspicuous. The frequency position of the alpha peak also remained 
unchanged when TUS was applied to gray matter targets. In contrast, TUS applied to corpus callosum caused a prominent 
desynchronization in alpha power during the idle eyes closed state, as evident across both frequency and time-frequency 
decompositions. Our results provide exciting new evidence that the corpus callosum is either responsible for, or is an integral 
component requisite for the generation of the alpha rhythm in human EEG recordings.
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Introduction: Impaired fear extinction is an essential factor contributing into several anxiety disorders, such as post-traumatic 
stress disorder (PTSD) and phobias1. Based on the fear extinction model, exposure therapy is considered as an e!ective 
treatment method for anxiety disorders. However, some patients experience reappearance of fear in real-life contexts after 
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treatment, indicating the crucial role of contextual factors in the e"ciency of fear extinction (renewal e!ect). A recent fMRI 
study has shown activation of the left inferior frontal gyrus (LiFG) during the extinction phase of a predictive learning task, 
implying the correlational involvement of LiFG in context processing during extinction learning2. In this study, we aimed 
to investigate the suggested causal role of LiFG in the context-dependency of fear extinction learning via non-invasive 
transcranial direct current stimulation (tDCS), which alters cortical excitability, to target this area.

Methods: 180 healthy subjects (92 females) were recruited and randomly assigned to 9 groups (3 tDCS types (anodal, 
cathodal, and sham) × 3 context combinations (AAA, ABA, and ABB)). The fear conditioning task was conducted over 
three consecutive days: acquisition, the first extinction, and the second extinction phases. tDCS (2 mA, 10 min) was 
administered during the first extinction phase to the LiFG using a 4-electrode montage. Skin conductance response (SCR) 
data was collected and analyzed using a mixed-model ANOVA, Bonferroni comparisons were performed when results 
appeared significant.

Results: During the extinction phase, subjects who received anodal tDCS showed a significantly higher fear response 
compared to the cathodal and sham conditions, and this e!ect was stable till the 2nd extinction phase. Cathodal tDCS 
caused a significant decrease in the di!erence of the response to the threat and safety cues during the 2nd extinction 
phase compared to anodal and sham conditions. An interaction between tDCS and context was only observed during the 
extinction phase.

Conclusions: Our results do not support the causal role of LiFG in the context-dependency of fear extinction learning, 
though anodal tDCS led to augmented fear responses independent of the context. It has been previously indicated that in 
fear conditioning, a positive prediction error (PPE) can update and increase fear responses to the threat cues, and increased 
activation of the LiFG has been observed to be associated with PPE3. This is in line with our results, as hyperactivation of LiFG 
by anodal tDCS could have evoked a positive prediction error which increases fear responses. Furthermore, previous fMRI 
data have shown that the LiFG is activated when participants are asked to increase their negative emotions in response to 
aversive images4. Increasing the activity of the LiFG by tDCS in our study might therefore elevate the negative interpretation 
of the fear stimulus (CS+), leading to increased fear responses and deteriorate fear extinction learning.
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Exploring e!ects of prefrontal tDCS on Metabolite Levels in MDD, SCZ, and healthy subjects
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Introduction: Transcranial Direct Current Stimulation (tDCS) is a non-invasive brain stimulation technique that is gaining 
attention for its potential to modulate cortical brain activity, with applications in cognition and potential treatment options 
in various psychiatric conditions including major depressive disorder (MDD) and schizophrenia (SCZ). This study aimed to 
investigate how bifrontal tDCS might influence brain metabolite concentrations within the medial prefrontal cortex (mPFC). To 
achieve this, we employed a concurrent tDCS-magnetic resonance spectroscopy (MRS) setup, allowing us to observe potential 
changes in brain chemistry associated with the application of tDCS in real-time.
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Methods: A total of 30 subjects with MDD (20 men, mean age 30.4±11), and 23 subjects with SCZ (17 men, mean age 35.78±11) 
and 36 healthy control subjects (26 men, mean age 31±10), matched for age and gender with the MDD and SCZ samples 
participated. A 3 Tesla Siemens Skyra MRI scanner in conjunction with a neuroConn DC-Stimulator MR device was used for 
the study. In vivo MRS was obtained utilizing a MEGA-PRESS sequence to monitor neurometabolic shifts before, during, and 
after 20 min of 2 mA tDCS administration with 5 x 7 cm electrodes. The anode was positioned over F3 (left DLPFC) and the 
cathode over F4 (right DLPFC). Stimulation sessions were performed in a randomized and counterbalanced order in a cross-
over design.

Results: Before the application of tDCS, a baseline comparison between the groups was performed to evaluate inherent 
di!erences in metabolite concentrations under both active and sham conditions. Accordingly, the MDD group exhibited 
higher Glu and Glx concentrations compared to the healthy group. To evaluate the tDCS e!ect, baseline corrected 
metabolite concentrations were quantified as separate analyses for each group comparing active and sham conditions. 
The notable finding emerged in the SCZ group, where active tDCS initially had a significant impact on NAA concentrations 
compared to sham in the beginning of the stimulation. However, this e!ect did not persist throughout the stimulation period. 
Comprehensive group comparisons further revealed pronounced di!erences in NAA concentrations, with SCZ group having 
significantly lower values compared to the healthy group. Furthermore, in both active and sham conditions, the healthy group 
exhibited significantly higher NAA, Glu, and Glx levels compared to the MDD group during the study period.

Conclusions: The findings shed light on the neurochemical underlying prefrontal tDCS for our study subjects at the two 
specific measurement times, highlighting possible cross-sectional utility for two major psychiatric diseases. MDD patients 
exhibited inherently higher concentrations of Glu and Glx compared to healthy controls, suggesting a potential neurochemical 
distinction associated with major depressive disorder. Contrastingly, when examining the metabolite levels over time, our 
results indicated a consistent decrease in all three metabolite concentrations in the MDD group compared to healthy controls. 
However, the absence of a significant three-way interaction (group by stimulation by time) suggests that these observed 
reductions are not dependent on the type of stimulation-active or sham. Interestingly, while tDCS influenced metabolite 
levels in the SCZ group, the e!ects were transient, indicating a temporary neurochemical response to tDCS in schizophrenia. 
Nevertheless, the absence of certain findings does not rule out possible e!ects on NAA, Glu, and Glx levels in lateral 
prefrontal regions or under varying tDCS conditions, such as di!erent montages, intensities, and durations. Future research 
employing multi-voxel MRS might address these gaps and allow for a more comprehensive localization of the e!ects of tDCS 
on neurotransmitter levels, including network e!ects over predefined regions of interest.
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TDCS Modulates Baseline fMRI Activity and Population Receptive Fields in the Human Visual Cortex
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Introduction: Transcranial direct current stimulation (tDCS) is a widely employed method for modulating various kinds of 
human cognition. Despite its widespread application, recent neuroimaging studies investigating the impact of tDCS on 
cortical excitability have yielded highly inconsistent results. This inconsistency underscores the need for a comprehensive 
understanding of how tDCS a!ects system-level neural activity, an essential prerequisite for the informed application of tDCS 
in the field of human cognition. In this study, our objective is to elucidate this understanding by examining the spatial and 
temporal functional magnetic neuroimaging (fMRI) activity within the human early visual cortex, assessed through diverse 
parameters, all while carefully controlling the polarity and presence of tDCS. The selection of the early visual cortex as our 
target allows us to leverage its well-established anatomical and functional architecture, readily accessible through non-
invasive quantitative neuroimaging methods.

Methods: To precisely and e!ectively create an electric field in the early visual cortex, we tailored high-definition stimulation 
montages for 15 individuals (25.7 ± 4.17 years, five females) by conducting electric field simulations based on individual head 
models (Fig. 1). Subsequently, we implemented an fMRI-tDCS experiment on each brain with a sham-controlled crossover 
design over multiple days. To investigate the impact of tDCS on the temporal and spatial dynamics of cortical activity, we 
measured fMRI responses to both brief (3 s) whole-field stimuli and traveling-wave stimuli (Fig. 2a-b). The temporal dynamics 
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were characterized by estimating baseline, response amplitude, and sustained response parameters, while the spatial tuning 
was quantified using a population receptive field (pRF) model. We assessed the significance of these parameters using mixed 
ANOVA and further validated their robustness against across-voxel and across-subject variability.

Results: We observed significant impacts of tDCS on the baseline measure and the pRF after anodal tDCS. The o-ine 
anodal tDCS resulted in an increase in the baseline of the fMRI time course (z = 7.38, FDR-adjusted p = 3.E-13 across voxels), 
a decrease in spatial tuning width (z = -5.19, FDR-adjusted p = 4.E-07 across voxels), and an augmentation of surround 
suppression (z = 4.47, FDR-adjusted p = 1.E-05 across voxels) (Fig. 2c-d).

Conclusions: Comparisons between our findings and previous studies indicate fundamental di!erences in the e!ects of 
transcranial direct current stimulation (tDCS) on the visual and motor cortices. Our results suggest a prevalence of inhibitory 
e!ects in the visual cortex, contrasting with the excitatory e!ects predominant in the motor cortex. These observations 
underscore the importance of considering variations in the excitatory-inhibitory recurrent network across di!erent brain 
regions when predicting or interpreting the e!ects of tDCS.

References
1. Ahn, J. (2023). Transcranial direct current stimulation elevates the baseline activity while sharpening the spatial tuning of the human 

visual cortex. Brain Stimulation, 16(4), 1154–1164.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 160

ABSTRACTS

Poster No 101

Impact of tDCS on brain metabolites in the left DLPFC in healthy subjects
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Introduction: Transcranial Direct Current Stimulation (tDCS) is emerging as a non-invasive brain stimulation (NIBS) technique 
for modulating cortical brain activity, with potential implications in cognitive enhancement and treatment in psychiatry. 
Current knowledge on tDCS primarily pertains to its neurophysiological e!ects, encompassing motor-eveoked potentials, 
cognitive studies, EEG investigations, and fMRI research; however, there is limited understanding regarding its impact on brain 
metabolites in the dorsolateral prefrontal cortex (DLPFC), a target region for NIBS in mental disorder. The aim of this double-
blind, placebo-controlled investigation was to explore the impacts of prefrontal tDCS on neurotransmitter levels, specifically 
glutamine/glutamate (Glx), N-Acetylaspartate (NAA), and gamma-aminobutyric acid (GABA) in the left dorsolateral prefrontal 
cortex (DLPFC), utilizing a combined tDCS/MRS approach in a sample of healthy volunteers.

Methods: A total of 41 healthy individuals (19 females; mean age: 25) underwent bifrontal active (2 mA for 20 min) or 
sham tDCS targeting the left (anode: F3) and right (cathode: F4) DLPFC within a 3 Tesla Siemens Prisma MRI scanner, 
utilizing a neuroConn DC-Stimulator MR device. In vivo magnetic resonance spectroscopy (MRS) was employed to monitor 
neurometabolic changes before, during, and after tDCS administration. A Siemens vendor and MEGA-PRESS sequence 
specific basis set was used for linear-combination modeling deployed in LC Model software. A single voxel, positioned 
underneath F3, was utilized to quantify metabolite levels at four 10-minute measurement time points at baseline, during the 
first and second 10 minutes of stimulation and after the stimulation. LCModel (Linear Combination Model, Version 6.3-1R), a 
reliable and model-free method for analyzing brain metabolites, was employed. For in vivo data, eddy current correction and 
water scaling were applied. Furthermore, we utilized Osprey (version 2.5.0) for voxel registration and tissue segmentation. 
Statistical analyses were conducted using the R programming language (version 4.2.2) in R Studio (version 2022.12.0.353: R 
Development Core Team, 2008).

Results: There was a significant increase in Glx levels during active tDCS compared to sham tDCS. This e!ect was still 
detectable during the 10 min post- stimulation period. Three-way interaction was not ssignificant for GABA and NAA 
between stimulation conditions and, time points, however, sex and sex-specific variations were observed in GABA and 
NAA metabolites.

Conclusions: This concurrent tDCS-MRS study demonstrates that a single session of anodal tDCS of the left DLPFC has 
acute e!ects on Glx levels at the target site, whereas e!ects on GABA and NAA were not detected. Further studies should 
investigate sex e!ects in larger samples and compare the acute e!ects in health and disease.
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Introduction: Although transcranial direct current stimulation (tDCS) is known to be e!ective for modulating cortical activity, 
there is considerable variability in response and lack of understanding how resting state functional connectivity (rsFC) 
changes. The aim of this study was to investigate how variations in electrical field magnitude (E-field) applied to the target area 
of tDCS, which was the left dorsolateral prefrontal cortex (L-DLPFC), a!ect L-DLPFC-based rsFC changes in healthy adults.

Methods: A double-blind, sham-controlled, counterbalanced cross-over design was applied on 21 healthy individuals 
(37.6±8.6y). Participants received either constant 2 mA anodal or sham tDCS targeting the L-DLPFC during 10 min (wash-
out period; at least 3 d, Mindd Stim, Ybrain, Inc, South Korea). The resting-state fMRI (3-T) was acquired before and after 
stimulation. The L-DLPFC was localized in each individual (Mylius et al., 2013) and E-field (V/m) was estimated. A spherical 
region of interest (ROI) surrounding individual peak of the L-DLPFC (radius 10 mm) was generated to construct seed-based 
rsFC. The subject-level regression coe"cients (COPEs), representing rsFC strength, fed into a higher-level group analysis. 
To examine alterations in overall L-DLPFC rsFC after active and sham tDCS, average beta-estimates for both positive and 
negative L-DLPFC rsFC were extracted from the subject-level COPEs images within each condition. These estimates were 
obtained after masking the COPEs images by the thresholded connectivity map derived from all pre-stimulation conditions. 
Repeated measure of analysis of variance (RM-ANOVA) and paired-sample t-tests was conducted to test the significance of 
di!erence using MATLAB. To assess locally distributed L-DLPFC rsFC changes, mixed-e!ect analysis was conducted using 
FSL FLAME1, treating participants as random e!ects. Pairwise post-hoc comparison was also performed. The relationship 
between the E-field delivered to the L-DLPFC and changes in L-DLPFC rsFC was investigated. The positive connectivity map 
of active tDCST0 (cluster-extent based thresholding |z| > 3.1, FWE p < 0.05) revealed 9 clusters, while the negative connectivity 
map revealed 14 clusters. Average beta-estimates of 23 clusters were extracted from the subject-level COPEs images of both 
active tDCST0 and tDCST1.The di!erence in beta-estimates between active tDCST0 and tDCST1 was correlated with the 
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E-field while controlling for age, sex, and instances where subject incorrectly identified active tDCS as sham using a partial 
correlation analysis.

Results: There was a significant main e!ect of time on overall L-DLPFC positive and negative connectivity (F(1,20)=12.397, 
p=0.002, and F (1,20)=8.469, p=0.009, respectively) while the main e!ect of condition was not significant (F (1,20)=1.255, 
p=0.276 and F (1,20)=1.244, p=0.278, respectively). Post-hoc paired t-tests revealed that there was a significant decrease in 
rsFC after sham whereas the change was modest and not significant after active tDCS (Fig 1). No brain area was observed 
showing a significant main e!ect of condition but the left precuneus (x=-14, y=-48, z=58) exhibited an interaction e!ect, 
demonstrating that (active tDCST0 + sham tDCST1) > (active tDCST1 + sham tDCST0). A pairwise comparison revealed 
no significant di!erence between and within conditions. Among the 23 clusters showing significant connectivity with the 
L-DLPFC, changes in connectivity of the left DLPFC, left inferior parietal area, and bilateral lateral visual areas exhibited 
moderate and strong correlations with the E-field (Fig 2).

Conclusions: TDCS may help to maintain overall rsFC while sham induced reduced rsFC. The impact of single-session active 
tDCS was subtle to change local connectivity of L-DLPFC. Nevertheless, E-field applied on the target area is associated 
with changes in rsFC, observed in both proximal and distally connected brain regions with L-DLPFC. Funding: NRF-
2020R1C1C1012785
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Introduction: Transcranial direct current stimulation (tDCS) has been demonstrated to be e!ective in the treatment of 
neurological and psychiatric diseases by regulating neural activities1. Recent evidence shows that human primary visual cortex 
(V1) plays a vital role in neurocognitive function2,3, however, the impact of tDCS on the V1 remains unclear. Therefore, this 
study aims to investigate the e!ect of tDCS on V1 using resting-state functional magnetic resonance imaging (rs-fMRI).

Methods: The study included 10 healthy adults (6 males, age 22.8±1.9 years) and received approval from the IRB. Participants 
underwent 15 days of stimulation and a two-week follow-up. In the stimulation period, each participant received 2mA anodal 
tDCS for 20 minutes, targeting V1 (stimulation montage: PO3, 2 mA; FT7, -0.6 mA; CZ, -0.5 mA; Iz, -0.9 mA) with Molecular 
Neurological Institute coordinates (x, y, z) = (6, -63, 15) (Figure 1a), who experienced three sessions in which each one of them 
included MRI scanning before, during and after stimulation, respectively. In the follow-up, MRI data were collected on the 8th 
and 15th day respectively. The pipeline of the entire experiment is shown in Figure 1b. All MRI data were acquired on a 3.0T 
Siemens Prisma scanner .The rs-fMRI data were preprocessed using DPABI4, including slice timing correction, realignment, 
normalization, smoothing, and filtering (0.01–0.1 Hz), and then fractional amplitude of low-frequency fluctuation5 (fALFF) and 
functional connectivity6 (FC) were calculated for each participant. Paired t-tests were conducted on fALFF and FC before and 
after each stimulation to explore the short-term e!ect of tDCS, and between the 8th, 15th, 22nd as well as 29th day and the 
baseline (the 1st day) to explore the long-term e!ects of tDCS (Figure 1b). Gaussian Random Field (GRF) theory was used to 
perform multiple comparison corrections on the results of the paired t-tests, with a voxel threshold of p < 0.01 and a cluster 
threshold of p < 0.05.

Results: The tDCS on V1 increased fALFF values in the bilateral superior frontal gyrus, middle frontal gyrus, and posterior 
cerebellar lobes during three short-term stimulations (Figure 1c). Long-term stimulation showed increased activity in the frontal 
regions on the 8th day and decreased activity in the superior parietal lobe and precuneus on the 8th and 15th day, while the 
occipital lobe and posterior cerebellum exhibited increased activity on the 22nd and 29th day after stimulation (Figure 1d). FC 
analysis revealed two recurring brain states, in which State 1 exhibited strong connectivity between the medial frontal lobe as 
well as posterior cingulate gyrus (default mode network, DMN) and the V1, and State 2 showed a common strong connectivity 
in widespread regions with the V1(Figure 2a). During 20-mintue stimulation, State 1 occurred more frequently than State 
2(Figure 2b-c), and transitions from State 2 to State 1 were predominant (Figure 2d).

Conclusions: This study explored the e!ects of tDCS targeting V1 on resting-state brain activity. The increased fALFF 
in the frontal and cerebellar regions after short- and long-term stimulations suggests that electrical stimulation may 
exert a regulatory influence on cognitive functions7. The FC-based state analysis found that the brain preferred to stay 
in the state with strong connectivity between DMN and V1 during the stimulation. This suggests that tDCS may regulate 
emotional and cognitive functions8 by modulating the DMN. Additionally, the cerebellum was significantly activated 
by tDCS, which was implicated in cognitive and psychological activity9,10. In summary, these findings contribute to the 
understanding of the mechanisms of tDCS on V1 and its potential for non-invasive interventions in neurological disorders and 
cognitive enhancement.
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Introduction: Humans learn and improve various motor skills through repeated training in daily life. Transcranial direct current 
electrical stimulation (tDCS) during motor learning is a useful tool to promote and consolidate motor learning1. A previous 
study using tDCS during reaching tasks in a force field environment suggested that anodal stimulation of the primary motor 
cortex (M1) is involved in the acquisition of internal models2. However, changes in brain activity following brain stimulation 
have not yet been fully elucidated. Therefore, we investigated the e!ects of tDCS on task performance and brain activity using 
a reaching task in a force field environment and functional MRI (fMRI).

Methods: Thirty-two healthy right-handed adults (18–27 years old, 10 women) participated in this study. Four participants 
were excluded from the analysis because of poor image quality. This study was approved by the Ethics Committee of Kochi 
University of Technology. The participants manipulated the robotic device using right-wrist movements to move a cursor and 
perform a reaching task. Each set consisted of 60 trials and 10 sets were conducted. This experiment was divided into four 
segments: base segment (1 set), learning segment (3 sets), washout segment (3 sets), and recall segment (3 sets). Participants 
were trained in a velocity-dependent clockwise force field in the learning and recall segments. We acquired fMRI data for all 
segments. The tDCS was applied three times for each set in the learning segment (tDCS group, 14 participants) or not applied 
(sham group, 14 participants). The center of the anode was placed over the left M1, and the center of the reference electrode 
was placed over the right supraorbital area. The reaching error as task performance was analyzed by calculating the vertical 
distance from the line connecting the start and target at the cursor’s maximum speed. We averaged the reaching error as a 
block of 10 trials and compared it between the tDCS and sham groups. Analyses of fMRI data were performed using SPM12. 
Brain activity was assessed by comparing the tDCS and sham groups in each segment.

Results: The reaching error was significantly smaller in the late learning segment (block 13–18) and late recall segments (block 
13), and significantly larger in the early washout segment (block 2–5) in the tDCS group than in the sham group. In a group 
comparison of brain activity, the caudate nucleus was activated during learning, washout and recall segments in the tDCS 
group than in the sham group after small-volume correction.

Conclusions: Using anodal tDCS on the M1 during force field adaptation facilitates and retains adaptation, with the 
involvement of the caudate nucleus being crucial for this outcome.
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Introduction: The variability in the e!ects of transcranial Direct Current Stimulation (tDCS) is seen due to the inter-individual 
di!erences in brain anatomy causing variability in the current intensity reaching the Region of Interest (ROI). Evans et al. 
showed that variability in current intensity within the ROI can be reduced by varying the dose (amount of current applied to 
the scalp) from outside the brain3. It is known that current intensity at target ROI also depends on montage configurations like 
conventional (1x1) and high-definition (HD) tDCS (4x1) as HD-tDCS is thought to be more focal1. The present study investigates 
the variability in the personalised dose needed to obtain a constant intensity at the target ROI across individuals for both 
HD-tDCS and Conventional tDCS. This will be investigated in dementia patients, known to have severely atrophied brains, 
compared against a control major depressive disorder group expected to have relatively lesser brain atrophy.

Methods: T1 weighted MRI images of 125 subjects (78 Dementia and 47 Depression), were used to simulate 2 language 
pathway montages (dorsal CP5_Cz and ventral TP7_Nape of the neck)2 using 2 montage configurations (Conventional and 
HD electrode) and 2mA input current through ROAST software. ROAST final output gives electric field distribution for both 
montages4. ROAST output i-SATA (MNI) software5 estimates Average Current Density (ACD) across individual cortical lobes 
and gyri in two ROIs for each dorsal [Inferior parietal lobule (IPL) and angular gyrus (AG)] and ventral [middle temporal gyrus 
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(MTG) and inferior temporal gyrus (ITG)] pathways of language (Figure 1). Using ACD data, we calculate the required dose (RD) 
for conventional and HD-tDCS by following formulae.3,5 Required Dose= 2/(simulated current at ROI )× Desired intensity at ROI 
The desired intensity at the target ROI was determined as the intensity obtained at the same ROI after simulating MNI brain 
with 2 mA as the current dose. DTDI (Dose-target determination index) measured the probability of target ROI receiving the 
maximum current, was calculated by following formulae5 DTDI=(ACD at the target ROI)/(Maximum value of ACD formed at any 
ROI) A DTDI value of 1 show that the maximum stimulation intensity (ACD) is generated at the target ROI. However, the peak 
intensity may be received at non-targeted ROI, resulting in a DTDI value <1. A DTDI value of 0 will indicate no stimulation of the 
target ROI. Three separate Linear regression analysis was performed to understand the relationship between the dose, ACD 
at ROIs and DTDI index as dependent variable and montage configuration (conventional vs HD) as the independent variable 
while controlling for age and sex.

Results: For all 4 target ROIs in both the groups (dementia and depression), the ACD at ROI was significantly higher for 
conventional tDCS than HD-tDCS. For the dementia group, the dorsal and ventral pathway ROIs needed significantly lesser 
doses for conventional tDCS than HD tDCS. However, such a di!erence in the dosage requirement was seen only for dorsal 
pathway ROIs in the control depression group. The DTDI values were almost similar between the two montage configurations 
in both the groups, except IPL(both dementia and depression) and AG (only dementia) ROIs showed a higher probability of 
reaching peak current for conventional montage (Figure 2).
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Conclusions: We found that significantly higher ACD is received at the target ROI for conventional montage than HD-tDCS, 
consistent across di!erent ROIs and disease groups. However, depending on the disease population (with varying degrees of 
atrophy), conventional tDCS requires a lower individual current dose (within the maximum tolerable dosage of 4mA) outside 
the scalp to generate a consistent current intensity at the target ROI across individuals. However, the probability of hitting the 
target region with peak current remains unchanged, irrespective of the montage configuration.
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Introduction: One major clinical challenge of repetitive transcranial magnetic stimulation (rTMS) is that the treatment 
responses to rTMS exhibited high individual variations. Anatomical factors that may contribute to the heterogeneity in rTMS 
e!ects on depression and cognition, and rTMS-induced neuroplastic changes, are less investigated.

Methods: Fifty-five older patients (aged 65 years or over) with co-occurring depression and cognitive impairments were 
randomly assigned to receive either active or sham rTMS on left dorsolateral prefrontal cortex (DLPFC). Individual’s brain age 
was calculated with morphometric features using support vector machine (SVM). Brain-predicted age di!erence (brain-PAD) 
was computed as the di!erence between estimated brain age and chronological age. The changes of motor threshold (MT) 
and brain-derived neurotrophic factor (BDNF) were used to evaluate the neuroplasticity.

Results: The rTMS responders and remitters had younger brain age. Every additional year of brain-PAD at baseline decreased 
the odds of the relief of depressive symptoms by ~25.7% in responders (Odd ratio [OR] = 0.743, Nagelkerke R2 = 0.392, p = 
0.045) and by ~39.5% in remitters (OR = 0.605, Nagelkerke R2 = 0.606, p = 0.022) at 3rd week in active rTMS group. Using 
brain-PAD as feature, responder-nonresponder classification accuracies of 85% (3rd week) and 84% (12th week), respectively 
were achieved.

Conclusions: Pre-treatment brain age matrices by macro-level morphometric features in patients with neurocognitive 
disorders, may be relevant to inter-individual variability in treatment responses to rTMS treatment.
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Introduction: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder marked by challenges with social 
communication, language, and repetitive behaviors as well as sensory processing. Of the sensory symptoms in ASD, 
sensory over-responsivity (SOR) is highly impairing and a!ects 50-70% of autistic individuals (Baranek et al., 2006). SOR is 
characterized by an aversive response to ordinary sensory stimuli and dysregulation in brain regions such as the prefrontal 
and sensory cortices (Schwarzlose et al., 2023; Green et al., 2017). To date, there are no pharmacological or behavioral 
treatments for SOR. While repetitive transcranial magnetic stimulation (rTMS) has been a promising treatment for core 
symptoms of ASD such as repetitive and stereotyped behaviors as well as social impairments (Barahona et.al., 2018; Gomez 
et.al., 2017), its e!ect on symptoms within the sensory domain remains unclear. This study utilized functional magnetic 
resonance imaging (fMRI) to investigate the e!ects of intermittent theta-burst stimulation (iTBS) to the left dorsolateral 
prefrontal cortex (dlPFC) on sensory processing in adults with ASD and SOR.

Methods: Participants were young adults, 18-24 years of age, with ASD and SOR (N=12). Task-based fMRI data were collected 
at two time points. The fMRI task consisted of 15-second blocks of mildly aversive tactile stimuli (scratchy cloth rubbed 
on participant’s left arm) presented simultaneously with alternating auditory or visual stimuli, with 12.5 seconds of fixation 
between blocks. In the current analysis, we focused on the auditory plus tactile stimulation condition, as this joint condition 
has previously been shown to elicit the most atypical neural responses in autistic youth (e.g., Green et al., 2015, 2019). Six 
blocks of each condition were presented, for a total of 6.7 minutes. The order of stimulus conditions was counterbalanced 
among participants. Immediately before the second MRI session, intermittent Theta-Burst Stimulation (iTBS) was administered 
to the left dlPFC, which has been shown to produce NMDA receptor dependent long-lasting facilitatory e!ects on cortical 
excitability (Huang et al., 2007; Huang et al., 2005). A Figure 8, 700mm coil (Magstim Rapid2) was used with an intensity of 
80% active motor threshold. A total of 600 pulses was delivered in 20 two-second on and 8-second o! cycles. Statistical 
analyses were conducted using the general linear model (GLM) implemented in FSL.

Results: During joint auditory and tactile stimulation, excitatory TMS administration elicited greater neural activity in 
occipital fusiform gyrus and inferior lateral occipital cortex compared to baseline (Figure 1, left). Additionally, excitatory TMS 
administration diminished neural activity in the postcentral gyrus/supramarginal gyrus/operculum (Figure 1, right), compared 
to baseline.

Conclusions: Our results show that iTBS to the left dlPFC modulates atypical neural responses to mildly aversive stimuli in 
autistic adults with SOR. More specifically, iTBS to the left dlPFC downregulated neural responses in primary and higher-
order somatosensory processing regions that have previously been shown to be hyperactive in individuals with ASD and 
SOR (Green et al. 2015, 2019). Results suggest that iTBS to the PFC, a region implicated in sensory regulation in ASD (e.g., 
Green et al., 2019), facilitated inhibition of sensory responses. Additionally iTBS to the left dlPFC elicited more activity in visual 
processing regions, indicating recruitment of task-irrelevant information possibly to disengage from aversive task-related 
sensory experiences. Future directions include replicating results with a larger sample. To the best of our knowledge, this is 
the first study to examine changes in MRI-based brain responses to aversive sensory stimuli following TMS over the dlPFC in 
adults with ASD. Our findings may inform future TMS intervention strategies for SOR in autistic individuals.
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Introduction: Glioma patients undergoing surgery in eloquent regions consistently sustain permanent postoperative language 
deficits that decrease both quality of life and survival. The origins of these poor outcomes remain unknown. Despite the 
advent of intraoperative mapping techniques, subjective judgements frequently determine important surgical decisions. 
Transcranial magnetic stimulation (TMS) has recently emerged as a promising non-invasive, preoperative language mapping 
technique. We aim to elucidate the determinants of aphasic surgical deficits by building an individualized predictive model 
based on TMS, routinely acquired preoperative imaging data, and the resection volume. The results shed light on the structure 
and function of large-scale language networks in glioma patients and lead to a clinical imaging approach for predicting and 
avoiding postoperative aphasic decline.

Methods: This retrospective study included 79 consecutive patients who underwent preoperative TMS language mapping and 
subsequent awake craniotomy for the resection of language eloquent gliomas. We used a deformable registration algorithm 
to co-register the postoperative MRI with the preoperative MRI containing functional and structural imaging features. We 
correlated the resection versus preservation of regions identified by preoperative reconstructions with pre to postoperative 
changes in the Western Aphasia Battery. We used TMS points as a collective seed for fiber tracking. We used a fractional 
anisotropic threshold selection approach standardized to the individual profile of each patient (25%, 50%, 75%, and 85%). 
We normalized the resected portion of the tracts to MNI space and analyzed their relationship with normative white matter 
tracts (7 language associated tracts: AF, SLF, IFOF, ILF, MdLF, FAT, UF) from the Human Connectome Project. We used binary 
logistic regression and confusion matrix elements to evaluate the predictive value of each model. We determined 1 versus 0 
predictions if the region identified by the cortical or subcortical reconstruction was resected or not. We determined 1 versus 0 
outcomes based on the language status of the patient at 1-2 months postoperatively (aphasia was counted as a 1).

Results: While the resection of TMS points alone did not significantly predict postoperative outcome (OR=2.8, p=.15), the 
resection of TMS points with robust subcortical connectivity with di!erent fractional anisotropic profiles significantly predicted 
aphasic deficits at every threshold (Figure 1B: 25%-OR=6.1, p=.011; 50%- OR=5.1, p=.017; 75%- OR=8.6, p=.004; 85%- OR=5.9, 
p=.019). An ROC curve based on the FA threshold for di!erent connectivity groups of TMS points showed an AUC of .72 
(Figure 1A). The same ROC curve for the subcortical TMS seeded tracts showed an AUC of .89 (Figure 1C). Multivariate analysis 
revealed that the resection of subcortical tracts independently predicts aphasic deficits while cortical resections do not 
(Figure 1D). We found that true positive tract-resection volumes significantly associated with normative HCP tracts compared 
to false positive tract-resection volumes (Figure 2). We used these measures to preoperatively predict the functional 
subdomains of TMS tracts based on their interaction with HCP volumes. This improved the positive predictive value (PPV) of 
the resulting composite model (TMS + tracts + HCP classification) from 50% (TMS + tracts) to 89%. This final model showed 
an odds ratio of 155 (p<.001), PPV of 89%, negative predictive value of 95%, sensitivity of 84%, a specificity of 97%, and an 
accuracy of 94%.
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Conclusions: These results show that non-compensable language function in glioma patients localizes at the subcortical level 
to individualized subdomains within the normative structure of canonical white matter tracts. We integrate the findings into an 
actionable preoperative predictive model for permanent aphasic surgical deficits based on the resection versus preservation 
of regions identified by non-invasive imaging data.
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Prefrontal rTMS Modulates Emotion Processing Circuitry
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Introduction: Major depressive disorder (MDD) is characterized by significant changes in brain activity during emotional 
processing, particularly in the left dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), and amygdala 
(Jaworska et al., 2015; Simon et al., 2022). Transcranial magnetic stimulation (TMS) targeting the left DLPFC has been validated 
as an e!ective therapy for treatment-resistant MDD (Chen et al., 2023). The current study aims to explore the impact of left 
DLPFC-targeted TMS on emotion-processing circuits. We employ an emotion discrimination task (EDT), previously established 
to engage areas critical for face recognition and emotion processing (Geissberger et al., 2020; Hariri et al., 2002), within a 
sham-controlled experimental design.

Methods: 10 healthy volunteers (age M = 26.6, SD = 4.8) participated in the current study. The study consisted of two sessions 
including left DLPFC stimulation and vertex (sham) stimulation. In each session, participants first completed a run of the EDT. 
In each EDT trial, subjects were presented with three emotional faces, one on top and two on the bottom and were instructed 
to either match the PERSON or the EMOTION of the top face to one of the bottom faces. In the control condition, the object 
discrimination task (ODT), patients were instructed to match OBJECTS presented in the same position as the faces in the test 
condition on backgrounds of similar color distribution. Images were acquired on a SIEMENS Magnetom 7T whole-body MR 
scanner, using a 32-channel head coil with the CMRR multiband (Moeller et al., 2010) EPI sequence (TR = 1.4s, TE = 23ms, 78 
slices, voxel size = 1.5x1.5x1mm3). After completion of the first EDT run, subjects were transported out of the scanner room on 
a MR compatible stretcher. Subsequently, stimulation was performed using a MRi-B91 TMS coil and a MagProX100 stimulator 
(MagVenture, Denmark). In one session, neuronavigated 10 Hz TMS was applied to a predefined left DLPFC target based on 
the individual functional connectivity (Fox et al., 2012) and in another session the vertex (sham) was targeted. The order of 
sham and real stimulation was counterbalanced across subjects. An overview of the experimental procedure can be seen in 
Figure 1.
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Results: The behavioral results indicated no significant di!erences in accuracy for all conditions before (M = 0.93, SD = 0.05) 
and after stimulation (M = 0.93, SD = 0.03). No di!erences in response times were observed when comparing averages 
before (M =1.23s, SD = 0.17) and after stimulation (M = 1.26s, SD = 0.21). The EDT revealed brain activity patterns (Figure 2A) in 
accordance with those described in literature (Spies et al., 2017). In the contrast of EDT and ODT, a deactivation in the anterior 
cingulate cortex (ACC) was observed following TMS over the left DLPFC (Figure 2B, t = 4.59, p < 0.001, FWE-corrected cluster-
level). Notably, there were no observed di!erences in brain activity before and after sham stimulation in the comparison 
between EDT and ODT. Importantly, the observed e!ect can not be ascribed to a mere task repetition e!ect as we have 
previously established the high reliability of task activation over sessions and runs (Geissberger et al., 2020).

Conclusions: Here, we find evidence that stimulation over prefrontal areas modulates emotion-processing related activity in a 
key region of the default mode network (DMN). This aligns with the broader literature that emphasizes the significance of the 
subgenual anterior cingulate cortex (sgACC), a component of the DMN, in depression (Cash et al., 2019). Previous research 
has revealed that down-regulation of the DMN correlates with reduced depressive symptoms (Spies et al., 2017). The current 
observation, in a healthy subject sample, provides mechanistic evidence that more pronounced inhibition of the DMN might 
be a key factor in mitigating depressive states through TMS.
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Introduction: Transcranial Magnetic Stimulation (TMS) allows for non-invasive, transient modulation of human brain activity, 
a!ecting cognitive functions. Chronometric TMS o!ers a time-sensitive window into studying how brain regions contribute 
to behaviour during di!erent phases of task processing. However, TMS e!ects are associated with high inter-individual 
variation (Hartwigsen et al. 2022). We performed chronometric TMS-fMRI by stimulating an individualised left dorsolateral 
prefrontal cortex (DLPFC) target during precisely defined timepoints of N-back task processing. While the primary focus of 
this study was on modulation of clinically relevant network nodes, high subject-to-subject variability in behavioural changes 
was identified. Thus, we aimed to evaluate whether variation in induced electric field (E-field) could explain di!erences in 
behavioural response.

Methods: We performed chronometric TMS during an N-back task2 in 14 healthy participants (9 female/5 male, age mean±std 
24±5.8 y). TMS was applied to the portion of left DLPFC most anti-correlated to subgenual anterior cingulate cortex (sgACC)3. 
Participants received 10 Hz triplets of TMS at 100% of resting motor threshold at two precisely defined timepoints (pre or post 
letter onset) of the task paradigm (figure 1a). For both cognitive loads (0- and 2–back), stimulation was performed on target 
letters as well as randomly selected non-target letters. Target letters were defined as the second letter of the 2-back pair 
(decoding). Additionally, participants were invited for a second measurement, where the chronometric stimulation protocol 
was modified: during 2-back TMS was exclusively applied during random letters and first letters of the 2-back pairs (encoding). 
Based on individual T1 scans and the recorded TMS coil position and orientation, E-field models were created for each 
participant using SimNIBS 4.0.04. E-fields were transformed to MNI space and smoothed (FWHM=6 mm) to reduce e!ects of 
individual gyrification. To assess behaviour, we evaluated reaction time (RT) for two task di"culties and each timing condition 
separately. To account for individual variability in subject-specific reaction time, RT in TMS-blocks was divided by the average 
RT of the same task di"culty without TMS, resulting in a reaction time ratio (RTR). RTRs of each task/timing combination 
were used for voxel-wise correlation between electric fields and the behavioural covariates using SPM12. Correlation was 
performed within areas with mean E-field ≥ 30 V/m. Thresholds for statistical significance were defined at p<0.05.
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Results: RTRs were statistically significantly di!erent to one on a group level for 0-back stimulation prior to letters, i.e. TMS 
induced a statistically significant (p<0.001) group level decrease in reaction time compared to baseline (RTR<1, figure 2a). 
In addition, 0-back TMS post letter (p=0.025) and 2-back stimulation prior to letter appearance (encoding) were statistically 
significant at p<0.05. Maps showing correlation coe"cients between E-field and RTR are depicted in figure 2. For the 0-back 
task both timings resulted in similar patterns, however, significantly di!erent correlated clusters were identified. Interestingly, 
high E-fields close to the 2-back activation hotspot (peak: -40, 26, 36 [MNI]; R=0.76; p<0.001) showed positive correlation with 
RTR if stimulation was performed at the pre-timepoint, especially if stimulation occurred on target letters.

Conclusions: Correlation analysis between RTR and E-fields shows that induced E-fields contribute to inter-individual 
variability in behaviour. Specific timings of the same task condition resulted in di!erent correlation maps. This indicates that 
TMS at di!erent timepoints result in either enhancements or disruptions of the ongoing and subsequent neural processing. In 
conclusion, these results indicate distinct prefrontal subregions contributing to early vs. late phases of N-back task processing.
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Introduction: Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation technique. When 
electroencephalography (EEG) is used concurrently with TMS, the resulting TMS-evoked EEG potentials (TEPs) o!er a means 
to assess the excitability, connectivity, and oscillatory patterns within the targeted cortical region (Ilmoniemi et al., 1997). So 
far, most motor cortex studies have focused on the hand area for two main reasons: Its low stimulation intensity, which results 
from its proximity to the scalp, and its easily detectable hand knob structure (Yousry et al., 1997). The reason for the limited 
research on other motor areas, such as the leg, arises from its deeper location in the homunculus, the challenge of targeting 
individual muscles, and the di!erences in the corticospinal tract of the upper and lower limbs (Kesar et al., 2018). On the other 
hand, the challenges in evaluating the cortical face and tongue representations arise from directly stimulating peripheral facial 
nerve fibers due to the spread of the TMS-induced electric field (Dubach et al., 2004). Consequently, TEPs have been mainly 
studied in the hand area, with no research available evaluating the TEPs across the homunculus. In this study, we recorded 
and assessed TEPs in the hand, leg, and face areas to characterize them.

Methods: Eighteen healthy volunteers (11 females, 7 males, age 46.5±17.3 years) participated in the study. First, the cortical 
representation areas for the right leg (tibialis anterior), hand (first dorsal interosseous), and face (mentalis) were mapped, and 
the resting motor threshold (rMT) of these areas was measured as the percentage of maximum stimulator output (%MSO). 
After that, 150 TEPs from each region were measured using single TMS pulses with a stimulation intensity of 90% rMT. TEPs 
were recorded with a 60-channel electrode system. The TEPs were averaged over subjects in each stimulated area in three 
di!erent ROIs: left M1 (9 electrodes), right M1 (9 electrodes), and Cz (1 electrode). Artifacts in the data were removed with 
independent component analysis. Di!erences between the TEPs between di!erent muscle groups were evaluated with a two-
sample t-test (p < 0.05, uncorrected) calculated every 1ms.

Results: In the TEPs of the right motor area there were peaks at 16, 27, 34, 54, 80, 100, 102, 112, 117, 155, 164, 168, 180, and 
182ms after the TMS for the face area; at 19, 35, 51, 64, 76, 80, 88, 98, 109, 137, 147, 162, 171, and 196ms for the leg; and at 21, 
31, 53, 86, 117, 126, 132, 178, 190, and 195ms for the hand area. The TEPs di!ered between face and leg in the time windows 
15-22ms, 178-201ms, between face and hand in windows 15-23ms, 137-156ms, and between leg and hand in windows 33-
41ms, 73-99ms, 179-182ms. In the TEPs of the left motor area, there were peaks at 21, 35, 142, 145, 154, and 199ms after TMS 
for the face area; at 17, 31, 47, 82, 90, 107, 114, 138, 158, 162, 169, 178, and 182ms for the leg and at 34, 84, 129, and 170ms, for 
the hand area. The TEPs di!ered between face and leg in the time windows 36-53ms, 192-206ms, between face and hand 
in the windows 73-83ms, 198-233ms, and between leg and hand in the window 37-55ms. Lastly, the TEP results from the Cz 
electrode show peaks at 31, 56, 78, 92, and 182ms for the face area; at 32, 50, 57, 76, 137, and 181ms for the leg, and at 30, 50, 
63, 72, 157, and 165ms for the hand area. The TEPs di!ered between face and leg in the time windows 73-79ms, 115-143ms, 
164-195ms, and between leg and hand in the windows 29-36ms, 67-94ms, 120-150ms.

Conclusions: TEPs of the hand, face, and leg areas are di!erent.
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Electric field optimization to improve multichannel TMS-based functional localization

Ole Numssen1, Thomas Knösche2, Evgenii Kim3, Mohammad Daneshzand4, Sergey Makarov5, Tommy Raij4, Aapo 
Nummenmaa4, Konstantin Weise1,6

1Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Saxony, 2Max Planck Institute, Leipzig, Saxony, 
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6Leipzig University of Applied Sciences, Leizig, Germany

Introduction: Transcranial magnetic stimulation (TMS) is a powerful tool for non-invasive modulation of cortical activity. In our 
previous work, we employed a regression approach1 relating the local electric field strength across stimuli with motor evoked 
potentials (MEPs) to pinpoint muscle representations in the primary motor cortex (M1)2. This method relies on di!erences in 
the cortical stimulation patterns across pulses to functionally di!erentiate cortical areas from one another and, thus, is limited 
by the significant spatial autocorrelation of induced e-fields from standard TMS coils. Here, we present a strategy to utilize 
multi-channel TMS techniques (Fig. 1a) for TMS mapping. Specifically, we aim to minimise the cross-correlation of electric 
fields across TMS pulses (Fig. 1b) by optimizing the channel currents to improve the mapping resolution and shorten the 
experimental duration by reducing the number of TMS pulses needed.

Methods: For a multichannel TMS array with nc channels (e.g. Nc = 6) the induced e-field etotal is the superposition of the 
Nc individual e-fields3,4. To take the individual head and brain anatomy into account, an initial e-field computation has to be 
computed for all Nc channels individually at the (to be) realized coil placements with an arbitrary stimulation intensity (e.g. 1A/
µS)5,6. Due to the computational cost of the optimization procedure, etotal (Ncomp * Nelm; Ncomp = 3 spatial components: x, 
y, z) is optimized only within pre-defined region of interest (ROI) with Nroi (e.g. Nroi = 10,000) elements. We employ the SLSQP 
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solver to determine the currents (Nchan * Npulse) for each channel that minimize the average correlation across Npulse TMS 
pulses. Two complementing optimization schemes solve the two major practical requirements: Pre-experimental optimization 
of a fixed number of pulses (1) and pulse-by-pulse optimization that includes previously realized currents (2). The optimization 
routine is implemented in our pyNIBS1 Python package.

Results: Downsampling of the region of interest from Nroi elements to a spatially equidistant subset of elements Nelm 
(Nelm = 100 to 1000) yields a considerable speed up of the optimization procedure without significantly impeding the results 
(Fig. 2a - 2c). Restraining the number of optimization iterations (Niter) does impact optimization duration as well as the 
optimization result (Fig. 2b & 2c), as the SLSQP solver does not yield the global optimum. As expected, optimization duration 
strongly depends on Niter and Nelm, ranging from < 1 min for Nelm = 100 and Niter = 100 to > 1 hr for Nelm = 1000 and Niter 
= 500 (Fig. 2a). The optimization score only marginally improves from 200 to 500 iterations for Nelm ≥ 500 (Fig. 2c). Across 
all tested combinations of Nelms and Niter the optimization routine significantly decreases the correlation of the induced 
e-fields compared to randomly chosen currents (Fig. 2d). The computation time to optimize a fixed number of pulses (‘pre-
experimental optimization’) grows exponentially with the number of pulses, with computation times exceeding 20 min for Nelm 
= 1000 for 150 TMS pulses. In contrast, pulse-by-pulse optimization yields fast current results for subsequent stimuli without 
reaching the levels of decorrelation from the pre-experimental optimization (Fig. 2e).

Conclusions: In summary, our routine successfully decreases the spatial autocorrelation of induced e-fields from multichannel 
TMS arrays across pulses by optimizing the channel currents. Reducing the computational load, by restricting the optimizer 
and by subsampling the cortical region of interest, allows to complete optimizations in reasonable time. Importantly, tuning 
these hyperparameters does not significantly impede the overall optimization goal. Increasing the across-pulse variance is a 
strong lever to reduce the number of TMS pulses needed to perform structure-function mappings.
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Leveraging brain network plasticity before neurosurgery: An fMRI-based prehabilitation case study
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Introduction: Brain tumor surgery aims to achieve maximal tumor resection while minimizing damage to healthy brain tissue 
to reduce post-operative functional sequelae. Invasive prehabilitation strategies before surgery have been used but pose an 
increased risk of complications. Recent research has highlighted the potential of brain plasticity to non-invasively establish 
new brain connections and transfer functional activity from one area of the brain to another. However, the neural mechanisms 
underlying these plastic processes are, not yet fully understood, especially in the context of space-occupying lesions. 
The objective of this fMRI-based case report was twofold: first, to investigate whether brain functional patterns at risk, as 
evidenced by task-based fMRI, can be modified through a non-invasive prehabilitation protocol; and second, to examine the 
role of functional connectivity, assessed during resting-state fMRI, as a putative mechanism underlying the observed changes 
in brain network topography.

Methods: A 48-year-old male with a large tumor a!ecting multiple brain regions, particularly entailing the left frontal lobe and 
the frontotemporal opercular region was admitted for non-invasive prehabilitation (Fig.1A). A functional magnetic resonance 
imaging (fMRI) was conducted before prehabilitation to define the therapeutic plan, which involved inhibitory non-invasive 
brain stimulation over the language fMRI task accompanied with intensive language and cognitive training. fMRI data was 
also collected after prehabilitation and after surgery. Neuroimaging data was analyzed using the SPM12 and CONN Toolbox 
software tools.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 180

ABSTRACTS

Results: Prehabilitation resulted in an increment of the distance between the tumor and the nearest fMRI cluster during the 
language task by 15.9mm, returning to a similar distance as baseline after surgery (Fig.1B-C). Further, the volume of the closest 
activation fMRI cluster decreased after prehabilitation in 12,432 mm3 and normalized after surgery (Fig.1B-D). Besides, there 
was an increase in the resting-state functional connectivity between the left inferior frontal gyrus, which overlapped with 
the transcranial magnetic stimulation target, and the other regions of the language network (Fig.2). This pattern, which was 
maintained after surgery, was not observed in a control visual network.
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Conclusions: This study investigated non-invasive prehabilitation in a brain tumor patient, revealing how externally-guided 
neuroplasticity can reorganize the topography of the language network before surgery, while also shedding light on its 
potential neural underpinnings. This fMRI-based case study exposes two key findings: firstly, prehabilitation may establish a 
plasticity window, thereby hypothetically optimizing surgical outcomes. Second, functional connectivity emanating from the 
stimulation site may amplify to other regions of the network, potentially strengthening network-specific functional pathways. 
While these outcomes are auspicious, prudence dictates the need for more comprehensive cohorts to authenticate and 
broaden these insights.
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Network meta-analysis on non-invasive brain stimulation for acute major depressive episode treatment

Ping Wang1, Yingxue Gao1, Shuangwei Chai1, Jiawen Tian1, Zilin Zhou1, Hailong Li1, Lianqing Zhang1, Weijie Bao1, Xinyue Hu1, 
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Introduction: Major depressive disorder (MDD) is a highly prevalent illness worldwide, with more than 264 million people 
a!ected. Its clinical course is often recurrent and can become chronic, with relapse rates of up to 80% within one year of 
remission. Although there are e!ective pharmacological and psychological therapies for MDD, even with a full course of 
treatment, at least one third of patients fail to achieve remission. Non-invasive brain stimulation (NIBS) therapies, such as 
transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS), o!er a potential alternative or add-
on treatment strategy. Previous meta-analyses provide limited insights into the overall treatment hierarchy because treatment 
e!ects are estimated from, and presented for, a subset of relevant treatment comparisons only. We sought to perform a 
systematic review and meta-analysis of the antidepressant e"cacy and tolerability of non-invasive neuromodulation in 
treating current depressive episode in major depressive disorder from randomized sham-controlled trials (RCTs), to estimate 
the comparative clinical e"cacy and acceptability of NIBS for the acute treatment of major depressive episodes in adults.

Methods: The databases PubMed, Embase, and Web of Science were searched for randomized controlled trials (RCTs) 
reporting on the therapeutic e"cacy of transcranial magnetic stimulation (repetitive (rTMS), accelerated, priming, deep, and 
synchronised), theta burst stimulation (bilateral, intermittent, continuous), transcranial direct current stimulation (tDCS) for MDD 
compared to sham, published until October 2023. Study and sample demographic characteristics as well as all of the above 
non-invasive brain stimulation parameters and outcome variables were extracted. E!ect sizes were calculated for change in 
depression score and risk ratios for response and discontinuation.
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Results: 95 RCTs (202 treatment arms) that randomised 5385 patients (mean age 45.6 years; 54.1% women) with major 
depressive disorder met the inclusion criteria and were included in this meta-analysis. We analyzed e!ects on response, all-
cause discontinuation rates and continuous depression severity measures. The most studied treatment comparisons were 
high frequency left rTMS and tDCS versus sham therapy, whereas recent studies have gradually turned to focus on cognitive 
function in the past five years. In network meta-analysis, 12 out of 13 treatment strategies were associated with higher 
response compared with sham therapy: priming transcranial magnetic stimulation (summary odds ratio 3.67, 95% confidence 
interval 1.19 to 11.36), bilateral theta burst stimulation (3.67, 1.43 to 9.49), low frequency right repetitive TMS (3.10, 1.73 to 5.53), 
bilateral TMS (3.03, 1.73 to 5.37), high frequency right repetitive TMS (2.61, 0.66 to 10.28), high frequency left repetitive TMS 
(2.51, 1.92 to 3.29), and synchronized TMS (2.27, 0.79 to 6.49). It’s worth noting that one of the most e"cacious treatment 
bilateral theta burst stimulation also accompanied the highest all-cause discontinuation rates, meanwhile most other treatment 
strategies were at least as tolerable as sham therapy.
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Conclusions: As far as we know, our study is the largest and most comprehensive network meta-analysis of NIBS for MDD so 
far. We found that there is strong evidence for the application of non-invasive brain stimulation techniques as alternative or 
add-on treatments for adults with major depressive episodes. Our findings also highlight important research priorities in the 
specialty of brain stimulation, such as the need to conduct further randomized controlled trials for novel treatment protocols 
such as tDCS or pTMS, to warrant more direct comparisons between di!erent treatment modalities, and to examine what 
biomarkers are available to predict cognitive response in MDD patients.
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TMS promotes emotional regulation in adults with high-level perceived stress
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Introduction: The prevalence of high-level stress has been reported to be over 30% in young adults (Ramón-Arbués et al., 
2021). Individuals with high-level perceived stress exhibit abhnormal activities of the dorsolateral prefrontal cortex (DLPFC), 
associated with low mood and anxiety symptoms (Scult et al., 2017). Repetitive transcranial magnetic resonance stimulation 
(rTMS) has been evidenced to be e!ective on modulating DLPFC functions in stress-related psychiatric disorders, such as 
major depression and anxiety. However, whether the modulation of DLPFC with rTMS benefits to the recovery of negative 
feelings in adults with high-level perceived stress remain unclear. This study aimed to explore the e!ect of rTMS on the 
recovery of stress-related symptoms and its potential neural e!ect on DLPFC functions.

Methods: This was a randomized controlled trial that enrolled 50 young adults aged 18-24 years old with high-level perceived 
stress to verify the rTMS e!ect on their emotional trait: depression, anxiety, and stress. Subjects were randomly assigned to 
the experimental group (12-session active rTMS in four weeks, thrice per week) and control group (sham rTMS with the same 
dose). Outcome measurements included the negative symptoms using the Depression Anxiety Stress scale (DASS) and 
DLPFC functional connectivity. Both the DASS and MRI data were collected before and after the intervention. We conducted 
the rTMS stimulation on the bilateral DLPFC using the Magstim Rapid 2 stimulator. The intermittent theta burst stimulation 
(TBS) model and continuous TBS model with both 600 pulses were used on the left and right sides, respectively (Wu et 
al., 2021). Both T1-weighted structural and resting-state functional MRI images were acquired under Siemens Prisma 3.0 
Tesla scanner. The resting state fMRI data were preprocessed using DPABI version 6.0 and SPM12. The ROI-wise functional 
connectivity (FC) analysis was performed using the MNI coordinate of left (-27, 43, 31) and right DLPFC (30, 37, 36) with 6mm 
radius according to the Brainnetome atlas. The changes between baseline and post-intervention of DLPFC FC were calculated 
and compared using the SPM12 with the threshold: voxel P<0.005 uncorrected, cluster P<0.05 FDR corrected. Statistical 
analyses were conducted by an independent statistical analyst. The analysis of covariances was conducted to compare the 
between-group di!erence of outcome changes. The models included dependent variables (changes of measured outcomes), 
fixed factors (i.e., treatment arms), and covariance as predictors (i.e., age, gender, and years of education). Then, to examine 
the within-group di!erence of each group between baseline and end of the intervention, the paired t-test or Wilcoxon test was 
conducted according to data normality.

Results: Forty-eight subjects (24 in each group) were finally included after excluding two data due to over-threshold head-
motion. The comparison of demographics and baseline assessments showed there was no significant group di!erence in age, 
sex, years of education, smoking, alcohol, TONI3 scores, total intracranial volume, and baseline scores of perceived stress 
scale and DASS (ps>0.05). There were significant decreases in DASS total scores (p<0.001), anxiety (p=0.008), and stress 
(p=0.002) scores in experimental groups, while only stress scores decreased in the control group (p=0.006) (see Fig. 1). There 
was significant between-group di!erence in DASS total scores (p=0.016) after controlling age, gender, and years of education. 
The FC between left DLPFC and left Supplementary motor area and between right DLPFC and right frontal superior medial 
cortex were significantly decreased after active rTMS (Voxel p<0.005 uncorrected, Cluster p<0.05 FDR corrected) (See Fig. 2).
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Conclusions: The twelve-session rTMS e!ectively improved the stress and anxiety level of young adults with high-level 
perceived stress; meanwhile it also modulated the DLPFC functions.
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The Spatial Distributions of Neuroimaging-guided Personalized Targets for TMS in Depression
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Introduction: Repetitive transcranial magnetic stimulation (rTMS) over the left dorsolateral prefrontal cortex (DLPFC) has 
been an e!ective treatment for major depressive disorder (MDD)1. Recent studies have further developed a precision rTMS 
strategy with personalized targets guided by personalized functional connectivity (FC) between the DLPFC and the subgenual 
cingulate cortex (sgACC) to improve the antidepressant e!ects in MDD2. As depression is a disorder with distinct symptom 
domains, whether the spatial distribution of personalized DLPFC targets are related to these symptom domains remains 
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uncertain. We thus explore whether the personalized DLPFC targets can be clustered into distinct subtypes and exam their 
association with clinical characteristics.

Methods: We recruited a total of 133 MDD patients from two centers (Shanghai Mental Health Center (SMHC) and Suzhou 
Guangji Hospital (SZGJ) with a diagnosis of MDD using the Diagnostic and Statistical Manual of Mental Disorders (DSM-4) 
criteria. All MDD patients completed the 17-item Hamilton Depression Scale (HAMD-17), Hamilton Anxiety Scale (HAMA), and 
Montgomery-Asberg Depression Rating Scale (MADRS) assessments. Resting-state functional MRI (fMRI) data were acquired 
and preprocessed. After the quality control of fMRI images, 120 MDD were included in the following analysis. We calculated 
FC between each voxel within the left DLPFC and a sgACC-based seed, as described in detail in our previous study3, and 
determined a personalized DLPFC target with a maximum negative DLPFC-sgACC FC. Then, the k-means clustering method 
was applied to cluster MDD subgroups based on the spatial distributions of their personalized targets. Between-subgroup 
comparisons were performed for the demographic and clinical characteristics.

Results: We obtained two distinct clusters of personalized targets in MDD patients, as shown in Fig 1. One subgroup had 
personalized targets over the anterior part of the left DLPFC (in red in Fig.1A, termed as the anterior subgroup), and the 
other subgroup had personalized targets over the posterior part (in blue in Fig.1A, termed as the posterior subgroup). The 
anterior subgroup, constituting the majority (73.3%), were closer to the group-average DLPFC target with a median distance of 
12.5mm. In comparison, those in the posterior subgroup (26.7%) had a median distance of 50.5mm. There were no significant 
di!erences in gender, education, or illness duration between these two subgroups (p>0.05). However, we observed significant 
between-subgroup di!erences in various anxiety indicators. The posterior subgroup showed higher HAMD-17 total scores 
(p=0.034) and HAMA total scores (p=0.008) than the anterior subgroup. Factor scores of anxiety/somatization (p=0.001) 
in HAMD-17 and factor scores of somatic (p=0.030) and psychic anxiety (p=0.020) in HAMA were higher in the posterior 
subgroup than the anterior subgroup, whereas all other factors did not di!er between two subgroups.

Conclusions: In the present study, we identified two MDD subgroups with distinct spatial distributions of their personalized 
DLPFC targets based on the DLPFC-sgACC FC. Most MDD patients had anterior DLPFC targets close to the group-
average DLPFC target, consistent with the clinical rTMS e"cacy in MDD. More importantly, we identified another posterior 
MDD subgroup, who had more posterior DLPFC targets and presented severe anxiety symptoms. The heterogeneity of 
personalized target distributions within the DLPFC highlights the importance of individualized rTMS intervention in MDD.
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A comprehensive approach for TMS targeting identifies better targets than typical approaches
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Introduction: Functional connectivity is being used clinically to target TMS treatment for depression1,2. Most targeting 
approaches restrict their search space by first identifying a cortical target based on functional connectivity, then optimize the 
stimulator position to reach that target without consideration of any additional cortical regions that might be stimulated2,3. In 
fact, stimulator positions found this way sometimes deliver stimulation to a broad swath of the cortex that is at least as strong 
as that delivered to the cortical target (Fig. 1A). The dispersed patterns of stimulation delivered by TMS are a challenge for 
delivering stimulation to specific, compact cortical targets. Here we propose a comprehensive approach for TMS targeting 
of depression in which the stimulated cortical area of all reasonable stimulator orientations are simulated. We then select the 
stimulator position with the strongest mean anticorrelation with the subgenual cortex (SGC), as opposed to the stimulator 
position that does the best job at stimulating the single most anticorrelated cluster.
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Methods: METER Sample The NIMH Multi-Echo TEst-Retest sample consists of multi-session data from 7 healthy adults 
collected on a 3-T GE MR-7504 (Fig. 1B). We collected 0.8 mm isotropic T1- and T2-weighted images and echo planar resting 
state sequences (2.5mm isotropic, TR=2.5 s; TEs=[12.9 ms, 32.2 ms, 51.6 ms, 70.9 ms]). This data was collected under protocol 
01-M-0192 approved by the NIH IRB. Targeting approach Our targeting approach was inspired by Lynch et al.’s5 approach 
for stimulating functional networks and makes use of their preprocessing pipeline6 (detailed in Fig. 1C), Amongst other 
changes, we have refined the search of stimulator positions to focus on delivery of stimulation to the gyral lip, since modeling 
indicates neurons here have the lowest activation threshold7. Target Quality Evaluation We evaluate target quality based on 
uncertainty weighted activation probability maps. We expect that stimulation with a higher weighted mean SGC correlation 
will be more likely to have a clinical e!ect. It is also possible that the sign of the stimulated cortex is relevant to clinical e!ects, 
so we evaluated the weighted proportion of stimulated cortex anticorrelated with the SGC. Target Reliability Evaluation 
Many studies of targeting reliability have reported intersession distance between cortical targets, but this is a poor metric 
if there are multiple nearly equivalent stimulation sites. To account for this, we evaluate the quality of the targets from each 
session with the connectivity data from the other. This cross-session analysis tells us if a target remains a good quality target 
across sessions, even if it is not necessarily the single best target in all sessions. Code is available at https://github.com/nih-
fmrif/contarg.

Results: The Comprehensive approach stimulates cortical areas with a stronger mean anticorrelation with the SGC (p = 7.25x 
10-7) and a greater proportion of anticorrelated cortical area (p = 3.39 x 10-7) than the Restricted method (Fig 2A). It was also 
more reliable that the Restricted approach with stronger mean anticorrelation with the SGC (p = 7.30x 10-5) and a greater 
proportion of anticorrelated cortical area (p = 3.99 x 10-5) in the crossed-session evaluation (Fig 2B). 4 of 7 participants had 
the same target in both sessions with the Comprehensive method, but none did with the Restricted method (Fig 2C).
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Conclusions: In this pilot, we showed that taking a comprehensive approach to TMS targeting allows simulation to be 
delivered to an area of the cortex that is more anticorrelated with the SGC than a restricted targeting approach. The length 
of resting state sequences we collected allows us to evaluate the quality of the targeting but it may exaggerate measures 
of target reliability compared to shorter sequences. However, this work does demonstrate the feasibility and promise of a 
comprehensive TMS targeting approach.
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Causal role of angular gyrus and premotor cortex in human habit formation: A TMS study
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Introduction: Learning novel behaviors involves a complex transition from goal-related to habit-related brain systems which 
have been investigated and evidenced in animal studies1. However, how habits are formed and maintained in the human 
brain still remains unclear. For instance, Tricomi induced habitual behavior in humans via extensive training and successfully 
demonstrated a relationship between habit strength and increased activity in the posterior putamen (habitual system)2. 
However, these findings could not be replicated in a recent study using a larger data set3. Instead, other recent studies 
suggested that habit strength might be associated with decreasing engagement of the goal-directed brain system as learning 
progresses, such as the angular gyrus (AG)4 or the head of the caudate3. The present study therefore aimed to probe the 
causal role of these two antagonistic brain systems during habit formation to investigate whether it relied on decreasing 
involvement of the goal-directed or on an increasing involvement of the habitual system. To this end, we used repetitive 
transcranial magnetic stimulation (rTMS) with AG and premotor cortex (PMC) as separate goal- and habit-directed stimulation 
targets. We assessed the behavioral and neural e!ects of rTMS on habit formation during a subsequent fMRI session.

Methods: Fifty-one subjects (16 male, mean age: 24) were randomly divided into two groups (26 PMC and 25 AG). All took 
part in two separate sessions, receiving both real and sham stimulation. We used a slightly modified goal-habit paradigm 
which comprises three consecutive phases4. First, goal-directed behavior based on explicit stimulus-response-outcome 
associations was established. Subsequently, subjects received the o!-line TMS stimulation (1Hz, 2 trains of 15 min, 1 min break) 
on either right AG (42 -57 36) or PMC (39 -6 48). After stimulation, participants were required to learn stimulus-response (S-R) 
associations via trial-and-error for a subset of the stimuli during scanning, for 98 repetitions per stimulus in order to induce 
strong S-R associations (habit formation). Finally, those habitual and goal-directed action tendencies were put into competition 
to measure the behavioral impact of habits on goal-directed behavior. ANOVAs were conducted to assess the stimulation 
e!ects on error rates and response times during habit formation and the later goal-habit competition. The learning-related 
changes in neural activity during the habit formation phase were modeled by parametric regressors reflecting the amount of 
training and examined by ANOVAs on the group level.

Results: Behaviorally, error rates and reaction time decreased significantly during habit formation in general. Interestingly, 
AG stimulation resulted in an increased error rate specifically early on, though there was no significant interaction with block/
time. Replicating previous findings, we found a generally decreasing activation in IPL, IFJ and anterior insula across training. 
However, TMS did not di!erentially influence those training induced changes. Most importantly, we found a significant 
accuracy-based compatibility interaction e!ect in the goal-habit competition phase (Figure 1b). Following AG stimulation, 
there was an increased competition between habitual and goal-directed action tendencies as evidenced by an increased 
compatibility e!ect compared to the sham stimulation. In contrast, following PMC stimulation, the competition was decreased. 
A similar pattern emerged for RTs following PMC stimulation (Figure 1c).
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Conclusions: Considering the goal-habit compatibility e!ect as a proxy for habit strength the current study successfully 
demonstrated a causal relationship between the involvement of the goal-directed and habit-related brain systems and human 
habit strength. More specifically, TMS reduced the habit strength when the habit system was disturbed by targeting PMC and 
increased habit strength when the goal-directed system was disturbed by targeting AG.
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Multi-muscle TMS mapping for motor cortex reorganization during finger independence training
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Introduction: MRI-navigated transcranial magnetic stimulation (nTMS) is an approach widely used for non-invasively mapping 
of the motor cortex. In our recent test-retest study we established the absolute and relative reliability of multi-muscle nTMS 
motor mapping (Nazarova et al., 2021). Given that motor learning is known to alter plasticity in the motor cortex (Ra"n & 
Siebner, 2019), our current objective was to explore the reorganization of the muscle cortical representations (MCRs) following 
finger-independence training.

Methods: 26 healthy young right-handed male volunteers (18-35 y.o.) underwent two nTMS mapping sessions separated by 
ten sessions of the finger-independence training using EMG-based biofeedback (TMSphi, Novikov et al., 2020). During nTMS 
motor mapping MRI surface EMG was recorded from abductor pollicis brevis (APB), abductor digiti minimi (ADM), first dorsal 
interosseous (FDI), extensor digitorum communis (EDC) and biceps brachii. Within the 10 motor training sessions participants 
were mastering their motor task consisting of abducting their thumb while keeping their little finger still. As behavioral 
outcomes we measured: the success of the independent muscle contraction (in % from the maximum muscle contraction), 
amplitudes of the maximum voluntary contraction (MVC) of the trained muscles (APB, ADM) and general hand dexterity 
using 9-hole peg test (9HPT). For nTMS motor mapping, MCRs and their parameters (Figure 1) were evaluated using TMSmap 
software (Novikov et al., 2018).
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Results: The success of independent contraction increased: for APB from 16% to 29% (p = 0.003, all p-values are FDR-
corrected), for ADM – from 16% to 30% (p = 0.004). Time of the 9HPT performance significantly decreased from 19.96 s to 
18.42 s (p = 0.005). The amplitudes of APB and ADM MVC did not change significantly. At the group level changes in the MCR 
parameters were not significant, showing only a trend for increase (APB MCR area increased from 6.17 to 6.81 cm2, ADM MCR 
- from 5.22 to 5.92 cm2). Comparing to the smallest detectable changes (SDC) from our previous test-retest reliability study 
(Nazarova et al., 2021) APB MCR area significantly increased in 7 participants and decreased in 4 ( >2.01 cm2, CI – 95%); while 
ADM MCR area increased in 5 and decreased in 4 participants ( >2.11 cm2, CI – 95%); the normalized overlap between APB 
and ADM MCRs increased in 1 - decreased in 2 ( >0.34%, CI – 95%).

Conclusions: We showed that the finger-independence training significantly increased hand dexterity, but not hand strength – 
the finding which is in line with the previous studies showing that hand strength and dexterity are not associated directly (Jing 
Xu et al., 2017). Our TMS findings do not support the hypothesis that the overlaps between muscles trained to be independent 
may decrease as it was shown in case of finger immobilization (Ra"n & Siebner, 2019). We suppose that it may be explained 
by the fact that both voluntarily contraction and relaxation of both muscles (APB, ADM) were needed for the motor task 
performance. TMS maps changes reflecting voluntary muscle relaxation training should be investigated in further studies.
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In-silico analysis of motion-informed dose adjustment strategies for TMS-fMRI
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Introduction: Concurrent TMS/fMRI leverages the high temporal resolution of TMS interventions and the spatial resolution 
of BOLD-fMRI, yet, motion remains a major challenge. Using real-time motion monitoring, we could previously detect that 
participants moved significantly throughout a concurrent TMS/fMRI session, resulting not only in reduced image quality, 
but also in changes of the induced electric field (E-field) in the targeted brain region. Thus, we previously developed a 
framework for real-time adjustment of stimulation intensity based on motion tracking (figure 1a). Within this study we evaluate 
methodologies for dose-adjustments by performing in-silico comparisons between distance-correction, vector-potential 
informed corrections and E-field simulation.

Methods: We used SimNIBS 4.0.0 (Thielscher et al. 2015) and the MagVenture MRi-B91 coil model to simulate many di!erent 
coil orientations and positions. Simulations were targeted to the hand knob on M1 (MNI: -40 -20 42 (Cárdenas-Morales et al. 
2014)), mapped to the space of the individual head model. Samples were defined within a cylindrical volume of interest (VOI, 
r=10 mm, h=10 mm) to simulate the potential range of motion during TMS/fMRI. In addition to coil position, we included coil 
orientation (rotation/tilt) by applying a uniform deterministic sampling of the 3D-rotation group SO(3) using Hopf fibration 
(Yershova et al. 2010). All obtained poses were checked for plausibility, e.g. that the TMS coil did not intersect with the 
headmesh. Using the fast auxiliary dipole technique (Gomez et al. 2021), we obtained the E-field magnitude within the 
target ROI for all plausible poses. The optimal coil pose and corresponding E-field were defined as reference (figure 1b). 
Subsequently, we performed an in-silico comparison between di!erent dose adjustment methods: distance-based correction 
for Euclidean and orthogonal distance between coil and target as proposed by (Stokes et al. 2005; 2007) (change in 
stimulation intensity of 2.9%/mm) and dose adjustment based on the vector potential of the TMS coil in the target ROI, which 
was calculated by transforming and interpolating the SimNIBS coilfile (Drakaki et al. 2022) according to the evaluated coil 
pose. We obtained adjustment factors for the stimulator output (maintaining the reference dose) for all methods and compared 
them to the change in E-field.
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Results: Kernel-density estimate plots of the calculated dose adjustments compared to E-field associated changes can be 
found in figure 2a. All methods underestimated correction factors compared to simulated E-field changes for most samples 
(figure 2b). Mean squared errors (MSE) compared to E-field guided adjustments were 0.12 (Euclidean) and 0.13 (z-distance) 
for distance based corrections and 0.09 for corrections based on vector potential. A subsample of poses with identical 
orientation compared to the reference position, i.e. pure translation of the coil, is plotted in figure 2c. In this case, MSE was 
0.001 for distance based corrections but 0.003 if vector potential was used.

Conclusions: We successfully extended available E-field simulation software to allow for simulations in an extended volume 
including a homogeneous sampling of tilt and orientation of the coil. Comparisons of di!erent dose adjustment methodologies 
revealed closest agreement with E-field based simulations if adjustment is based on interpolations of the vector potential, 
if translation as well as rotation/tilt of the coil is considered. For constant orientation, the distance based correction 
performed best. However, none of the available correction methods could capture the full extent of E-field changes as the 
tissue-interactions are simply not included. While simplified corrections might be valid if coil motion is small, a-priori E-field 
simulations and corrections based on these values are of utmost importance to obtain high consistency in target dose.
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Introduction: Evidence suggests that individualized connectome-guided localization yields better transcranial magnetic 
stimulation (TMS) e"cacy for treatment-resistant depression than anatomical approaches1–4,6. Treatment response rates 
improved when stimulation was delivered at dorsolateral prefrontal cortex (DLPFC) regions with stronger anti-correlation with 
subgenual anterior cingulate cortex (sACC)2,4,7. However, previous work for selecting targets require setting parameters. Here, 
we develop a personalized threshold-free tree-based localization approach using individual-specific functional networks.

Methods: We use the multi-session hierarchical Bayesian model (MSHBM) to estimate reliable individual networks for each 
participant using resting fMRI (Fig1A)5. Since attention networks are known to be anticorrelated with sACC, we select the 
salience/ventral attention and dorsal attention network components within DLPFC. As targeting gyri close to the scalp is 
preferred (Fig1B), the attentional DLPFC components are further refined by only considering gyral regions based on the 
gyral map (Fig1C). Within the attentional DLPFC components, we select a stimulation location which is close to the scalp 
and anticorrelated with sACC (Fig1D). We have to set parameters for gyral map and sACC negative correlation. A tree-based 
approach is used to estimate a consensus location across two sets of parameters (Fig1E, 1F). Within the attentional DLPFC 
components, we consider a range of gyrus thresholds (0% to 5%). For each gyrus threshold, we gradually vary the sACC 
correlation thresholds (100% to 5%). A x% sACC threshold represents the top x% of brain locations most anticorrelated with 
sACC. For given threshold, brain locations that survives are extracted, yielding one or more connected components. The 
centroid of each component corresponds to a tree node. For a given gyrus threshold, the centroids of the more stringent 
sACC correlation threshold will be the children of the centroids of the less stringent sACC correlation threshold (Fig1E). For 
each tree, we select candidate targets corresponding to tree nodes with no children and tree nodes with multiple children. 
Among all the candidates across all trees, a final target is obtained by finding the candidate that is closest in distance on 
average to all other candidates (Fig1F). To verify our localization approach, we use 2 healthy datasets. Dataset 1 had 18 
local participants with two 10min runs (2 weeks apart) of resting fMRI. Dataset 2 had 32 Human Connectome Project (HCP) 
participants with 2 sessions of resting fMRI roughly 1 year apart. We use a single run (~15min) from each session. We compare 
our approach with a group-average location (Fox2012) and connectome-guided individualized locations (Cash2021). We 
evaluate localizations using test-retest reliability (ratio of inter-subject target distance and intra-subject target distance) 
and inter-session sACC correlation (connectivity between target of one session and sACC in the other session). As test-
retest reliability is ill-defined for Fox2012, the comparison is only made between Cash2021 and our approach. We perform 
leave-one-out cross-validation which minimizes sACC correlation for Cash2021 because Cash2021 requires setting sACC 
correlation threshold.
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Results: Fig2 shows the test-retest reliability and sACC correlation for both datasets. Our approach was numerically better 
(greater) inter/intra-subject distance than Cash2021 in both datasets, with statistical significance achieved in HCP. Our 
approach exhibited statistically better (more negative) sACC correlation than both Fox2012 and Cash2021.
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Conclusions: Our analyses suggest that our threshold-free tree-based approach is highly robust and led to better 
performance metrics across datasets compared with other approaches. This is highly desirable because this means that 
our approach can be easily translated to new clinics/hospitals/MRI scanners without the need to collect pilot data for 
tuning parameters.
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Introduction: Transcranial magnetic stimulation (TMS) of the primary motor hand area (M1-HAND) can probe corticomotor 
physiology by recording motor evoked potentials (MEP) in contralateral hand muscles (Barker, Jalinous et al. 1985). Paired-
pulse TMS at peri-threshold intensity induce short-latency intracortical facilitation (SICF) at distinct interstimulus intervals (ISIs). 
The first two peaks of SICF occur at inter-pulse intervals (IPIs) of around 1.0-1.5 ms (SICF1) and 2.4-2.9 ms (SICF2)(Ziemann, 
Tergau et al. 1998) mimicking the timing of indirect (I)-waves recorded from the spinal cord (Di Lazzaro, Oliviero et al. 1998). 
Objective: To test the hypothesis that SICF is generated by intracortical circuits that are spatially distinct from the circuits 
evoking single-pulse MEPs.

Methods: In 14 healthy subjects we used neuronavigated biphasic TMS over the left sensorimotor hand area to construct 
sulcus-shaped corticomotor maps following a 7x3 grid (figure 1)(Ra"n, Pellegrino et al. 2015). We constructed a total of three 
motor maps using single-pulse TMS and paired-pulse TMS targeting individual SICF1 and SICF2 peak latencies. Maps were 
constructed for both the right first-dorsal interosseous (FDI) and abductor digiti minimi (ADM) muscles. We calculated map 
area, volume, and center of gravity (CoG) for each corticomotor map and for each muscle.

Results: Paired-pulse SICF TMS resulted in larger corticomotor maps than single-pulse TMS (P<0.001). For both hand muscles, 
SICF maps consistently showed a posterior shift of CoGs towards the central sulcus relative to the CoG derived from single-
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pulse maps (SICF2: 0.62 +/- 0.21, P=0.01, SICF1: 1.28, +/- 0.21, P<0.001). The CoG shift was more pronounced for the SICF1 
compared to SICF2 map (0.66 +/- 0.21, P=0.005)(figure 2). ADM and FDI maps consistently displayed a medial-to-lateral 
segregation in all maps (P<0.001).

Conclusions: SICF-generating circuits have a more posterior corticomotor representation in the precentral crown than single 
pulse MEP generating circuits. This finding indicates that spatially distinct cortical circuits are engaged by paired pulse TMS 
probing SICF compared to single-pulse TMS, at least when using biphasic pulses. The findings also support the notion that 
spatially distinct circuits are involved in the generation of the first and second SICF peaks.
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Introduction: Transcranial magnetic stimulation (TMS) is routinely used in functional mapping of the human brain 
and in treatment of several neurological and psychiatric disorders (Tremblay et al. 2019). TMS can be combined with 
electroencephalography (EEG) and electromyography (EMG) to measure brain and muscle responses, respectively (Ilmoniemi 
& Kicić 2010), and to allow adjusting the stimulation online in a closed loop. However, guiding the stimulation based on EEG 
or EMG has traditionally been performed manually (Casarotto et al. 2022), has taken place in non-real-time scenarios, or has 
relied on specialized hardware (Zrenner et al. 2018). Moreover, there has been a lack of general frameworks that would allow 
arbitrary stimulation algorithms to be implemented using high-level programming languages.

Methods: We introduce real-time control software for EEG- and EMG-guided TMS, integrating (i) customizable Python-based 
preprocessing and stimulation algorithms, (ii) a user-friendly graphical user interface for selecting algorithms and monitoring 
the system state, and (iii) presentation of sensory stimuli for the subject, synchronized with the EEG and the stimulation 
pulses. The software runs on a desktop computer with real-time-enabled Ubuntu Linux. The core of the software is written 
in C++ to achieve the determinism and high performance needed for real-time applications. The communication architecture 
of the software is Robot Operating System (ROS2), chosen for its flexible communication patterns and suitability for real-time 
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computing. The customizability of the software allows it to support a variety of existing and novel stimulation protocols, such 
as timing the stimulation pulses at specific phases of an ongoing EEG rhythm or at a high-excitability connectivity state.

Conclusions: Our software enables controlling closed-loop EEG–TMS experiments in real time on a desktop computer. 
Employing Python for algorithm implementation has the advantage of a large userbase and strong support in the research 
community. In addition, its relative ease of use allows for rapid prototyping and facilitates developing novel stimulation 
and data analysis protocols. Using ROS as the communication architecture has several benefits: (i) it enables a modular 
design, distributing the state across the services, and (ii) it includes support for recording and playing back experiments. By 
following many of the best practices in software development, such as continuous integration, version control, and regular 
code reviews, we aim to ensure the maintainability and extensibility of the software. Future work includes supporting several 
EEG devices and integrating application programming interfaces (APIs) of various TMS devices with the software, as well as 
establishing a library of predefined preprocessing and stimulation algorithms.
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Introduction: Transcranial Magnetic Stimulation (TMS) has emerged as a powerful non-invasive brain stimulation technique 
with applications in both clinical and research settings. Recently, the field has seen a surge in methodological rigor1,2, yet a 
notable gap persists - the absence of a standardized quality metric to thoroughly assess and report pulse-by-pulse placement 
accuracy in TMS applications. Especially in manually-guided TMS, where experimenters compensate for movements, coil 
displacements significantly impact stimulation exposure, potentially hindering therapeutic or scientific outcomes. Despite 
extensive use of neuronavigation systems, there is currently no straightforward metric to quantify this critical factor. Unlike 
other neuroscientific modalities, such as functional magnetic resonance imaging (fMRI), where motion quantification is firmly 
integrated3, TMS lacks a standardized method to quantify TMS coil displacement during experiments. Here, we introduce a 
novel metric for TMS coil displacement: pulsewise coil displacement (PCD). PCD combines three positional (x, y, and z) and 
three rotational parameters (α, β, γ) for each TMS pulse into one compound metric. This metric, PCD, o!ers a meaningful and 
straightforward assessment tool for both trial-to-trial stimulation accuracy and the overall quality of a TMS experiment. PCD 
fills a critical void, providing researchers and clinicians with means to evaluate and report the accuracy of TMS applications, 
contributing to enhanced methodological rigor and reporting standards in the field.

Methods: TMS coil placements are tracked by neuronavigation systems with six parameters defining its position and 
orientation [Fig. 1a]. To assess positional displacements in a meaningful manner, a coordinate transformation is applied 
to di!erentially quantify orthogonal and tangential coil movements. Rotational displacement of the coil was assessed by 
transforming roll and pitch displacements into positional displacements using a beam projection method. With this approach, 
the roll and pitch displacements are transformed into a positional displacement of the stimulation center at a specific skin-
cortex distance. Yaw displacements are quantified separately, because e!ects of yaw displacements critically depend on 
the coil geometry. To provide one metric, yaw displacements are included in the PCD compound metric by sin(yaw) (Fig. 1b). 
Validation: (1) For a large set of virtual TMS experiments (50,000 pulses) e-fields4 at target and o!-targets were extracted 
to analyze PCD’s correlation with cortical stimulation exposure. (2) To assess PCD’s correlation with online TMS e!ects we 
analyzed a dataset on primary motor cortex stimulation and motor evoked potentials (MEPs)5. (3) Finally, we used linear mixed 
models to identify PCD’s potential to explain variance in cortical activity modulation after cTBS to the left and right inferior 
parietal lobe.
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Results: (1) PCD, consolidating information from all six displacement parameters (Fig. 2a), exhibited significant correlations 
with the induced e-fields at target (Fig. 2b) and o!-target regions. (2) Validation against motor-evoked potentials (MEPs) 
demonstrated a similar correlation strength of r(PCD, MEP) and r(e-field, MEP) (Fig. 2c). (3) PCD explained variance in local 
cortical activity modulation. Specifically, PCD explained fractional amplitude of low frequency fluctuations (fALFF)6 variance in 
stimulated regions only (Fig. 2c).
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Conclusions: We present a novel metric to quantify subject- or TMS-coil-movement throughout a TMS experiment or 
therapeutic intervention in a pulse-by-pulse manner. The validation against physical and physiological e!ects underlines 
its capabilities to capture relevant variance of TMS e!ects stemming from experimental imperfections. We provide means 
for automated PCD quantification within our pyNIBS5 python package. Potential applications of PCD include quality control, 
statistical model strengthening, and intervention monitoring.
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Introduction: Non-invasive brain stimulation (NIBS), notably transcranial magnetic stimulation (TMS), has transformed 
our understanding of brain function and its modulation in health and disease. However, challenges persist, particularly in 
achieving consistent and reliable outcomes due to high variability in individual responses. One crucial factor influencing the 
variability of NIBS e!ects is the stimulation intensity or “dosing”. The gold standard for dosing, the motor threshold (MT), 
faces limitations in accurately calibrating cortical stimulation exposure across diverse brain regions. Here1, we present an 
electric field (e-field) based dosing approach, providing a promising avenue to overcome these limitations. This approach 
utilizes individualized simulations of NIBS-induced e-fields to precisely match cortical stimulation exposure within and across 
individuals, o!ering potential improvements in the reliability and e"cacy of NIBS.

Methods: Based on high-resolution head models2 constructed from structural MRI images, we computed the TMS-induced 
e-fields for several stimulation sites for 18 healthy subjects. By using our previously proposed TMS-mapping procedure3, we 
precisely identified finger muscle representations in the primary motor cortex. After measuring the resting motor threshold 
(rMT) in an experimental session, we calculated the cortical stimulation intensity (|E| in V/m) in the primary motor cortex at 
rMT to quantify the cortical excitation threshold on an individual and bio-physiologically plausible level. Subsequently, we 
compared the realized cortical stimulation intensity at four cortical regions (somatomotor cortex, auditory cortex, inferior 
parietal lobe, dorsolateral prefrontal cortex) in each subject for three di!erent TMS dosing approaches: rMT-based dosing, 
Stokes-adjusted4, and e-field based dosing. Specifically, we compared the realized stimulation intensities at these four targets 
for all three dosing approaches with the individual, cortical excitability threshold quantified in M1.

Results: In comparison to MT-based and Stokes-adjusted dosing, e-field dosing optimally matches the cortical stimulation 
strength both within (Fig. 1) and across individuals (Fig. 2). Interestingly, the Stokes adjustment does not better match the 
cortical stimulation strength between targets than simple MT-based dosing. E-field based dosing minimizes the within-
subject variance of cortical stimulation exposure, as each cortical target receives the same stimulation strength, addressing 
a longstanding challenge in NIBS research. Across subjects, the cortical excitation threshold is determined at ~60 V/m, with 
substantial di!erences between individuals ranging from ~40 V/m to ~90 V/m, potentially identifying imperfections in the 
modeling pipeline (such as di!erences in tissue conductivities). On average, however, e-field dosing matches the cortical 
stimulation strength between targets also across participants.
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Conclusions: In conclusion, e-field based dosing represents a promising advancement in the field of non-invasive brain 
stimulation, both for neuroscientific research and clinical applications. By moving beyond the limitations of MT-based (and 
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Stokes-adjusted) dosing, this approach o!ers a robust and individualized strategy for calibrating cortical stimulation exposure. 
By better standardizing the cortical stimulation exposure across subjects and within subjects across brain regions, we aim to 
decrease the variance of NIBS e!ects that often impede strong group-level e!ects.
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Introduction: Transcranial magnetic stimulation (TMS) is an FDA-approved non-invasive brain stimulation technique that 
e!ectively treats a variety of psychiatric disorders, including major depressive disorder (MDD). TMS over the left dorsolateral 
prefrontal cortex (dlPFC) has shown promise as a therapeutic tool for treatment-resistant depression (TRD). Recently, TMS 
has been applied to the orbitofrontal cortex (OFC) as a new possible treatment tool for substance use disorders (SUD). The 
OFC has been associated with decision-making and goal-directed behavior, and previous studies have found that functional 
connectivity dysfunction in the OFC is associated with the abuse of various substances. However, the direct e!ects of 
OFC stimulation using TMS, which could be a promising brain target for SUD, are largely unknown. Here, we investigated 
the mechanisms by which TMS induces functional activation in the human brain network by capturing dynamic changes. 
Specifically, we combined TMS with functional magnetic resonance imaging (fMRI) in an interleaved TMS-fMRI approach to 
characterize functional and distributed networks through the causal manipulation of human brain activity.

Methods: Healthy participants (N = 15) were recruited locally in Houston, Texas. Depression, substance use, and suicidality 
were assessed using the PHQ-9, WHO-ASSIST, and SBQ-9, respectively. Urine samples were collected before the fMRI 
scan to confirm eligibility. Subjects reported no history of neurological or psychiatric disorders, and they signed a written 
informed consent form to be enrolled in this study. The interleaved TMS-fMRI setup utilized the posterior elements of the 
12-channel head matrix coil and the flexible 6-channel body matrix coil, creating su"cient space to accommodate a custom-
built coil holder securing the TMS coil to the scanner bed. The TMS coil position on the left OFC was determined using the 
standardized international 10-20 EEG system (with FP1). Participants were scanned in a 3T Siemens Prisma MR scanner in the 
Core for Advanced MR Imaging at Baylor College of Medicine. Three runs of interleaved TMS-fMRI were acquired using the 
Multi-Echo EPI sequence (TR/TE1/TE2/TE3 = 2000/23.4/61.26/99.12 ms, 2.75 mm isotropic voxels, FOV = 210 mm). To generate 
brief periods of neural activity, single TMS pulses were delivered during a 250ms gap between volumes, and participants 
received a total of 60 single TMS pulses. Interleaved TMS-fMRI data was preprocessed with a standard pipeline in MNI space 
using AFNI. AFNI’s 3dttest+ function was utilized to test the average estimate in a group level analysis.

Results: Average scores of PHQ-9, SBQ-9, and WHO-ASSIST total were 1.86 (± 2.25), 1.57 (± 2.87), and 10.21 (± 7.66), 
respectively, which indicate participants had minimal or low severity of psychiatric symptoms. All participants showed negative 
urine drug tests. Group-wise average resting motor threshold (rMT) was 74% (±10.24) of the maximum stimulator output. Figure 
1 shows the group average of brain responses to the TMS e!ects of OFC stimulation. The results of a whole-brain analysis 
revealed that single TMS pulses to the left OFC could evoke brain responses in specific brain regions, including the right 
middle frontal gyrus, anterior and posterior cingulate cortex, bilateral caudate, putamen, and amygdala, and precuneus (FDR-
corrected q < 0.01).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 204

ABSTRACTS

Conclusions: In this study, we administered single TMS pulses to investigate the direct e!ects of TMS stimulation on the left 
OFC. Our findings suggest that the left OFC could serve as a potential target for TMS intervention in psychiatric disorders, 
including SUD and depression. Future studies will explore the clinical application of repetitive TMS (rTMS) for patients 
with SUD.
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Introduction: Obsessive-compulsive disorder (OCD) detrimentally a!ects individuals’ personal, social, and professional lives, 
making it a pressing psychiatric challenge. Although traditional cognitive-behavioral therapy and selective serotonin reuptake 
inhibitors provide relief, a significant proportion of patients respond inadequately1-2. The potential of adjunctive therapies like 
repetitive transcranial magnetic stimulation (rTMS), which may alleviate symptoms by modulating cortical activity, has gained 
attention3. Nevertheless, determining the optimal strategies for rTMS, including target areas and frequencies, is an ongoing 
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area of research and debate. Our network meta-analysis aims to evaluate and rank rTMS modalities for OCD treatment, 
establishing a hierarchy of e"cacy and tolerability.

Methods: We focused on randomized controlled trials (RCTs) involving adults with OCD, this systematic review and network 
meta-analysis adhered to the PRISMA guidelines. The study conducted a comprehensive database search (Cochrane Central, 
PubMed, Web of Science, Embase) until November 15, 2023. Eligible studies compared various rTMS strategies against sham 
rTMS. We performed pairwise meta-analyses to assess each direct comparison within a random-e!ects model, using the 
“metan” package in STATA14.0. Random-e!ects network meta-analyses were conducted to assess each direct and indirect 
comparison within a Bayesian framework using the “gemtc” and “rjags” packages in R4.3.1. Both methods indicated by 
changes in Y-BOCS scores before and after treatment. On this basis, we also conducted a sensitivity analysis by sequentially 
removing individual studies from the pooled research in STATA.

Results: The search yielded 1877 references, ultimately including 33 RCTs totalling 1113 patients in the final analysis. (Figure 1a) 
Regarding the e"cacy, pairwise meta-analysis indicated that low-frequency rTMS (LF-rTMS) targeting the right/left dorsolateral 
prefrontal cortex (DLPFC) were significantly more e"cacious than sham rTMS in reducing the Y-BOCS scores. Alternatively, 
no significant di!erences were found in the drop-out rates between active and sham rTMS of tolerability. (Figure 1b) Network 
meta-analysis provided ranking through cumulative probability plots and SUCRA value. In terms of e"cacy, high-frequency 
rTMS (HF-rTMS) applied over the bilateral DLPFC and LF-rTMS over right DLPFC achieved the highest e"cacy ranks (SUCRA: 
93.7 and 85.3%). Stimulation of the right DLPFC was generally better than the left side, regardless of LF/HF-rTMS, and LF-
rTMS was more e!ective than HF-rTMS. In addition, LF-rTMS to the pre-supplementary motor area (pre-SMA) demonstrated 
higher e"cacy to SMA. cTBS appears to be the least e!ective. In terms of tolerability, LF-rTMS applied over pre-SMA was the 
most tolerated. Sensitivity analysis, conducted by systematically excluding each study, confirmed the stability of the results. 
(Figure 2)
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Conclusions: In current study, we o!er a comprehensive comparison of rTMS modalities, which is the largest sample size 
network meta-analysis of rTMS for adult OCD to date. Di!ering from previous studies, we further refined the stimulation 
targets into the right/left DLPFC, SMA/pre-SMA. Both pairwise and network meta-analyses revealed that LF-rTMS applied over 
the right DLPFC and HF-rTMS applied over the bilateral DLPFC were significantly more e"cacious than sham rTMS, which 
appear to be the most promising rTMS strategy for OCD treatment. Building on previous studies, we further innovatively found 
that when targeting the DLPFC, the right side was generally better than the left side, and low frequencies were generally 
better than high frequencies, aligning with the preference for low-frequency stimulation of the right DLPFC in current clinical 
practice. Moreover, we noted that cTBS appears to be the least e!ective. Future research investigating the long-term e!ects 
of rTMS and more personalized protocols will be needed to advance treatment for OCD.
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Introduction: The growing potential of computational brain models in clinical and research applications is increasingly evident. 
A crucial advantage for these models is their ability to generalize from one scenario to predict other untested conditions. 
For instance, modeling a patient’s data to simulate their response to various treatments can help identify the most e!ective 
treatment protocol. Transcranial magnetic stimulation (TMS) therapy is emerging as a promising treatment for neuropsychiatric 
disorders like depression1. A key factor a!ecting brain engagement in TMS is stimulation intensity, which engages individual 
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brains di!erently2. Our group has developed a framework for whole-brain connectome-based neural mass modeling in 
PyTorch (‘whobpyt’), previously used to investigate TMS propagation patterns across brain networks3. The present study 
leverages whobpyt to investigate TMS-evoked brain dynamics at di!erent intensities, and the model’s predictive and 
generalization capabilities. This research will enhance our understanding of TMS-brain interactions and facilitate in-silico 
testing of TMS treatments for better clinical outcomes.

Methods: We collected single-pulse TMS-EEG data (64 channels, stimulating at the dorsolateral prefrontal cortex) from 21 
healthy participants. Pulses were randomized at five di!erent intensities in each session based on participants’ unique resting 
motor threshold (%80 to %120). Empirical analyses: We quantify the TMS-induced brain activity, as well as its response profiles 
to varying stimulation intensities in terms of: a) localized peak latencies and amplitude changes near the site of stimulation (via 
Pearson correlation and linear regression), and b) broader spatiotemporal activity changes at di!erent stimulation intensities 
through permutation cluster testing4. Modeling analyses: We train our model at all 5 intensity conditions to assess if any 
results in better goodness-of-fit (assessed via cosine similarity (CS) with empirical data). We then assess each of the 5 fitted 
models’ overall prediction accuracy, as well as their ability to replicate the intensity scaling patterns quantified in the empirical 
analyses. Lastly, we examine relationships between various biologically-interpretable model parameters and intensity of TMS 
stimulation (via Pearson correlation) to infer potential underlying causes leading to the brain’s intensity scaling patterns.

Results: The model showed overall high fitting capabilities (mean CS=0.88, SD=0.04), across di!erent intensities, with 
performance increasing with intensity (r=0.39, p<0.001). Predictive accuracy, though generally high (mean CS=0.77, SD=0.12), 
was highest when the di!erence between fitted and simulated intensities was minimal. For the model’s intensity scaling 
profiles, while the same empirical peak latencies were replicated, similar amplitude scaling was observed primarily for 
early peaks at around 75ms (r=-0.27, p<0.05). In spatiotemporal patterns, the models trained on higher intensities partially 
replicated certain empirical clusters, particularly those observed in frontocentral regions around 200ms. However, these 
simulated clusters did not reach statistical significance. Finally, we also found significant correlations between TMS stimulation 
intensity and the following model parameters: pyramidal-to-excitatory interneuron gains (r=+0.22, p<0.05), pyramidal-to-
inhibitory interneuron gains (r=-0.25, p<0.01), and the inhibitory interneuron time constant (r=-0.21, p<0.05). Taken together, 
results suggest a role of cortical excitation-inhibition balance in TMS-related intensity response profiles.

Conclusions: Here, we demonstrated the capability of our model to reliably capture and replicate the dynamics of TMS 
across various intensities, albeit with potential for further refinement. Furthermore, we illustrated the utility of analyzing model 
parameters to deduce the underlying biological mechanisms governing TMS engagement.
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Introduction: Transcranial Magnetic Stimulation (TMS), a non-invasive neuromodulation technique, shows promise in 
alleviating severe core symptoms of Autism Spectrum Disorder (ASD). Conventional TMS interventions, with fixed stimulation 
targets, overlook the heterogeneity in the ASD community. To address this, we propose an individualized approach based on 
amygdala functional connectivity for optimized stimulation targets. A clinical double-blind randomized controlled trial revealed 
significant improvements with 20 sessions of continuous theta-burst stimulation (cTBS) in the Amygdala-Optimized Functional 
Connectivity (AOFC) group. Previous research suggests electrophysiological e!ects of TMS reach deep nuclei via bundles, 
but specifics involved bundles, impacted nuclei, and their correlation with therapeutic outcomes remain unclear.

Methods: Forty-four children with ASD were randomly assigned to AOFC and NO groups. After excluding incomplete sessions 
or poor T1 and di!usion-weighted image quality, 32 subjects underwent data analysis. Initial di!usion data preprocessing 
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included head motion denoising, Gibbs artifacts removal, and bias field correction through FSL. Non-di!usion weighted 
reference images were registered to corresponding T1 weighted images, and the displacement field was applied to other 
di!usion weighted images. T1 weighted images were segmented using Freesurfer for fiber tracking and constructing a fiber 
structural network through MRtrix. Graph theory analysis and tract-based morphometry detected changes influenced by TMS 
in the global and local structural network and specific fiber bundles. Further investigation explored changes in the amygdala-
seed structural network pre- and post-intervention.

Results: Global and local e"ciency of the structural network and hippocampuslocal e"ciency significantly improved in the 
AOFC group (P_{FDR}<0.05), along with enhanced small-world properties, while these results were not observed in the NO 
group. Additionally, the AOFC group exhibited increased diameter, volume, and total surface area of the left arcuate fasciculus 
fiber, as well as the mean length of the superior longitudinal fasciculus fiber (P_{FDR}<0.05). In contrast, the NO group showed 
increased fractional anisotropy (FA) in several fibers, particularly the posterior corticostriatal tract (P_{FDR}<0.05). Moreover, 
the mean length of the superior longitudinal fasciculus was significantly correlated with the symptomatic improvement level in 
the AOFC group (R^2=0.48, P_{FDR}<0.05), with no similar findings in the NO group. Lastly, the investigation of amygdala-seed 
structural network changes in the AOFC group revealed a significant increase in FA between the anterior transverse temporal 
gyrus and the amygdala (P_{FDR}<0.05).

Conclusions: Our study introduced personalized precision targeting, revealing distinct e!ects on deep nuclei compared to 
traditional TMS. Optimizing the amygdala target enhanced brain-wide influence from the DLPFC, significantly correlating with 
the superior longitudinal fasciculus length and therapeutic outcomes. This influence extended to the amygdala’s connectivity 
network, particularly in the anterior transverse temporal gyrus region.
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Introduction: Transcranial magnetic stimulation (TMS) and deep brain stimulation (DBS) can treat some neuropsychiatric 
disorders, this approach has only been used to optimize existing targets, not to identify novel targets. Lesions have been used 
to map causal circuitry and optimize stimulation targets for various disorders such as depression, Parkinson’s, addiction, and 
epilepsy. However, no clear brain stimulation targets are available for anxiety. Here, we use convergent causal data to derive 
and validate brain stimulation targets for anxiety.

Methods: Across seven datasets (n=936), we mapped circuitry connected to lesion sites and stimulation sites that selectively 
modify anxiety, independently of depression. First, we mapped the normative connectivity (using a normative human 
connectome database) of 111 heterogeneous TMS sites and compared it to TMS-induced change in anxiety, yielding a map of 
connectivity of stimulation sites that relieve anxiety. Next, we used a similar analysis to map the connectivity of 451 lesions 
that modify anxiety. Next, in 300 TMS patients who were all navigated to the same coordinate, we mapped individualized 
connectivity of TMS sites that selectively modified anxiety. We combined this information into a common brain circuit, and 
used this circuit to predict anxiety changes after DBS for Parkinson’s disease in 74 patients with heterogeneous DBS sites.
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Results: Lesions (n=451) and TMS sites (n=111) that modify anxiety mapped to a common normative brain circuit (p=0.01). 
In an independent dataset (n=300), individualized TMS site connectivity to this circuit predicted anxiety change (p=0.02). 
Subthalamic DBS sites overlapping the circuit caused more anxiety (n=74, p=0.006), thus demonstrating a network-level e!ect, 
as the circuit was derived without any subthalamic sites. The circuit was specific to trait versus state anxiety in datasets that 
measured both (p=0.003). The analyses converged on a target in the right superior frontal gyrus.
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Conclusions: We derived and validated a novel brain stimulation target for trait anxiety. More broadly, this illustrates a pathway 
for discovering novel circuit-based targets across neuropsychiatric disorders.
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Introduction: Limbic-predominant age-related TDP-43 encephalopathy neuropathological change (LATE-NC) is common 
in older adults and is associated with neurodegeneration, cognitive impairment and dementia9. However, the association 
of LATE-NC with brain morphometry has not been thoroughly investigated3,5,9. In this work, we examined the voxel-wise 
association of LATE-NC with brain morphometric anomalies by combining deformation-based morphometry (DBM) on ex-vivo 
MRI with detailed neuropathology data in a large number of community-based older adults that came to autopsy (N=897).

Methods: Participants, MRI, neuropathology Cerebral hemispheres were acquired from 897 deceased older adults 
participating in four epidemiological cohort studies of aging: Rush Memory and Aging Project, Religious Orders Study, 
Minority Aging Research Study, and Clinical Core of Rush Alzheimer’s Disease Center2,4. Hemispheres were imaged ex-vivo 
on 3T clinical MRI scanners within approximately 1-month postmortem using 2D multi-echo spin-echo sequence (TE=10–
50ms, voxel size=0.6×0.6×1.5mm3) (Fig.1B). The images from the first echo were non-linearly registered to an ex-vivo brain 
hemisphere template using ANTs1. The logarithm of the Jacobian determinant (LogJ) of the deformation fields was calculated 
in each voxel, and the resulting LogJ maps were smoothed by a 4mm FWHM Gaussian filter (Fig.1A)6. Following ex-vivo MRI, 
hemispheres underwent detailed neuropathologic examination by a board-certified neuropathologist (Fig.1C). Statistical 
analyses Voxel-wise linear regression was used to test the association between deformations shown in the LogJ maps and 
LATE-NC stages, controlling for other age-related neuropathologies (Alzheimer’s disease, Lewy bodies, arteriolosclerosis, 
atherosclerosis, cerebral amyloid angiopathy, gross and microscopic infarcts), demographics (age at death, sex, education), 
postmortem intervals, and scanners. Statistical tests were performed using FSL’s PALM tool with 10,000 permutations and 
threshold-free cluster enhancement10. To identify the earliest LATE-NC stage exhibiting morphometric abnormalities, LogJ 
values were compared between LATE-NC stages 1–5 and stage 0, using voxel-wise linear regression and controlling for the 
same variables as described above. Statistical significance was set at p<0.05 after family-wise error rate (FWER) adjustment to 
correct for multiple comparisons.

Results: Voxel-wise linear regression revealed an independent association of LATE-NC with significantly lower volume in both 
gray and white matter regions within the temporal and frontal lobes and basal ganglia (p<0.05) (Fig.2A). Significantly lower 
volume was observed in amygdala, hippocampus, entorhinal, parahippocampal, temporal pole, inferior temporal, middle 
temporal, fusiform, medial orbitofrontal, lateral orbitofrontal, insula, accumbens, and putamen cortices (Fig.2A). Groupwise 
comparison of LogJ values revealed significant morphometric anomalies in LATE-NC stages 1–5 compared to stage 0 (p<0.05) 
(Fig.2B). The spatial pattern included small temporal lobe areas in stages 1–2, more temporal lobe tissue as well as basal 
ganglia tissue in stage 3, and finally also included frontal lobe areas in stages 4–5 (Fig.2B).
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Conclusions: The present study in autopsied brains from a large community-cohort of older adults showed an independent 
association of LATE-NC with lower volume in both gray and white matter areas of the temporal and frontal lobes and basal 
ganglia. This pattern is consistent with the known pathological distribution of LATE-NC in the brain7-9 and may potentially be 
used in the development of a marker of this devastating neuropathology. Finally, morphometric anomalies were detected as 
early as LATE-NC stage 1, suggesting that MRI is sensitive to the early stages of the disease.
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Introduction: LRRK2 mutation is the most significant genetic risk factor for developing late-onset Parkinson disease (PD), 
accounting for around 1% of sporadic PD (sPD) and 4-36% of familial PD1-3. However, the impact of LRRK2 mutation in PD 
remains unclear. The preclinical markers of LRRK2 mutation carriers who will develop PD still need to be explored4,5. Here 
we examined the clinical and brain morphological characteristics of non-manifest LRRK2 mutation carriers (LRRK2-NMC) and 
LRRK2-associated PD (LRRK2-PD).

Methods: We collected samples from the Parkinson’s Progression Marker Initiative (PPMI, www.ppmi-info.org/) and analyzed 
the baseline clinical and T1 MRI data from 331 sPD, 77 LRRK2-PD, 78 LRRK2-NMC, and 162 healthy controls (HC)6. The LRRK2 
patients do not have known GBA variants associated with PD. The analyzed clinical characteristics include 1) demographic, 
cognitive, motor, and nonmotor features; 2) dopamine transporter binding ratio of bilateral caudate and putamen (DAT SBR); 
and 3) four PD-related CSF biomarkers. Brain morphological features include cortical thickness, surface area, and cortical 
and subcortical volume (using FreeSurfer 7.2). Afterwards, the clinical and brain morphological features were analyzed 
statistically between the four groups. For clinical data, di!erences between groups were analyzed using chi-square and t-tests 
with Bonferroni correction. For brain morphological features, general linear models were used for whole cortical surface 
vertex-wise statistics, controlling for age, sex, education, and disease duration. In the model, age and sex were included as 
covariates for cortical thickness and the estimated total intracranial volume was added as an additional covariate for surface 
area and volume. Di!erences between groups were corrected for multiple comparisons using the random field theory7.

Results: HC vs LRRK2-NMC. The LRRK2-NMC group showed a significantly higher MDS-UPDRS score and SCOPA-AUT total 
score than HC, suggesting that LRRK2-NMC may already present slight motor and autonomic deficits. Specifically, the tremor 
score was higher in LRRK2-NMC than in HC, while their postural instability and gait disorder scores were similar. No sleep or 
smell di!erences were found between the two groups. For brain morphometry, LRRK2-NMC had decreased surface area but 
thicker cortical thickness in parts of bilateral temporal lobes compared to HC. In addition, regions in the left paracentral lobe 
showed lower cortical thickness, surface area, and cortical volume in LRRK2-NMC than in HC. Moreover, LRRK2-NMC had 
a smaller surface area and cortical volume in parts of bilateral medial orbitofrontal lobes. There was no subcortical volume 
di!erence between the two groups. LRRK2-PD vs sPD. There were no age, sex, or education di!erences between LRRK2-PD 
and sPD and the disease duration was longer in LRRK2-PD than in sPD. Thus, the lower DAT SBR and higher MDS-UPDRS 
scores in LRRK2-PD may be influenced by disease progression. However, the cognitive scores were almost similar between 
LRRK2-PD and sPD, suggesting slower cognitive decline in LRRK2-PD. In terms of brain morphometry, after matching for 
disease duration, LRRK2-PD patients showed thinner cortical thickness in a part of the left lingual gyrus and smaller surface 
area in parts of the right paracentral and middle temporal lobes compared to sPD. No subcortical volume di!erence was found 
between the two groups.

Conclusions: This study investigated the clinical and brain morphological characteristics of LRRK2 mutation carriers with 
and without PD. Our findings show that early LRRK2-NMC presents di!erent clinical and brain structural patterns compared 
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to HC. This research may deepen our understanding of LRRK2-related PD mechanisms and contribute to disease prediction 
and diagnosis.
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Introduction: In the ever-evolving realms of neuroscience and cognitive health, the concept of ‘brain-predicted age’ has 
merged as a fascinating and enlightening paradigm. ‘Brain-predicted age’ harnesses advanced computational algorithms 
to analyse a wide range of neuroimaging data, facilitating early detection and prediction of dementia and cognitive 
disorders(Franke and Gaser 2019). However, in contrast to conventional statistical models, computational models often lack 
the capacity to o!er neuroanatomical interpretability and specificity. In other words, most machine learning approaches 
typically fail to reveal ageing-related regional alterations in brain structure or their contributions to ‘brain-predicted age’. 
This dearth of transparency presents significant limitations within the domain of ‘brain-predicted age’, particularly in clinical 
applications. To address this challenge, we have pioneered the implementation of mutual information (MI) to quantitatively 
assess, rank, and elucidate the distinct contributions and relevance of various cortical structures to ‘brain-predicted age’.

Methods: We developed a brain age prediction model utilizing the support vector regression (SVR) machine. For the training 
set, we employed T1-weighted MRI scans of 609 healthy participants (18-88 years of age), sourced from the Cam-CAN 
dataset. The testing set was comprised of 547 healthy subjects, aged 19.98-86.32 years, selected from the Brain-development 
(IXI) dataset. All T1-weighted MRIs underwent pre-processing and quantification using BrainSuite software into four distinct 
regional brain feature types: mean cortical thickness (GMT), gray matter volume (GMV), white matter volume (WMV), and 
cerebrospinal fluid (CSF) volume. The Kraskov (KSG) method was applied to calculate the MI score between each regional 
brain feature and ‘brain-predicted age’ within the testing set. In addition to calculating MI scores for the four individual 
brain feature types, we also computed MI scores for two unique combinations of these feature types. These included the 
assessment of regional brain parenchymal volume, which was a combination of GMV and WMV, as well as regional intracranial 
total volume, derived from the combination of GMV, WMV, and CSF volume.

Results: After age-bias correction, the trained brain age prediction model exhibited the following performance metrics within 
the training set: MAE=5.15 years, RMSE=6.27 years, and R^2=0.88. In the testing set, where the model’s performance was 
evaluated, the following results were observed: MAE=6.65 years, RMSE=8.53 years, and R^2=0.74. Among the four individual 
cortical features, GMV exhibited the most substantial total MI value (8.705), with the pre-central gyrus recording the highest MI 
score (0.694). The second-highest total MI value was associated with CSF volume (7.760), with the cingulate gyrus displaying 
the highest MI score (0.872). The third-highest total MI value corresponded to mean GMT (6.222), with the superior temporal 
gyrus achieving the highest MI value (0.526). Conversely, WMV demonstrated the lowest total MI value (4.594), with the 
highest MI value observed in the insula (0.349). In terms of brain parenchymal volume, the superior frontal gyrus exhibited 
the highest total MI value (0.804). In the context of intracranial total volume, the cingulate gyrus displayed the highest total MI 
value (1.181).

Conclusions: We identified GMV emerged as the paramount influence in the determination of ‘brain-predicted age’, 
underscoring its pivotal role within the four distinct brain feature types in the context of age-related considerations. 
Moreover, the superior frontal gyrus and the cingulate gyrus displayed significant importance within the construct of ‘brain-
predicted age’
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Introduction: Peripheral neuropathic pain is a consequence of enhanced nociceptive sensitivity due to lesions or diseases 
of peripheral nerves. Although such pain originates from peripheral nerve injury, its e!ects are far beyond the peripheral 
nervous system. Previous research documented that long-term abnormal sensory input associated with chronic neuropathic 
pain may induce maladaptive neural plasticity, causing structural and functional alterations of the brain. The current study 
aimed to investigate changes in cortical thickness in patients with neuropathic pain due to peripheral neuropathy, to identify 
neuroimaging biomarkers for brain structural disruptions following peripheral neuropathic pain.

Methods: We recruited 92 patients with neuropathic pain due to peripheral neuropathy (46 women, age = 53.5 9.8 years), and 
97 age- and sex-matched healthy adults (44 women, age = 50.8 13.4 years) for controls. All participants received MRI scanning 
on a Siemens-Trio 3T scanner (Erlangen, Germany) for acquisition of the T1-weighted image under the magnetization-prepared 
rapid gradient-echo (MP-RAGE) sequence (TR/TI/TE = 2530/1100/2.27 ms; flip angle = 9°; FoV = 251 × 220 mm; acquisition 
matrix = 256 × 224 × 176; voxel dimensions = 0.98 × 0.98 × 1 mm). The thickness of the cerebral cortex was estimated from the 
T1-weighted MR image using the CAT12 toolbox (http://www.neuro.uni-jena.de/cat/, (Dahnke, Yotter et al. 2013)) implemented 
in SPM12. Cortical thickness was defined as the distance between the pial and the gray-white matter boundary surfaces, and 
estimated using the projection-based thickness method (Dahnke, Yotter et al. 2013). The surface map of cortical thickness 
was mapped to the MNI space, followed by Gaussian smoothing at 15-mm FWHM. Di!erences in cortical thickness between 
the patients and controls were compared using a two-sample t-test. Multiple comparisons across the cortical surface were 
corrected using the ‘threshold free cluster enhancement’ (TFCE) algorithm (Smith and Nichols 2009) to control the cluster-
level family-wise error (FWE) at a level of 0.05 after 5000 permutations.

Results: Figure 1 shows a significant reduction in cortical thickness in patients (Pt) with neuropathic pain compared with 
controls (Ctrl), particularly in pain-related cortical areas including bilateral anterior cingulate cortices, prefrontal cortices, 
supramarginal gyri, and precentral gyri.

Conclusions: The current study demonstrates widespread cortical thinning in patients with peripheral neuropathic pain, 
showing that cortical reorganization is a manifestation of maladaptive plasticity following chronic neuropathic pain. Our 
findings also show that cortical thickness may serve as a biomarker that facilitates future assessments of pharmacological or 
non-pharmacological interventions for the treatment of neuropathic pain.
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Introduction: The cerebellum has long been recognized for its integral role in motor learning and control. However, recent 
findings suggest its involvement extends beyond motor functions, potentially impacting non-motor domains (i.e., cognition) 
and contributing to cognitive decline in Alzheimer’s disease (AD). Despite its relative resilience to AD-related pathology, such 
as beta amyloid (Aβ) accumulation, previous studies indicate a decline in cerebellar volume over progression of AD. A few 
neuroimaging studies in AD have also demonstrated disrupted cerebellar-cortical functional networks that likely support 
cognitive functions. Nevertheless, our understanding of other changes in the cerebellum, such as subregional volume 
alterations, changes in cerebellar functional connectivity with various cortical networks, and variations in myelin content 
during aging and in AD, remains to be investigated.

Methods: We analyzed cross-sectional as well as longitudinal neuroimaging data from the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI 3, N Sessions = 325, N Subjects = 109, 62 females). Structural and resting-state fMRI data were first processed 
with the Human Connectome Project pipeline (v4.7.0). Cerebellar subregional volumes were derived using an automated 
cerebellar parcellation method (Han et al., 2020). Functional connectivity between the cerebellum and cortical networks (Yeo 
et al., 2011) was computed by group independent component analysis and dual regression approaches. Aβ measures were 
obtained from [18F]-Florbetapir or [18F]-Florbetaben PET, and standardized uptake value ratio values were transformed to 
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the Centiloid scale. Myelin content was estimated using the T1- and T2-weighted (T1W/T2W) ratio mapping (Glasser M. F. and 
Van Essen D. C., 2011). Linear mixed-e!ects models were used to investigate the e!ects of age or Aβ on cerebellar regional 
volume, cerebello-cerebral functional connectivity, and estimated cerebellar myelin content.

Results: Cerebellar volume reduction was significantly associated with older age in areas Crus I, Crus II, or VI. Aβ was also 
significantly associated with atrophy in regions Crus I, Crus II, VIII A, and VIII B. Functional connectivity between the regions 
Crus II and vermis X and the cortical default mode network changed with age. Functional connectivity between the region 
VII B and cortical somatomotor network changed with Aβ. Estimated cerebellar myelin content was negatively related with 
age in regions Crus I and Crus II, but positively associated in the vermis. Estimated cerebellar myelin content was negatively 
associated with Aβ in regions Crus I, Crus II, VIII A and VIII B.

Conclusions: Our findings underscore the intricate relationship between age-related changes, Aβ pathology, subregional 
atrophy, functional connectivity, and estimated myelin content in the cerebellum. Further understanding of these associations 
could potentially o!er valuable insights into the role of the cerebellum in both aging and Alzheimer’s disease.
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Introduction: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the progressive loss of the 
dopaminergic neurons in the substantia nigra, and the appearance of intraneuronal a-synuclein inclusions (Lewy bodies) 
(Bloem et al. 2021). Free-water (FW) imaging has emerged as a promising tool for detecting microstructural alterations in brain 
in vivo. Increased FW values have been suggested as an early diagnostic marker of PD. However, the underlying mechanisms 
of the increased FW in PD remain unclear despite its association with neuroinflammation, edema, and demyelination (Zhang 
et al. 2023). In this study, we used brain FW values and regional gene expression profiles obtained from the Allen Institute for 
Brain Science (AIBS) to elucidate potential genetic mechanisms for regional microstructural alterations in PD. Characterizing 
the genetic factors associated with regional FW changes may provide valuable insights into the biological processes driving 
increased FW in PD. Moreover, identifying promising genetic pathways through this investigation is vital for the development 
of e!ective therapeutic interventions.

Methods: In this study, we measured FW values in 207 cortical and subcortical regions of 157 PD patients and 56 healthy 
controls with di!usion-weighted images. Data included in this study were acquired from the Parkinson’s Progression Markers 
Initiative dataset. The protocols are available at www.ppmi-info.org/study-design. The di!usion weighted images were 
processed with FSL as detailed in a previous study (Zhang et al. 2023), FW mappings were fitted based on a bi-tensor model 
(Pasternak et al. 2009). A total of 180 cortical regions from the Glasser atlas, 14 subcortical regions from the CIT168 atlas, 11 
thalamic subregions and 2 amygdala subregions from the left hemisphere were selected as regions of interest (ROI). Mean FW 
values in each ROI were extracted from all participants. PD patients’ age- and sex-adjusted regional means were normalized 
to the control mean for that region by a z-score transformation. The association between FW z-score and gene expression was 
investigated using Partial Least Squares (PLS) regression. Gene expression data was obtained from the AIBS using abagen 
toolbox. Gene ontological (GO) enrichment analysis was performed on the significantly positively weighted genes identified by 
PLS2 using gProfiler.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 218

ABSTRACTS

Results: In occipital, orbitofrontal and para-hippocampal cortex, amygdala and thalamus, significant increases of FW values in 
PD patients were detected (Fig. 1a). The FW z-score map had a significant correlation with the regional linearly weighted sum 
of gene expression scores defined by the PLS2 (Fig. 1b, c, R=0.465, P=4.34×10-13), suggesting that genes positively weighted 
on PLS2 were also more highly expressed in brain regions with higher FW values. Using GO analyses, we found genes more 
highly expressed in regions with higher FW values in PD were enriched for biological processes relating to synaptic and 
cellular functions (Fig. 2a). There is evidence that Lewy bodies are initially deposit in pre-synaptic terminals (Tagliaferro and 
Burke 2016), and gradually spread toward neuronal soma, leading to neuronal loss (Uchihara et al. 2016). Then, a-synuclein 
can be transmitted from cell to cell in a prion-like manner (Luk et al. 2012). Neuroinflammation is associated with synaptic and 
cellular dysfunction induced by aggregation of Lewy bodies, which in turn may lead to accumulation of free water molecules in 
the extracellular space.

Fig 1. Regional cortical di!erences in free water between Parkinson’s disease and controls.
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Fig 2. Enrichment analyses for genes associated with cortical free-water in Parkinson’s disease visualized by REViGO. The 
terms are plotted in semantic space with more similar terms clustered together

Conclusions: In this study, regional increases in FW values in PD were explored. Moreover, we found that increased FW 
values are associated with higher intrinsic levels of gene expression relating to disturbances in synaptic and cellular functions, 
indicating that these damages might be responsible for the increased free water. These findings provide valuable insights into 
the underlying neurodegeneration in PD and the specific vulnerabilities of a!ected brain regions.
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Absence of fMRI adaptation in patients with chronic fatigue syndrome
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Introduction: Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a debilitating disease of unknown etiology. 
The hallmark feature of ME/CFS is severe and persistent fatigue that does not improve following rest. Many factors can 
cause fatigue. However, fatigue is essentially a feeling generated by the brain. Thus, task fMRI (tfMRI) may provide valuable 
insights into neural mechanisms associated with fatigue in ME/CFS. A systematic review of tfMRI studies in ME/CFS identified 
a consistent observation of larger recruitment of brain regions during cognitive tasks in ME/CFS patients compared to healthy 
controls (HCs)3. Patients with other neuropathologies with di!use damage, such as traumatic brain injury, have similarly 
shown augmented functional recruitment4. Moreover, Kohl et al. observed that traumatic brain injury patients showed 
progressively increased fMRI signals over time, while HCs’ fMRI activities decreased after multiple trial repetitions during a 
prolonged cognitive task5. This study investigates how fMRI signal changes during cognitive tasks in patients with ME/CFS. 
We hypothesise that sustained cognitive function induces cognitive fatigue, i.e., an increase in cerebral activity over time as 
indexed by BOLD response, in ME/CFS but not in HCs. In contrast, we hypothesise that HCs will show decreased cerebral 
activity over time because of an adaptation to the task.

Methods: This prospective study uses data collected for the ongoing study of ME/CFS (6), approved by the University of 
the Sunshine Coast Ethic Committee (A191288) and registered with The Australian New Zealand Clinical Trials Registry 
(ACTRN12622001095752). Sixty-eight participants, 34 ME/CFS participants (mean age, 38 ± 10 [standard deviation]; 27 
women) and 34 HCs (mean age, 38 ± 10 [standard deviation]; 27 women), were included. The fMRI paradigm consisted of two 
task blocks where participants performed a symbol digit modalities test (SDMT) alternating with resting conditions. Details 
of the structural and tfMRI data collection parameters were reported previously (6). Standard pre-processing of fMRI was 
conducted and then analysed using the two-level general linear model approach of SPM12. The subject-specific activation 
maps were built on correctly answered trials only with realignment parameters as nuisance regressors. Four first-level 
contrasts were determined for task vs rest, block 1 vs block 2, block 1 – 1st set vs block 1 – 2nd set and block 2 – 1st set vs 
block 2 – 2nd set. At the second level, first-level contrasts were entered into random-e!ect one-sample t-tests for within-
group analyses and two-sample t-tests for between-group analyses. Sex, age, and BMI were included as nuisance covariates 
in all analyses. The significance was determined at the cluster level PFWE < .05 with cluster-forming of uncorrected P < .001 at 
the voxel level and number of voxels ≥ 25.

Results: Within-group analyses of BOLD responses associated with the SDMT showed patients with ME/CFS recruited broader 
brain areas in the right dorsolateral prefrontal and left somatosensory cortex than HCs (Fig 1). In the second block, within-
group analyses investigating the changes between its first and second set showed an increase in brain activity in the ME/CFS 
group, whereas HCs showed a decrease in brain activity. Between-group analysis showed significantly higher brain activity in 
the bilateral pre- and post-central gyrus, inferior parietal lobule, and the right superior temporal gyrus in ME/CFS compared to 
HCs (block 2 - second set vs block 2 -first set) (Fig. 2).

Conclusions: Neurophysiologic and hemodynamic adaptation in HCs may improve the energy economy. Conversely, this 
adaptation was absent in our ME/CFS group, which may provide an underlying neurophysiological process for neurological 
symptoms in ME/CFS.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 221

ABSTRACTS

Fig. 1 Neural correlates of symbol digit modalities test task.

Fig. 2 Di!erences in fMRI changes comparing the first and second half trials in the second block between patients and health 
controls (HC).
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Introduction: Longitudinal subtypes in Alzheimer’s disease (AD) have been recently identified based on their distinct brain 
atrophy trajectories (Poulakis et al., 2022), which follow either a mediotemporal or a cortical atrophy pathway. The most 
prevalent, the mediotemporal, included three longitudinal subtypes: the limbic predominant (LPA), the limbic predominant plus 
(LPA+), and the minimal atrophy (MA). LPA+ is characterised by the fastest rate of atrophy, beginning in the entorhinal cortex, 
later involving the temporal lobe and the rest of the cortex, while LPA is confined to atrophy in temporal regions. In contrast, 
the MA subtype is characterised by minimal atrophy in mediotemporal areas. Within the cortical pathway, there are two less 
common subtypes, the hippocampal sparing (HS) subtype, characterised by parietal atrophy but preserved medial-temporal 
cortex at AD diagnosis, and the di!use atrophy (DA) subtype with temporal and frontal atrophy already at AD diagnosis, 
as well as a rapid progression. Although the discovery of distinct brain atrophy trajectories in AD represents a significant 
contribution to advancing precision medicine, the impact of sex – a major risk factor for AD – on these trajectories has yet to 
be explored. This study aims to investigate sex-specific e!ects within these trajectories.

Methods: We analysed MRI from three international AD cohorts (ADNI, J-ADNI and AIBL; N=320). All participants with AD 
were amyloid-β positive and were classified into one of the following longitudinal subtypes using a longitudinal clustering 
approach (Poulakis et al., 2022): LPA+, LPA, MA, HS or DA. Clustering was based on W-scores of atrophy measures over 8 
years, including grey matter volumes from seven subcortical regions and thickness from 34 cortical regions, which were 
adjusted for cohort and normal brain ageing relative to an amyloid-β negative cognitively normal control group (N=305). The 
W-scores were also adjusted for field strength, and additionally, in the case of volumetric measures, for intracranial volume. 
The W-scores represented standard deviations of atrophy below the control group. To address the main goal of our study, 
we subsequently stratified each atrophy trajectory by sex to delineate atrophy trajectories for women and men within each 
longitudinal subtype. We compared women and men within each subtype in relation to socio-demographic information and 
changes in global cognition (assessed with the Mini Mental State Examination test, MMSE) using linear mixed-e!ects models.

Results: The frequency of women in each subtype was as follows: LPA+ (N=23, 61% women), LPA (N=93, 48% women), 
MA subtype (N=189, 48% women), HS subtype (N=10, 40% women) and DA subtype (N=5, 60% women). For all AD 
subtypes, women consistently exhibited hippocampal atrophy at earlier disease stages than men (Figure 1). Regarding the 
mediotemporal pathway, LPA+ women showed greater atrophy over time compared to LPA+ men in frontal regions, while 
LPA+ men experienced precentral atrophy sooner. LPA+ men had an older age of onset (U=20.5, p=0.008), and showed a 
faster cognitive decline compared to women (χ2(1)=5.19, p=0.023). In contrast, in the LPA subtype, women presented with 
precentral atrophy earlier than men. MA women showed lateral temporal atrophy earlier compared to MA men. In the cortical 
pathway, HS women showed frontal atrophy earlier compared to men. Within the DA subtype, both men and women exhibited 
a widespread pattern of atrophy over time.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 223

ABSTRACTS

Conclusions: Our findings revealed unique atrophy trajectories in women and men within longitudinal AD subtypes, 
emphasizing the importance of investigating sex-related di!erences in AD heterogeneity. This highlights the need for future 
research to consider sex di!erences in order to develop tailored monitoring and treatment approaches in both sexes.

References
1. Poulakis, K. (2022), ‘Multi-cohort and longitudinal Bayesian clustering study of stage and subtype in Alzheimer’s disease’, Nature 

Communications, 13(1):4566.

Poster No 141

Proteomics analysis unveils proteins underpinning diabetes-driven white matter hyperintensity growth
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Introduction: White matter hyperintensities (WMH) are surrogate markers of cerebral small vessel disease. There is a need to 
understand its pathophysiology to prevent cognitive decline and a potential contributing factor is diabetes as it is a chronic 
macrovascular risk factor1. Blood biomarkers might be a useful tool to elucidate the role of diabetes in WMH. There is limited 
research on blood biomarkers’ association with WMH. We aimed to investigate di!erentially expressed proteins (DEP) in 
diabetes as detected in blood plasma that have a significant interaction e!ect with diabetes on WMH.

Methods: This study was a part of the Biobank Innovations for Chronic Cerebrovascular Disease With ALZheimer’s Disease 
Study (BICWALZS). Blood samples were collected to test for HbA1c. Protein levels were measured with Olink’s Cytokine and 
Neurology panel (https://olink.com/) and transformed into log base-2 values. Participants completed baseline 3T MRI scans 
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which included T1w and T2w-FLAIR sequences. 348 subjects had a baseline MRI (N=245 female, 79 diabetic, mean age 
72.0+-7.2). 64 subjects (N=39 female, 11 diabetic, 72.1+-7.5 years) completed a follow-up scan two-years after baseline and 
held out for a separate longitudinal analysis. WMH on T2w FLAIR images were automatically segmented based on previous 
method2. WMH volume (WMHV) was normalized by intracranial volume and log-transformed. WMHV change was calculated 
as WMHV at time point 2 minus time point 1. Proteins were tested for di!erential expression based on diabetes status for each 
Olink panel. DEP analysis was conducted using the linear model implemented in “limma”3. Functional annotation clustering 
was performed using the DAVID database. A multivariate linear regression model was tested on DEP for interaction between 
the protein and diabetes on WMHV controlling for age, sex, and scanner site. Proteins with significant interaction e!ect 
were tested on the held-out longitudinal sample. Two linear regression models were tested on WMHV change controlling 
for age at baseline, sex and scanner site: the interaction between diabetes, protein expression and HbA1c levels, protein 
expression, respectively. We applied the Johnson–Neyman technique to probe and visualize the conditional e!ect of HbA1c 
on WMHV change based on protein expression4. Throughout the study, multiple comparison was adjusted using Benjamini-
Hochberg method.

Results: We observed 42 and 11 DEP based on diabetes status for Neurology and Cytokine panel, respectively (Fig1A,B). KEGG 
pathways such as cytokine-cytokine receptor interaction and gene ontology terms such as axon guidance were significantly 
enriched (Fig1C). The only DEP that had significant interaction e!ect with diabetes on WMHV were Nerve Growth Factor 
(NGF)-β (p=5.8E-4, Fig2A) and Carboxypeptidase A2 (CPA2) (p=1.1E-3, Fig2B). WMHV increased with higher NGF-β expression 
for diabetic subjects and decreased expression in non-diabetic subjects. In the held-out sample, significant interaction 
e!ects on WMHV change were observed between NGF-β, diabetes and NGF-, HbA1c, respectively (Fig 2C, p=0.03, 0.019), 
but not CPA2 (p=0.26, 0.69). Johnson–Neyman analysis indicated the association between WMHV change and NGF-β had 
a significant negative correlation at HbA1c levels less than 5.59%, and a significant positive correlation at HbA1 levels higher 
than 7.8% (Fig2D).
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Conclusions: Our proteomic analysis reveals a potential independent pathway through which diabetes contributes to WMH 
progression. To the best of our knowledge, we are the first to report about an association between NGF, CPA2 with WMH. 
NGF plays a significant role in neuronal integrity and angiogenesis. Elevated NGF and CPA2, observed in diabetes5,6, 
may indicate a worsened diabetic state leading to cerebrovascular complications. Our study emphasizes the importance 
of managing diabetic health to improve brain health outcomes. Finally, targeting NGF may have potential diagnostic and 
therapeutic benefits in preventing WMH progression.
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Introduction: Vascular cognitive impairment no dementia (VCIND) refers to cognitive deficits associated with an underlying 
vascular cause but is not su"cient for diagnosing dementia1. Early intervention of VCIND holds the potential to delay or even 
reverse cognitive impairment2. Cognitive training refers to a structured intervention where individuals engage in practice 
activities that target specific cognitive functions, such as executive function and memory. However, the impacts of subcortical 
VCIND and cognitive training on functional lateralization, an intrinsic organizational principle of human brain, remain unclear.

Methods: In a randomized, active controlled design, 30 patients with VCIND underwent a 7-week computerized, adaptive, 
multidomain training while the other 30 patients received fixed processing speed and attention tasks set to a primary di"culty 
level. Based on resting-state functional connectivity (FC) processed by fMRIPrep and XCP-D3,4, we first defined two di!erent 
types of FC among the whole brain, named interhemispheric heterotopic FC and intrahemispheric FC. For a specific parcel 
in multimodal parcellation5, the heterotopic (he) was defined as the sum of heterotopic FCs between this parcel and all the 
others in the opposite hemisphere except the homotopic one, whereas the intrahemispheric (intra) was defined as the sum 
of intrahemispheric FCs between this parcel and all the others within the same hemisphere. The resting-state functional 
lateralization between each homotopic pair of parcels was quantified by a commonly used laterality index (LI) calculated 
as: LI = (L-R)/|(L+R)|. According to Cole-Anticevic Brain-wide Network Partition version 1.0 (CAB-NP v1.0)6, all cortical parcels 
were mapped into 12 networks. Since executive dysfunction is the characteristic impairment in subcortical vascular cognitive 
impairment7,8, brain areas within the fronto-parietal network (FPN) may play a crucial role in cognitive training for subcortical 
VCIND. In order to calculate the LI of FPN, we only chose the homotopic pair of parcels both belonging to FPN in CAB-NP v1.0. 
After averaging the LIs across these pairs of FPN parcels, we acquired the LI_he/LI_intra of FPN for each participant. Larger 
positive values of LI_he and LI_intra imply stronger bilateral across-hemisphere interactions or ipsilateral within-hemisphere 
interactions in left-hemispheric FPN nodes, whereas larger negative values indicate stronger interactions in right-hemispheric 
FPN nodes. Thus, LIs of FPN, along with neuropsychological assessments (Trail Making Test (TMT) to measure executive 
function9 and the WHO-UCLA Auditory Verbal Learning Test (AVLT) to measure episodic memory function10), were acquired 
at three di!erent time points: baseline 0, end of intervention (7-week), and 6-month follow-up. A healthy older group with 30 
participants only provided data at baseline 0.

Results: At baseline 0, the two VCIND groups showed a similar lateralization pattern in FPN to healthy older adults (Figure 
1A). However, a stronger right-lateralized LI_he correlated with better memory performance only in the healthy older group 
(Figure 1B). At the end of the 7-week intervention, only the VCIND training group, but not the control group, exhibited reduced 
lateralization with a bilateralized LI_he in FPN (Figure 2A), where stronger leftward changes were correlated with better 
executive and memory functions (Figure 2B). Notably, all these changes disappeared at the 6-month follow-up.

Conclusions: Subcortical VCIND impaired the cognitive benefit of right-lateralized FPN typically observed in healthy older 
adults. Instead of restoring the cognitive reserve with right-lateralizated FPN, the 7-week cognitive training facilitated 
executive and memory functions through functional compensation by reorganizing and balancing the hemispherical symmetry 
of FPN. These findings have important implications for understanding and intervening cognitive impairment.
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FPN lateralization patterns and their relationships with behaviors in three groups at baseline.

LI_he and LI_he di!erence of FPN and their correlations with behavioral performances in subcortical VCIND patients.
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Altered intrinsic neural timescales in mild cognitive impairment and Alzheimer’s disease
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Introduction: Alzheimer’s disease (AD) is a devastating neurodegenerative disease that a!ects millions of older adults in the 
US and worldwide. Resting-state functional magnetic resonance imaging (rs-fMRI) has become a widely used neuroimaging 
tool to study neurophysiology in AD and its prodromal condition, mild cognitive impairment (MCI). The intrinsic neural 
timescale (INT), which can be estimated through the magnitude of the autocorrelation of intrinsic neural signals using rs-
fMRI, is thought to quantify the duration that neural information is stored in a local cortical circuit. The heterogeneity of the 
timescales is considered to be a basis of the functional hierarchy in the brain. In addition, INT captures an aspect of circuit 
dynamics relevant to excitation/inhibition (E/I) balance, which is thought to be broadly relevant for cognitive functions. Here we 
examined its relevance to AD.

Methods: We used rs-fMRI data of 904 individuals from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database. 
The subjects were divided into 4 groups based on their baseline and end-visit clinical status, which were cognitively normal 
(CN), stable MCI, Converter, and AD groups. The rs-fMRI preprocessing was implemented through fMRIprep. Voxel-wise INT 
was estimated as the area under the curve of the autocorrelation function from the fMRI time-series during the initial positive 
period. ROI-specific INT were calculated as the mean of the voxel INTs within the ROI, where the Desikan-Killiany (DK) Atlas 
was used. Linear Mixed E!ect (LME) Model to Detect Altered Hierarchical Gradient E!ects on INT: LME model was applied to 
predict the INT value in our ADNI sample using hierarchical level (HL) in the cerebral cortex, assuming di!erent intercepts and 
slopes by diagnosis group. The HL of the ROIs is determined using the rs-fMRI of 100 unrelated young and healthy subjects 
from the Human Connectome Project WU-Minn Consortium. We considered age, sex, motion, and cortical thickness (CT) 
extracted from the T1 MRI as covariates (fixed e!ects), and allowed for variations of intercept and slope at the subject level 
(random e!ects). Pairwise Comparison for Significant INT Di!erences among Groups: We averaged the INT values of the same 
ROIs on the left and right hemisphere, t-tests were conducted to compare the di!erences between each pair of the 4 groups. 
Multiple comparison correction was performed using the Tukey method for comparing a family of 4 estimates.

Results: Hierarchical Gradient E!ect on INTs among Various Groups: The parameters of fitted lines of INT as a function of HL 
of the 4 diagnosis groups are shown in Figure 1A. In terms of group di!erences (see Figure 1B), the MCI had a less pronounced 
hierarchical-gradient e!ect (i.e., slope) when compared to the CN; the AD showed longer INT values in lower HL areas 
than CN (i.e., the contrast of intercept); the AD and Converter had longer INT across all cortical areas compared to the MCI. 
Significant ROIs in which AD and Converter Had Longer INT Values than CN and MCI: In Figure 2, 4 ROIs (entorhinal, fusiform, 
inferior temporal and temporal pole areas) were identified having higher INT in the AD than the CN. The pairwise comparison 
results indicate that INT alterations of these areas in the Converter are very similar to the AD at baseline, suggesting similar 
pathological changes prior to clinical presentation of AD.
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Conclusions: We used rs-fMRI data to investigate INTs in CN, MCI, including those who convert to AD, and AD populations. 
Using established INTs as a functional index of hierarchy, we found that compared to CN, 1) AD and Converter are similar, as 
they both had longer INTs in low HL areas; and 2) stable MCI is distinct from AD and Converter, which had a less pronounced 
hierarchical-gradient e!ect with shorter INTs in high HL areas, suggesting distinct pathophysiological changes in the stable 
MCI and AD/Converter.

Figure 1: The results of the LME fitting. A) The estimated intercept and slope of the hierarchical gradient e!ects by diagnosis 
groups. B) Pairwise comparisons.

Figure 2: Cortical ROIs in which the INT values in AD group (and Converter group) are significantly longer than those in CN and 
MCI groups.
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Common and specific e!ects in oscillations and motor symptoms of tDCS and tACS in 
Parkinson disease
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Introduction: Parkinson’s disease (PD) is a prototypical oscillation-related neurodegenerative disorder, and these aberrant 
neural oscillations lead to the pathophysiology of various motor phenotypes specific to patients1. Recently, transcranial 
direct/alternating current stimulation (tDCS/tACS) are widely utilized for non-invasive modulation and restoration of brain 
neural oscillations, and have been demonstrated to have potential to ameliorate motor symptoms in PD patients. However, 
it is unclear whether tDCS and tACS improve motor symptoms in PD patients through a consistent oscillatory modulation 
mechanism. Here, we conducted the first randomized controlled trial (RCT) to compare the modulation in PD patients by tDCS 
and tACS.

Methods: To observe abnormal baseline brain oscillations in PD patients, we first analyzed 41 PD patients and 41 healthy 
controls (HC) from two external open-source datasets. Then, we conducted a double-blind RCT (NCT05678725) with 60 
idiopathic PD patients randomly assigned to the tDCS, beta tACS (20Hz), or sham stimulation groups, applying stimulation to 
left primary motor cortex. Participants completed a 15-minute simple reaction task (sRT) during and after stimulation to assess 
changes in motor function. Before and after stimulation, we collected 5-minute eyes-open resting-state electroencephalogram 
(EEG), the unified Parkinson’s disease rating scale part III (UPDRS III), and the Montreal cognitive assessment (MoCA) to assess 
changes in brain oscillations, motor functions, and global cognitive function respectively.
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Results: In external datasets, PD patients displayed abnormal cortical oscillations compared to HC, marked by significantly 
increased cortical theta power and decreased cortical beta power. In the RCT, for brain oscillations, both tDCS and tACS 
induced a common and significant increase in beta power compared to the sham. However, reduced theta power was specific 
to the tDCS group. The alterations in theta and beta power induced by tDCS or tACS were moving toward a more ‘normal’ 
level. Furthermore, for motor symptoms, both tDCS and tACS significantly ameliorated rigidity-bradykinesia symptoms, which 
were associated with changes in beta power induced by tDCS and tACS. Interestingly, tDCS exhibited specific improvements 
in tremor and cognition, with tremor improvement being linked to tDCS-induced specific reduction in theta power. Exploratory 
analyses uncovered that tDCS significantly also decreased theta/beta ratio, and that tDCS-induced tremor-specific change 
could be more e!ectively fully mediated and predicted by theta/beta ratio than theta alone, supporting the theta and beta 
independently together roles in tremor.

Conclusions: This RCT represents the first attempt to compare changes in cortical oscillations and symptom improvements 
following tDCS or tACS modulation in PD patients, thereby highlighting both their common and specific e!ects. tDCS exerts 
a broad-spectrum modulatory e!ect on oscillations, resulting in the improvement of multiple symptoms in PD patients, 
while tACS provides specific modulation by targeting single oscillation to impact specific symptom. These findings elucidate 
the di!erent oscillatory mechanisms underlying symptom improvements in PD, underscoring the pivotal role of aberrant 
oscillations in the pathophysiology of PD tremor and rigidity-bradykinesia.
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Quantitative MRI microstructural features of medial temporal lobe subfields relates to tauopathy
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Introduction: Characterizing early brain changes in Alzheimer’s disease (AD) is essential to develop e!ective therapies. The 
medial temporal lobe (MTL) is one of the earliest a!ected brain areas in AD, however, macroscale atrophy is a relatively late-
stage change1. Brain microstructure and composition can be assessed with quantitative MRI (qMRI) and may reveal signs of 
pathology earlier than volumetry2. qMRI measures are sensitive to features like myelin and iron but tend to be non-specific. 
By assessing multiple MR properties we can gain a more complete picture of underlying biological tissue composition. We 
describe associations between qMRI measures of microstructure and macrostructure (volume) for di!erent MTL subfields. We 
also test the hypothesis that these measures are sensitive to pathology in prodromal AD.

Methods: 197 participants with family history of AD were included from the PResymptomatic EValuation of Experimental 
or Novel Treatments for AD (PREVENT-AD) cohort3 (mean age 68.4y, 74% female). 3T MRI sequences: - Anatomical scans: 
o T1w MPRAGE: 1mm isotropic, TR/TE/TI=2300/2.96/900ms, FA=9° o T2w SPACE: 0.6mm isotropic, TR/TE=2500/198ms - 
Multiparametric Mapping: 3 multi-echo gradient-echo sequences (1mm isotropic, TA=17:30) with weighting for: o T1: TR=18ms, 
6 echoes, TE=2.16-14.81ms, FA 20° o Magnetization transfer (MT): TR=27ms, 6 echoes, TE=2.04-14.89ms, FA 6°, MT pulse FA 
540°, 2.2kHz o!-resonance, 12.8ms o Proton density (PD): TR=27ms, 8 echoes, TE=2.04-22.20ms, FA 6° - B1+ field maps: 2 
spin-echo echo-planar sequences: 2x2x4mm, TR/TE=4010/46 ms, FA [60,120]° Image Processing: Microstructure maps (R1, 
MT saturation (MTsat), R2* and PD) were computed using hMRI toolbox v0.5.04. MTL subfields were segmented using the 
Automatic Segmentation of Hippocampal Subfields (ASHS) software, using the T1w and T2w anatomical scans5. Brain tau was 
assessed using PET (18-F Flortaucipir) in the ‘meta ROI’, a collection of brain regions known to be a!ected by tau early in AD, 
primary in middle and inferior temporal lobe6. Tau positivity was defined as a standardized uptake value ratio >1.3. Statistical 
Analysis: Interparameter correlations were calculated within each subfield using Product-moment correlations. We tested 
the relationship between Tau PET and MTL subfield structure using a linear regression model for each structural measure 
containing all five subfields: Tau Load ~ Subfield : (Structure : Tau status) + Tau status + age + sex + education

Results: Across all ROIs R1 and MTsat correlated positively with each other and negatively with PD (Fig 1). R1 and MTsat 
correlated positively with R2* in hippocampal subfields (CA1, dentate gyrus, subiculum), but negatively with R2* in MTL 
cortices. Greater volume was associated with greater R1 and MTsat in CA1 and subiculum. In Tau+ individuals, greater tau load 
was associated with smaller volume of CA1, dentate gyrus and entorhinal cortex (Fig 2). Greater tau load was also associated 
with lower R1, MTsat and R2* and greater PD throughout the hippocampus. In contrast, greater tau load positively correlated 
with R1 and MTsat in MTL cortices.
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Conclusions: In hippocampal subfields we identify a pattern of covariance between qMRI measures of microstructure that 
reflects myelination (R1, MTsat and R2* covarying negatively with PD). Consistent with a model of AD-related demyelination, 
we see that in tau+ individuals (likely prodromal AD), greater tau load was associated with lower R1, MTsat and R2* and greater 
PD, as well as smaller volume. Negative covariance between MTsat and R2* in the MTL cortices indicates driving factors other 
than myelin. Here, greater tau load associated with higher MTsat in the tau+ group. MTsat may be directly sensitive to the 
presence of neurofibrillary tangles. We highlight regional di!erences in qMRI measures of microstructure. This study takes 
steps toward a more complete understanding of the biological driving factors of these measures.
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Unravelling the heterogeneity of Mild Cognitive Impairment using Subtype and Stage Inference
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Introduction: Individuals diagnosed with mild cognitive impairment (MCI) typically experience initial signs of an abnormal 
cognitive decline without losing the ability to independently perform basic activities of daily living. This stage is commonly 
considered to be a prodromal stage of dementia-causing diseases such as Alzheimer’s disease (AD). Nonetheless, the most 
commonly used diagnostic criteria, MCI due to Alzheimer’s Disease (AD)1, have several limitations, resulting in a complex 
diagnostic process, low accuracy, and a high heterogeneous group of patients2,3. One possible way to address this issue, is to 
classify MCI patients into more biologically specific subgroups - an approach that can be aided by quantitative biomarkers and 
unsupervised machine learning algorithms. However, clustering algorithms may incorrectly identify subtypes that are merely 
temporally distinct, that is, essentially only in di!erent stages of a disease progression rather than phenotypically di!erent. 
In this context, this study aimed to identify MCI subtypes using two di!erent sets of biomarkers and a machine-learning 
technique named “Subtype and Stage Inference” (SuStaIn)4. The Sustain can uncover data-driven disease subtypes but also 
infer disease progression stages with entirely cross-sectional data.

Methods: Participants We analyzed data from 558 MCI subjects (mean age 73.5, 234 Female) and 215 amyloid-negative 
cognitively normal controls (mean age 72.4, 111 Female) obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
database5. Biomarker Sets Neuropsychological: Animals Category Fluency (CATANIMSC), Boston Naming Test (BNTTOTAL), 
Trail Making Test B (TRABSCOR), Rey Auditory Verbal Learning Test Trail 1 (AVTOT1), RAVLT Immediate (AVTOTAL)6, RAVLT 
Learning6, RAVLT Forgetting6, Mini Mental State Exam (MMSCORE), and Geriatric Depression Scale (GDTOTAL). Brain MRI 
and CSF-derived biomarkers: Volumes of Hippocampus, Cortical, Subcortical, Ventricles, and White Matter Hypointensities. 
CSF Amyloid-β 42 and Phosphorylated TAU concentration levels. Biomarkers were selected based on data quality, sample 
size, variability, and correlation with variables within the same domain. The volume of each brain region was acquired using 
FastSurfer software7 and normalized by intracranial volume. Z-score Sustain The z-score Sustain version characterizes the 
progression of a disease through a series of stages, in which each stage is associated with an increase in a biomarker to a 
new z-score relative to a control population4.

Results: Two subtypes were identified by running SuStaIn on neuropsychological data. Subtype 1 was characterized mainly 
by changes in z-score in RAVLT forgetting and GDSCORE, while Subtype 2 in the TRABSCOR, as seen in figure 1A. Subtype 
2 individuals exhibited worse performance in most neuropsychological tests, as well as lower cortical and hippocampal 
volumes, and higher ventricular and WM hyperintensities volumes. Additionally, they had a higher conversion rate to AD after 
1 and 2 years (figure 2). Using the MRI and CSF data, the SuStaIn also identified 2 subtypes. Subtype 1 characterization was 
led by z-score changes in PTAU, while subtype 2 was by changes in ventricular volume and WM hypointensities (figure 1B). 
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Subtype 1 also had a higher percentage of individuals with the ε3ε4 and ε4ε4 APOE allele pair, as well as a higher rate of 
individuals who converted to AD. In both analyses, MCI patients in stage 0 were reclassified as subtype 0, where biomarkers 
abnormalities were sub-threshold (z < 1).

Conclusions: The SuStaIn can identify MCI subtypes based on di!erent biomarkers, each with distinct disease progression 
patterns and neurobiological characteristics. Additionally, it enables the detection of individuals with a higher risk of 
conversion to AD. (i.e., Neuropsychological subtype 2 and MRI/CSF subtype 1). In our future research, we plan to investigate 
the ability of the SuStaIn stage to predict conversion to AD using ML models.
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Arterial Territories Mediate White Matter Hyperintensities association to Processing Speed in MCI/AD
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Introduction: MRI-detected white matter hyperintensities (WMHs) are widely recognized as markers of cerebrovascular 
abnormalities and can serve as an index of vascular brain injury (Wardlaw et al., 2013). The literature (i) strongly establishes 
a link between an increase in WMH volume (WMHv) and cognitive decline (Guo and Shi, 2022), and (ii) suggests that the 
anatomical distribution of WMHs exerts a mediating e!ect on cognitive dysfunction (Garnier-Crussard et al., 2022). It has 
also been reported that pathological remodeling of the major cerebral arteries (anterior, ACA; middle, MCA; posterior, PCA) 
potentially increases WMHv in an arterial territory (AT)-specific manner (Gutierrez et al., 2018). Recently, we characterized 
the anatomical distribution of WMH within ATs in age-related neurodegenerative diseases (NDDs), and demonstrated NDD-
specific signatures of WMHv distribution across ATs (Housni et al., 2023). However, the relationship between AT-specific 
WMHv and cognitive performance remains largely unexplored, and our current study addresses this gap in knowledge.

Methods: We selected participants from six clinical groups (cognitively unimpaired, subjective cognitive decline, mild 
cognitive impairment (MCI), Alzheimer’s disease (AD), and MCI and AD with high vascular brain injury (Fig. 1a)) from the CCNA 
COMPASS-ND cohort (N=756;7th-release)(Chertkow et al., 2019). WMHs were segmented from FLAIR MRI (Dadar et al., 2017) 
and mapped onto an arterial atlas (Schirmer et al., 2019). The cognitive performance of participants was measured using 
four psychometric tests: Simple Reaction Time (SRT), Choice Reaction Time (CRT), Digit Symbol Substitution Test (DSST), 
and Montreal Cognitive Assessment (MoCA) (Fig. 1b). Statistical analyses consisted of a series of linear regression models, 
with cognitive performance as the dependent variable and region-size-normalized AT-WMHv as the independent variable, 
controlling for age and sex. We investigated the interaction between cognition and AT-specific WMHv both (i) adjusting for 
diagnosis, and (ii) within each clinical category, to identify disease-specific e!ects. A 5% False Discovery Rate threshold was 
applied to correct for multiple comparisons.

Results: Adjusting for clinical diagnosis: (i) SRT scores were associated with ACA WMHv (p=0.002;t=2.44); (ii) CRT and MoCA 
scores were associated with PCA WMHv (CRT: p=0.002;t=2.40 | MoCA: p=0.001;t=-3.21); and (iii) DSST scores were associated 
with WMHv across all ATs (PCA: p<0.001;t=-3.96 | MCA: p=0.004;t=-2.83 | ACA: p=0.02;t=-2.26). NDD-specific analyses 
showed that MCI and AD were the only categories to show AT-specific WMHv associations with cognitive performance (Fig. 
1c). In MCI, lower DSST scores were associated with higher PCA WMHv (p=0.02;t=-2.78) (Fig. 1d). In AD, a lower % of correct 
answers in CRT tasks was associated with higher ACA (p=0.006;t=-3.32) and MCA (p=0.02;t=-2.59) WMHv (Fig. 1e).
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Conclusions: Overall, greater WMHv was associated with poorer cognitive performance (i.e., higher SRT, CRT | lower MoCA, 
DSST, % of correct answers in CRT tasks). Mounting evidence suggests that WMHs exert an independent e!ect on cognition 
in AD, which is additive to that exerted by the core proteinopathies (i.e., beta-amyloid, tau) (Ng et al., 2023). A study found that 
WMHv in PCA sub-regions contributes to lower cognition, independent of amyloid deposition or atrophy in early AD (Garnier-
Crussard et al., 2022). Adding strength to this finding, we observed an association between PCA WMHv and processing speed 
at the MCI stage. This association however evolved to the ACA and MCA at the AD stage. As AD is characterized by increased 
amyloid deposits in areas perfused by the ACA and MCA (Adlard et al., 2014), further investigation is warranted to determine 
whether the observed associations are driven by WMH or other AD pathologies.
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A Summary Statistics Approach to providing Imaging Results for the Cleveland ADRC 
Neuroimaging Core

Jian Lin1, Ken Sakaie1, Wanyong Shin1, Katherine Koenig1, Dan Ma2, Sehong Oh1, Sally Durgerian1, Ajay Nemani1, Pillai Jagan1, 
Brian Appleby2, Alan Lerner2, James Leverenz1, Mark Lowe1

1The Cleveland Clinic, Cleveland, OH, 2Case Western Reserve University, Cleveland, OH

Introduction: The NIH/NIA supports a network of 33 Alzheimer’s Disease Research Centers (ADRC) to promote translation 
of research to improved patient care. The neuroimaging core in Cleveland (CADRC-NIC) has developed a panel of advanced 
MRI methods to explore their use in the context of AD and related dementia. We provide an overview of the methods and 
the overall framework for analysis and distillation of the imaging data into a summary statistics report of regional measures of 
the brain.

Methods: Subjects are recruited from the community for annual evaluation. All imaging is performed on a Siemens Prisma 3T 
MRI with a standard 32 channel head coil (Siemens Healthineers, Erlangen, Germany). Imaging included anatomical, resting 
state functional MRI (rs-fMRI)1 and di!usion MRI (dMRI) scans based on the ADNI3 advanced protocol (https://adni.loni.usc.
edu/). Additional scans including quantitative arterial spin labeling (ASL)2,3, multiecho gradient echo (MGE), myelin-weighted 
image (MWI)4 using ViSTa5, dynamic contrast enhancement (DCE)6 and magnetic resonance fingerprinting (MRF)7. MGE is 
used to generate susceptibility-weighted images (SWI) and quantitative susceptibility maps (QSM)8. dMRI is used to calculate 
both di!usion tensor imaging (DTI)9 and neurite orientation dispersion and density imaging (NODDI)10 maps. Due to concerns 
related to patient comfort and compliance, scans are acquired in two separate scan sessions, allowing subjects to take a 
break between sessions. Further details about the imaging and purpose of each scan are provided in Table 1. Histograms of 
tissue properties of each scan are generated from each scan session as a quality assurance step. Outcome measures consist 
of average values from within brain parcels defined by FreeSurfer11 that have been coregistered to native space using AFNI12, 
FSL13, and ANTs14.

Results: To date, eighty six subjects (36 female) have been scanned. Age was 68±11 years (mean±std). Years of education 
was 16±3 years. Thirty-seven were cognitively normal, 33 had mild cognitive impairment related to typical AD/atypical AD/
DLB/Other etiologies, while 13 had dementia related to typical AD/atypical AD/Down’s syndrome/Other etiologies, and 3 
were awaiting consensus diagnosis. Figure 1 shows an example of histograms used as part of the quality assurance. Figure 2 
depicts an example of outcome measures. Tables 2 and 3 show examples of outcome measures from one subject in regions 
commonly a!ected in AD.

Conclusions: We present a brief overview of the imaging acquired by the CADRC-NIC. While measures of neurodegeneration 
from structural imaging are well-established for AD, imaging data from other modalities need to be acquired from a large 
population of subjects in order to evaluate their utility for patient management. Providing a quantitative summary of regional 
brain measures from an advanced imaging protocol can help to facilitate analyses by the regional and national network of 
AD and ADRD researchers. These data are made readily available and are intended to help in furthering the development of 
these advanced measures as biomarkers for AD diagnosis and progression.
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RegionFormer: A Simple Region Transformer for Alzheimer’s Disease Diagnosis

Yanling Fu1, Qi Zhu1, Wei Shao1, Wan Peng2, Jiashuang Huang3, Daoqiang Zhang1, Liang Sun1

1Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu, 2Nanjing University of Aeronautics and Astronautics, 
Nanjing, China, 3Nantong University, Nantong, Jiangsu

Introduction: The anatomical structure changes in the regions of the brain are key for understanding brain diseases. 
However, it is di"cult to find slight anatomical structural changes from whole brain images by voxel-level/patch-level deep 
learning methods. Meanwhile, the recent region-level deep learning methods usually employ multiple sub-networks to learn 
feature map in each brain region, which are di"cult to implement. To address these issues, we propose an e!ective region-
based transformer method for Alzheimer’s disease (AD) diagnosis, named RegionFormer. RegionFormer consists of two 
components:1) a very simple region feature learning network to extract the feature map for each brain region from whole 
structure magnetic resonance imaging (sMRI), and 2) a transformer-based classifier to capture the dependencies of each brain 
region for Alzheimer’s disease diagnosis.
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Methods: Region Feature Learning Network. Region feature learning network has two parts-i.e., an image feature learning 
module and a region-level feature learning module. We first employ the image feature learning module to learn the high-level 
contextual feature maps of input sMRI image. It’s an encoder-decoder architecture, containing six 3D convolutional layers, two 
max-pooling layers and two 3D deconvolutional layers. Simultaneously, in the region-level feature learning module, the input 
sMRI image is segmented by a trained segmentation model to obtain 95 brain regions, denoted as L_I. Meanwhile, the output 
of image feature learning module is fed into a 1×1×1 convolutional layer with 95 channels (i.e., the number of brain regions), 
denoted as F_BR. Then, we extract region-level feature learning representation based on the label map L_I. Specifically, 
we first obtain a region-enhanced feature map A_r=(α-one_hot(L_I)+β)-F_BR, where one_hot(•) is one-hot coding and - is 
element-wise multiplication. α and β are hyperparameters to adjust the features within and outside the corresponding brain 
region. Then, the feature map A_r is fed into two group convolutional layers to obtain region-level feature vectors. Finally, 
the sequence of region-level tokens is used as the input of a transformer-based classifier for Alzheimer’s disease diagnosis. 
Transformer-based Classifier. In the transformer-based classifier, we stack four transformer encoders to process the region-
level features. Similar to ViT, the transformer encoder consists of a multi-head attention (MSA) block and an MLP block. Finally, 
a softmax function is applied to normalize the outputs.

Results: Our RegionFormer has been evaluated on the baseline sMRI scans of 1193 subjects on the ADNI dataset. The 
dataset contains 389 AD, 172 pMCI, 232 sMCI, and 400 NC subjects. The accuracy achieved by our RegionFormer in AD vs. 
NC, pMCI vs. sMCI, pMCI vs. NC, and sMCI vs. NC tasks are 0.983, 0.901, 0.956, and 0.932, which is superior to the state-of-
the-art methods. Meanwhile, our RegionFormer finds the AD-related brain regions, which suggests RegionFormer has good 
pathology interpretability.

Conclusions: The experimental results on ADNI datasets demonstrate that our RegionFormer achieves much better 
classification performance than several state-of-the-art methods, especially in the relatively challenging task of MCI 
conversion prediction and early AD diagnosis. Besides, our RegionFormer is easily implemented and extended with the state-
of-the-art deep learning framework, segmentation methods, or di!erent brain atlases.
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Brain Iron in Prodromal and Early Parkinson’s Disease: A 4-year Longitudinal QSM and R2* Study

Rahul Gaurav1, François-Xavier Lejeune1, Mathieu Santin1, romain valabregue1, Jean-Baptiste Pérot1, Nadya Pyatigorskaya1,2, 
Graziella Mangone1,2, Smaranda Leu-Semenescu2, Isabelle Arnulf2,1, Marie Vidailhet2,1, Jean-Christophe Corvol2,1, Stéphane 
Lehéricy2,1

1Sorbonne Université, Paris Brain Institute (ICM), Paris, France, 2Pitié-Salpêtrière Hospital, AP-HP, Paris, France

Introduction: Parkinson’s disease (PD) demonstrates a progressive depletion of neuromelanin (NM)-containing dopaminergic 
neurons in the substantia nigra pars compacta (SNc)1 and a high nigral iron concentration that can be quantified using 
quantitative susceptibility mapping (QSM) or R2*maps2,3. Rapid eye movement (REM) Sleep Behavior Disorder (RBD) is 
characterized by abnormal behaviors during REM sleep4. Isolated RBD (iRBD) is considered a prodromal parkinsonian 
condition as most patients convert to α-synucleinopathies5. Regional brain iron progression in prodromal and early PD is 
partially understood6.

Methods: Participants: We included polysomnography-confirmed early PD with (PDRBD+) and without RBD (PDRBD-), iRBD, 
and healthy volunteers (HVs) scanned at 3T and evaluated at baseline (V1), 2-(V2) and 4-year (V3) follow-ups. Image Analysis: 
QSM images were computed using MEDI toolbox7. The reconstructed images were used to construct a QSM template 
using Advanced Normalization Tools (ANTs)8. R2* maps were obtained using a nonlinear fit over echo times. NM-sensitive 
images were acquired using a T1-weighted (T1w) 2D axial turbo spin echo protocol. The subthalamic nucleus, entire SN 
and its subdivisions (anterior and posterior territories of dorsal and ventral SN) were manually segmented on the template 
by experienced raters9. Subject-wise regions were obtained using inverse transformation. We automatically segmented 
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the caudate nucleus, putamen, globus pallidus and thalamus on the 3D T1w images and coregistered to the QSM images 
using NiftyReg10. Statistical Analyses: Baseline between-group di!erences were tested using multivariate linear regression 
models with age and sex as covariates. Longitudinal analyses were performed on subjects with at least two visits using 
linear mixed-e!ects models (LMM). Each LMM took the groups and the visit intervals with interaction as fixed e!ects, and the 
subject identifiers as a random (intercept) e!ect. Significance e!ects of the main or interaction e!ects were tested by Type 
II Wald Chi-square tests. Evolution was tracked with respect to the age of the non-PD subjects. PD was added by aligning all 
individual ages at onset to the baseline mean age of the HVs. During the study, 7 iRBDs converted to PD. Correlations were 
studied with clinical variables and nigral NM normalized signal intensity (NSI) computed using a template.

Results: At V1/V2/V3, 47/31/13 HV, 36/19/7 iRBD, 25/11/6 PDRBD+ and 80/40/12 PDRBD- were included. Baseline: QSM was 
increased in the posteroventral SN only and not in any other regions. PDRBD- had +17.8% elevated iron in the posteroventral 
SN (p= 0.03) vs. HV, while iron changes did not reach significance in PDRBD+ (+15.9%) and iRBD (+10.3%). No di!erences 
were found in the other regions. Results were similar for R2*. Longitudinal: Overall group and time e!ects were observed 
only in the posteroventral SN iron for both QSM and R2* along with an interaction in R2* but not in QSM. Posteroventral SN 
iron in PDRBD- showed 26.2% significantly higher rate of increase at V3 compared to HV. Progression model: Our modeling 
suggested that the iron increase at age of onset (60.6 years) would be approximately +10.7% compared to the mean HV level. 
Among the iRBD converters, the prediction suggested a greater increase in this group at age of onset (66.4 years) reaching 
+27.6%. Correlations: Posteroventral nigral iron showed positive correlations (r=0.31; p adjusted=0.025) with disease duration 
for PDRBD-. Negative correlations were found with NSI for HV and PDRBD-, and a trend for PDRBD+.

Conclusions: PDRBD- had increased iron only in the posteroventral nigral region, which was related to disease duration and 
decreased NM signal. Iron deposition also increased in iRBD and PDRBD- although not significantly probably because of the 
lower number of subjects in these groups.
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Progressive Neurodegeneration of Noradrenergic Locus Coeruleus in REM Sleep Behavior Disorder

Rahul Gaurav1, François-Xavier Lejeune1, Pauline Dodet1,2, Romain Valabrègue1, Graziella Mangone1,2, Smaranda Leu-
Semenescu2, Jean-Christophe Corvol1,2, Marie Vidailhet1,2, Isabelle Arnulf1,2, Stéphane Lehéricy1,2

1Paris Brain Institute (ICM), Paris, France, 2Pitié-Salpêtrière Hospital, AP-HP, Paris, France

Introduction: The locus coeruleus (LC) and the locus subcoeruleus (LsC) are brainstem nuclei that are a!ected in 
neurodegenerative parkinsonism1. The LC is the main source of noradrenergic innervation in the human brain2. The LsC 
contains neurons driving muscle atonia during REM sleep3. The LsC damage is known to be associated with rapid eye 
movement (REM) sleep behavior disorder (RBD), that is characterized by abnormal violent behaviors during REM sleep3,4,5. The 
LC/LsC complex contain catecholaminergic neurons that exhibit high neuromelanin (NM) concentrations, and can be visualized 
using NM-MRI6. Parkinson’s disease (PD) and isolated RBD (iRBD), a prodromal parkinsonism stage7,8, demonstrate LC/LsC 
neurodegeneration9. Longitudinal changes over years in the LC/LsC complex in these conditions remain unclear.
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Methods: Participants: Polysomnography-confirmed early PD with (PDRBD+) and without RBD (PDRBD-), iRBD and healthy 
volunteers (HVs) were scanned using 3T MRI and assessed three times (V1/V2/V3) with an interval of 2.0 ± 0.2 years between 
the visits. Image analysis: LC/LsC was automatically analyzed blindly to the clinical status of the participants. Firstly, for signal 
intensity standardization, we defined three anatomical regions of interest (ROIs) in a brain template comprising left and right 
LC/LsC and a background region. Secondly, we resampled these ROIs onto NM-MRI using rigid and nonlinear transformations. 
Thirdly, we obtained the 10 connected voxels with the brightest intensities in both left and right LC/LsC. Lastly, we computed 
the ratio between the average signal intensities inside LC/LsC and the background ROI. Statistical analyses: Baseline 
between-group di!erences were tested using multivariate linear regression models including age and sex as covariates. 
Longitudinal analyses were performed in subjects with at least two visits using linear mixed-e!ects models (LMMs). In each 
LMM, the group, the visit interval and their interaction term were considered as fixed e!ects, while a random (intercept) e!ect 
was applied on subject identifiers. Significance e!ects of the main or interaction e!ects was tested by Type II Wald Chi-
square tests. Pearson’s correlations corrected for multiple testing were performed to test baseline LC/LsC signal with clinical 
variables, REM without atonia, nigral NM contrast to noise ratio (CNR)10, ventral nigral iron using QSM, and striatal DaT specific 
binding ratios (SBR).

Results: Clinical characteristics: At V1/V2/V3, 55/45/32 HVs, 46/31/21 iRBD, 32/30/20 PDRBD+ and 99/64/29 PDRBD- were 
included respectively. Age, sex, MDS-UPDRS-OFF and HY scores were di!erent between groups. Baseline: Groups were 
di!erent with highest LC/LsC signal in the HVs, lowest in PDRBD+ (p=0.01), a trend in iRBD (p=0.06) and no change in PDRBD- 
(p=0.31). The right values were significantly lower than the left for all groups. Longitudinal: Overall, we observed group, visit 
and group X visit interaction e!ects (p<0.01 for right and p=0.09 for bilateral LC/LsC). All groups showed progressive decrease 
over time with PDRBD- demonstrating most significant decrease as compared to HVs (p=0.03). An annual decrease of 0.22% 
for HVs, 0.36% for iRBD, 0.32% for PDRBD+, and 0.58% for PDRBD- was observed. Correlations: LC/LsC signal decreased 
with the increase in age (r=-0.44, p<0.01) for HVs and PDRBD- (r=-0.40, p<0.001). It also decreased with the increase in MDS-
UPDRS-ON score for PDRBD+ (r=-0.48, p=0.03). Further, it decreased with the increase in REM without atonia in iRBD (r=-
0.37, p=0.02), nigral CNR in PDRBD- (r=-0.28, p<0.01) and ventral nigral iron in PDRBD- (r=-0.23, p=0.04). No group showed 
correlations with the SBR.
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Conclusions: Taken together, we demonstrated an age-related progressive LC/LsC degeneration in all groups. PDRBD+ had 
the lowest baseline signal, but PDRBD- decreased more rapidly over time.
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Improving Diagnosis of Dementia through Longitudinal analysis of structural Brain Data
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Introduction: Early identification of cognitive biomarkers could play a key role in formulating e!ective treatment strategies 
for individuals a!ected by mild cognitive impairment. The challenge lies in discerning and quantifying these early changes, a 
task complicated by their subtle nature and the diverse manifestations unique to each patient. Recent findings leveraging the 
structural connectomes extracted from T1-weighted Magnetic Resonance Imaging (MRI) and Di!usion Tensor Imaging (DTI) 
can identify subtle regional changes from neurodegeneration. In this study, we employ robust structural and di!usion tensor 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 246

ABSTRACTS

processing algorithms on longitudinal data from participants exhibiting initial signs of cognitive decline. Our objective is to 
elucidate the earliest brain structural changes in these individuals.

Methods: Longitudinal data was accessed from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) dataset (ADNI2), 
and age matched participants were identified from their test scores acquired as part of the original study1. 20 participants 
showing a decline in cognitive impairment over one year were considered as Early Mild Cognitive Impairment (EMCI). A control 
group of 20 Cognitive Normal (CN) participants was also included, with test scores showing no change over the same time 
period. T1-weighted Magnetic Resonance Imaging (MRI) structural data was pre-processed for structural segmentations with 
FreeSurfer2. To create a connectome from the structural MRI data, we adopted the Morphometric INverse Divergence (MIND) 
approach3. This enabled the estimation of similarities between cortical areas by utilising multiple MRI features extracted from 
Freesurfer. DTI data, with 41 gradient directions, was collected from the EMCI participants at the same timepoints. This data 
was processed with Mrtrix3 using standard pre and post processing steps4. 70 million streamlines were computed for each 
EMCI participant using Anatomically constrained Multi Shell Multi Tissue-Spherical Deconvolution (MSMT-CSD) Tractography. 
Spherical-deconvolution Informed Filtering of Tractograms (SIFT2) was applied before producing the connectome4. This 
allowed us to further investigate the structural di!erences shown in EMCI participants and visualise regions that exhibit 
significant changes, utilising the Desikan-Killiany Atlas for this analysis5. GraphVar was used to perform statistical analysis on 
the di!erences in the raw matrix values produced between longitudinal MRI sessions6. Permutation testing was performed on 
MIND data at 5000 repetitions, with Bonferroni corrections applied, and a p-value of 0.001 was set for the tractography data.

Results: Using MIND, three sets of connected nodes exposed significant reduction in connectivity between sessions. 
These reductions occurred between the cuneus and lingual, the banks of the superior temporal sulcus and supramarginal, 
and the isthmus cingulate and lateral orbitofrontal. The two most significant sets of connections exposed with reduction in 
connectivity from EMCI tractography were the lateral occipital and banks of the superior temporal sulcus, and the cuneus 
and supramarginal.

Conclusions: By applying techniques developed from MIND, we have been able to identify a selection of regions that 
are a!ected in the earliest stages of potential progression to AD, and further supported by tractography analysis. These 
regions are also known to be a!ected in the later stages of AD with the early signs of regional Aβ burden7,8. Future research 
employing these techniques has the potential to facilitate cortical genetic mapping, e!ectively identifying individual variations 
in connectomes.
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Introduction: Dementia is a growing burden on global healthcare (Gauthier et al., 2022). Detecting individuals at risk in the 
early preclinical stage is crucial to implement prevention strategies. However, this is challenged by the high inter-individual 
neuropathological heterogeneity long before the clinical manifestation of dementia (Jack et al., 2013)(Jack et al., 2013). 
Distinct patterns of cortical and subcortical atrophy have been previously identified in neurodegenerative disorders including 
Alzheimer’s Disease (AD) (Ferreira et al., 2020; Mohanty et al., 2022; Poulakis et al., 2022). However, knowledge of brain 
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heterogeneity in the general population is still lacking, yet crucial to inform early detection and intervention. Furthermore, it is 
important to understand the factors contributing to such heterogeneity. The aim of this study is therefore to identify specific 
patterns of grey matter atrophy and their lifelong determinants among relatively cognitively intact older individuals.

Methods: This cross-sectional study included 792 individuals from the Gothenburg H70-1944 Birth cohort identified through 
the Swedish Tax Agency’s population register and living in Gothenburg (Sweden) who underwent clinical examinations and 
MRI between January 2014 and December 2016. We selected 746 septuagenarians without dementia or neuropsychiatric 
disorders, and with good quality MRI. Patterns (subtypes) of grey matter patterns were identified using unsupervised Random 
Forest applied to 34 regions assessing cortical thickness and 7 subcortical regions assessing volume (Poulakis et al., 2018). 
Next, we characterized the subtypes in relation to the following features: sociodemographic factors, cardiometabolic 
risk factors, cognitive function, risk gene (apolipoprotein e4 allele), and biomarkers of cerebrovascular pathology, 
neurodegeneration, inflammation, and lipid alterations. Linear and multinomial logistic regression models were used to 
compare the clusters pairwise (cluster 1 vs. remaining) and estimate their associations with the abovementioned features.

Results: We identified 5 di!erent grey matter clusters. Cluster 1 was the most prevalent (n=278, 37.3%). Cluster 2 (n=142, 
19%) exhibited di!used but primarily frontal atrophy. Cluster 3 (n=121, 16.2%) and Cluster 4 (n=157, 21%) showed thicker 
frontotemporal and temporal thickness. Cluster 5 (n=48, 6.4%) mostly showed posterior atrophy. Small vessel disease, 
heart disease, alcohol consumption, smoking history, cardiometabolic disorders, lipid alterations, and depression were key 
determinants of the clusters. Cluster 2 showed a higher prevalence of diabetes, alcohol consumption and elevated C-reactive 
protein; Cluster 4 had less odds of elevated triglycerides, brain lacunes, smoking and depression history; Cluster 5 was 
associated with more heart disease, alcohol consumption, elevated homocysteine and t-tau, but less white matter lesions 
compared to the reference cluster.

Conclusions: Our study uncovered GM heterogeneity in cognitively intact older adults and their associations with 
cardiometabolic and lifestyle factors. Our findings revealed the presence of distinct patterns of atrophy in elderly individuals 
otherwise cognitively healthy. Small vessel disease, cardiovascular and cardiometabolic risk factors, as well as inflammatory 
and neuropathological biomarkers may contribute to these patterns. These findings help understanding the potential 
mechanisms driving di!erent atrophy patterns and highlight the importance of cardio- and cerebrovascular health to 
preserve cognitive function and brain structure in old age, with potential implications for early detection and prevention of 
cognitive decline.
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Transformer-based unified tissue and white matter hyperintensity segmentation
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Introduction: The causes and consequences of white matter hyperintensities (WMH), amongst the commonest findings 
in neuroradiology, remain a subject of intense study. UK Biobank provides the largest research cohort of MRI studies with 
accompanying WMH labels, with great potential to cast light on this important condition. Unfortunately, many of the lesion 
labels are spurious, misidentifying healthy choroid plexus, normal ependymal lining, or imaging artefact, leading to reduced 
accuracy and potential confounding of downstream analytic tasks. Here we derive a substantially improved set of WMH labels 
through the combination of classical and vision-transformer based segmentation methods.

Methods: In a cohort of 33241 UK Biobank participants, we develop a pipeline employing classical multi-channel volumetric (T1 
and FLAIR) tissue segmentation, brain extraction, and WMH segmentation based on a vision transformer model with a custom 
tissue-leveraging loss. We quantify segmentation fidelity out-of-sample with conventional metrics, intra-subject stability over 
time, and a downstream predictive task.

Results: We obtained out-of-sample Dice scores for brain extraction (>0.999), gray matter (0.98), white matter (0.99), 
cerebrospinal fluid (0.96), and WMH (0.87). At 8 seconds per participant, processing time was significantly faster than 
conventional tissue segmentation with SPM (218 seconds, p<0.0001). No di!erences in model performance were observed 
between young or old, and male or female (p>0.05), indicating good demographic calibration. WMH segmentation showed 
significantly greater temporal stability compared with current UK Biobank WMH labels (p<0.0001) for a subset of the cohort 
imaged twice. Age regression based on WMH count was superior compared with the original labels (R2=0.18 vs 0.14) (Figure 1).

Conclusions: We provide a tissue and WMH segmentation model optimized for UK Biobank data with evidence of fidelity 
superior to existing labels. We make our model and segmentations available through UK Biobank to assist in the study of this 
important disorder.
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Alzheimer’s Disease Psychosis-related Brain Network: A Deep Learning and Explainable AI Framework
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Introduction: Brain network analysis has been used successfully to identify and characterize network patterns in Alzheimer’s 
disease (AD), Parkinson’s disease (PD), and most recently, Dementia with Lewy Bodies (DLB)6. Deep learning has shown 
e"cacy in assessing AD dementia7,8. Evidence suggests that the emergence of psychosis in AD, manifested by delusional 
beliefs and/or hallucinatory experiences, represents a distinct pathophysiologic subtype with a unique clinical course 
distinguishable from non-psychotic AD1,5. In this study, we aimed to determine the existence of an AD psychosis network 
(ADPN), distinguishing those who develop psychosis during the course of AD from those who do not.

Methods: We studied 88 AD patients (n=174 scans) who developed psychosis during the study (AD+P, 75.0 ± 7.5 years), 174 
AD patients without psychosis (AD−P, 74.5 ± 8.6 years) and 174 cognitively normal (NC, 74.4 ± 5.8 years) participants with 
no signs of depression, mild cognitive impairment, or dementia. FDG PET scans were retrieved from the ADNI (https://adni.
loni.usc.edu). To assess psychotic symptoms, the first 2 items (delusions and hallucinations) of the 12-item Neuropsychiatric 
Inventory were used, following consensus criteria for psychosis in dementia1. FDG PET scans were registered to a standard 
Montreal Neurological Institute (MNI)-based PET template, smoothed with an isotropic Gaussian kernel (8 mm), and intensity 
normalized to the mean of the cerebellum using the FMRIB (http://www.fmrib.ox.ac.uk/fsl/). Initially, we employed a 3D deep 
residual neural network3 to identify and validate the ADPN using Deep Learning Toolbox in Matlab 2023a. The classifier was 
trained using 142 AD+P and 142 NC scans and subsequently tested on a dataset consisting of 32 AD+P and 32 NC scans. We 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 250

ABSTRACTS

utilized an explainable deep learning technique9 to compute expression scores used to construct an ADPN-based classifier for 
predicting psychosis in AD, incorporating a support vector machine (SVM). Classifier performance metrics of classifiers were 
compared to a conventional classifier, achieved through 95 FDG PET regions of interest based on the AAL atlas10 and SVM. 
Significant di!erence between two groups was computed using Student’s t test with Bonferroni correction.

Results: The ADPN classifier exhibited higher accuracy (96.9%) compared to the conventional approach (92.2%) (Fig. 1). The 
ADPN was characterized by significant di!erences in activation maps between NC and AD+P in the frontal cortex, insula, 
amygdala, hippocampus, parahippocampal gyrus, cingulate cortex, parietal and temporal cortices. The ADPN exhibited 
significant di!erences in expression scores between AD+P and NC (P<0.05). Notably, the AD+P demonstrated regions (Fig. 1) 
with significantly elevated expression scores compared to the NC. In additional, the ADPN-based classifer achieved superior 
accuracy (77%) and sensitivity (86.2%) compared to the conventional classifier (68.4% and 67.8%) (Fig. 2) in distinguishing 
between AD+P and AD−P. When compared with the AD−P subjects, the AD+P exhibited key regions with significantly higher 
expression score (P<0.05) (Fig. 2). The regions specific to the di!erence between the two groups included the frontal cortex 
(superior and middle), the cingulate cortex (anterior and middle), the primary auditory cortex (Hesch’s and superior temporal), 
the inferior parietal cortex, and the sensorimotor cortex (precentral, postcentral and SMA).
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Conclusions: The ADPN, identified by the 3D ResNet101, revealed significant di!erences in activation maps between 
the AD+P and both NC and AD−P. The findings are consistent with previous PET studies (2, 4) conducted in this disorder. 
Leveraging explainable AI enhanced our understanding and trust in the results generated by deep learning.
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A comprehensive exploration of longitudinal white matter microstructure and cognitive trajectories
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Introduction: The primary clinical manifestation of Alzheimer’s disease (AD) is cognitive impairment and longitudinal cognitive 
decline, and several prior di!usion MRI studies have investigated the association between white matter microstructure and 
cognitive decline in normal aging and AD1–7. Recent work from our group explored the free-water (FW)-corrected associations 
with longitudinal scores of memory and executive function and found that medial temporal lobe tracts were significantly 
associated with both domains8. One interesting finding from this prior study is that the FW component, which is a separate 3D 
map which is created in the FW-correction pipeline, is particularly sensitive to cognitive impairment and decline. This is in line 
with several prior studies which have demonstrated similar findings in other neurodegenerative diseases. While these studies 
have been foundational to our understanding of white matter contributions to cognitive impairment and decline, large-scale 
studies using harmonized scores of cognitive function would drastically enhance our understanding by elucidating which 
white matter tracts are most vulnerable in individuals with cognitive decline.

Methods: The dataset used in this study was collated from seven longitudinal cohorts of aging (ADNI, BIOCARD, BLSA, 
NACC, ROS/MAP/MARS, VMAP, WRAP). In total, this dataset included 2,220 participants aged 50+ who had both di!usion 
MRI and harmonized composites of memory performance and executive function. This dataset included a total of 4,918 
imaging sessions with corresponding cognitive data (mean number of visits per participant: 1.69 ± 1.67, interval range: 1-10 
years). Di!usion MRI data was preprocessed using the PreQual pipeline and free-water (FW) correction was conducted to 
obtain FW and FW-corrected fractional anisotropy (FAFWcorr) maps. Conventional di!usion MRI (FAconv, MDconv, AxDconv, 
RDconv and FW-corrected (FW, FAfwcorr, MDfwcorr, AxDfwcorr, RDfwcorr) measures were quantified within 48 white matter 
tracts consistent with prior publications9,10, which were subsequently harmonized using the Longitudinal ComBat package. 
Linear mixed e!ects regression was used for longitudinal analysis, in which we covaried for age, age squared, education, sex, 
race/ethnicity, diagnosis at baseline, APOE-ε4 status, and APOE-ε2 status. We also controlled for age x diagnosis converter 
and age squared x diagnosis converter interactions. Separate models were conducted to determine the association with 
longitudinal memory performance and executive function performance. All models were corrected for multiple comparisons 
using the FDR approach.

Results: For longitudinal memory performance, we found global associations with conventional di!usion MRI metrics, in 
which lower FAconv was associated with lower memory performance. In contrast, higher ADconv, RDconv, and MDconv 
were associated with lower memory performance. Following FW correction, we found that the FW metric itself was strongly 
associated with memory performance, in which higher FW was associated with lower memory performance and decline. 
Interestingly, following FW-correction the intracellular contributions were largely mitigated. As illustrated in Figure 1A, the 
most significant e!ects were found in the limbic tracts, with the most significant associations found for cingulum bundle FW 
(p=5.80x10-45). Figure 1B illustrates the association between cingulum FW and longitudinal memory performance. Findings for 
longitudinal executive function performance are shown in Figure 2.

Conclusions: To date, this is the largest study combining FW corrected di!usion MRI data and harmonized cognitive 
composites to understand cognitive trajectories in aging. Future studies evaluating how white matter microstructure may be 
incorporated into models of AD may further our knowledge into the neurodegenerative cascade of AD.
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Consistent genes associated with structural changes in clinical Alzheimer’s disease spectrum
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Introduction: Alzheimer’s disease (AD) is considered a late-onset disease caused by a complex combination of genetic, 
epigenetic, and environmental factors. Previous studies have demonstrated that one of the major pathological changes in AD 
is widespread brain neurodegeneration, represented by irreversible gray matter volume (GMV) atrophy (Tondelli, Wilcock et al. 
2012). However, the neurobiological and pathogenic substrates underlying this structural atrophy across AD spectrum remain 
largely understood. At present, gene-by-brain structure interactions of AD are widely studied (Nho, Corneveaux et al. 2013, 
Luis, Ortega-Cubero et al. 2014). Considering these, studying whether structural changes in the AD spectrum are driven by 
similar gene variants is important for fully understanding disease mechanisms and developing personalized therapeutics. The 
aim of the current study was to investigate structural atrophy across the full clinical AD spectrum and its genetic mechanism 
using gene expression data from the Allen Human Brain Atlas (AHBA) (Arnatkeviciute, Fulcher et al. 2019).

Methods: In this research, we obtained structural MRI imaging from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
datasets, including 83 early-stage mild cognitive impairments (EMCI), 83 late-stage mild cognitive impairments (LMCI), 83 AD, 
and 83 normal controls (NC), and gene expression data from the AHBA. Firstly, DPABI was used to obtain voxel-wise GMV 
di!erences map between EMCI, LMCI, and AD patients compared to NC. Secondly, 41 interesting genes were screened for 
AD risk genes intersected with background genes. Then, cross-sample non-parametric Spearman rank was performed to 
determine relationship between gene expression and regional GMV alterations. Lastly, functional enrichment analyses were 
used to understand the biological mechanism of related genes.

Results: The results indicated that significant volume atrophy in left thalamus, left cerebellum, and bilateral middle frontal 
gyrus across AD spectrum (Figure 1). These structural changes were positively associated with gene expression levels 
of ABCA7, SORCS1, SORL1, PILRA, PFDN1, PLXNA4, TRIP4, and CD2AP, whereas were negatively associated with gene 
expression levels of CD33, PLCG2, APOE, and ECHDC3 across clinical AD spectrum (Figure 2). Further gene enrichment 
analyses revealed that these positively associated genes were mainly involved in positive regulation of cellular protein 
localization and negative regulation of cellular component organization, whereas the negatively associated genes were mainly 
involved in positive regulation of iron transport.

Conclusions: This exploratory study linked the structural changes to gene expression levels by assessing similarity of spatial 
distribution patterns. These genes were mostly involved in cellular protein localization, cellular component organization, 
and regulation of iron transport. Overall, these results o!ered a better understanding of biological mechanisms underlying 
structural changes in prodromal and clinical AD.
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ENIGMA-HIV: White matter microstructural abnormalities in a global sample of people living with HIV
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Introduction: HIV remains a global public health challenge with an estimated 39 million people living with HIV1. Despite 
widespread access to antiretroviral therapy (ART), neurocognitive impairment is a persistent issue in people living with 
chronic HIV infection2. Persistent HIV viral reservoir instigates an inflammatory cascade that leads to neural dysfunction, often 
accompanied by white matter (WM) damage. However, clinical and demographic heterogeneity in people with HIV (PwH) 
worldwide, and variations in MRI acquisition, processing, and analysis methods yielded inconsistencies in reported HIV-
related WM di!erences detected across studies. Here, we pooled di!usion MRI (dMRI) data from ten independent worldwide 
neuroHIV studies as part of the ENIGMA-HIV consortium3; we aimed to identify generalizable WM microstructural associations 
with infection using standardized data analysis pipelines.

Methods: The ENIGMA-HIV DTI working group is currently made up of ten neuroHIV studies from the United States, South 
Africa, Australia, and Serbia (Table 1). In total, dMRI data from 840 PwH (all studies; aged 20.5-80 yrs; 71.8% male; 78.1% on 
ART) and 280 HIV-negative controls were analyzed (6 studies; aged 17-29 yrs; 66.8% male). dMRI were preprocessed and DTI 
FA, MD, RD, and AD maps were computed, in addition to a more advanced dMRI model FA, TDF FA4. Using the standardized 
ENIGMA-DTI protocols5, each subject’s dMRI maps were warped to the ENIGMA-DTI template and dMRI indices projected 
onto the template skeleton with TBSS6. Mean skeletonized dMRI measures were extracted from 24 JHU WM atlas regions of 
interest (ROIs) and the full WM skeleton (FullWM). Random e!ects linear regressions were performed to evaluate associations 
between regional dMRI measures and 1) HIV-diagnosis when compared to controls (Dx; 6 studies); or 2) blood plasma markers 
in PwH (all studies): current CD4+ T-cell count (cells/mm3) and a detectable or undetectable viral load (VL). We also tested 
for Dx- or plasma marker-by-age interactions, as HIV may accelerate age-related e!ects on WM microstructure. Study was 
used as the random-e!ects grouping variable; fixed-e!ects covariates included age, sex, and their interaction. Statistical 
models testing for HIV plasma marker associations within PwH also included ART status at the time of scan (ART+ or ART-) as a 
covariate. The false discovery rate was used to correct for multiple comparisons (q=0.05).
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Results: Lower anisotropy and higher di!usivity measures were associated with (1) HIV-Dx when compared to controls 
(Fig 2a,b) and (2) lower CD4+ counts in PwH (Fig 2d); no associations with detectable VL were found. Widespread regional 
associations were detected across all dMRI measures except DTI FA. Significant FullWM CD4+ and Dx associations were 
also found suggesting global WM e!ects. The largest e!ect sizes in case-control analyses were found in regions of the CC, 
CR, UNC, and Fx; these e!ects remained significant when also covarying for FullWM dMRI values. The largest CD4+ dMRI 
associations were found in the TAP, CR, EC, FX, and FX/ST. Only AD FX and TAP e!ects were significant beyond the FullWM 
e!ect (Fig 2a). Widespread Dx-by-age interactions revealed steeper negative anisotropy and positive di!usivity slopes with 
respect to age in PwH compared to controls (Fig 2c). No plasma marker-by-age interactions were found.
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Conclusions: In a large-scale international population of PwH, widespread WM microstructural abnormalities were consistently 
associated with HIV infection. While e!ects were often global, the largest e!ects were detected in limbic and temporal lobe 
tracts often implicated in aging and neurodegenerative conditions such as Alzheimer’s disease. Coupled with significant HIV 
diagnosis-by-age interactions, our results support evidence that common age and HIV-related pathological processes, such 
as inflammation and blood brain barrier impairment, may accelerate age-related neurodegenerative processes7.
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A Brain Age Prediction Method Using Multi-Scale Attention Mechanism and Fully 
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Zhewei Zhang1, Jinping Xu1, Fan Xinxin1

1Shenzhen Institute of Advanced Technology, Shenzhen, Guangdong

Introduction: Currently, deep learning has made significant progress in the field of biomedical image processing6, and there 
are some structural MRI-based methods in the field of brain age prediction, but most of the methods used use 2D slices or 
use 3D convolution for feature extraction followed by age regression1, but there are some problems as follows: 1) the methods 
using 2D slices do not focus on the information in 3D voxel space, and 2) the methods using 3D methods do not focus on both 
global and local information. Therefore, we provide a 3D network that takes into account both local and global information, we 
use SFCN3 as the backbone network for feature extraction, and then use 3D cross attention mechanism2 to fuse global and 
local features (Figure 1).We collected a total of 2559 cases of data from 4 datasets (ADNI7, OASIS8, IXI, CORR9), and the results 
show that our network is able to predict age with high accuracy on di!erent datasets, achieving better results compared 
to some existing networks. The improved accuracy of our results in predicting brain age may help clinicians in diagnosing 
diseases and making treatment recommendations.

Methods: In this paper, to solve the problem of considering both global contextual information and local structural information 
in 3DMRI, we first used SFCN for feature extraction, then we provide a 3D cross-attention mechanism, which extracts features 
from the whole 3DMRI image through a global path to obtain global contextual information, and extracts local features through 
multiple segmentation of local patches to obtain local detailed features, and uses attention to fuse global and local features 
using the attention mechanism. The study shows that by using the attention module, irrelevant information in contextual 
features can be ignored by global features and important information can be better extracted from the feature space5. At 
the same time, this cross-attention mechanism, unlike the normal transformer4, does not use concat to fuse local and global 
features and does not require spatial alignment.

Results: In our recent experiments, we compared the age prediction results of six methods on four datasets as well as the 
combined dataset, and the results show that we achieved the best results on the ADNI, OASIS, and combined datasets. Since 
the ADNI and OASIS datasets are more focused on older adults, the results show that our network can better predict the age 
of the brain in older adults. The results also show that our network can better predict the age of the brain in the elderly, and 
can be used in clinical applications to assist physicians in making targeted diagnoses for the elderly.

Conclusions: In this work, we proposed a 3D cross-attentional mechanisms with SFCN for brain age prediction from whole-
brain sMRI image information, and validated on 4 datasets. Moreover, our methods were superior to several existing methods.
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Symptom-specific brain networks identified in rsfMRI data of Parkinson’s disease patients

Jurgen Germann1, Gavin Elias1, Andrew Yang1, Alexandre Boutet1, Andres Lozano1

1University Health Network, University of Toronto, Toronto, Ontario

Introduction: Parkinson’s disease (PD) is a neurodegenerative disorder; patients with PD exhibit motor symptoms such 
as tremor rigidity, bradykinesia, and axial impairment. (Poewe et al., 2017) Treatments for PD include pharmacological and 
surgical therapies such as deep brain stimulation (DBS). DBS is an invasive neuromodulation technique that can deliver 
immense therapeutic benefits in PD through the modulation of local and distal brain networks. (Lozano & Lipsman, 2013) 
Treatment response in DBS depends on the precise location of stimulation, and previous work has demonstrated that 
symptom-specific clinical improvement is associated with the stimulation of di!erent diencephalic brain regions. (Boutet et al., 
2021) The goal of this work was to identify symptom-specific brain networks using patient-specific pre-operative rsfMRI data. 
The presence of such networks would open an avenue for therapies to be tailored to individual patients. Furthermore, the 
work may identify symptom-specific target regions that would allow for the use of non-invasive neuromodulation techniques 
such as transcranial magnetic stimulation (TMS) or focused ultrasound (FUS).

Methods: Following ethics approval (University Health Network Research Ethics Board #15–9777), rsfMRI scans were 
prospectively acquired in 133 PD patients (47 female; average age: 62.3 years (Stdev 10.6); average disease duration: 10.5 
years (Stdev 5.1)) as part of their pre-operative planning MRI session (field strength: 1.5-3T, TR: 1880-2200 ms, TE: 30-35 
ms, flip angle: 50-85°, slice thickness: 2.5-4.5 mm, matrix: 64-88×64-88 voxels). Pre-operative baseline (Med-OFF) motor 
item scores of the Unified Parkinson’s Disease Rating Scale (UPDRS-III) were also collected for each patient, and symptom-
specific scores calculated. The rsfMRI data were processed using the BRANT toolbox (http://brant.brainnetome.org/). (Xu et 
al., 2018) Following preprocessing (removal of first 10 volumes; motion correction; normalization; resampling; denoising for 
nuisance variables; filtering with a temporal bandpass filter [0.01–0.08 Hz]; smoothing with a Gaussian kernel [6mm fwhm]), the 
functional connectivity of the motor network of each individual was assessed using the motor region of the thalamus as the 
seed region. The Pearson correlations between the time courses of the ROI and all other voxels in the brain were calculated 
and Fisher z-transformed. Additional maps were calculated using the supplementary motor area and the motor/premotor 
cortex as seeds. Using R (version 4.0.2) and RMINC, symptom-specific patterns of connectivity were calculated using a linear 
regression between individual rsfMRI connectivity and symptom scores.

Results: Independent of seed region, each symptom was associated with distinct functional connectivity across various 
motor regions (Figure 1). Each symptom network involves distinct regions of the motor/premotor region (Figure 1). These are 
in close proximity to the ‘hand knob,’ a standard reference target for TMS, and could readily be targeted using non-invasive 
neuromodulation such as TMS or FUS toameliorate specific symptoms. Furthermore, each symptom-specific connectivity 
network showed unique connectivity in the diencephalic region that is targeted in DBS (Figure 2). The pattern of peak 
locations is highly similar to the optimal symptom-specific DBS stimulation locations derived from sweet-spot mapping 
previously reported. (Boutet et al., 2021)
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Conclusions: This work demonstrates that individual preoperative rsfMRI shows distinct patterns associated with individual 
symptom severity. The symptom-specific brain networks identified may be used for individual treatment planning and provide 
potential brain targets for non-invasive neuromodulation techniques such as FUS or TMS. The availability of non-invasive 
techniques could allow more PD patients to benefit from neuromodulation therapies to alleviate motor symptoms.
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Striatal and thalamic automatic segmentation, morphology, and clinical correlates in Parkinsonism

May Erlinger1, Je!rey Looi2, Rosa Molina-Ruiz3, Eva Lopes Valdes3

1Australian National University, Canberra, Australia, 2Research Centre for the Neurosciences of Ageing, Academic Unit of 
Psychiatry and Addiction Medicine, Canberra, ACT, 3Hospital Clinico San Carlos, Madrid, Spain

Introduction: Parkinson’s disease (PD), multisystem atrophy (MSA), and progressive supranuclear palsy (PSP) are each 
considered progressively degenerative neurological movement disorders, characterised by variable, but similar, presentations 
of movement impairment and accompanying cognitive and behavioural neuropsychiatric symptoms such as sleep 
disturbances, depression, and autonomic dysfunction1. MSA-parkinsonian type is most significantly clinically di!erentiated 
from Parkinson’s disease through its widespread impacts on autonomic functions2. PSP can be clinically di!erentiated from 
PD through its supranuclear gaze palsy and postural instability3 which can also occasionally present in MSA. However, these 
diseases do not always classically present with their characteristic symptom, and instead have significant overlap in their 
clinical features of bradykinesia, rigidity, tremors, rendering them di"cult to discriminate and diagnose in-vivo. The thalamus 
and striatum have been previously identified as having potential as biomarkers for neurodegenerative disorders, especially 
as related to disease onset4,5, progression6,7 and severity8 and therefore may serve as potent and reliable disease-specific 
biomarkers for di!erentiating atypical parkinsonism. This poster investigates striatal and thalamic volume and morphology as 
distinguishing biomarkers, and their relationship to neuropsychiatric symptoms.

Methods: Automatic segmentation to calculate volume and shape analysis of the caudate nucleus, putamen, and thalamus 
were performed in 18 PD patients, 12 MSA, 15 PSP, and 21 healthy controls. T1-weighted MRI data were acquired for patients 
and healthy controls by a 3.0T Phillips MR scanner, with pre-processing of the images conducted through FSL, and automatic 
bilateral subcortical structure segmentations of the relevant regions of interest (ROI) (bilateral caudate nucleus, putamen, 
and thalamus) created using FSL-FIRST. The segmentations created were included in a shape analysis using the SPHARM-
PDM module in 3D Slicer9. Multivariate analysis of covariance was conducted to determine significant di!erences between 
PD, MSA, PSP, and controls in the ROI volumes. The covariates included in analysis were age, sex, and total ICV to account 
for head size. For shape analyses, we used the Covariate Significance Testing module of SlicerSALT, with a family-wise error 
correction for multiple comparisons, with age and sex included as covariates, to compare PD, MSA, PSP and controls. Volume 
and shape of ROIs were then correlated clinical measures of parkinsonism and neuropsychiatric function.

Results: The volumetric analyses determined there was a significant di!erence in all the ROIs between groups, with the 
bilateral thalami (L: p=0.017, R: p=0.011) and right putamen (p=0.032) of PSP patients found to be significantly smaller than 
controls. The left caudate (p=0.025) and left putamen (p=0.025) significantly correlated with the Neuropsychiatric Inventory 
total score. Bilateral thalamus, caudate, and left putamen had significantly di!erent morphology between groups. The antero-
ventral medial portion of the bilateral caudate head varied significantly (L: p=0.004, R: p=0.012) between groups, driven by 
di!erences between PSP and healthy controls (p=0.004). The ventro-posterior aspect of the left putamen di!ered significantly 
(p=0.028), and was driven by PSP (p<0.001) and PD (p<0.001) compared to controls. The left antero-ventral thalamus 
(p=0.004), and the right dorsolateral thalamus (p=0.012) were significantly di!erent between groups, which was bilaterally 
driven by di!erences in PSP patients compared to controls (L: p=0.002, R: p<0.001).
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Conclusions: This study demonstrated that PSP striatal and thalamic volumes and shapes are significantly di!erent when 
compared with controls. Parkinsonian disorders could not be di!erentiated on volumetry or morphology, however there are 
trends for volumetric and morphological changes associated with PD, MSA, and PSP.
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Stability of MEG and EEG Spectral Features in Mild Cognitive Impairment (MCI)
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Introduction: In mild cognitive impairment (MCI), the first neurodegenerative changes may occur years be-fore they can 
be e!ectively detected with current clinical tools. Early pathology has been linked to synaptic dysfunction causing brain 
network disturbances that may be observed with electroencephalography (EEG) and magnetoencephalography (MEG) (Pusil 
S, 2019; Miraglia F, 2020). However, current clinical practice lacks critical tools for early identification of those at greatest 
risk of developing into clinical dementia, and in need of preventive actions. In a 5-year EU Horizon2020 project ‘AI-Mind’, we 
collect EEG and MEG data from 1000 participants with MCI in Europe (Finland, Italy, Norway, and Spain), to be compiled with 
cognitive, genetic and plasma biomarker measures and techniques based on artificial intelligence (AI) for predicting the overall 
dementia risk. We aim at earlier and more accurate interception of those MCI individuals in a ‘prodromal’ stage of dementia, to 
allow timely intervention for known modifiable risk factors (Figure 1). Various features of the MEG and EEG signals have been 
compared between MCI patients and healthy controls, including the peak frequency, peak and average power, at di!erent 
frequency bands. The occipital alpha (8-13 Hz) rhythm has been shown to reduce in power, slow down in its peak frequency, 
and change in its cortical distribution in MCI (Kowalski JW, 2001). However, the stability and reliability of these measures 
have not been addressed in large subject cohorts nor in MCI. A good biomarker should be stable within a measurement in all 
subjects, and, in case of MCI, show di!erences between measurements separated in time, but only in subjects who are in risk 
of disease progression.
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Methods: Here, data from 41 Finnish MCI subjects (20 females, age 68 ± 5; mean ± SD) were used. These subjects were 
recruited via HUS neurology departments and general advertisements to participate in the AI-Mind study and were initially 
screened by a neurologist in reference to the inclusion and exclusion criteria of the study. The subjects underwent a combined 
MEG and EEG resting-state measurement consisting of two sessions of 5 min of eyes open and two sessions of 5 min with 
their eyes closed. MEG recordings were conducted at the BioMag Laboratory in Helsinki University Hospital (HUS) with a 
306-channel neuromagnetometer (Triux, MEGIN); the EEG recordings were conducted simultaneously with the MEG with 
128-channel system (eegoTM, eemagine Medical Imaging Solutions GmbH). The data analysis was performed using custom 
Python software developed in BioMag Laboratory and external software such as Maxfilter, Freesurfer, FOOOF, and MNE 
python. We determined the within-session test-retest reliability for spectral peak frequencies and relative peak power (Figure 
2A). The peak frequency and power were computed for the alpha-band (8-13 Hz) over the occipital brain regions and for the 
beta-band (14-30 Hz) over the fronto-central brain regions. For each subject the peak frequency and power were automatically 
identified and visually verified. Finally, the test-retest stability of the spectral features was accessed using intraclass correlation 
(ICC) method.

Results: The results indicate good (ICC>0.6) test-retest reliability across runs for EEG (peak frequency: 0.72 (EC); relative 
power: 0.86 (EC) and 0.66 (EO); p<0.001) and excellent test-retest reliability (ICC>0.75) for MEG (peak frequency: 0.83 (EC); 
relative power: 0.96 (EC) and 0.85 (EO); p<0.001). Consistency across EEG and MEG was excellent (peak frequency: 0.86 (EC); 
relative power 0.89 (EC) and 0.84 (EO); p<0.001).

Conclusions: Electrophysiological recordings of brain networks are emerging as a diagnostic tool for early detection of 
dementia. Good stability of the measured signal features is a prerequisite for diagnosis. Here, we demonstrate good or 
excellent stability for prominent spectral features both within and across EEG and MEG recordings.
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Evaluating Deep Learning Hippocampal Segmentation Pipelines for Alzheimer’s Disease
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Introduction: Deep learning has recently shown considerable promise at hippocampal segmentation from structural MRI. 
However, most studies focus primarily on segmentation accuracy, and overlook generalisability which is key for the clinical 
deployment of automated methods. Here, we aimed to evaluate 1) sensitivity to Alzheimer’s disease (AD): by assessing 
group di!erences in hippocampal volume between patients with AD and cognitively normal (CN) people, and 2) reliability: 
by assessing intra-patient agreement of hippocampal volumes. We evaluated three “o!-the-shelf” deep learning approaches 
(FastSurfer [Henschel et al. 2020], SynthSeg [Billot et al. 2023], nnUNet [Isensee et al. 2021)], as well as an nnUNet trained 
from scratch and benchmarked these models against an atlas-based method (FreeSurfer [Fischl 2012]).

Methods: To assess sensitivity, 816 scans from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) [Jack Jr et al. 2008] 
and 1276 scans from the National Alzheimer’s Coordinating Center (NACC) [Beekly et al. 2007] were used, with age- and sex-
matched groups. To assess reliability, we used BNU1, HNU1 and IPCAS1 from the Consortium for Reliability and Reproducibility 
(CoRR) [Zuo et al. 2014] database, which contains 2 repeat scans (n=48), 10 repeat scans (n=28) and 2 repeat scans (n=29) 
correspondingly. Among the pipelines, the original nnUNet required sub-sectioned brain data, which had unclear pre-
processing steps and involved human fine-tuning. It was also trained using a mixture of healthy and non-a!ective psychotic 
disorder patients’ data. To avoid under-evaluating the pipeline’s performance due to these issues, an nnUNet was retrained 
using 366 scans from the Open Access Series of Imaging Studies (OASIS) [LaMontagne et al. 2019] data.

Results: For sensitivity to Alzheimer’s, all pipelines achieved large e!ect sizes (Cohen’s d [Cohen 2013] > 0.5; Figure 1a). 
The e!ect sizes of the original nnUNet were substantially lower than the other pipelines. After retraining, nnUNet reached 
comparable performance with FreeSurfer. Generally, group-di!erent e!ects were lower in NACC participants compared to 
ADNI, though the Cohen’s d values shared a similar ordering across the two datasets. FastSurfer returned absolute volumes 
that were most similar to FreeSurfer (see Figure 1b for the hippocampal volume distributions in the AD and CN groups). The 
original nnUNet often returned lower hippocampal volumes, while SynthSeg and the retrained nnUNet tended to overestimate 
the volumes. For test-retest reliability (Figure 2), the BNU1 results indicated that the four deep learning pipelines had better 
segmentation stability than FreeSurfer with higher median values and narrower and less overlapped confidence intervals. 
However, there were no significant di!erences between them. For the HNU1 data, both nnUNets produced unstable results for 
left and right hippocampal segmentation. However, their intra-class correlation coe"cient (ICC(3,1)) [Weir 2005] values were 
still much higher than FreeSurfer (>0.94). In the IPCAS1 data, the original nnUNet was less stable and its confidence intervals 
overlapped with FreeSurfer by >60%.
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Conclusions: We found that deep learning hippocampal segmentation methods can achieve comparable or better results than 
FreeSurfer, in terms of sensitivity to AD and test-retest reliability. These findings could help guide study design considerations 
or sample size calculations for research into the hippocampus in AD. Future research could evaluate reducing similarity 
constraints and allow more freedom in variation during training (especially as a ground truth hippocampal segmentation does 
not exist), data augmentation, increasing the proportion of AD data and minimising the amount of preprocessing require.
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Introduction: Challenges in timely and accurate Alzheimer’s disease (AD) diagnosis have an impact on patients and impede 
clinical trial success. Noteworthy findings in previous cohorts suggest changes in structural neuroimaging decades before 
symptoms. Deep learning has been proved to be e!ective in addressing diverse neuroscientific challenges; however, despite 
some recent success in AD’s classification, few studies have validated results in completely independent datasets. In this 
work, we identify a group of people at high risk of developing dementia in the healthy UK Biobank dataset, using Bayesian 
deep learning modelling techniques. We demonstrate that our approach can be applied to identify people at high risk of 
developing dementia.

Methods: We preprocessed structural MRI (MPRAGE) scans across three cohorts. Firstly, from ADNI, we used baseline scan 
sessions with a diagnosis of AD (n=331) and Controls (n=405). Secondly, we used the NACC dataset for validation of which 
we used a total of 1706 scans from patients with an AD diagnosis, as well as controls (n=2824), and other disorders (n=679). 
Finally, we used 37104 scans from the UK Biobank. We extracted regional cortical thicknesses and cortical volumes from 
68 surface-based regions, as well as brainstem volume, and 9 other volume features per hemisphere, totalling 155 features 
per brain scan. To avoid data leakage, 155 deconfounding regression models (using age, estimated intracranial volume, and 
sex) were fitted only on the ADNI training set, and the corresponding learned statistics were later employed to deconfound 
all the other datasets. As illustrated in Figure 1, we implemented a neural network with two hidden layers with empirically 
found hyperparameters giving stable learning curves. We used Monte Carlo dropout to approximate Bayesian inference 
by activating the dropout layers at inference time. Gal and Ghahramani showed that, after training, each forward pass in 
the network corresponds to a good approximation to sampling from the true posterior distribution, with very little added 
computational cost.
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Results: Table 1 shows the performance of our model. We compared our model with a simple hippocampal volume measure, 
other machine learning models as well as to TPOT, a tool which tries to find the best possible pipeline for a specific dataset. 
The highest performance was found in the ADNI test set, which is expected; however, performance in NACC was still 
comparable to previous literature. The NPV performance of our model was the best; this is important given our application 
in the UK Biobank, where the rate of AD is substantially lower than either ADNI or NACC and we want to avoid the risk of 
misclassifying healthy people. Our model was able to give a better balance of sensitivity/specificity; other models had higher 
specificity, but with low sensitivity. We applied Bayesian regression models with age as a covariate to assess the clinical 
validity of the AD score. For the UK Biobank, there were 3.4% of people with a positive AD score and the group with a positive 
AD score was only slightly older than the AD score negative group (1.79 years). There was strong evidence of worse fluid 
intelligence in the AD score positive group (−0.35), and strong evidence that people in the AD group were more likely to report 
their overall health as ‘poor’ or ‘fair’ rather than ‘good’ or ‘excellent’. There was some evidence of a di!erence in both diastolic 
blood pressure (1.12) and systolic blood pressure (2.29).

Conclusions: By using a Bayesian deep learning network, we have identified an AD-like cohort in the UK Biobank, with a 
diagnosis of dementia or reported symptoms. For disease prevention, our results highlight smoking history, greater pack-year 
exposure, and hypertension as potentially modifiable risk factors. Bayesian statistics for group comparisons and regression 
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models o!ered advantages in our work as they ultimately allow us to distinguish a small e!ect size from an incorrect 
parameter estimate.
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Introduction: Semantic dementia is a younger-onset dementia characterized by progressive loss of conceptual knowledge 
with atrophy in anterior temporal lobe, commonly lateralised to the left hemisphere. Recent studies have found that 
hippocampal atrophy is also presented in semantic dementia, especially the anterior hippocampus, if no greater, than that 
observed in Alzheimer’s disease. A paradox arises that although both diseases present with marked hippocampal atrophy, 
episodic memory is compromised in Alzheimer’s disease yet remains relatively intact in semantic dementia. It is now clear 
that hippocampus is not a unitary structure and instead should be viewed with distinct functional properties along its anterior-
posterior axis. However, no study to our knowledge has comprehensively quantify how the spatial distribution of hippocampal 
atrophy varies in a graded manner along the long-axis of the hippocampus in these syndromes. Therefore, this study aimed to 
quantify hippocampal volumetric di!erences in Alzheimer’s disease and semantic dementia. Further, we aimed to explore the 
relationship between hippocampal atrophy profiles and episodic memory performances in these two diseases.

Methods: 21 left-lateralised semantic dementia patients, 24 Alzheimer’s disease patients, and 27 healthy older control 
participants were recruited from Frontotemporal Dementia Clinic in Sydney, Australia. All participants underwent whole-
brain 3T structural MRI. T1 images were preprocessed using SPM12 on MATLAB. We adapted the parcellation masks 
developed by Plachti et al (2019), which employed multimodal connectivity-based parcellation to reveal an anterior-posterior 
functional organization. Grey matter volumes were subsequently assessed into four subregions: anterior, intermediate rostral, 
intermediate caudal, and posterior. Furthermore, participants completed validated neuropsychological tests to index overall 
cognitive performance along with integrity of episodic (Addenbrooke’s Cognitive Examination-III Memory subscale, Rey 
Complex Figure three-min recall) and semantic (Sydney Language Battery Naming subscale) memory function.

Results: Relative to controls, all hippocampal subregions showed significant volume loss in Alzheimer’s disease, whereas 
semantic dementia patients showed relatively preserved volume of right posterior hippocampus, while the remaining 
subregions exhibited significant atrophy. Within patient groups, Alzheimer’s disease showed a relatively flat profile of atrophy 
with no pattern of gradation or lateralisation. In semantic dementia, however, two patterns of hippocampal atrophy were 
evident. First, there was a graded pattern of atrophy running from anterior to posterior direction on both hippocampi, with 
anterior subregions disproportionately a!ected relative to posterior subregions. Secondly, all left hippocampal subregions 
were more atrophied when compared to their contralateral counterparts, indicating a left-lateralised hippocampal atrophy. 
Correlational analysis revealed evident associations between verbal episodic memory performance and left mid-posterior 
hippocampal atrophy in semantic dementia and left posterior hippocampus in Alzheimer’s disease. Semantic processing, 
on the other hand, was associated with more left anterior subregions in both patient groups. These results mesh well with 
previous whole-brain structural analyses on associations between hippocampal degeneration and memory deficits in 
these syndromes.

Conclusions: This study provides novel evidence for distinct atrophy profiles of hippocampal long axis in dementia and 
o!ers preliminary insights into its contributions to the memory impairments experienced by these clinical groups. These 
findings resonate with a growing body of work highlighting the functional complexity of the hippocampus, providing important 
implication for understanding how di!erential vulnerability along the anterior-posterior axis of the hippocampus relates to 
canonical clinical features.
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Intracranial atherosclerosis is linked to lower volume in hippocampal posterior body and tail

Gulam Mahfuz Chowdhury1, Mahir Tazwar1, Arnold Evia2, Alifiya Kapasi2, Sonal Agrawal2, David Bennett2, Julie Schneider2, 
Konstantinos Arfanakis1,2

1Illinois Institute of Technology, Chicago, IL, 2Rush University Medical Center, Chicago, IL

Introduction: Intracranial atherosclerosis is a common age-related neuropathology that has been linked to cognitive decline 
and dementia1–3. Intracranial atherosclerosis is often mixed with Alzheimer’s and other neuropathologies increasing the 
odds of dementia4. Despite its prevalence, its negative impact on cognitive function and its role in aging and dementia, 
the association of atherosclerosis with brain morphometric abnormalities has not been explored. Deformation-based 
morphometry (DBM) is an approach that allows investigation of brain morphometry at the voxel level5. Here, we combined 
DBM on ex-vivo MRI with detailed neuropathological examination in a large number of community-based older adults to 
investigate the association of intracranial atherosclerosis with brain morphometric anomalies.

Methods: Participants, MRI, neuropathologic examination: This work included 891 community-based older adults participating 
in four cohort studies of aging: the Rush Memory and Aging Project, Religious Orders Study6, Minority Aging Research Study, 
and African American Clinical Core of the Rush Alzheimer’s Disease Research Center7. All participants came to autopsy. 
Hemispheres from all participants were submerged in 4% formaldehyde solution and imaged approximately one month 
postmortem on 3T clinical MRI scanners using a multi-echo spin-echo sequence with a voxel size=0.6×0.6×1.5 mm3. All 
images were non-linearly registered to an ex vivo brain hemisphere template using ANTs8. The logarithm of the Jacobian 
determinant of the deformation fields was calculated in each voxel and the resulting maps(LogJ) were smoothed using a 
Gaussian filter with a FWHM=4mm. Following ex-vivo MRI, all hemispheres underwent detailed neuropathologic examination. 
The assessed pathologies included atherosclerosis, arteriolosclerosis, cerebral amyloid angiopathy, gross and microscopic 
infarcts, Alzheimer’s pathology, Lewy bodies, limbic-predominant age-related TDP-43 encephalopathy neuropathological 
change(LATE-NC), and hippocampal sclerosis. Statistical Analyses: Voxel wise linear regression was used to test the 
association of atherosclerosis with deformations shown in the smoothed LogJ maps, controlling for other age-related 
neuropathologies(Alzheimer’s pathology, Lewy bodies, limbic-predominant age-related TDP-43 encephalopathy(LATE), 
hippocampal sclerosis, arteriolosclerosis, cerebral amyloid angiopathy, gross infarcts, microscopic infarcts), demographics(age 
at death, sex, years of education), postmortem interval to fixation, postmortem interval to imaging, and scanner(Fig.1). 
The FSL PALM tool with 1000 permutations, threshold-free cluster enhancement, and tail acceleration was used for the 
statistical analysis9. Associations were considered significant at p<0.05 after family-wise error rate(FWER) correction for 
multiple comparisons.
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Results: Voxel-wise linear regression showed that intracranial atherosclerosis was significantly associated with lower 
volume in the posterior body and tail of the hippocampus(p<0.05), independently of the e!ects of other age-related 
neurodegenerative and vascular pathologies(Fig.2). No part of the brain showed significantly higher volume with 
atherosclerosis. This suggests that intracranial atherosclerosis is associated with focal neurodegeneration of the posterior 
portion of the hippocampus, sparing other brain tissues.
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Conclusions: This work combined DBM on ex-vivo MRI with detailed neuropathologic examination in a large number of 
community-based older adults and demonstrated that intracranial atherosclerosis is associated with lower volume of 
the posterior body and tail of the hippocampus. Atherosclerosis is often mixed with Alzheimer’s pathology and/or LATE 
neuropathological change, which have previously shown independent associations with lower hippocampal volume. 
Hippocampal volume by itself cannot serve as a reliable marker of any of the three pathologies, but more localized metrics of 
hippocampal atrophy may potentially provide higher specificity.

References
1. Arvanitakis, Zoe, Ana W. Capuano, Sue E. Leurgans, David A. Bennett, and Julie A. Schneider. 2016. “Relation of Cerebral Vessel 

Disease to Alzheimer’s Disease Dementia and Cognitive Function in Older Persons: A Cross-Sectional Study.” The Lancet. Neurology 15 
(9): 934–43.

2. Avants, Brian B., Nicholas J. Tustison, Gang Song, Philip A. Cook, Arno Klein, and James C. Gee. 2011. “A Reproducible Evaluation of 
ANTs Similarity Metric Performance in Brain Image Registration.” NeuroImage 54 (3): 2033–44.

3. Barnes, Lisa L., Raj C. Shah, Neelum T. Aggarwal, David A. Bennett, and Julie A. Schneider. 2012. “The Minority Aging Research Study: 
Ongoing E!orts to Obtain Brain Donation in African Americans without Dementia.” Current Alzheimer Research 9 (6): 734–45.

4. Bennett, David A., Aron S. Buchman, Patricia A. Boyle, Lisa L. Barnes, Robert S. Wilson, and Julie A. Schneider. 2018. “Religious Orders 
Study and Rush Memory and Aging Project.” Journal of Alzheimer’s Disease: JAD 64 (s1): S161–89.

5. Dearborn, Jennifer L., Yiyi Zhang, Ye Qiao, Muhammad Fareed K. Suri, Li Liu, Rebecca F. Gottesman, Andreea M. Rawlings, et al. 2017. 
“Intracranial Atherosclerosis and Dementia: The Atherosclerosis Risk in Communities (ARIC) Study.” Neurology 88 (16): 1556–63.

6. Gaser, C., I. Nenadic, B. R. Buchsbaum, E. A. Hazlett, and M. S. Buchsbaum. 2001. “Deformation-Based Morphometry and Its Relation to 
Conventional Volumetry of Brain Lateral Ventricles in MRI.” NeuroImage 13 (6 Pt 1): 1140–45.

7. Gorelick, Philip B., Angelo Scuteri, Sandra E. Black, Charles Decarli, Steven M. Greenberg, Costantino Iadecola, Lenore J. Launer, et al. 
2011. “Vascular Contributions to Cognitive Impairment and Dementia: A Statement for Healthcare Professionals from the American Heart 
Association/American Stroke Association.” Stroke 42 (9): 2672–2713.

8. Kapasi, Alifiya, Charles DeCarli, and Julie A. Schneider. 2017. “Impact of Multiple Pathologies on the Threshold for Clinically Overt 
Dementia.” Acta Neuropathologica 134 (2): 171–86.

9. Winkler, Anderson M., Gerard R. Ridgway, Matthew A. Webster, Stephen M. Smith, and Thomas E. Nichols. 2014. “Permutation Inference 
for the General Linear Model.” NeuroImage 92 (100): 381–97.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 274

ABSTRACTS

Poster No 167

Prediction of Motor Symptom Progression in Parkinson’s Disease Using Di!usion Tensor Imaging
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Introduction: Parkinson’s disease (PD) is a common neurodegenerative disease primarily characterized by motor symptoms. 
Previous studies have shown that individuals with early-stage PD exhibited white matter microstructural abnormalities in 
specific brain regions compared to healthy controls (HCs). Di!usion tensor imaging (DTI) enables the quantification of the 
integrity of white matter tracts by calculating parameters such as fractional anisotropy (FA) and mean di!usivity (MD). Notably, 
alterations in FA and MD have been demonstrated to correlate with the progression of PD. However, the progression of 
motor symptoms in PD is typically assessed using clinical assessments, and brain biomarkers for predicting motor symptom 
progression remain unidentified. Using a machine learning approach to predict the progression of motor symptoms in PD 
could lead to more precise and personalized clinical treatment strategies. Therefore, this study aimed to integrate a machine 
learning approach with DTI to construct the predictive model that identified the brain biomarkers linking white matter 
microstructural with the progression of motor symptoms in PD.

Methods: We sourced the DTI data from the Parkinson’s Progression Markers Initiative database, including 127 individuals with 
PD with an average disease duration of 8.46 months (average age of 60.86 years; 66.14% in males) and 60 HCs (average age 
of 60.32 years; 61.67% in males). We segmented the DTI data using the JHU-ICBM-labels-1mm atlas into 48 fiber tracts and 
calculated voxel-based FA and MD for all participants. We performed a general linear regression (GLM) to find the white matter 
tracts that exhibited significantly lower FA and higher MD in the PD group than those of the HC group. Next, individuals with 
PD were divided into worsening and improving groups based on changes in their total scores from Part III of the MDS-Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS-III) over a two-year period. Furthermore, we constructed a total of 96 CatBoost 
classification models using voxel-based FA and MD maps of white matter tracts. These models were constructed separately 
for each FA and MD map. Concurrently, we incorporated demographic and clinical features such as sex, age, total score from 
MDS-UPDRS-III, and medication history into these models. Finally, the model performance was assessed based on accuracy 
and F1 score.

Results: We observed lower FA in the middle cerebellar peduncle and bilateral corticospinal tract, while higher MD in 
the middle cerebellar peduncle and bilateral inferior cerebellar peduncle in the PD group compared to the HC group. We 
subsequently constructed 96 models to classify the worsening and improving of motor symptoms progression. Among these 
models, those achieving an accuracy exceeding 70% were characterized by the FA in various white matter tracts, including 
the right corticospinal tract, right anterior corona radiata, left superior corona radiata, right cingulum, right fornix, and right 
superior longitudinal fasciculus. Models incorporating MD in the right anterior corona radiata, right superior longitudinal 
fasciculus, and bilateral tapetum also exhibited accuracy above 70%. Notably, The FA of the right corticospinal tract not 
only had a significant di!erence between PD and HC groups by GLM but also demonstrated e!ectiveness in predicting the 
progression of motor symptoms in PD with an accuracy of 70.26% and an F1 score of 82.11%.

Conclusions: This study focused on investigating the progression of motor symptoms in PD with DTI characteristics. We 
constructed classification models to e!ectively di!erentiate between worsening and improving motor symptoms in individuals 
with PD. Importantly, the fiber tracts identified with higher accuracy might be associated with motor symptoms in PD. In 
conclusion, our study revealed specific DTI indices associated with the progression of motor symptoms in PD. These findings 
may potentially enhance clinical diagnosis and the assessment of disease progression.
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Sleep quality and Brain glucose uptake in Middle-aged Healthy subjects
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Introduction: Short sleep duration and poor sleep quality is associated with greater amyloid beta burden and an increased 
risk of dementia. Also, even one night of sleep deprivation increases amyloid beta accumulation. In this study, we investigate 
the association of sleep quality with brain glucose uptake (BGU) measured by F18-Fluorodeoxyglucose positron emission 
tomography (PET) in middle-aged healthy subjects.

Methods: We retrospectively analyzed data from 378 healthy males who underwent health check-up: 1) 18F-FDG PET, 2) 
Pittsburgh Sleep Quality Index Korean version (PSQI-K). PET scans were acquired 60 mins after injection of 18F-FDG (3.7 MBq/
kg). PET scans were spatially normalized to MNI space using PET templates from SPM5. Automated Anatomical Label 2 atlas 
was used to define region-of-interests (ROIs). The mean uptake of each ROI was scaled to the mean of global cortical uptake 
of each individual, and defined as standardized uptake value ratio (SUVR). For a full-volume analysis, the statistical threshold 
was set at a cluster level and corrected with false discovery rate with p < 0.05 in a regression model (correction with age) after 
smoothing SUVR images with a Gaussian kernel of FWHM 8mm (SPM 12). All subjects completed PSQI-K to assess subjective 
quality and sleep pattern. Each of the questionnaire’s 19 self-reported items belongs to one of seven subcategories: subjective 
sleep quality, sleep latency, sleep duration, habitual sleep e"ciency, sleep disturbances, use of sleeping medication, and 
daytime dysfunction. Scores for each question range from 0 to 3, with higher scores indicating more acute sleep disturbances, 
ranging from 0 to 21. The e!ects of sleep quality on regional SUVR were investigated using Bayesian hierarchical modelling 
that applies the Markov-Chain Monte Carlo sampling. We set up a model with regional SUVR as a dependent variable and 
PSQI-K as predictors. These fixed e!ects (PSQI-K and age) were calculated individually and subject and ROI were added as 
random intercepts to allow SUVR to vary between subjects and ROIs. Bayesian models were estimated using four Markov 
chains, each of which had 4,000 iterations including 1,000 warm-ups, thus totaling 12,000 post-warmup samples. The 
sampling parameters were slightly modified to facilitate convergence (max treedepth = 20).

Results: 378 subjects were included in this study (mean age 42.8, range 38-50 years). The average of total PSQI-K score was 
4.0, ranging from 0 to 12. The average 9 sleep duration PSQI-K scores for each category were 1.0 (subjective sleep quality), 
0.8 (sleep latency), 0.9 (sleep duration), 0.2 (habitual sleep e"ciency), 0.6 (sleep disturbances), 0 (use of sleeping medication), 
0.6 (daytime dysfunction). From a Bayesian regression model, BGU of posterior cingulate, precuneus, thalamus was negatively 
associated with total PSQI-K score (Figure 1). In a subgroup model with each category of PSQI-K, BGU of precuneus and 
posterior cingulate was negatively associated with all categories of PSQI-K except for sleep disturbances. Full-volume 
analysis revealed the consistent finding that shows negative association of BGU of posterior cingulate, precuneus, thalamus, 
postcentral gyrus in middle-aged healthy males (Figure 2).
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Conclusions: The poor sleep quality is associated with lower BGU of precuneus and posterior cingulate in middle-aged 
healthy males, which are main findings of dementia. Therefore, sleep might be one of the key components of pathophysiology 
of dementia. In addition, even in healthy subjects, the importance of sleep quality should not be ignored.
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Introduction: The information processing speed (IPS) test, such as the Symbol-Digit Modalities Test (SDMT), is a brief 
cognitive test widely used to assess IPS. It is also included in the Brief International Cognitive Assessment for Multiple 
Sclerosis (BICAMS), one of the major cognitive batteries for patients with multiple sclerosis (MS). These assessments often aid 
neurologists in selecting treatment strategies for MS patients. Many psychological and functional magnetic resonance imaging 
studies previously suggested that the task involves various cognitive functions, including working memory (WM) and decision-
making (DM). Consequently, the conventional IPS test scores are considered to reflect the composites of these cognitive 
functions, and they cannot separately evaluate multiple functions related to the test. Here, we examined our patients using the 
conventional IPS test and an electrically-presented IPS test program we developed (information processing acceleration test, 
or IPAT). IPAT is designed to measure IPS for each single symbol presented in a trial. We compared IPAT performance with the 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 277

ABSTRACTS

conventional IPS test to validate its e!ectiveness. From the time-series IPS data collected, we estimated coe"cients reflecting 
WM and DM and their associations with cerebral cortical atrophy.

Methods: In this preliminary study, ten patients with relapsing-remitting MS participated. Each patient was assessed 
using both the conventional IPS test and IPAT. Structural brain MRI data were acquired within a month of the cognitive 
assessment. We compared the accomplishment scores of IPAT with those of the conventional IPS tests to ensure IPAT validity. 
Subsequently, we calculated IPS, which is the inverse of each reaction time for every single trial that the patients took for 
the stimulus presented. A nonlinear regression model was applied to these time-series IPS data, and we estimated two 
coe"cients: one indicative of corrected IPS in the plateau phase (p) and another representing IPS acceleration rate (a). The 
patients’ T1-weighted brain images underwent preprocessing with the sMRIPrep pipeline before analyzed with FreeSurfer 
(6.0.0) for surface-based morphometry. The association between the coe"cients and cortical atrophy was examined using a 
multiple regression model.

Results: The conventional IPS accomplishment score correlated linearly with those obtained from IPAT. Analysis of the 
time-series IPS data from IPAT revealed an initial adaptive phase with increased IPS, followed by a plateau phase where 
IPS stayed at the level. The nonlinear regression analysis estimated curves that closely fit with the observed IPS patterns. 
Notably, the coe"cients p for the corrected IPS in the plateau were significantly correlated with cortical thickness in the right 
suborbital sulci. Moreover, the coe"cients a for IPS acceleration rate showed significant correlations with regions in the left 
parahippocampal gyrus and the right superior parietal gyrus (p<0.05).

Conclusions: The conventional IPS test serves as a helpful tool for roughly grasping the declined IPS of patients with MS, but 
the score is composed of multiple functions. In our preliminary study, the IPAT program, developed by our team, e!ectively 
assesses IPS comparably to the conventional test. Furthermore, we were able to decompose the observed time-series IPS 
into two distinctive phases: an adaptive phase marked by accelerating IPS and a subsequent plateau phase. We extracted 
coe"cients representing these phases linked with WM and DM functions, respectively. These two coe"cients were 
associated with cortical atrophy in the regions known to play roles in these cognitive functions. After accumulating data from 
MS patients at various stages longitudinally, we hope to use the IPAT for a more detailed evaluation of cognitive functions to 
support clinical decision-making for treatment.
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FMRI exposes visual deficits in a progressive stage of a Parkinson’s Disease mouse model
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Introduction: Parkinson’s disease (PD) is marked by α-synuclein aggregates, brain volume reduction, and declines in motor 
and cognitive functions1. With 70% of PD patients exhibiting diminished visual acuity2,3, there’s evidence of involvement in 
sensory systems. While the αSYN mouse model has been extensively studied at molecular5,6,7 and behavioral8 levels, its 
functional deficits remain ambiguous. Our investigation utilizes fMRI to delve into potential impairments in the visual pathway. 
Through validation via C-FOS expression9 and pCASL mapping10, our study aims to deepen our understanding of the 
functional implications within PD pathology.

Methods: All animal experimentation procedures received prior approval from both institutional and national authorities 
in adherence to European Directive 2010/63. Animal subjects included the transgenic αSYN mouse model11 (C57BL/6-
DBA/2Thy1-αSYN) and their corresponding wildtype littermates, aged 39±3 weeks and weighing approximately 42g±15g. 
Visual fMRI experiments were performed under medetomidine sedation on a 9.4T Bruker BioSpec scanner; Binocular 
stimulation was executed12 in mice (N=12/13 PD/WT) using two blue LEDs (λ=470nm) placed above the eyes, alternating 
between rest (40 seconds) and stimulation (20 seconds) at a frequency of 1Hz during the fMRI design. fMRI acquisitions 
used GE-EPI with TR/TE=1250/12ms, FOV=15x12mm^2, resolution=150×150μm^2, slice thickness=0.45mm (10slices). Data 
preprocessing, GLM activation mapping, and ROI analysis13 were performed using SPM12. C-FOS expression was quantified 
through immunohistochemistry9 from other N=6/6 PD/WT animals. In a separate cohort (N=3/3 PD/WT) a pCASL sequence10 
was used for high-resolution (100x100μm^2) CBF mapping under isoflurane sedation.
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Results: Following visual stimulation, healthy controls exhibited strong activation in the visual pathway (Fig.1A). In contrast, 
PD mice showed lower t-statistics and reduced activation compared to controls. Anatomically placed ROIs in key visual 
pathway structures (Fig.1B) supported these findings, displaying significant reductions in fMRI signals across most areas in PD 
mice, with a control area showing no notable di!erences. C-FOS protein expression analysis revealed marked reductions in 
protein expression across all visual areas compared to WT controls (Fig.2A). However, in a control ROI (entorhinal cortex), no 
significant di!erences were observed between groups (Fig.2A-iv). Preliminary CBF measurements aimed at detecting vascular 
di!erences showed no significant distinctions (Fig.2B). It’s important to note that our scanning protocol involved only 3 animals 
per group, potentially limiting the detection of small e!ect sizes.

Conclusions: This extensive study unveiled deficiencies in fMRI signals across the entire visual pathway, validated by neuronal 
origins through C-FOS experiments and pCASL. Initial CBF measurements eliminated potential vascular di!erences14, 
indicating that observed functional map variances predominantly arise from other factors. This suggests reduced neuronal 
activity within the visual regions in 9-month PD mice, potentially linked to αSyn aggregation and ensuing impairments. 
The study conducted fMRI at a late PD stage; future research aims to explore the evolution of these deficits longitudinally. 
Correlation with C-FOS and CBF mapping bolstered the understanding of our BOLD-fMRI results, encouraging further 
investigation into sensory deficits and early PD biomarkers.
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In Vivo Neurological Signatures of Chronic Traumatic Encephalopathy: An MRI study of QSM and MRS
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Introduction: Chronic Traumatic Encephalopathy (CTE) is a neurodegenerative condition associated with repeated 
brain trauma, often seen in former players of contact sports including soccer. It presents a range of symptoms, such as 
cognitive impairments and behavioral changes. The diagnosing of CTE is challenging due to the absence of definitive in 
vivo biomarkers, relying on postmortem confirmation (McKee A.C., Acta Neuropathol. 2023). This limitation has hindered 
the comprehension of CTE’s progression and the development of proactive intervention strategies. Advanced Magnetic 
Resonance Imaging (MRI) techniques, such as Quantitative Susceptibility Mapping (QSM) and Magnetic Resonance 
Spectroscopy (MRS) have the potential to address this challenge. QSM is used to quantify iron deposition in the brain, which 
may indicate oxidative stress, a crucial element in neurodegenerative diseases (Ward R.J., Lancet Neurol. 2014). MRS assesses 
metabolic alterations, o!ering insights into cellular pathophysiology, particularly in the di!use brain injury common in CTE. We 
aim to enhance our understanding of CTE’s in vivo pathology and contribute to the development of non-invasive diagnostic 
approaches. This research carries significant implications for early detection and management of CTE in populations at 
high risk.

Methods: Using a cross-sectional design, we analyzed 10 former professional soccer players under 65 yrs, retired for 
+8 yrs, with a history of repeated head trauma. We reconstructed QSM and R2* maps from a 3D Gradient Recalled Echo 
sequence. QSM pipeline: ROMEO (Dymerska B., Magn Res Med. 2021) unwrapping, PDF background field removal (Liu T., 
NMR Biomed. 2011), and FANSI dipole inversion (Milovic C., Magn Res Med. 2018). Both, QSM and R2* are used to confirm iron 
deposition (Yan F., JMRI 2018). For registration and segmentation, we used SPM 12 (WCHN, UCL) and FSL (FMRIB, Oxford), 
respectively. Single Voxel Spectroscopy (PRESS, TE = 35 ms, voxel size 3x3x3 cm) was acquired at the posterior cingulate 
gyrus (PCG) and used for metabolite quantification using LCModel (Provencher). We also included the Up and Go motor test 
and the telephonic Montreal Cognitive Assessment (MOCA). We examined QSM maps in 15 subcortical areas and metabolite 
concentrations at the PCG, a region key for cognition and part of the default mode network (Leech and Sharp, BRAIN 2014). 
We used Spearman’s correlations to associate MRI findings with cognitive and motor function, and descriptive statistics to 
identify patterns. Using data from QSM and MRS, we performed a dimensionality reduction analysis with the Robust-PCA 
methodology through the rpca library of the R statistical package (RStudio 2023) and analyzed the data separated into two 
groups (high and low risk by position on the playing field). Funding: ANID-ICN2021_004.

Results: We found a correlation between higher QSM values at the left pallidum and reduced cognitive function (Spearman’s 
r = -0.67). Also, a positive correlation between QSM and R2* values (Spearman’s r = 0.78) was observed. We described a 
metabolic pattern; particularly, low NAA+NAAG was linked to poor motor performance (Spearman’s r = -0.75). Notably, the data 
are distributed into 2 clusters, the first of them only with high-risk individuals, and the second with a predominance of lower-
risk individuals. High risk: central defense. (Fig.1-2)
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Figure 1. In vivo MRI in Former Soccer Players. a. Tissue susceptibility (QSM), ≥0.2 ppm high QSM values. b. QSM vs R2*(all 
regions). c. MRS, metabolites concentration /tCr (NAA, NAA+NAAG <1.5). n=10.

Figure 2. a. NAA+NAAG vs Up and Go (<10s normal). b. QSM vs MOCA (≤ 10 mild cognitive impairment). n=10. c. Corr. only 
central defenders. d. High risk: position on the playing field: central defense.

Conclusions: We explored CTE signatures in vivo using MRI. QSM values at the left pallidum were higher than the ones found 
in control brains and similar to those seen in Parkinson’s disease (Shahmaei V., Eur. J. Radiol. 2019). Lower NAA/tCr and 
NAA+NAAG/tCr at the PCG suggested neuronal damage compared with healthy subjects (Wijtenburg S.A., NMR Biomed. 
2019). We found signatures correlated with motor and cognitive changes. The R-PCA analysis suggests that our in-vivo 
methodology would be able to di!erentiate high and lower-risk groups. Our study aims to advance a better understanding of 
CTE and the development of early detection methods.
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Absence Frontal-parietal EEG Network in Theta Band in MCI Patients During High-recall 
Movie-watching
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Introduction: Alzheimer’s disease (AD) is a neurodegenerative disease that is prevalent in aging people and is characterized 
by abnormalities in cognition and memory. Mild cognitive impairment (MCI) is a precursor to the progression of AD (Dubois, 
Feldman et al. 2007). And, cognitive and memory performance has been found to be related to functional connectivity during 
resting state (Eyler, Sherzai et al. 2011, Grady 2012, Sala-Llonch, Bartres-Faz et al. 2015). However, little is known about how 
cognitive impairment disease such as MCI a!ects the brain memory functions during high-recall movie-watching which may 
o!er rich and complex stimulation closely relative to memory function. The purpose of the current work was to investigate 
potential changes in functional connectivity relative to memory function in MCI patients using electroencephalogram (EEG) 
during high-recall movie-watching state.

Methods: In this study, EEG data of 41 normal control (NC) individuals and 31 patients with MCI were recorded during the 
movie-watching state. Each EEG recording consisted of 2 conditions (high-recall vs low-recall movie-watching), and each 
condition lasted 5 minutes. The high-recall movie is a black and white film containing everyday life in the 1970s-80s, while 
the low-recall movie is a scenery film. Both movies were assessed by recruited normal elders who were not recorded. 
Preprocessing of raw EEG data (including identifying and removing segments of EEG contaminating excessive noise, a 
band-pass filtering at 1-40 Hz, inspecting for artifacts automatically and removing eye blinks and muscle movements using 
Independent Component Analysis (ICA), interpolating bad channels using reference electrode standardization interpolation 
technique (RESIT) and re-referencing to REST) was conducted using the WeBrain Platform (http://webrain.uestc.edu.cn). 
The functional connectivity coe"cients between each pair of EEG channels were estimated with the phase synchronization 
index (PSI). Each analysis was performed separately in typical EEG frequency bands (delta: 1-4 Hz, theta: 4-8 Hz, alpha: 8-12.5 
Hz, beta: 12.5-30 Hz, gamma: 30-40 Hz). Next, a two-way mixed (2 groups×2 conditions) analysis of variance (ANOVA), and 
a post-hoc t-test were used to investigate potential changes of the interaction factor. At last Pearson correlations between 
connectivities and neuropsychological measures were also calculated across all subjects.

Results: Results of ANOVA and the post-hoc t-test showed significant di!erences between conditions for the NC group but 
not the MCI group, especially in the theta rhythm (Fig. 1 B, p<0.05, FDR corrected). Those di!erences were mainly located 
in the frontal-parietal network of NC group, indicating that connectivity is stronger in the presence of high-recall movie-
watching than in the low-recall conditions (Fig. 1 A). Fig. 1 C showed that changes of PSI measures between high-recall and 
low-recall movies were significantly positively correlated to neuropsychological measures including Montreal Cognitive 
AssessmentMoCA, r=0.4206, p=0.0002, Boston Naming Test (BNT, r=0.3093, p=0.0082) and Minimum Mental State 
Examination (MMSE, r=0.2804, p=0.0170).
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Conclusions: The results of the current study demonstrated that absence frontal-parietal EEG network in theta band 
in MCI patients during high-recall movie-watching state, compared with NC group. Moreover, the correlations with 
neuropsychological measures suggested that worse cognitive performance might be related to the lower frontal-parietal 
network in the theta band in MCI patients. Our findings may imply that there was a potential mechanism relative to 
the absence of key ‘memory circuits’ in MCI, and may provide new insight towards cognitive rehabilitation during the 
aging process.
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Introduction: Parkinson’s disease (PD) is a neurodegenerative movement disorder with increasing global prevalence and 
societal burden. The significant heterogeneity in symptom and neurological presentations has hindered the development 
of reliable diagnostic and progression biomarkers. Further, despite growing availability of large-scale PD studies across 
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the globe, data aggregation and analytic comparisons have been limited due to lack of standardization across acquisition 
protocols, image processing, and statistical analysis. In the ParkCore project (Fig.1), we compare neuroanatomical phenotypes 
across multiple PD cohorts from the US, Canada, and India by 1) harmonizing imaging and clinical variables and 2) 
standardizing MRI processing. We highlight the commonalities and di!erences in brain morphometry in PD patients resultant 
of acquisition and biological factors.

Methods: We harmonize and process age-matched samples from PPMI (n=294) (Marek et al., 2018), QPN (n=162) (Gan-Or 
et al., 2020), and three NIMHANS (n=132, 91, 295) cohorts (Prasad et al., 2022). Harmonization of demographic and clinical 
variables is performed using Neurobagel (https://neurobagel.org/) tools. The MRI data are acquired on di!erent scanners but 
scans are processed identically using Nipoppy workflows. We quantify 1) cortical thickness (CTh) and subcortical volumes 
using FreeSurfer-7 (Fischl, 2012), 2) cerebellar lobular volumes using the MAGeT Brain pipeline (Pipitone et al., 2014), 3) 
structural connectomes based on white-matter tracts using TractoFlow (Theaud et al., no date), and 4) functional networks 
using fMRIPrep (Esteban et al., 2019) and Nilearn pipelines. We calculate regional CTh and subcortical volumes using DKT 
parcellation (Klein and Tourville, 2012). To control for site e!ects, we assess CTh and volumetric di!erences of PD-vs-control 
separately for the three cohorts using GLM. We control for age and sex in all models and additionally for total-intracranial-
volume in regional and total-cerebellar-volume in cerebellar volumetric analyses.

Results: Fig.2 shows distributions for several image derived phenotypes (IDPs) for the various cohorts. NIMHANS-1 shows 
scanner related bias with higher CTh values on average. The PD-vs-control comparisons show significant di!erences in CTh of 
posterior-cingulate (right) in both QPN and NIMHANS cohorts. Significant di!erences in Thalamic (bilateral) volume are seen in 
PPMI, but not in QPN or NIMHANS. PD cohorts consistently show higher CSF volumes but are not statistically significant.
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Conclusions: Data harmonization and standardized processing is essential to minimize methodologically induced phenotypic 
variations in cross-cohort comparisons. Image acquisition - scanners and protocols - seem to play a stronger role in cortical 
thickness quantification compared to the regional volumetry. Scanner specific image normalization of MRI data and analysis 
of clinical phenotypes are needed (ongoing) to address cohort-specific feature shifts and isolate reliable PD-specific 
neurological signatures across datasets. In the future we will work to make these distributed results searchable with the 
Neurobagel project.
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Prediction of amyloid and tau status in nondemented older adults using tree-based ensemble models
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Introduction: Current gold standards for monitoring brain amyloidosis and tauopathy, the prominent pathological features of 
Alzheimer’s disease (AD), are based on positron emission tomography (PET) scans. Given the expensive and invasive nature 
of amyloid and tau PET scans, predicting amyloid and tau status in pre-dementia older adults with AD pathologies using more 
a!ordable and accessible measures can facilitate early intervention and clinical trials by reducing the screen failure rate. The 
goal of the present study was to develop interpretable tree-based ensemble models to predict PET-based amyloid and tau 
burden using non-invasive and widely available variables.

Methods: The amyloid (Aβ; n = 1062) and tau (n = 410) PET datasets consisted of individuals with normal cognition and mild 
cognitive impairment from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database. Amyloid PET with the [18F]
Florbetapir tracer was used as the gold-standard measure for binary amyloid status classification with established positivity 
cuto!s (< 1.11), while tau PET with the [18F]Flortaucipir tracer was used for the three-stage (low, intermediate, and high) tau 
status determination using cut-o! values found based on pre-established protocols (lower cut-o!: < 1.27; upper cut-o!: < 1.44). 
For each subject, we obtained the demographic data, neuropsychological data, apolipoprotein (APOE) ε4 genotype, and 
volumetric MRI measures, as well as plasma Aβ 42/40 ratio for a subset of the amyloid sample (n = 285). We trained random 
forest (RF), extreme gradient boosting machine (XGBoost), and light gradient boosting machine (lightGBM) models using 
di!erent combinations of the features, and measured the model performance using area under the receiver operating curve 
(AUROC). Shapley Additive exPlanations (SHAP) values were used to rank feature importance.

Results: The performance of baseline non-imaging model showed modest performance for Aβ (RF = 0.665, XGB = 0.650, 
LGBM = 0.659). Subsequent additions of features improved the predictive performance, with the model using demographic 
data, cognitive data, and volumetric MRI measures demonstrating the highest performance (RF = 0.762, XGB = 0.763, LGBM 
= 0.761). Meanwhile, the baseline model achieved modest performance for the three-stage tau classification (RF = 0.643, 
XGB = 0.654, LGBM = 0.643), and the further addition of features improved the performance, with the feature combination 
of demographic data, cognitive, volumetric MRI measures, and continuous Aβ PET standardized uptake value ratios (SUVRs) 
achieving very good performance (RF = 0.799, XGB = 0.801, LGBM = 0.800). SHAP summary plots for Aβ classification 
revealed the most important features being age, entorhinal cortex volume, and several neuropsychological and functional 
measures. For tau groups, the low tau group was characterized by low Aβ load, high global cognition scores, and higher 
hippocampal and middle temporal gyrus volume, intermediate group by higher age, intermediate global cognition, and higher 
memory scores, and high group by higher Aβ load, more impaired functional scores, lower age, and lower memory scores.

Conclusions: Tree-based ensemble machine learning models achieved modest to very good performance in predicting 
amyloid and tau status among nondemented older adults. These results suggest that using noninvasive and widely available 
measures are promising to be used as pre-screening filter for AD clinical trials.
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Introduction: Background: Frontotemporal dementia (FTD) is a complex neurodegenerative disorder encompassing 
heterogeneous subtypes, including behavioral variant frontotemporal dementia (BV-FTD), semantic variant frontotemporal 
dementia (SV-FTD), and progressive non-fluent aphasia frontotemporal dementia (PNFA-FTD). Unraveling the shared and 
distinctive brain module organizations among these subtypes is critical for unraveling the underlying neural basis of the 
disease. This study aims to explore brain module organization in FTD subtypes, seeking potential biomarkers and insights into 
their pathophysiology.

Methods: Methods: Resting-state functional magnetic resonance imaging data were obtained from the Frontotemporal Lobar 
Degeneration Neuroimaging Initiative, comprising 41 BV-FTD, 32 SV-FTD, 28 PNFA-FTD, and 94 healthy controls, following 
exclusion of participants with excessive head motion. Individual functional brain networks were constructed at the voxel 
level of gray matter and binarized with a 1% density threshold. Using predefined brain modules, we computed the modular 
segregation index (MSI) for each module, analyzed intermodular and intramodular connections to identify driving modular 
connections, and calculated the participation coe"cient (PC) to detect regions with altered nodal properties associated 
with module integrity. A machine learning algorithm was employed for FTD subtype classification based on these matrices. 
Correlations between modular measures and clinical scores in each FTD subtype were examined.

Results: Results: Distinct brain module organizations were observed across FTD subtypes, with lower MSI in the subcortical 
module (SUB), default mode network (DMN), and ventral attention network (VAN) in both BV-FTD and SV-FTD. Specifically, 
only BV-FTD exhibited disruption in the frontoparietal network (FPN). Notably, the bilateral fusional gyrus, left orbitofrontal 
cortex, left precuneus, and right insular thalamus showed significant group e!ects on PC, indicating altered nodal properties 
associated with module integrity. Our machine learning achieved a multiple classification accuracy of 85%. Correlations 
between specific network alterations and clinical variables in each FTD subtype were also identified.

Conclusions: Conclusions: These findings illuminate the diverse brain module organization in di!erent FTD subtypes, o!ering 
insights into potential neurobiological di!erences that underlie the clinical heterogeneity of the disease. Regions with altered 
modular properties may serve as valuable biomarkers for early diagnosis and disease monitoring. Furthermore, understanding 
disruptions in modular connectivity provides valuable insights into the neuropathological mechanisms of FTD subtypes, 
paving the way for targeted therapeutic interventions.
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Longitudinal Iron and Neuromelanin in Restless Legs Syndrome associated with Parkinson’s Disease
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Introduction: Restless legs syndrome (RLS) is a sensorimotor disorder demonstrated by an urge to move the legs with an 
unpleasant sensation during rest1. RLS can be idiopathic or manifest with Parkinson disease (PD)1,2. PD is characterized 
by neuromelanin (NM) loss and elevated iron in the substantia nigra (SN)3. Isolated REM sleep behavior disorder (iRBD), a 
prodromal parkinsonism stage, is characterized by abnormal violent behaviors during REM sleep4. Unlike PD, RLS patients 
often demonstrate nigral iron deficiency5,6,7. Neuropathological studies suggested that the iron scarcity might come from 
the damage in iron acquisition by the nigral neuromelanin cells6,7. Some patients with idiopathic RLS also demonstrate 
dopaminergic abnormality8. Nonetheless, the longitudinal regional iron changes in RLS associated with PD are still debated.

Methods: Participants: Early PD with (PDRLS+) and without RLS (PDRLS-), iRBD and HVs were scanned using 3T MRI and 
assessed thrice (V1/V2/V3) with a 2-year interval between the visits. Image analysis: QSM images were computed using 
MEDI toolbox9 and were used to construct a QSM template using Advanced Normalization Tools (ANTs). R2* maps were 
obtained using a nonlinear fit over echo times. The subthalamic nucleus, entire SN and its subdivisions (anterior and posterior 
territories of dorsal and ventral SN) were manually segmented on the template by experienced raters. Subject wise regions 
were obtained automatically using inverse transformation. NM images were aligned to an average brain template. Contrast 
to noise ratio (CNR) was computed using an SN mask partitioned into sensorimotor, associative and limbic territories and a 
background region10. Statistical analyses: Baseline between-group di!erences were tested using multivariate linear regression 
models including age and sex as covariates. Longitudinal analyses were performed on subjects with at least two visits using 
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linear mixed-e!ects models (LMMs). In each LMM, the group, the visit interval and their interaction term were considered as 
fixed e!ects, while a random (intercept) e!ect was applied on subject identifiers. Significance e!ects of the main or interaction 
e!ects were tested by Type II Wald Chi-square tests. Pearson’s correlations corrected for multiple tests were performed to test 
iron with clinical variables, REM without atonia (RWA), periodic limb movements (PLM) and CNR.

Results: Clinical characteristics: At V1/V2/V3, 60/52/41 HVs, 58/43/33 iRBD, 148/145/96 PD were included respectively. Age, 
sex, MDS-UPDRS-OFF score and RWA di!ered between groups and there was a trend for PLM. IRBD had the highest rate of 
RWA and PLM. PDRLS+ were older and had longer disease duration (2.4 ± 1.0 years) compared to PDRLS- (1.3 ± 0.9 years). 
Baseline: Groups were di!erent in QSM and R2* (p=0.04). QSM and R2* increased in the posteroventral SN only and not in any 
other regions. We found that PDRBD- had +17.8% elevated posteroventral SN iron (p= 0.03) vs. HV, but there was no evidence 
for a di!erence of PDRLS- with PDRRLS+ or with iRBD. Regional SN CNRs were also di!erent. Longitudinal: We observed 
group and visit e!ects for posteroventral SN iron for QSM, R2* and CNRs in all regional SN territories (p<0.001). Only CNR 
in the sensorimotor region showed group X visit interaction e!ect (p=0.02). Correlations: In PDRLS-, posteroventral SN iron 
increased with the decrease in CNR in the sensorimotor region (r=-0.21, p=0.04) and with the increase in disease duration 
(r=0.27, p =0.04) and PLM (r=0.36, p=0.002).
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Conclusions: PD patients without RLS had a greater longitudinal iron increase in the posteroventral SN region and CNR 
decrease in the sensorimotor SN region. These iron changes were related to the disease duration and the decreased in NM 
signal. Nonetheless, further studies including patients with idiopathic RLS are warranted.
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Interactions between subcortical structure, fMRI vigilance signals, and cognition in aging
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Introduction: Daytime sleepiness and changes in sleep patterns are commonly reported among patients with Alzheimer’s 
Disease (AD)1. In fact, some of the earliest brain regions to degrade in AD include subcortical regions, such as the basal 
forebrain (BF) and its constituent Nucleus Basalis of Meynert (NBM), which play an important role in maintaining wakefulness 
or alertness (also known as vigilance)2. We hypothesize that alterations in vigilance-related brain activity are related to 
cognitive decline through the disruption of subcortical structures. Here, we propose a novel investigation to characterize fMRI-
linked vigilance patterns in an aging population and determine how these patterns relate to subcortical atrophy and cognition.

Methods: We used the Vanderbilt Memory and Aging Project (VMAP) fMRI dataset3, consisting of 46 MCI patients and 75 
healthy controls (HCs). Since vigilance measures are not collected with the fMRI data, we used a data-driven technique for 
extracting vigilance information directly from fMRI data4. We then derived subject-specific spatial maps reflecting a whole-
brain activity pattern that is correlated with vigilance. We first investigated the relationships between structural measures 
(BF and NBM volumes obtained using subject-specific segmentation methods5,6) and cognitive measures (subject memory 
composite and executive function scores) using Pearson correlations. To investigate how our cognitive covariates relate to 
fMRI vigilance patterns, we then conducted a voxel-wise regression analysis, controlling for sex, age, ethnicity, education, total 
intracranial volume, and APOE4 status. Using FSL Randomise, group di!erences were investigated with 2-sample unpaired 
t-tests, and significant clusters were identified with threshold-free cluster enhancement (TFCE). Finally, we performed a 
mediation analysis to evaluate how NBM volume may mediate fMRI-derived vigilance e!ects on memory composite in 
MCI subjects7. Significance was assessed in resulting path coe"cient maps using FDR correction for multiple comparisons 
(q = 0.05).

Results: BF volume was significantly correlated with executive function in MCI subjects (r = 0.295, p = 0.047) and HCs (r = 
0.249, p = 0.037). Further, NBM volume was also significantly correlated with executive function in HCs (r = 0.426, p = 2.103e-
04). BF volume was significantly correlated with memory composite in MCI subjects (r = 0.437, p = 0.0024), and NBM volume 
was significantly correlated with memory composite in both MCI subjects (r = 0.364, p = 0.013) and HCs (r = 0.3004, p = 0.011). 
Voxel-wise regression analysis revealed significant di!erences in the association of fMRI vigilance activity and memory in the 
thalamus and hippocampus (HC < MCI). We also observed significant di!erences in the association of fMRI vigilance activity 
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and executive function in the thalamus, hippocampus, and insula (HC < MCI). Mediation analysis revealed significant clusters 
involved in the association between fMRI vigilance patterns and NBM volume in the anterior cingulate cortex, hippocampus, 
and caudate in MCI patients. In the MCI group, fMRI vigilance activity and memory composite were significantly associated in 
the hippocampus, anterior cingulate cortex, and thalamus.

Conclusions: These results indicate that BF and NBM volumes are significantly correlated with memory composite scores 
in MCI subjects and with executive function in HCs. In addition, our cognitive measures have region-specific correlations 
with fMRI vigilance fluctuations. Thus, both subcortical structural changes and fMRI vigilance patterns may play a role in 
cognitive decline in AD. Overall, this work sheds light onto the role of fMRI vigilance patterns in pathological and healthy 
aging and establishes potential avenues for integrating brain state changes, structure, and cognition to derive biomarkers of 
early-stage AD.
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Introduction: Electroencephalogram (EEG) is a quantified electrophysiological technology which has good sensitivity in 
judging cognitive function and can reflect the cognitive status of the elderly (Abazid, et al., 2022). Previous resting-state 
studies reported a decreased alpha and beta band functional connectivity in Mild cognitive impairment (MCI) patients and 
the memory load-related modulation of global functional connectivity will be less prominent since their reduced available 
cognitive capacity (Fodor, et al., 2021). However, little is known about how cognitive impairment disease such MCI a!ects the 
brain memory functions during high-recall movie-watching which may allow human perception and cognition to be studied in 
more complex and more real-life-like situations (Espenhahn, et al., 2020; Finn and Bandettini, 2021; Wang, et al., 2023). The 
purpose of this study was to evaluate the di!erences of EEG spectral changes in MCI and normal controls (NC) during high 
-recall movie-watching and to explore potential biomarkers that distinguish MCI from normal controls.

Methods: We recorded the EEG of 41 normal controls individuals and 31 patients with MCI using a 62-channel Brain Product 
System when they were watching film clips which consisted of the low recall movie for 5 minutes and the high recall movie for 
5 minutes. Age, gender and education level were carefully matched across the two groups. The high or low recall of the movie 
was defined by assessing recall with a pre-experimental measure. Preprocessing of raw EEG data was done using the WeBrain 
platform(Dong L, et al.,2021) (http://webrain.uestc.edu.cn). A band-pass filter at 1-40 Hz was applied to identify and remove 
segments of EEG contaminating excessive noise. Next, data were inspected for artifacts automatically and Independent 
Component Analysis (ICA) was carried out in order to remove eye blinks and muscle movements. And then, bad channels 
were interpolated by using reference electrode standardization interpolation technique (RESIT) and all channels were re-
referenced to REST. The relative power indices were calculated by time–frequency analysis with fast-Fourier transform (FFT), 
and each analysis was performed separately in typical EEG frequency bands (delta: 1-4 Hz, theta: 4-8 Hz, alpha1: 8-10.5 Hz, 
alpha2 10.5-12.5 beta1: 12.5 -18.5 Hz, beta2: 18.5-21Hz, gamma1: 30-40 Hz). At last, two-way mixed (2 groups×2 conditions) 
analysis of variance (ANOVA), and a post-hoc t-test were used to investigate potential changes of the interaction factor. 
Pearson correlations between power indices and neuropsychological measures were also calculated across all subjects.

Results: In the present study, significant di!erence of EEG spectrum changes between MCI and NC during the high and low 
recall movie-watching states were found (F> 4.05, p < 0.05). In beta1 (12.5 -18.5 Hz) and beta2 (18.5-21 Hz) rhythm, decreased 
relative beta power indices were found in frontal and parietal regions (p<0.05, FDR adjusted) under recall state in MCI group 
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(Fig. 1A). As shown in Fig. 1B, the di!erences of EEG beta spectrum between high and low recall movie watching conditions 
were significant correlated with neuropsychological measures including Montreal Cognitive Assessment (MoCA) (r=0.2870, 
p=0.0145) and Animal Fluency Test (AFT) (r=0.2556, p=0.0302).

Conclusions: These findings indicated that functional changes of EEG beta spectrum during recall background may account 
for the potential cognitive impairment. These results have implications for our basic understanding of state-dependent roles 
in relationship between EEG spectral changes and cognition, and for the future e!orts aimed at the early identification and 
intervention of cognitive impairment.
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Introduction: Magnetic resonance elastography (MRE) is a relatively new method for imaging the brain. By vibrating the 
head while inside of an MR scanner MRE detects minute displacements that can be used to measure the viscoelastic 
properties of the brain. This information can be used to, for example, assess how the microscopical environment of the tissue 
is a!ected by neurological pathologies. In this study, we use MRE to explore the e!ects of Parkinson’s disease (PD) on the 
microstructural properties of the brain by comparing data from healthy controls (HC) and PD patients. To improve the analysis 
of the microstructural properties, we also included multidimensional di!usion imaging (MUDI), which can also be used for this 
purpose by detecting di!usion properties within the tissue.
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Methods: The 12 HC and 12 PD subjects were on average 58 (σ=6) and 63 (σ=9) years old respectively, and both groups had 
a gender ratio of 1:3 (F:M). Disease severity of the PD subjects were evaluated by a clinician using the Unified Parkinson’s 
Disease Rating Scale motor score (UPDRS-III)(Goetz et al. 2008), and had an average score of 19 (σ=11), where the scale ranges 
from 0-132 (where 12 and below is considered mild e!ect). All MR images were acquired on a Philips Ingenia CX 3T scanner. 
MRE images were taken with an EPI sequence and driver pillow (vibrating at 60Hz) provided by Mayo clinic (see e.g. (Kruse et 
al. 2008)). The resulting displacement images (3x3x3mm3 resolution) were then inverted to viscoelastic parameters(Oliphant 
et al. 2001),given by the complex shear modulus, G*=G’+iG’’. Sti!ness is defined as|G*|, and the viscosity-related phase angle 
φ=arctan(G′′/G′). MUDI images were acquired as explained in (Topgaard 2017) with a resolution of 2.5x2.5x2.5 mm3, using 
spherical and linear b-tensors with 5 b-values spaced between 0 and 2000s/mm2. The images were post-processed using 
an open-source MD-dMRI software (Nilsson et al. 2018) to estimate microscopic fractional anisotropy (μFA), mean di!usivity 
(MD), and variance of MD (Var(MD)). All images were registered to subject-specific T1 images (1x1x1mm3), which had been 
parcellated into the Desikan-Killiany atlas(Desikan et al. 2006) with the use of FreeSurfer v7.2.

Results: Total brain sti!ness is shown in Fig. 1a & 2a to decrease with age for both HC and PD. However, the e!ect is stronger 
for PD subjects, showing that PD softens the brain. For di!erent specific regions, the most significant correlations with a PD 
diagnosis are located in the occipital and temporal lobes (Fig. 2b). Likewise, MD and μFA is shown to increase and decrease 
respectively with age for these structures, consistent with neural atrophy (Kamiya et al. 2020; Westin et al. 2016). However, 
these e!ects are in general much less significantly correlated with PD (compare Fig. 2a and 2b). For PD subjects, the severity 
of the disease is most significantly correlated with a decrease of φ in the lentiform nucleus (fig 1b).

Conclusions: The softening e!ect due to age has been previously shown (see e.g. (Hiscox et al., 2021)), and softening of the 
brain due to PD has also been previously shown by (Lipp et al., 2013, 2018), however here we specifically show that this is 
most pronounced in the occipital and temporal lobes (in line with the atrophy findings by (Pieperho! et al., 2022)). We also 
measured MUDI which indicated neural atrophy in the softened regions due to aging (Fig 2a), however for PD, the MUDI 
quantities indicate that more mechanisms than atrophy is responsible for the softening. In line with (Lipp et al. 2013) we also 
showed that the lentiform nucleus (a region known to be particularly a!ected by PD) becomes more elastic (lower φ) with 
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higher UPDRS-III score (Fig. 1b), which we here show not to be significantly correlated with neural atrophy (minor increase in 
MD, unchanged μFA). A limitation of this study at this stage is the relatively low number of subjects. We are currently collecting 
more data to increase the study’s statistical power.
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Introduction: The behavioral variant of the frontotemporal dementia (bvFTD) is related to a variety of social misbehavior 
including criminal behavior (CB), aggression, loss of job, alienation from family/friends, financial recklessness, sexually deviant 
behavior, and abnormal response to spousal crisis (Mychack 2001). Recent work suggests that impairment in emotional 
processing of others, along with disinhibition, constitute the necessary elements for CB in bvFTD (Mendez 2022), however, 
the underlying neurobiological mechanisms are still unclear. Therefore, we aim at investigating structural brain changes 
related to CB in bvFTD using magnetic resonance (MR) imaging data of the German Consortium for Frontotemporal Lobar 
Degeneration (FTLD).

Methods: The study comprised 87 bvFTD patients (39 fem, age 62.9±9.8 y) and 26 healthy controls (HC, 13 fem, age 64.5±11.8 
y) recruited within di!erent locations (Göttingen, Leipzig, Munich, Ulm) of the FTLD Consortium. For each centre, clinical 
evaluation and neuropsychological assessments were performed according to standard operating procedures. A subset 
of 21 bvFTD patients (7 fem, age 64.2±11.2 y) showed CB including theft, physical violence, sexual assault, drug abuse, and 
violations against tra"c law. High-resolution T1-weighted images were obtained using 3T Siemens MR scanners (Siemens 
Healthineers, Erlangen, Germany) with an MP-RAGE sequence. Data analysis was performed using SPM12 rev7771 with the 
CAT toolbox 12.8.2 rev2170 (Gaser 2022). For all participants, voxel-based morphometry was performed generating gray 
matter density (GMD) images using image segmentation and modulation by scaling with the amount of volume changes 
due to spatial registration (Ashburner 2005). Finally, GMD images were smoothed using a spatial Gaussian filter of 8 mm 
FWHM. In addition, surface-based morphometry was performed by reconstruction of cortical thickness using a projection-
based thickness approach (Dahnke 2012). Both GMD and cortical thickness were further analyzed in order to detect group 
di!erences between bvFTD patients with and without CB, and between bvFTD patients with CB and HC. Group comparison 
was performed using a general linear model (GLM) with a full-factorial design using the factors ‘group’ (CB vs no-CB) and 
‘subgroup of bvFTD’ (possible vs probable/definite). Analyses also included age and sex as nuisance covariates. Further, GMD 
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analyses included the total intracranial volume as an additional regressor. Group di!erences were computed using an initial 
voxel/vertex-threshold of P<0.001, and significant clusters were obtained using family-wise error (FWE) correction at cluster- 
and peak-level with P<0.01 (Flandin 2019, Friston 1994).

Results: Comparing bvFTD patients with and without CB, we obtained reduced GMD with CB in the left temporal lobe 
including the left amygdala (Fig 1A) and reduced cortical thickness in the left temporal lobe (Fig 2A). Comparing patients with 
CB in bvFTD with HC, we obtained a much larger pattern of CB-related reduced GMD and cortical thickness in larger regions 
of the left and right temporal lobe and also regions of the frontal lobe (Fig 1B and 2B, respectively).

Conclusions: Our study revealed structural brain di!erences between bvFTD patients with and without CB showing CB-
related reduced GMD and cortical thickness in the left amygdala and the left temporal lobe. Interestingly, the same regions 
are discussed with CB in bvFTD in the current literature, however, dominantly a!ected in the right hemisphere (Mendez 2022). 
The involvement of the temporal lobe was also reported in criminal psychopaths (Müller 2008) in both left and right temporal 
lobe, but with higher sensitivity in the right hemisphere. In contrast, a recent study with homicide o!enders showed the most 
prominent structural finding in the left temporal lobe (Sajous-Turner 2020) which is in line with our work. Further work is 
necessary to shed more light onto the role of the left and the right temporal lobe in bvFTD patients with CB.

Figure 1. Reduced gray matter density in bvFTD patients with criminal behavior (CB) when comparing (A) bvFTD patients with 
and without CB, and (B) CB-bvFTD patients with healthy controls (HC).
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Figure 2. Reduced cortical thickness in bvFTD patients with criminal behavior (CB) when comparing (A) bvFTD patients with 
and without CB, and (B) CB-bvFTD patients with healthy controls (HC).
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Functional 7T MRI analyses reveal altered cerebellar activity and connectivity in multiple sclerosis
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Introduction: The cerebellum is a small but finely organized region, highly connected and integrated in major brain networks 
involved in cognition and motor control.1 In multiple sclerosis (MS), these functions are often a!ected, and the cerebellum 
is a prevalent injury site.2 Despite the clinical importance and interest, the cerebellum is often overlooked due to technical 
challenges in imaging its thin and highly folded cortex. As such, the functional involvement of the cerebellum in MS is 
currently understudied and likely underestimated. Previous functional MRI studies shown altered network connectivity3,4 and 
task-based activation5 in MS, but primarily focused on the cerebrum, and cerebellar results often lack specificity. To image 
the cerebellum in greater detail, 7T MRI can be valuable due to the higher signal-to-noise ratio and increased spatial and 
temporal resolutions compared to clinical field strengths. Using 7T, a somatotopic organization has been mapped in anterior 
and posterior cerebellar lobules,6 yet it’s unclear whether this is altered in MS. In this preliminary study, we investigated 
cerebellar motor task responses and resting-state connectivity disturbances in people with MS and controls using 7T fMRI and 
submillimetre resolution anatomical images.

Methods: Six people with MS with signs of cerebellar damage (2 females, age=54±9 years) and 3 healthy controls (HC) (1 
female, age=57±14 years) were scanned using a 7T-Phillips MRI-scanner (8Tx/32Rx whole-head coil). For the flexing motor 
task (10s-ON, 10s-OFF, 5min) and resting-state scan (fixation on cross, 7min), a 3D-EPI slab covering the cerebellum was 
used (1mm-isotropic, TR/TE=3288ms/21ms, SENSE=2.6/3.27-AP/RL, FOV=192x60x192mm3, α=20°). Anatomical imaging 
included: whole-brain 1mm-isotropic MP2RAGE (TR/TE=2.3ms/6.2ms, TI1/TI2=800/2700, TRvolume=5500ms, α=7°/5°, 
FOV=230x230x185)7 and a submillimeter whole-cerebellar image (0.4mm isotropic) with prospective motion correction 
(5.65/1.88; TI1/TI2, 1000ms/2900ms; TI1/TI2, α =7°/5, FOV=210×120×60mm3, sensitivity encoding y/z, 1.5/1) (more details8). 
Motion correction involved real-time FOV updates by realignment of reconstructed fat navigators (3D EPI; 2mm; fat-selective 
binomial excitation pulse; 5.65/1.88; Tvol=550ms; α=1°; sensitivity encoding y/z, 4/2; Tacq=0.55s, FOV=240×240×120mm3). 
Functional data was motion/distortion-corrected and 0.4mm cerebellar anatomical images were denoised using a spatially 
adapted filter.9 For the motor task, a first level GLM (FSL, flex>rest, Z>3.1, p<0.05) was used. A cerebellar motor function mask10 
was warped into each participant’s anatomical space and manually divided to identify four relevant regions of interest (ROIs) 
(Fig1-A). To investigate cerebellar connectivity, a spherical seed mask (radius=4px) was generated from the highest motor task 
Z-score voxel (Fig-2-A), from which mean time-courses were extracted and used as first level GLM input (motor-seed>rest, 
Z>3.1, p<0.05).

Results: Flexing of the hand resulted in significant (Z>3.1, p<0.05) bilateral cerebellar activation in both anterior and posterior 
ROIs for all HCs, contrary to less than 50% of MS patients (Fig-1B/C). Maximum Z-scores were lower in MS (Right Anterior: 
MED=4.28±2.07, Posterior: MED=4.22±1.08) compared to HC (Right Anterior: MED=7.85±0.5, Posterior: MED=5.37±0.62). All 
participants had significant (Z>3.1, p<0.05) RS connectivity within cerebellar parts of the motor network (Fig2-B/C). Compared 
to HC, MS patients had lower average RS connectivity Z-scores (Fig-2B).
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Conclusions: We studied the communication and mapped regional activation during movements and preliminary results 
indicate lower and inconsistent cerebellar task-based activation, as well as lower resting-state connectivity in MS. Future 
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investigations will involve a larger cohort and a more in-depth to confirm findings and identify subject specific di!erences in 
cerebellar motor network activity and connectivity.
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Revisiting cortical face-to-hand area reorganisation after tetraplegia
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Introduction: Following tetraplegia (i.e., cervical spinal cord injury; SCI), individuals experience a loss of muscle function 
and sensation in their limbs and torso. Seminal non-human primate studies demonstrated that this leads to extensive 
reorganisation in brain areas containing detailed map-like body representations (e.g., the primary somatosensory cortex; 
S1), such that the cortical area deprived of sensory inputs (e.g., of the hand) becomes responsive to touch on intact body 
parts (e.g., of the face; Reed et al., 2016)). While animal models of SCI have consistently revealed reorganisation in S1, the 
degree and pattern of cortical remapping in humans following SCI is less clear (Jutzeler et al., 2015; Makin et al., 2015; Makin 
& Bensmaia, 2017). There are several potential reasons for the apparent divergence of reorganisation results in non-human 
primates and humans: Firstly, while work in non-human primates showed chin-to-hand area reorganisation in S1, research 
in humans has primarily explored lip-to-face area reorganisation. Second, non-human primate research made use of tactile 
stimulation protocols, while human reorganisation research typically made use of movement paradigms due to the di"culty of 
providing tactile face stimulation inside an MRI. Lastly, while the S1 face representation is inverted in non-human primates with 
the chin neighbouring the hand area (Kaas, 1983), we (Kikkert et al., 2023), and others (Root et al., 2022), have shown that in 
human S1 the forehead is least distance to the hand representation. In this study, we attempt to tackle these methodological 
di!erences and uncover the full architecture of S1 face reorganisation in human tetraplegic patients. We used fMRI during 
tactile stimulation of the forehead, lips, and chin to characterize S1 face-to-hand reorganisation in detail in tetraplegic patients.

Methods: Suprathreshold vibrotactile stimulation was applied to the forehead, lips, cheek, and thumb of 16 chronic tetraplegic 
patients and 21 healthy control participants while they underwent 3T fMRI. The patient sample was heterogeneous in 
neurological level of injury (C1-C7), severity of neurological loss (ASIA A-D), and retained hand functioning (GRASSP score 
22-188, healthy score = 232). Tactile stimulation was provided in a blocked-design fashion using an in-house build MRI-
compatible pneumatic stimulator device that we previously validated for use in somatotopic mapping fMRI experiments 
(Kikkert et al., 2023; Sonar et al., 2021; Sonar & Paik, 2016). To uncover reorganisation, we first assessed the level of forehead, 
lips, and chin activity in an anatomical S1 hand area. We further assessed potential cortical shifts by extraction the geodesic 
distance of the peak S1 forehead, lips, and chin activity from an S1 foot area anchor.
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Results: Our results did not show any di!erences in level of face parts activity in the S1 hand area between control participants 
and tetraplegic patients (p > 0.51; BF10 < 0.38), nor any representational shifts of the forehead, lips, or chin (p > 0.73; BF10 
< 0.34). We did not find any significant correlations between our indicators of reorganisation and patients’ retained hand 
functioning, time since injury, or anatomically defined amount of tissue bridges at the level of the spinal injury.

Conclusions: Our results did not show evidence for face-to-hand area reorganisation in S1 of human tetraplegic patients. 
Given that we aimed to match our approaches to those used in classical non-human primates experiments demonstrating 
face reorganisation, we suggest that face reorganisation is not apparent in humans. Future experiments that use intracortical 
recording methods (as in non-human primate studies) are needed.
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Decoupling between cerebral blood volume and CSF in cognitive impairment is linked to brain volume
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Introduction: Cerebrospinal fluid (CSF) is crucial for eliminating misfolded proteins from the brain1, but the mechanisms driving 
CSF dynamics in the human brain remain incompletely understood. Prior research demonstrates a tight coupling between 
CSF motion and cerebral blood volume (CBV), directly linked to low-frequency (LFO) hemodynamic oscillations2-4. In cognitive 
impairment (CI), there is a reduction in brain volume due to loss of neurons, gray and white matter, and ventricular expansion5. 
A resting-state fMRI (rs-fMRI) study showed reduced coupling between the CBV and CSF dynamics in CI individuals6. To build 
upon this study, we investigate how reduced brain volume in CI may alter the coupling between CBV and CSF dynamics. 
We hypothesize that a reduced brain volume weakens the driving force of brain pulsations, which may lower the coupling 
between CBV and CSF dynamics. Neurodegenerative diseases like Alzheimer’s disease (AD) accelerate brain atrophy5, 
possibly resulting in a more pronounced decoupling.

Methods: This study analyzed 40 participants, with 15 excluded due to poor image quality. The remaining 25 participants 
(10 female, 15 male, aged 51-87) included 12 cognitively normal (CN) and 14 with CI. MRI data were obtained using a 3T 
SIEMENS MRI scanner: T1W images (res = 1.2 x 1.1 x 1.1 mm3, TR/TE = 2300/2.98 ms) and rs-fMRI (res = 2.5 × 2.5 × 2.5 mm3, TR/
TE = 1200/29 ms). Rs-fMRI were slice time corrected, motion corrected, and spatially smoothed. The global mean signal (GMS) 
was extracted from the whole brain excluding ventricles. CSF inflow signal was extracted with ROIs manually defined on the 
first slice (near the cerebellum) of non-motion corrected rs-fMRI. The selected voxel’s time series had a maximum skewness 
> 0.5 to enhance sensitivity to CSF inflow e!ect. The GMS and CSF signals were linearly detrended, oversampled to 10 Hz 
sampling frequency, and band-pass filtered (0.01 to 0.1 Hz) using a zero delay, 4th-order Butterworth filter. The GMS signal’s 
time derivative (d(GMS)/dt) can be used to assess the e!ect of hemodynamic oscillations in the brain, as CSF movement 
occurs during CBV oscillations3. The d(GMS)/dt was multiplied by -1, and negative values were set to zero to restrict the 
analysis to inflow. The coupling strength was quantified by calculating the maximal cross-correlation coe"cients between 
the -d(GMS)/dt and CSF signals. Volumetric brain analysis was completed using the vol2Brain 1.0 software analysis7 and 
brain tissue volume (gray + white matter) was normalized to the total intracranial volume. Spearman correlation quantified the 
associations between -d(GMS)/dt-CSF coupling and normalized brain volume, with respect to cognition and biological sex. 
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Group-level comparisons of cognition and biological sex with -d(GMS)/dt-CSF coupling, and normalized brain volumes were 
performed using a student’s t-test. p<0.05 was regarded as significant.

Results: The -d/dt(GMS)-CSF coupling showed significant positive association with brain volume across all participants (r = 
0.408, p = 0.043). This coupling was significantly positively associated with brain volume in CI patients (r = 0.555, p = 0.049), 
but not in CN patients (r = 0.252, p = 0.430). There was no significant di!erence in the coupling between CN and CI groups 
(t-test, p = 0.462). A significant di!erence (t-test, p = 0.008) was observed in the brain volumes between CN and CI, where the 
CI group had smaller brain volumes.
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Conclusions: Our results suggest a significant positive correlation between the -d(GMS)/dt-CSF and brain volume in CI. This 
could indicate that a reduced brain volume weakens the interaction between CBV and CSF dynamics and impair a major 
driving force of CSF movement. This could lead to reduced CSF flow and an accelerated accumulation of toxic proteins, 
ultimately leading to greater atrophy and accelerating progression of neurodegenerative diseases like AD.
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ASL blood-brain barrier permeability is associated with amyloid and cognitive impairment
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Introduction: Blood-brain barrier (BBB) dysfunction is potentially one of the earliest microvascular changes in Alzheimer’s 
disease (AD) and related dementias1. An emerging technique to image the time of exchange (Tex) of water across the BBB is 
multi-echo2,3 arterial spin labeling (ASL) which obviates the need for exogenous contrast, making it a less invasive and less 
costly alternative to existing contrast-based agents, and may even be more sensitive to subtle BBB changes. Tex has been 
shown to provide reproducible values of BBB integrity in healthy volunteers2. Here, we investigate the associations of Tex 
values with amyloid positivity and cognitive status. As cerebral blood flow (CBF) can be seen as an established ASL biomarker, 
we repeated all analyses for CBF for comparison.

Methods: Data from 116 participants older than 50 years were selected from the Center for Lifespan Changes in Brain and 
Cognition (LCBC) and the Dementia Disease Initiation (DDI) cohorts. LCBC comprises a population-based cohort including 
only cognitively normal (CN) participants (n=77, CNLCBC), while DDI is a clinical outpatient cohort including CN and subjective 
cognitive decline patients (n=24, merged here into a single cohort CNDDI) and mild cognitive impairment (n=15, MCIDDI)4 
patients. Amyloid status was defined as positive (A+) or negative (A-) from the CSF amyloid-beta 42/40 ratio (cut-o! ≤ 0.077) 
or amyloid-PET by visual read, when available. All cohorts were scanned on the same 3T Siemens Prisma scanner with a 
32-channel head coil. Two recently developed multi-post-labeling delay (PLD) Hadamard-encoded (HAD) 3D GRASE PCASL 
sequences were used to estimate Tex and CBF: 1) HAD-8 with a labeling duration (LD) 400 ms, PLD [600:400:3400] ms, and 
single echo time (TE) 12.5 ms; 2) multi-TE HAD-4 with LD 1000 ms, PLD [1500:1000:3500] ms, and 8 TEs [14.4:28.9:217.2] ms. 
Data were analyzed with ExploreASL 1.11.0 beta5, and gray matter (GM) CBF and Tex were quantified with FSL-FABBER6. Tex 
and CBF associations with amyloid and cognitive status were assessed using linear regression adjusted for age and sex.

Results: Of the 116 participants, 77 were from the LCBC (64.6±8.4 years, 64% female) and 39 from the DDI (67.7±7.9 years, 51% 
female) cohorts. DDI included 15 MCIs and 28 A+, of which 12 were both MCI and A+. Across the whole population, GM Tex 
was negatively correlated with age (r = -0.38, p < 0.001), whereas for GM CBF, this correlation was not statistically significant 
(r = -0.26, p = 0.069). Whole-brain group average Tex (Figure 1A) and CBF (Figure 1B) maps show data from CN A- controls, 
MCI patients, and A+ subjects, where Tex and CBF appear higher in the NC A- group than in the MCI or A+ groups. Tex was 
15% lower in A+ compared to A- (t=2.75, p=0.01; Figure 2A). CBF was 5% higher in the A+ group than the A- group but did 
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borderline not reach statistical significance (t=-1.94, p=0.06; Figure 2B)7,8. The linear regression analysis showed that amyloid 
status was associated with BBB water permeability (given by Tex), with higher permeability in A+ compared with A- groups 
when correcting for age, sex, and CBF (β = -35 s, p < 0.001; Figure 2C). Moreover, cognitive staging was related to Tex, even 
when correcting for age and sex (βMCI = -31.3 s, p < 0.01). A similar relationship was not found for CBF.

Conclusions: Interestingly, both amyloid positivity and cognitive status were associated with increased BBB water 
permeability, even when correcting for age and sex. In agreement with previous studies, BBB water permeability was shown 
to increase with age. These permeability increases might be explained by a normal aging process of increased brain clearance 
or by BBB dysfunction promoting leakage of toxins to cross from the capillary site to the brain parenchyma. These findings 
encourage the use of BBB-ASL to non-invasively investigate BBB integrity in the early stages of dementia.
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PET Amyloid Predicts Longitudinal Atrophy in Non-Demented Individuals: Results from the 
AMYPAD PNHS

Leonard Pieperho!1, Luigi Lorenzini1, Sophie Mastenbroek1, Mario Tranfa2, Mahnaz Shekari3, Alle Meije Wink1, Robin Wolz4, 
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Introduction: As the field of anti-amyloid therapy is shifting towards early intervention, there is a need to understand the 
e!ect of amyloid-beta (Aβ) accumulation on atrophy in preclinical stages of the disease. We investigated the cross-sectional 
and longitudinal association between cortical amyloid deposition and subsequent neurodegeneration in a large cohort of non-
demented individuals.

Methods: We included 1365 participants from the AMYPAD Prognostic & Natural History study (PNHS; v202306, doi:10.5281/
zenodo.8017084) with available MRI and amyloid-PET. Among those, 708 had longitudinal MRI and PET, with a mean follow-
up time of 3.74 years (SD=1.87). Grey matter thickness and volumes in 40 regions of interest (ROI) were measured using the 
FreeSurfer 7.1.1 longitudinal pipeline. Global cortical amyloid burden was determined using the Centiloid (CL) method from 
PET scans. MRI-derived atrophy measures were harmonised across sites with neuroCombat. All PET and MR variables were 
Z-scored to obtain standardised regression coe"cients. Linear mixed-e!ect models with subject-specific random intercept 
and slope were used to investigate the e!ect of amyloid burden at baseline and its interaction with time on longitudinal, 
regional volume and thickness measurements. Covariates included age, sex, and baseline CDR score. P-values were FDR-
adjusted. For the subset of 708 participants, secondary, nested models including longitudinal amyloid PET were compared 
to the original model using ANOVA based on the Akaike Information Criterion (AIC). Finally, the modulating e!ect of sex and 
APOE-ε4 carriership on the interaction of amyloid and time was investigated by adding each covariate to the model in a three-
way interaction term.
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Results: Cohort characteristics are shown in Figure 1. At baseline, higher amyloid burden was related to reduced volumes and 
thickness in multiple temporal and parietal ROIs, as well as hippocampal and amygdala volume. Over time, individuals with 
higher baseline amyloid burden experienced greater volume- and thickness loss primarily in temporal and parietal regions, 
as well as cingulate, amygdala and hippocampal volume (Figure 2A). Incorporating longitudinal amyloid PET improved the 
prediction especially in medial-parietal, cingulate and basal-frontal ROIs (Figure 2B). Sex di!erences in how predictive cortical 
amyloid burden was of longitudinal atrophy were only found for caudate volume, while di!erences between APOE ε4 carriers 
and non-carriers could be observed in thickness of the medial and lateral orbitofrontal cortex, as well as hippocampal and 
pallidum volume.
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Conclusions: In the largely asymptomatic AMYPAD PNHS cohort, we demonstrate that baseline amyloid burden is predictive 
of future neurodegeneration, particularly a!ecting parietal volume and thickness in addition to hippocampal volume, rather 
than lateral temporal regions. Prediction of future atrophy improved when changes in amyloid burden were included in the 
model, illustrating the potential of natural history studies to act as trial readiness cohorts for optimal patient selection.
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E!ects of Beta-amyloid on the Temporo-parietal Network across the Alzheimer’s Disease Continuum
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Introduction: Beta-amyloid aggregation in Alzheimer’s disease (AD) and subsequent accumulation of Tau protein 
predominantly a!ect a temporo-parietal network crucial for the memory encoding process (Düzel et al., 2022; Pasquini et 
al., 2019). Current evidence indicates an inverted U-shape pattern in the activity of the precuneus and a declining pattern in 
the hippocampus as the disease progresses (Billette et al., 2022). However, the relationship between CSF biomarkers and 
connectivity remains insu"ciently established, hindering insights into pathology within the circuitry. Hence, our investigation 
focuses on e!ective connectivity (EC) in the temporo-parietal network during an encoding process across the AD continuum.

Methods: We investigated the three cohorts from di!erent study sites in the DELCODE study (Jessen et al., 2018). The 
participants (n=158; 36, 38, and 84 in cohorts 1, 2, and 3, respectively) were over 65 years old and were categorized as 
cognitively normal (CN), subjective cognitive decline (SCD), or mild cognitive impairment with Alzheimer’s disease (MCI/AD). 
The participants were also identified as amyloid positive (A+) or amyloid negative (A-) status based on beta-amyloid 42/40 
level (<= 0.08 for A+ status) (Düzel et al., 2022). The task included the presentation of novel and pre-familiarized images during 
the fMRI session and the post-fMRI self-report confidence score whether the images were seen in the fMRI session. The score 
was regarded as successfulness of memory encoding. We assessed the EC of the temporo-parietal memory network using 
dynamic causal modelling (DCM) (Zeidman et al., 2019a), using a previously described model (Schott et al., 2023). We focused 
on the following regions of interest (ROI): parahippocampal place area (PPA), hippocampus (HC), and precuneus (PCU). ROIs 
were defined by anatomical constraints using Automated Anatomical Labelling (AAL) as implemented in WFU PickAtlas 
(Tzourio-Mazoyer et al., 2002), and by functional constraints derived from previous literature and activation maps. The model 
assumed full connectivity between the ROIs, including self-inhibitory connections. The driving input to the DCM model was 
defined as novelty-related activation of the PPA. The interregional connectivity was assumed to be modulated by memory 
encoding success. EC was compared as a function of amyloid status (A+ vs. A-), separately for each diagnostic group (CN, 
SCD, and MCI/AD). The group-level inference was performed using parametric empirical Bayes (PEB) framework (Zeidman 
et al., 2019b). The design matrix included regressors representing the e!ect of group and A+ status on each parameter. We 
then calculated the posterior probability of each parameter at group-level using Bayesian model reduction. Parameters were 
considered relevant when exceeded a posterior probability (Pp) >= 0.95 in at least two cohorts, with no contradictory results. 
Inferece statistics were performed to identify changes in EC between diagnostic groups in A+ and A- status.

Results: While no significant e!ect of A+ status on connectivity parameters was observed in CN (Figure 1), A+ status was 
associated with a stronger excitatory input from PCU to PPA in individuals with SCD and with MCI/AD. Individuals with MCI/AD 
additionally showed an association of A+ status with a weaker self-inhibitory connection of the HC. A significant increase in 
connection strength from PCU to PPA was observed across the trajectory from CN to SCD in the A+ group (p = 0.03), whereas 
a decrease from CN to SCD was found in the A- group (p = 0.05) (Figure 2). A nominal decrease was from SCD to MCI/AD in 
the A+ group did not reach significance (p = 0.13).
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Conclusions: Collectively, our results suggest an inverted U-shaped progression of parieto-temporal connectivity across 
diagnostic groups. Particularly the connection from PCU to PPA appears to be susceptible to beta-amyloid as its increase in 
connection strength is dependent on A+ versus A- status in individuals with SCD and MCI/AD.
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Stepwise connectivity patterns along the gradients of brain organization in Alzheimer’s disease
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Introduction: In Alzheimer’s Disease (AD), the entorhinal cortex (EC) is recognized as one of the earliest sites of tau tangle 
deposition. Existing studies have predominantly focused on tau propagation along direct (seed-to-target) neural connections 
between brain regions (Sepulcre et al. 2018). Here, we hypothesize that exploring indirect, multi-step connections adds new 
insights on the spread of AD in the brain. We first employ graph theory-based stepwise connectivity (Sepulcre et al. 2012) to 
elucidate multi-step functional and structural connections between the EC and the rest of the brain. We then implement a 
novel integration of stepwise connectivity with low-dimensional gradient space (Margulies et al. 2016) to elucidate connectivity 
trajectories along the major axes of functional and structural brain organization.

Methods: We acquired resting-state functional MRI (rs-fMRI) and di!usion-weighted MRI (dMRI) in 213 participants from the 
Translational Biomarkers in Aging and Dementia (TRIAD) cohort, including 103 cognitively normal Aβ-negative controls, 35 
cognitively normal Aβ-positive (CN A+) and 75 cognitively impaired Aβ-positive (CI) participants. Subject-specific functional 
and structural connectomes were estimated using regional time series correlations (Esteban et al. 2019) and probabilistic 
fiber tractography (Tournier et al. 2019), respectively, with parcellations from a high-resolution atlas adapted from Glasser et 
al. (2016). We then employed functional or structural stepwise connectivity (SFC or SSC) analyses (Sepulcre et al. 2012) to 
unveil higher-order indirect connectivity patterns between the EC and the rest of the brain. The SFC or SSC value assigned 
to a region denotes the number of walks of a particular edge length (1 to 7 edges) to reach the EC from that region (Fig 1A). 
Groupwise (within-subject normalized) SFC/SSC values were compared via linear regression adjusted for age, sex, and 
APOE-ε4. Finally, we investigated these stepwise connectivity patterns within a coordinate system spanned by the principal 
components (‘gradients’) explaining the most variance in connectivity after non-linear dimensionality reduction (Margulies et 
al. 2016).

Results: SFC was highest closest to the EC seed (step 1) and propagated to regions of the default-mode network at step 2 
before shifting to sensorimotor regions at steps 3-7. SSC from the EC propagated from posterior (step 1-2) to anterior (step 
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3-7) regions (Fig 1B). Group comparisons revealed hypoconnectivity from the EC to temporal and posterior regions in CI 
compared to controls. Conversely, hyperconnectivity from the EC to frontoparietal and sensorimotor regions were observed in 
CI compared to controls (Fig 1C). In functional gradient space, CN A+ showed accelerated SFC propagation from the EC to the 
rest of the brain (Fig 2A, yellow pixels), which may be compensatory connectivity in preclinical stages. Later-stage CI subjects 
showed diminished SFC to the default-mode at the transmodal pole of gradient 1 (Fig 2A: green pixels; 2B: blue t-stats), 
with accelerated propagation to the sensorimotor regions at the unimodal pole of gradient 1 which were not revealed in the 
standard SFC analysis (Fig 2A: yellow pixels, 2B: red t-stats). Finally, in structural gradient space, propagation was restrained in 
the temporal-posterior pole of the structural gradient in CI compared to controls (Fig 2C: yellow pixels, 2D: blue t-stats).
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Conclusions: Using a novel integrated stepwise connectivity and gradient approach, we demonstrated widespread network 
reorganization in AD a!ecting both short and long connections. Combining the stepwise connectivity and gradient space 
allows new insight previously inaccessible through conventional analyses in anatomical space. It unveils how AD a!ects 
connectivity strength along the major axes of brain organization.
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Di!erences in local connectivity strength relate to disease stage in multiple sclerosis

Katherine Koenig1, Xuemei Huang1, Daniel Ontaneda1, Kedar Mahajan1, Sehong Oh1, Stephen Jones1, Mark Lowe1

1The Cleveland Clinic, Cleveland, OH

Introduction: In people diagnosed with multiple sclerosis (MS), disease progression can occur at all disease stages and 
regardless of disease course. Although MRI is critical to the diagnosis and monitoring of MS, conventional measures such as 
lesion burden are not strongly related to clinical impairment. A measure that strongly relates to clinical measures of disability 
and predicts disease progression would be valuable for disease monitoring and as an outcome measure in clinical trials of 
novel treatments. Here, we use high resolution MRI at 7 tesla to assess the relationship of between MS-related disability and 
regional homogeneity1 (ReHo) of functional connectivity in cortical grey matter.

Methods: Seventy-one participants with MS (mean age: 52.0 ± 8.2; 16 males; median Expanded Disability Status Scale (EDSS): 
3.5, range 1.5-7) were enrolled in an IRB-approved protocol. Six participants were classified as early MS (EMS; time from 
diagnosis ≤ 5 years, EDSS ≤ 4.5) and 20 were classified as late MS (LMS; time from diagnosis > 5 years, EDSS ≥ 5). Measures 
of disease severity included the Multiple Sclerosis Functional Composite (MSFC). A whole-brain T1-weighted MP2RAGE 
sequence (0.75mm3 isotropic voxel size) and a rsfMRI scan were acquired on a Siemens 7T Magnetom with a SC72 gradient 
(Siemens Medical Solutions, Erlangen) using a 1-Tx and 32-Rx channel head coil (Nova Medical). RsfMRI acquisition parameters 
were: 132 repetitions of 81 1.5mm thick axial slices acquired with TE/TR=21ms/2800ms, voxel size 0.75×0.75×1.5mm3, matrix 
160×160, FOV 210mm×210mm, receive bandwidth = 1562 Hz/pixel. Subjects were instructed to keep their eyes closed 
during scans. RsfMRI scans were corrected for motion and measured physiologic noise, detrended, and lowpass filtered.2,3 
ReHo maps were calculated in all cortical grey matter voxels.1 For each participant, the T1-weighted MP2RAGE and cortical 
parcellation maps (Freesurfer 7.1; 2009 Destrieux atlas4) were coregistered and warped to rsfMRI space. The median ReHo 
value (neighborhood size 19) was calculated in each of 75 cortical regions (150 bilateral parcels). Parcels with ReHo values in 
less than 50 voxels were excluded from further analysis. Unpaired t-tests were used to compare median ReHo values in each 
parcel between EMS and LMS participants and corrected using the false discovery rate. For each significant parcel, median 
ReHo values were correlated with MSFC values and associated measures in the full sample.

Results: Figures 1 and 2 report cortical grey matter regions where ReHo was significantly lower in LMS compared to EMS. No 
regions showed higher ReHo in LMS. In the full sample, MSFC score was significantly related to ReHo in all regions except the 
left orbitalfrontal gyrus and horizontal ascending ramus of the lateral fissure (HALF). Higher MSFC indicates lower disability. 
Relationships between MSFC and ReHo measures were driven by the motor function components of the MSFC.
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Conclusions: ReHo represents the homogeneity of the BOLD time series within a spatially constrained cluster. Our results 
agree with previous work showing that, in MS, local connectivity strength is weaker in those with higher levels of disability.5,6 
The neuropathological basis of these changes is unclear, and could involve local grey matter damage or degeneration of 
associated white matter. Future work will assess the relationship of ReHo longitudinal clinical measures and specific domains 
of disability. This work was supported by the Department of Defense (MS150097). We thank Siemens Healthineers Tobias 
Kober for use of WIP944 and Thomas Benner for use of WIP770B.
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Deciphering white-matter changes in Progressive Supranuclear Palsy using free-water di!usion MRI
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Introduction: The overlapping motor and non-motor features of progressive supranuclear palsy (PSP) with Lewy body 
disorders (LBD comprising Parkinson’s disease ± dementia, and dementia with Lewy bodies) may lead to misdiagnosis. 
Previous studies have suggested white-matter changes measured by di!usion-weighted MRI are prominent in PSP in 
the whole brain (Sajjadi, Acosta-Cabronero et al. 2013, Talai, Sedlacik et al. 2018) and in particular in the corpus callosum 
(Spotorno, Hall et al. 2019, Nguyen, Cheng et al. 2021) and the internal capsule (Agosta, Pievani et al. 2012, Nguyen, Cheng 
et al. 2021). We aimed to assess the usefulness of di!usion metrics to reliably discriminate PSP from LBD patients and 
understand the pathogenesis of the underlying disease. We focused on the corpus callosum as a proof-of-concept because 
the confounds of partial volume e!ects, white-matter lesions and crossing fibres can be eliminated in this region.
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Methods: Thirty-nine healthy controls, 28 LBD (including 15 with dementia) and 13 PSP patients underwent 3.0T MRI. Multi-
shell di!usion-weighted images were acquired using: repetition/echo times= 4100/75ms, FA = 90°, field-of-view 244 × 244 × 
136, acquisition matrix 122 × 122 × 68 slices. The acquisition includes 9 non-di!usion weighted images (b = 0 s/mm2) as well 
as 27 (b = 1000 s/mm2) and 62 (b = 2500 s/mm2) unique directions. A FLAIR image was also acquired to assess global white-
matter lesion load using SPM 12. The pre-processing of the di!usion images included head motion correction (using rigid 
registration), denoising, susceptibility distortions correction and removing intensity inhomogeneities. Free-water imaging 
was used on the pre-processed DWI data to quantify the amount of extracellular free-water (FW) by separating the di!usion 
properties of brain tissue, such as white matter tracts, from the surrounding extracellular free water, such as cerebrospinal 
fluid (Pasternak, Sochen et al. 2009). The DWI metrics of fractional anisotropy (FA), mean di!usivity (MD), axial di!usivity (AD), 
and radial di!usivity (RD) were estimated using MRtrix3 before and after free-water correction. Two regions of interest were 
automatically placed using an atlas-based approach on the centre of the genu (GCC), and splenium (SCC), of corpus callosum. 
Di!erences between groups were assessed using two-tailed unpaired Wilcoxon-rank sum tests (after correcting for age 
and sex).

Results: There was no significant di!erence in global white-matter lesion load between PSP and LBD patients (Figure 1). 
FA, MD and RD were significantly di!erent in PSP compared with controls in GCC with p=0.001, p=0.022 and p=0.0018, 
respectively, as well as between PSP and LBD patients (p=0.0047, p=0.05 and p=0.0043, respectively) as shown in Figure 2. 
None of the di!usion metrics showed a statistically significant change in SCC. When DTI metrics were corrected for free-water, 
no significant di!erence was observed between PSP and LBD patients. However, free-water component showed a significant 
increase in PSP compared to LBD patients (p=0.0047) and control participants (p=0.01).
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Conclusions: White-matter changes in progressive supranuclear palsy patients in the rostral corpus callosum (genu) showed 
a significant focal decrease in FA and an increase in RD using conventional DTI processing. However, after applying the 
free-water correction, it became evident that the FA and RD changes in the genu could be attributed to an increase in the 
extracellular space. Previous pathological studies have noted an abundance of white-matter tau pathology in PSP (Zhukareva, 
Joyce et al. 2006) and the present results suggest that this tau pathology is associated with an increase in extracellular 
water. When integrated into a multimodal diagnostic imaging approach, di!usion MRI metrics in the genu of the corpus 
callosum may hold the potential to aid in distinguishing individuals with progressive supranuclear palsy from those with Lewy 
body disorders.
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Introduction: Di!usion tensor imaging (DTI) can reveal the profile and progression of white matter (WM) microstructural 
features in Parkinson’s disease (PD). Even so, single-site studies and reviews show conflicting changes associated with 
the disorder1,2, potentially due to small sample sizes, cohort heterogeneity, and varying analysis methods. To address 
these issues, we performed a coordinated multisite analysis of data from 17 international cohorts from Africa, Asia, Europe, 
Oceania, North and South America, providing a large sample sized to detect WM abnormalities across Hoehn and Yahr (HY) 
stages of PD.

Methods: We analyzed whole brain di!usion MRI data (17 sites; 3T, single b-value shell, 1000 s/mm^2; di!usion encoding 
gradients: 7-80) from 1,312 participants with PD and 885 controls (age: 20-89 years; 39% female). PD participants were 
categorized into HY disease progression stages: 1 (n=275), 2 (n=742), 3 (n=220) and 4/5 (n=75). Image processing pipelines 
followed ENIGMA-DTI protocols3. Fractional anisotropy (FA) and mean di!usivity (MD) maps were generated and then 
skeletonized using tract-based spatial-statistics4; mean DTI metrics were extracted for 21 WM regions of interest (ROI)5. 
A mega-analytic approach, modeling site as a random e!ect, and adjusting for age and sex, was used to evaluate group 
di!erences between PD-HY subgroups and controls. We tested for associations between DTI measures and time since 
diagnosis, Montreal Cognitive Assessment (MoCA) scores, and MDS-UPDRS-III scores across the entire PD cohort.

Results: Relative to controls, HY1 participants showed higher FA across the entire WM skeleton (d=0.30) and in 4 ROIs. 
HY2 PD participants had lower FA in the fornix (d=-0.26), while HY3 PD participants showed lower FA across the entire WM 
skeleton (d=-0.24) and 9 ROIs. HY4/5 PD participants had much greater FA decreases across the entire WM skeleton (d=-
0.74), and in 20 out of 21 ROIs (Fig. 1). Relative to controls, HY1 PD participants displayed lower MD across the entire WM 
skeleton (d=-0.19) and in 5 ROIs. HY2 PD participants displayed lower MD at the fornix/stria terminalis (d=-0.22), retrolenticular 
limb of the internal capsule, fornix and the hippocampal cingulum. No significant MD di!erences were detected in HY3 
PD participants. HY4/5 PD participants displayed higher MD in the fornix (d=0.69), and in 7 ROIs. HY4/5 PD participants 
also displayed lower MD in the hippocampal cingulum (d=-0.32) (Fig. 2). Time since diagnosis (PD n=1,441) was negatively 
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correlated with FA across the entire WM skeleton (d=-0.09). We also found positive correlations between time since diagnosis 
and MD in the genu of the corpus callosum (d=0.08), the anterior corona radiata and external capsule. MoCA scores (PD 
n=953), were positively correlated with FA across the entire WM skeleton (d=0.12) and negatively correlated with MD across 
the entire WM skeleton (d=-0.13). MDS-UPDRS-III scores (n=597) were inversely associated with FA across the entire WM 
skeleton (d=-0.17). MD in the fornix was positively correlated with MDS-UPDRS-III scores (d=0.13).
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Conclusions: Pronounced patterns of FA di!erences emerged when stratifying PD participants according to HY stage. 
Widespread WM microstructural alterations in people with PD appeared as higher FA and lower MD in the initial HY stage. 
This pattern was reversed at advanced HY stages. Poorer clinical function associated with lower FA and higher MD. Higher FA, 
early in the disorder, may relate to compensatory reorganization of neural circuits indicative of adaptive neuroplasticity6, while 
lower FA and higher MD may reflect neurodegeneration7. Prior work on brain morphometry by ENIGMA-PD has also shown 
greater subcortical volumes at HY stage 1, before shifting to thinner cortical GM and lower subcortical volumes at advanced 
disease stages8.
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Pathology-based and functional connectivity of a!ective symptoms in Alzheimer’s disease continuum
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Introduction: Neuropsychiatric symptoms (NPS) are prevalent along the Alzheimer’s disease continuum and can be one of 
the important factors related to the patients and their caregivers’ quality of life. There have been various studies on NPS with 
di!erent modalities, however, only a few investigated the NPS in the aspect of combining the molecular level with the whole-
brain functional level information. Here, we aimed to explain NPS, mainly focusing on a!ective symptoms, with the relationship 
between the di!erent levels of neuronal representation.

Methods: We used preprocessed positron emission tomography (PET) images with AV-1451 and AV-45, resting-state functional 
magnetic resonance imaging (rsfMRI), T1, and clinical datasets such as neuropsychiatric inventory (NPI) scores of 74 amyloid-
positive subjects from Alzheimer’s Disease Neuroimaging Initiative (ADNI) site. NPS were measured with NPI and grouped 
with 4 factors including a!ective symptoms. The score of a!ective symptoms was determined as the sum of the product of 
frequency and severity scores in depression and anxiety. Subjects with over zero scores of a!ective symptoms were classified 
into the group with a!ective symptoms (AS, n =25), and subjects with zero scores were classified into the group without 
a!ective symptoms (nAS, n = 49). To minimize the signal distortion from each region-of-interest (ROI) during normalization, all 
the neuroimages were coregistered to individual structural T1 image which was parcellated and annotated by Freesurfer with 
Desikan-Killany-Tourville atlas. Amyloid and tau deposition were measured with the standardized uptake value ratio (SUVR) 
after applying partial volume correction. Resting-state fMRI was preprocessed along realignment, slice timing correction, 
outlier detection, and smoothing. The ROIs with more burden of both tau and amyloid in AS were found through t-test or 
Mann-Whitney U test and determined as seeds. Then, functional connectivity (FC) between the pathological seed and voxel 
from the rest part of the brain was compared between the groups with age, education, the mini-mental state examination 
(MMSE) score, and sex as covariates. Lastly, a generalized linear model (GLM) for the severity of a!ective symptoms was 
conducted with significant FC and SUVR of two pathologies in the seed region.

Results: Twenty-three regions along temporal to part of frontal cortex showed more AD pathological burden in AS than 
in nAS (p < 0.05). Among these regions, the right middle temporal gyrus was negatively connected with parts of the left 
supramarginal and angular gyrus in AS (voxel threshold, p <0.001 (p-uncorrected, two-sided); cluster threshold, p < 0.05 
(cluster-size p-FWE corrected)). FC between these regions became more negative as a!ective symptoms got more severe 
after considering the interaction between tau and amyloid in the right middle temporal gyrus.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 319

ABSTRACTS

Conclusions: In our study, the NPS of the AS group showed a negative correlation with the FC between the rMTG, heavily 
a!ected by amyloid and tau deposition, and the left inferior parietal lobule (lIPL). Considering that rMTG is geometrically close 
to the suggested hub for tau propagation to the neocortex facilitated by amyloid-tau interactions, the pathological collapse of 
surrounding regions of the hub can be associated with a!ective symptoms. In addition, this rMTG is known to react to self-
related negative stimuli, and lIPL, the negatively connected region with rMTG associated with a!ective symptoms, is included 
in emotion regulation. Therefore, through multi-modal imaging analysis at di!erent levels, our study suggests that the change 
of FC of the AD pathologically damaged region is associated with a!ective symptoms in the AD continuum.
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Cortical neurodegeneration influences annual white matter hyperintensity progression
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Introduction: During late adulthood, the cortical thickness decreases as white matter hyperintensities (WMH) emerge(Shirzadi 
et al. 2023)-a co-incidence that has prompted consideration of coupled temporal dynamics for over three decades(Garnier-
crussard et al. 2023). Longitudinal evidence substantiating such a coupling remains nonetheless scarce(Ter Telgte et al. 
2018). We integrated surface-based morphometry and bivariate latent change score modelling (BLCSM) to examine the 
interrelationships between WMH and cortical thickness over a one-year period in older individuals without objective cognitive 
impairment and with a low vascular profile.

Methods: We used baseline and 12-month follow-up data from cognitively unimpaired participants enrolled in DELCODE 
(n=393; median age 70.31 [IQR 66.06, 74.87] years; 52% females; median years of education 15 [IQR 13, 17]; European origins). 
We segmented WMH using the Lesion Prediction Algorithm and T2w FLAIR data(Schmidt and Wink 2019). We estimated WMH 
volumes in two regions which we previously found associated with amyloid pathology and cardiovascular risk: a posterior 
one, comprising both parietal and occipital lobes, and a periventricular one, respectively(Bernal et al. 2023) (Figure 1A). We 
also obtained cortical thickness using the CAT12 longitudinal pipeline (ageing workflow; default parameters; final resolution 1 
mm3; 12-mm Gaussian smoothing; resampling to 32k HCP surface template)(Gaser et al., n.d.) and T1w MPRAGE data. Using 
BLCSM in a vertex-wise fashion (Figure 1B), we tested two hypotheses: (a) ischemic or hypoxic damage-operationalised as 
WMH-causes a depletion of oxygen, nutrients, and tropic support, thereby a!ecting both neighbouring and distant cortical 
regions and leading to cortical atrophy7; (b) cortical neurodegeneration-especially when in conjunction with amyloid or tau 
pathologies(Garnier-crussard et al. 2023; Salvadores, Gerónimo-Olvera, and Court 2020)-initiates degenerative axonal loss 
and contributes to the emergence and progression of WMH(Garnier-crussard et al. 2023). Note that the second association 
should be more evident when considering the posterior WMH pattern as opposed to the periventricular one. We adjusted the 
model for age, sex, years of education, total cardiovascular risk factors, and CSF-derived amyloid-β (Aβ) 42/40 ratio. We log-10 
transformed WMH volumes and corrected WMH volumes and thickness measurements for TICV via residualisation.
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Results: The BLCSM converged at all vertices and fitted the data well (χ^2(15)=8.857, p=0.885, RMSEA=0.000 90%-
CI[0.000;0.000], CFI=1.000, SRMR=0.034). On average, individuals with thinner cortices at baseline had greater baseline 
WMH volumes (Figure 2A; σThick-WMH=-0.239, SE=0.048, Z=-4.968, p<0.001) and showed stronger WMH volume increase 
over the course of a year (Figure 2B; βThick->ΔWMH=-0.168, SE=0.056, Z=-3.001, p=0.003). The annual progression of WMH 
in posterior regions, as opposed to periventricular ones, was associated with cortical thickness at baseline, especially that 
spanning posterior cortices (Figure 2B; peak at parieto-occipital sulcus: βThick->ΔWMH=-0.064, SE=0.015, Z=-4.409, p<0.001). 
Further investigation of this relationship revealed that subjects with a lower Aβ42/40 ratio and thinner baseline cuneal, 
precuneal, and superior parietal cortices experienced larger annual changes in posterior WMH volumes (Figure 2C; interaction 
between baseline cortical thickness and the Aβ42/40 ratio on posterior WMH changes: β=0.028, SE=0.010, Z=2.718, p=0.007).

Conclusions: The progression of WMH in parietal and occipital regions within a year can in part be explained by the extent 
of cortical neurodegeneration occurring in those very same regions at baseline; an association that becomes stronger with 
higher retention of amyloid in the brain. Our work therefore suggests that posterior WMH might be influenced by cortical 
neurodegeneration and amyloidosis, and these alterations occur prior to the onset of any detectable cognitive deficits.
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Brain radiomics-based network tracks distinct subtypes in prodromal Parkinson’s disease
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Introduction: Individuals in the prodromal phase of Parkinson’s disease (PD) exhibit significant heterogeneity and can be 
divided into distinct subtypes based on clinical symptoms, pathological mechanisms, and brain network patterns. However, 
little has been done regarding the valid subtyping of prodromal PD, which hinders the early diagnosis of PD. In this study, we 
aimed to identify the subtypes of prodromal PD using the brain radiomics-based network and examine the unique patterns 
linked to the clinical presentations of each subtype.

Methods: Individualized brain radiomics-based network was constructed for normal controls (NC; N=110), prodromal PD 
patients (N=262), and PD patients (N=108). Data-driven clustering approach using the radiomics-based network was carried 
out to cluster prodromal PD patients into higher-/lower-risk subtypes. Then, the dissociated patterns of clinical manifestations, 
anatomical structure alterations, and gene expression between these two subtypes were evaluated. Finally, to ensure the 
consistency of the prodromal PD subtypes identified through brain radiomics-based network, reproducibility was used to 
access their robustness across various brain atlases or parcellation schemes.

Results: Compared with NC, widespread radiomics-based connections were statistically significant changes in PD. 
Furthermore, 50 key connections that contributed to separating NC and PD were mainly involved in the thalamus, precentral 
gyrus, and inferior temporal gyrus. Clustering findings based on key connections indicated that one prodromal PD 
subtype closely resembled the pattern of NCs (N-P; N=159), while the other was similar to the pattern of PD (P-P; N=103). 
Additionally, significant di!erences (p<0.05) were observed between two prodromal PD subtypes in terms of multiple clinical 
measurements, neuroimaging for morphological changes, and gene enrichment for synaptic transmission. Finally, the 
prodromal PD subtypes were able to reproduce among 13 brain atlases or parcellation schemes.

Conclusions: The present study confirmed that patients in the prodromal phase of PD manifest heterogeneous clinical 
presentations, and that variation across individuals cannot be attributed solely to a single impairment. Furthermore, prodromal 
PD subtypes exhibited unique neuroanatomic patterns and clinical symptoms. Notably, the morphological alterations 
observed between prodromal PD subtypes are meaningfully associated with gene expression, which provided a more stable 
alternative to the symptom-based definitions of subtypes. Therefore, our work could significantly advance our understanding 
into the heterogeneity in the biological mechanisms that underlie prodromal PD and facilitates the accurate prediction of 
disease profiles for individuals. Ultimately, the findings can further inform precise and personalized intervention in PD during 
its early stages.

References
1. Tolosa, E. (2021). Challenges in the diagnosis of Parkinson’s disease. The Lancet Neurology, 20(5), 385-397.
2. Berg, D. (2021). Prodromal Parkinson disease subtypes—key to understanding heterogeneity. Nature Reviews Neurology, 17(6), 349-361.
3. Postuma, R. B. (2016). Advances in markers of prodromal Parkinson disease. Nature Reviews Neurology, 12(11), 622-634.
4. Marek, K., Jennings, D., Lasch, S., Siderowf, A., Tanner, C., Simuni, T., ... & Parkinson Progression Marker Initiative. (2011). The Parkinson 

progression marker initiative (PPMI). Progress in neurobiology, 95(4), 629-635.
5. Fan, L. (2016). The human brainnetome atlas: a new brain atlas based on connectional architecture. Cerebral cortex, 26(8), 3508-3526.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 323

ABSTRACTS

Poster No 194

Multimodal neuroimaging and plasma marker evidence of white matter loss in Parkinson’s dementia
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Introduction: Parkinson’s (PD) is common and debilitating with over half of patients progressing to dementia or death within 10 
years1. However, onset and rate of progression is highly variable, reflecting heterogeneity in underlying pathology. Biomarker 
studies to-date have been limited to a single modality or assessed patients with established cognitive impairment.

Methods: We assessed multimodal neuroimaging and plasma markers in 98 PD patients and 28 controls followed-up over 3 
years, to identify baseline markers predicting future poor outcomes. Participants underwent clinical and neuropsychological 
assessments at baseline, after 18- and 36-months. PD patients were classified as PD poor outcomes if they developed death, 
frailty, dementia2 or mild cognitive impairment3 during follow-up. Remaining PD patients were defined as PD good outcome. 
We assessed: 1) Gray matter imaging: cortical thickness and volume-based analyses 3D MPRAGE images were processed 
using FreeSurfer v6.0, default cross-sectional parameters. We used a general linear model to compare baseline cortical 
thickness between PD poor vs PD good outcomes, age, sex and total intracranial volume (TIV) as nuisance covariates, FDR-
corrected over both hemispheres. We also performed a volume-based region-of-interest analysis over 360 cortical regions 
(Glasser parcellation4) and 19 subcortical regions (age, sex, TIV as covariates, FDR-corrected). 2) White matter imaging: 
fixel-based analysis Di!usion weighted imaging (DWI, b=0-2000) was acquired; after preprocessing, multi-shell 3-tissue 
constrained spherical deconvolution was performed, each participant’s fibre-orientation distribution image registered to a 
group template5. We derived: fibre density (microstructure), fibre cross-section (macrostructure) and combined fibre density 
and cross-section (FDC). Whole brain connectivity-based fixel enhancement and non-parametric permutation testing was 
performed to assess whole-brain changes (FWE-corrected, extent-based threshold:10 voxels). We confirmed findings on tract-
of-interest analysis across 52 tracts reconstructed using TractSeg6. 3) Structural and functional connectivity Structural images 
were used to parcellate the brain into 360 cortical4 and 19 subcortical regions (ROIs). For structural connectomes, these were 
warped in DWI-space and anatomically constrained tractography was performed with 10 million streamlines7. For functional 
connectomes (preprocessed via fmriprep8) Pearson correlation coe"cient between ROIs was performed. Network-based 
statistics was used to identify structural and functional connectivity changes in PD poor outcomes (5000 permutations, t=3.0, 
FWE-correction, age and sex as covariates). 4) Plasma biomarker Neurofilament light chain (NFL), a disease agnostic marker of 
axonal damage9 and phosphorylated tau (p-tau) 181, a marker of brain tau and β-amyloid10 were assessed, corrected for age, 
sex and batch e!ect.

Results: We found extensive baseline white matter macrostructural changes in PD who progress to poor outcomes (Figure 
1): up to 19% reduction in fibre cross-section and a subnetwork of reduced structural connectivity strength (105 nodes, 
215 edges, p=0.017). This subnetwork particularly involved connections between right fronto-parietal and left frontal, right 
fronto-parietal and left parietal and right temporo-occipital and left parietal modules. In contrast, grey matter and functional 
connectivity were preserved in PD with poor outcomes at baseline. NFL (β=4.378, p=0.016), but not p-tau181 levels (β=0.461, 
p=0.106) were increased in PD with poor outcomes and correlated with white matter loss (Figure 2).
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Conclusions: Our findings provide convergent evidence of white matter axonal loss in PD patients who progress to poor 
outcomes. Imaging of white matter macrostructure and plasma NFL may be useful biomarkers in PD. As new targeted 
treatments emerge, these may aid patient selection for treatments and improve stratification to clinical trials.
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Understanding of Regional Contributions to Memory Impairment in Progressive Supranuclear Palsy
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Introduction: Progressive supranuclear palsy is a rare neurodegenerative disorder characterized by motor impairment, 
executive dysfunction and general cognitive decline (Litvan et al.,1998; Pilon et al., 1995). Patients with PSP report memory 
impairment, however, the degree and characteristics of memory impairment in PSP are uncertain. It is important to understand 
the nature of memory impairment and its relationship to other cognitive domains to provide explanations to patients and 
caregivers regarding memory complaints, and to identify potential targets for therapeutic interventions to improve their 
quality of life. Additionally, gaining insights into the changes in memory function in PSP can enhance our understanding of 
the underlying mechanisms of memory impairment and shed light on their neural origins. Our hypothesis was that memory 
impairments in PSP would be predominantly driven by impaired executive function, which would be reflected in the brain 
regions associated with memory impairment.

Methods: A total of 324 patients with PSP and 244 controls underwent standard clinical and neuropsychological assessments, 
including the Addenbrooke’s Cognitive Examination Revised (ACE-R), Frontal Assessment Battery (FAB), and the INECO 
Frontal Screening Assessment. Cumulative frequency distribution and The Kolmogorov-Smirnov test were used for group 
comparison of total memory, and composite measures of encoding, storage and retrieval. To investigate how closely memory 
was related to other cognitive variables we applied hierarchical cluster analysis to the components of memory, other cognitive 
domains from the ACE-R (Language, Attention, Visuospatial abilities and Verbal fluency), and executive measures of FAB 
and INECO total scores. Neuroimaging was carried out using 3T MRI scanning. To assess brain structure, a Magnetization 
Prepared Rapid Gradient Echo sequence was acquired (TR 2s, TE 2.93ms, flip angle 8Åã, voxel size 1.1mm isotropic). Regional 
brain volumes were calculated using Freesurfer (version 7.1) applying the Desikan-Killiany atlas, and with additional analysis 
for subcortical volumes. Spearman rank correlation coe"cient was applied to examine the relationship between memory 
subscore of the ACE-R and regional brain volume. P-values were corrected for multiple comparisons using FDR.

Results: The results revealed that individuals with PSP exhibited impairments in global memory functioning, as well as in 
the components of memory of encoding, storage, and retrieval. Global memory impairment was associated with executive 
dysfunction and general cognitive impairment, indicating a complex relationship between memory and other cognitive 
processes. Hierarchical cluster analysis revealed that the encoding component of memory was most closely related to 
executive function (see Fig.1), while storage and retrieval components formed separate clusters, suggesting relatively 
independent processes. Spearmen correlation analysis revealed significant moderate positive correlations between total 
memory score and several brain regions. These included the posterior cingulate cortex, lateral occipital cortex, rostral 
middle frontal gyrus, inferior temporal gyrus, fusiform gyrus, caudal anterior cingulate cortex. Additionally, significant positive 
correlations were found between the encoding memory component and atrophy in the lateral occipital cortex, superior frontal 
gyrus, inferior temporal gyrus, rostral middle frontal gyrus, middle temporal gyrus.
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Conclusions: Overall, the findings from this study provide valuable insights into our understanding of the nature of memory 
impairment in PSP. It highlights the relationship between memory function and other cognitive variables, as well as regional 
cortical brain atrophy. These findings provide evidence to guide the development of targeted interventions aimed at 
addressing memory impairments in PSP, facilitating personalized approaches to diagnosis and clinical interventions.
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Investigation of common EEG features between PD and MDD
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Introduction: Parkinson’s disease (PD) is the second most common neurodegenerative disease1. While its exact cause remains 
elusive, it’s widely thought to intertwine with genetic, environmental, and neurological factors2. Complex clinical profiles of 
PD patients include motor and non-motor symptoms. Numerous studies have highlighted certain non-motor symptoms (such 
as depression) that manifest years prior to disease onset [e.g., 3], potentially aiding early diagnosis. Depression, a prevalent 
mental illness with diverse symptoms, stems from intricate causes like psychology, life stress, genetics, personality traits, 
physical ailments, and brain abnormalities4. Although depression and PD are distinct, many studies have identified some 
shared physiological mechanisms5-7, such as mitochondrial dysfunction, the monoamine hypothesis, and the inflammation 
hypothesis. The identified abnormalities might alter brain activity. Utilizing brainwave analysis, shared traits between the 
two diseases could be further investigated for assessment applications. Therefore, the aim of this study was to identify 
distinctive di!erences in resting-state electroencephalography (EEG) between PD patients and healthy controls (HCs), as 
well as between patients with major depressive disorder (MDD) and HCs, while also to explore common features between 
PD and MDD.
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Methods: 2.1 Datasets All EEG data used in this study were downloaded from the Patient Repository of EEG Data + 
Computational Tools (PRED+CT) developed by Cavanagh et al.8,9. 27 PD patients, 21 MDD patients and 27 HCs were included. 
Participants were instructed to minimize movements and to remain thoughtless for 3 or 5 min in the eye closed state. EEG 
signals were recorded with a sampling rate of 500 Hz. 2.2 EEG Processing There were two steps for pre-processing of EEG 
signals: detrending and 0.5–50 Hz bandpass filtering. After preprocessing, the signals were decomposed into five frequency 
bands through discrete wavelet decomposition: delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–12 Hz), beta (12–30 Hz), and gamma 
(30–50 Hz). Five features were then calculated: mean frequency, frequency power, alpha interhemispheric asymmetry, sample 
entropy and detrended fluctuation analysis (DFA). 2.3 Statistical analysis The Mann-Whitney U test was used to compare the 
EEG features between the patients with PD and HCs and between the patients with MDD and HCs (p < 0.05 for significance). 
Furthermore, Pearson correlation coe"cient was used to evaluate the similarity of features between PD and MDD patients (R > 
0.8 and p < 0.05 for significance).

Results: We first identified distinct EEG features between PD patients and HCs, and between MDD patients and HCs. Then, 
we intersected these features, considering those showing consistent trends across groups as candidate of common EEG 
features between the two diseases. Figure 1 displays the types and quantities of significant features identified. Additionally, we 
conducted correlations of EEG features between PD and MDD. Figure 2 illustrates three significantly correlated features, i.e., 
relative power, sample entropy and DFA. The combined results of comparison and correlation analyses suggested potential 
common EEG features encompassing delta, alpha, beta, and gamma bands in relative power, delta, theta and alpha bands in 
sample entropy, and delta in DFA. Specifically, delta, alpha, and beta power, along with delta entropy, emerge as pronounced 
common EEG traits. These findings might aid in understanding the neurophysiological connections between PD and MDD.

Conclusions: This study demonstrated that there were certain similarities in EEG features between PD and MDD diseases, 
i.e., traits in delta, alpha, and beta power, alongside delta entropy. The results may facilitate in future applications for transfer 
learning models between the two diseases, or even in model training for other rare diseases.
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Assessing the Sensitivity of Brain-Age to Alzheimer’s Disease in di!erent Ethnic Groups

Zeena Shawa1, Aghogho Onojuvbevbo2, Sophie Martin1, Neil Oxtoby1, James Cole1

1University College London, London, England, 2She!eld Hallam University, She!eld, England

Introduction: Alzheimer’s Disease is the most common neurodegenerative disease and cause of dementia1,2. The global 
burden of dementia is growing, with the number of people living with dementia projected to increase to 152 million by 2050. 
This growth is estimated to rise particularly in low and middle-income countries2. Although there have been advances 
regarding predicting dementia onset and progression, it is important that the performance of these research outputs are 
verified in di!erent populations. Additionally, there is a lack of literature examining the potential impact of ethnic and racial 
factors3,4. Brain-age is an index of the brain’s biological age derived from structural imaging. It correlates with an increased 
risk of dementia in memory clinic patients and has the potential to aid in early dementia diagnosis5. However, a significant 
portion of the brain-age literature uses less diverse cohorts5,2. Thus, this research aims to investigate the sensitivity and 
generalizability of brain-age in non-white individuals.

Methods: We analysed data across 23 sites from the National Alzheimer’s Coordinating Centre (NACC) database6. 389 
cognitively normal (CN) individuals (68.7±8.5 years; 278 female) and 189 patients living with Alzheimer’s Disease (AD) 
(73.0±9.9 years; 118 female) were included, after some filtering to age and sex-match the groups (non-White and White for CN 
and AD each). Fig. 1 contains the demographics across all groups. The brainageR model7 was used to estimate individuals’ 
brain-age. This model was trained on n=3377 predominantly White healthy individuals from seven public datasets. To assess 
brainageR’s generalisability, we compared the brain-predicted age di!erence (brain-PAD) between CN and AD groups within 
the non-White and White populations in the NACC dataset. T-tests and Cohen’s d e!ect sizes were compared between the 
groups examined.

Results: Fig. 2(a) shows the brain age against chronological age for individuals in each group and associated R2 values 
for the line of best fit. Both CN groups have an R2 value above 0.5, indicating that there is a moderate and similar amount 
of variance explained in these groups. This provides no evidence of ethnic di!erences in model fit in CN samples. Mean 
Absolute Error (MAE) and 95% confidence intervals of brain predicted age compared to chronological age for each group was: 
6.66 ± 1.37 for Non-White AD, 5.93 ± 0.84 for Non-White CN, 5.86 ± 1.19 for White AD individuals, and 5.36 ± 0.76 for White 
CN. Consequently, the MAE of individuals with AD for both ethnic groups are within the confidence intervals of the respective 
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CN groups. A Welch Two Sample t-test showed significant di!erences in the mean Brain-PAD values between the CN and AD 
groups (p=0.000 for both White and Non-White, Fig. 2(b)), reflecting the impact of AD on brain structure. The Cohen’s d e!ect 
sizes when comparing the White AD and White CN subgroups were d=0.83 ± 0.22, while for the Non-White CN and Non-
White AD subgroups was d=0.55 ± 0.25. The e!ect size of AD on brain-PAD is weaker in the Non-White group, though still 
significantly greater than 0 (based on 95% CIs).

Conclusions: A brain-age model trained on a less diverse dataset generalised similarly to white and non-white CN groups and 
was partially robust to AD when tested in a sample of di!erent ethnicity. Thus, brain-age could be used in under-represented 
groups to aid patient prognosis, clinical trial stratification, disease staging, and more8,9. However, more work is required to 
demonstrate and improve generalisability in further demographic groups.
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Preservation of Neural Activation Along the Somatosensory Processing Stream After Tetraplegia
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Introduction: Following a spinal cord injury (SCI), individuals experience a partial or complete loss of sensorimotor function 
below the level of injury. This sensory deprivation has long been considered a major driving force for plasticity within the 
brain (Merzenich et al., 1983). However, in apparent contrast to the notion of deprivation-driven plasticity, we previously 
found that tetraplegic patients, who lack sensorimotor hand function, could activate somatotopic hand representations in the 
primary somatosensory cortex (S1) through attempted hand movements (Kikkert et al., 2021). This finding demonstrates that 
intracortical, i.e., top-down, processes may drive somatotopic activity within S1. While the somatosensory stream primarily 
relies on bottom-up input, research in cats and primates has indicated that it is also subject to descending cortical modulation 
through corticothalamic and corticocuneate projections (Liao et al., 2021; Aguilar et al., 2003). It remains unknown to what 
extent similar top-down processing may activate thalamic and brainstem somatosensory nuclei in humans and whether 
this processing remains preserved following SCI. Here, we tested the hypothesis that attempted movements in tetraplegic 
patients, engaging the somatosensory processing stream via a top-down pathway, leads to preserved activation within the 
ventroposterior lateral (VPL) nuclei of the thalamus and the cuneate nuclei of the brainstem.

Methods: We used 3T fMRI (2mm3 resolution) in sixteen chronic tetraplegic patients (mean age ± s.e.m.=52.4 ± 3.5 years) and 
twenty age-, sex-, and handedness-matched able-bodied control participants (mean age=50.8 ± 3.5 years). The patient sample 
was heterogeneous in terms of neurological level of injury (C1-C7), the severity of neurological loss (ASIA A-D), and retained 
hand functioning (GRASSP score 22-188, normal function = 232). Participants were visually cued to make overt or attempted 
right- and left-hand movements in a blocked-design fashion. We used a region-of-interest approach to analyse right- and 
left-hand movement activity within the ipsi- and contralateral somatosensory hand nuclei of the brainstem, thalamus and S1. 
Additionally, we assessed clinical and behavioural traits to explore how they may correlate with functional activation.

Results: We found a clear laterality of hand activity in controls, with significantly higher activation within the ipsilateral cuneate 
nucleus, contralateral VPL nucleus and the contralateral S1 hand cortex as compared to the opposing stream. Importantly, this 
canonical pattern of hand activation was similar in tetraplegic patients, suggesting preserved hand representations along the 
somatosensory processing stream. Indeed, similar activity was observed even within patients with a complete absence of 
incoming sensory input, suggesting that top-down processing drives activation across the somatosensory processing stream 
through corticothalamic and corticocuneate projections. Notably, we did not observe any significant correlations between 
clinical measures and the amount of activation.

Conclusions: Our results reveal preserved activation of the hand somatosensory relay nuclei of tetraplegic patients despite 
absent or only partially intact transmission of sensory input. This suggests, for the first time, that mere cortical processing 
can selectively activate the VPL and cuneate nuclei in humans. This finding goes beyond the literature on preserved cortical 
representations after a loss of sensorimotor function and demonstrates that sensorimotor processing is also preserved 
subcortically. The results support recent work in non-human primate SCI models, showing that anatomical corticocuneate 
projections can be preserved post-SCI. Given the sensory gating function of the cuneate nucleus, these findings are also 
clinically relevant for rehabilitation treatments that attempt to restore somatosensation through the enhanced transmission of 
spared or restored sensory inputs post-SCI.
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Structural desegregation of intrinsic brain networks in behavioral variant frontotemporal dementia
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Introduction: Behavioral variant frontotemporal dementia (bvFTD) is a neurodegenerative disease associated with significant 
changes in behavior and personality (Rascovsky et al., 2011). Prior work suggests that variability in the behavioral features of 
bvFTD may, in part, result from di!erences in the organization of intrinsic brain networks, particularly of the salience network 
(Ferreira et al., 2022). The characteristic of intrinsic network organization that supports functional specialization of cognitive 
domains is known as modular segregation (Sporns, 2013). In the aging brain, loss of network segregation contributes to 
cognitive decline, but this has not been investigated in bvFTD (Chan et al., 2014). Examination of network segregation may 
provide insights into the variability of behavioral symptoms observed in bvFTD. We hypothesized that patterns of structural 
network desegregation will be associated with distinct behavioral features in bvFTD patients.

Methods: Participants (90 bvFTD and 48 controls) underwent di!usion MRI and a carepartner or participant completed the 
Neuropsychiatric Inventory (NPI). Structural connectivity was derived from deterministic tracking among 100 regions mapped 
to 7 intrinsic networks (Yeo et al., 2011) using DSI-Studio (Yeh et al., 2013) as implemented in QSIPrep (Cieslak et al., 2021). 
The default mode, frontoparietal control, limbic, somatomotor and salience networks were examined. Graph metrics included 
within network connectivity (mean connections of regions within a network), between network connectivity with the salience 
network (mean connections of regions from one network to salience network), and segregation ((within – between) / within 
network connectivity). Integration of salience network was examined as functional integration of this network is disturbed in 
bvFTD (Ferreira et al., 2022). A series of one-way ANOVAs were conducted, first to establish divergent patterns of network 
desegregation in bvFTD by comparing bvFTD and control participants, and next, to assess the e!ect of presence of NPI 
items characteristic of bvFTD (apathy, elation, motor, disinhibition, irritability, eating) on segregation metrics within bvFTD. All 
analyses controlled for age, motion, and disease severity.

Results: Compared to controls, bvFTD patients were characterized by network desegregation as exhibited by desegregation 
of salience and frontoparietal control networks, reduced connectivity between salience and default mode network, 
and increased connectivity between salience and somatomotor network (see Fig.1). Within bvFTD patients, symptoms 
characteristic of bvFTD, including presence of apathy, elated mood, motor disturbance and disinhibition were all associated 
with desegregation of key intrinsic networks (see Fig. 2). Specifically, patients with apathy exhibited desegregation of default 
mode network, elated mood exhibited desegregation of limbic, default mode, and salience networks, motor disturbance 
exhibited desegregation of default mode network, and disinhibition exhibited desegregation of limbic network. Additionally, 
bvFTD patients with irritability exhibited segregation of salience network and increased connectivity between salience and 
somatomotor network.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 332

ABSTRACTS



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 333

ABSTRACTS

Conclusions: Results indicated that greater network desegregation, particularly of salience network, is characteristic 
of bvFTD. Additionally, presence of features characteristic of bvFTD were associated with desegregation of related 
networks. Future studies examining network associations longitudinally may provide more nuanced understanding of these 
relationships. Overall, loss of specialized processing within networks posited to underlie features characteristic of bvFTD (e.g., 
limbic network and elated mood) were associated with the presence of those features. Results underscore the importance 
of intrinsic network integrity in bvFTD and suggest that desegregation of intrinsic networks may represent a mechanism of 
disease progression.
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Towards associative memory in convolutional neural networks for in silico neurodegenerative diseases
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Introduction: Convolutional neural networks (CNNs) have emerged as a popular choice of deep learning architecture for 
modeling visual processing, as their hierarchical structure and flow of information processing closely resembles the human 
ventral stream [LeCun, Y. (1989)]. While CNNs have been used to model healthy visual cognition, there remain limitations 
in biologically plausible in silico modeling of cognitive decline in neurodegenerative diseases, such as Alzheimer’s (AD). 
Previously, we developed methods to simulate neurodegeneration of the visual system through iterative synaptic injury in 
CNNs [Tuladhar, A. (2021), Moore, J. (2023)]. However, the limitation of CNNs lies in the lack of biologically meaningful learning 
mechanisms that are similar to cognitive functions, such as memory. These mechanisms are essential for accurately capturing 
the neuropathogenesis. For instance, the deposition of beta-amyloid peptide and neurofibrillary tangles of tau polymers in 
the hippocampus leads to cognitive decline in memory tasks among AD patients. Building on our prior work, in this study, we 
equipped a CNN with associative memory to enhance biological plausibility, combining two critical cognitive functions of the 
brain: visual processing of the ventral stream and associative memory of the hippocampus. The model demonstrates intriguing 
and beneficial properties, including (1) robustness to noisy or occluded image queries and (2) interpretable and sparse 
representations in network weights. We argue that this model is an improved in silico framework for a healthy brain, as well as 
the cognitive profiles of AD progression.

Methods: VGG19, a CNN with a high similarity to the human brain as measured by Brain-Score [Schrimpf, M. (2018)], was 
equipped with a flattened layer of the modern Hopfield network [Krotov, D. (2016), Ramsauer, H. (2020)], replacing the 
penultimate fully-connected layer (Figure 1a). This VGG-MHN model was independently trained on two commonly used vision 
datasets, MNIST and CIFAR-10, for image classification. Previously trained CIFAR-10 images and test images were injected with 
Gaussian noise, according to varying signal-to-signal plus noise ratios, and classification tasks were performed to measure 
the ability to recall noisy queries, a known ability of the human brain. The result was compared to the baseline performance 
of VGG19, which has been shown to perform poorly when inputs are even slightly altered [Tang, H. (2018)]. For a more 
challenging recall task, training and classification with MNIST images was performed on partially occluded test sets featuring 
images masked by 30% and 50% of the total area, and the network weights were analyzed.

Results: VGG-MHN exhibited significantly improved robustness to noisy queries for previously seen images compared to 
the baseline VGG19 (Figure 1b). In case of unseen images, both VGG-MHN and VGG19 performed equally in the high SSNR 
domain. However, VGG-MHN underperformed when the SSNR level was below w=0.8. In the occluded MNIST experiment, 
VGG-MHN significantly outperformed VGG19 (Figure 1c). Further analysis of the VGG-MHN when tested on the occluded 
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MNIST dataset revealed that, in the Hopfield layer, the weights preserve feature and prototype representations depending on 
the model choice of energy function. This phenomenon was first characterized as a “feature-to-prototype” transition (Figure 
1d) [Krotov, D. (2018)].

Conclusions: The biologically inspired CNN, equipped with associative memory, extends our existing framework for in silico 
neurodegeneration. VGG-HMN e!ectively integrates visual processing with memory systems grounded on fundamental 
cognitive principles (i.e., Hebbian learning) and o!ers many advantages, simulating a healthy brain. These include enhanced 
robustness against noisy and occluded queries and the production of interpretable representations. We believe that such an 
architecture is well suited for in silico analysis of neurodegenerative diseases in the forthcoming work.
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Introduction: Alzheimer’s Disease (AD) is a neurodegenerative disorder impacting memory and cognition, with associated 
hippocampal atrophy1. Disentangling healthy-aging related shrinkage and AD-related pathological atrophy is crucial for early 
disease detection and understanding. Building on this research objective, recent advances in neuroimaging methods, such 
as normative modelling, o!er promising avenues. These methods establish normative trajectories using large-scale datasets, 
allowing the assessment of deviations in clinical populations²-⁵. Despite their growing use and benefits, the application of 
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normative models to independent clinical populations presents methodological challenges, such as site-specific variations 
in MRI scanner parameters⁴-⁶. Our study addresses these challenges by using transfer learning to align pretrained models 
with new datasets. We explore how sample size and scanner variations impact model adaptation in healthy controls (HC) 
and examine the influence of sample size on accurately representing AD neuroanatomical deviations, assessed through a 
classifier’s performance in di!erentiating between HC and AD individuals.

Methods: Utilizing FreeSurfer to extract hippocampal volume from T1-weighted MRI scans, normative models for left and 
right hippocampal volumes were established in the UK Biobank dataset (N=42,747). These models were transferred to the 
AIBL dataset (N=462, 12% AD) using 80% of healthy controls (HC) as an adaptation set (N_adj=322). The remaining 20% of 
HC, along with participants diagnosed with AD (N_test=140, with 42% AD), were used for testing (Fig. 1A-B). Bayesian Linear 
Regression implemented in the PCN toolkit⁷ was employed for normative modeling, incorporating age, sex, and image 
acquisition site as covariates. Deviation from the normative model was quantified as Z-scores (Fig. 1A). To transfer models 
to AIBL, we used bootstrapping to sub-sample the adaptation set with sample sizes ranging from 5 to 100 subjects per site. 
For each sample size bin, model adaptation was evaluated through evaluation parameters (MSLL, SMSE, EV, Rho) on HC in 
the test set from AIBL (Fig. 2.A). To further evaluate the impact of both sample size and scanner variability in the adaptation 
set, we calculated Z-score di!erences between the full adaptation set (N=322) and obtained Z-scores across di!erent sample 
sizes and scanners. To highlight the improved AD classification achieved with transfer learning of normative models, we 
compared the Receiver Operating Characteristic Area Under the Curve (ROC-AUC) obtained from each normative model with 
those derived from raw hippocampal volumes. This comparison was conducted using a Logistic Regression classifier on the 
complete test set.

Results: The results indicated that transfer learning reached an optimal plateau, as determined by model evaluation 
parameters, at approximately 20 samples in the adaptation dataset (Fig. 2A). This was further substantiated by the significant 
decrease in Z-scores di!erences compared to the full model (Fig. 2B). The scanner with a distinct magnetic field strength 
(i.e. 1.5T) exhibited a significant di!erences in Z-score deviations, which indicates a bias in transfer learning across di!erent 
magnetic field strength for small adaption sets (Fig. 2B). The AD-classification confirms that 20 samples in the adaption set is 
su"cient to reach the performance asymptote, while 9 samples already surpass the classification performance achieved with 
raw hippocampal volumes (Fig. 2C).
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Conclusions: Our study indicates that for the AIBL data, a minimum of 20 samples are necessary to adapt the UK-based 
normative models to a new site and correctly map clinical deviations in the hippocampus for AD. Going forward, we 
aim to validate these results using independent datasets to ensure generalizability and extend this work by including 
a comprehensive study of all brain regions. This work can aid future studies to economically use resources for e"cient 
biomarker development in AD.
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Fast Imaging of the Substantia Nigra with Zero-Shot Super-Resolution
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Introduction: The assessment of dorsolateral nigral hyperintensities (DNH) has consistently been shown to provide excellent 
diagnostic accuracy between patients with Parkinson’s disease (PD) and healthy controls (Kim et al., 2019). Although research 
e!orts have been expanded to develop fast and accurate MRI sequences, imaging of the substantia nigra remains challenging 
and further improvement is required to enable nigral imaging into daily clinical practice. To date, the segmented echo-planar 
imaging (EPISEG) sequence previously proposed by Hernadi et al. (2021) is the fastest MRI sequence for imaging DNH. In this 
pilot study, we explored the possibility of reducing the acquisition time of the EPISEG sequence by exploiting redundancy in 
the acquisition and simultaneously improving imaging quality by using a deep learning super-resolution approach.

Methods: The EPISEG sequence was acquired for 7 PD patients (64.4 ± 10.8 years; 3 female) and 8 healthy controls (62.4 ± 4.1 
years; 1 female) on a 3T MRI scanner. The original sequence consists of 6 measurements acquired over 2:20 min which were 
averaged online on the scanner to obtain images with an isotropic resolution of 1 mm³. Here, we used the same sequence but 
each of the 6 measurements were saved independently. A 3D zero-shot super-resolution (ZSSR) model (Shocher et al., 2018) 
was trained to double the resolution of the images. The model is a fully convolutional neural network, with 8 hidden layers, 
each with 64 channels and rectified linear unit (ReLU) activations. Low-resolution images used for training were created by 1) 
downsampling the original images by a given scale factor using trilinear interpolation and 2) upsampling them back to their 
original size. Then, the model was taught to predict the residual between the original and low-resolution images. In this way, 
the model learns to revert the loss of information caused by the downsampling at specific scale factors, a process that can 
then directly be applied to upsample images. Figure 1 presents an overview of the training and inference. The model was 
gradually trained to upsample images at increasing scale factors of 1.25, 1.5, 1.75, and 2. Two approaches were evaluated: 1) 
the original EPISEG sequence where 6 measurements are upsampled to 0.5 mm³ using trilinear interpolation and averaged, 
and 2) the proposed approach where 3 out of 6 measurements are upsampled to 0.5 mm³ using the 3D ZSSR model and 
averaged. The presence of DNH was assessed by a neurologist with 10 years of experience in processing brain MRI. The rater 
was presented with randomized and anonymized images which were flipped left-right between approaches. Images where 
both DNH were visible were labeled as “healthy”.
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Results: By design, the images upsampled with ZSSR exhibited sharper details; see Figure 1 for examples in a healthy control 
and a PD patient. For the EPISEG approach, the rater identified PD patients and healthy controls with an accuracy of 67% 
(10/15) (sensitivity=100%; 7/7 and specificity=38%; 3/8), whereas for the images processed with ZSSR, he obtained an accuracy 
of 80% (12/15) (sensitivity=86%; 6/7 and specificity=75%; 6/8).

Conclusions: In the original EPISEG sequence, multiple measurements are acquired to average out noise in the images. By 
acquiring fewer measurements, it is possible to reduce the acquisition time, but, increased noise is correspondingly expected. 
ZSSR provides an alternative approach to reduce noise and enhance the details of individual measurements. In our evaluation, 
fewer EPISEG measurements upsampled with ZSSR allowed, in all cases but one, for similar or improved assessment of DNH 
compared to the original EPISEG sequence. With 3 measurements, the acquisition time for the EPISEG sequence is reduced to 
a mere 1:10 min, thus making the addition of this sequence to any scanning protocol negligible. More experimentation in larger 
datasets is required to evaluate this approach thoroughly.
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Sex di!erences in the relationship of cognition and brain in midlife adults at risk for dementia

Qing Qi1,2, Feng Deng1,2, Maria-Eleni Dounavi3, Graciela Muniz-Terrera4,5, Ivan Koychev6, Paresh Malhotra7,8, Craig Ritchie4,9, 
John O’Brien10, Brian Lawlor1,2, Lorina Naci1,2

1Trinity College Institute of Neuroscience, School of Psychology, Trinity College Dublin, Dublin, Ireland, 2Global Brain Health 
Institute, Trinity College Dublin, Dublin, Ireland, 3Department of Psychiatry, School of Clinical Medicine, niversity of Cambridge, 
Cambridge, United Kingdom, 4Edinburgh Dementia Prevention, University of Edinburgh, Edinburgh, United Kingdom, 
5Department of Social Medicine, Ohio University, Athens, United States, 6Department of Psychiatry, Oxford University, Oxford, 
United Kingdom, 7Department of Brain Science, Imperial College London, London, United Kingdom, 8UK Dementia Research 
Institute Care Research and Technology Centre, Imperial College London and the University of Surrey, London, United 
Kingdom, 9Scottish Brain Sciences, Edinburgh, United Kingdom, 10Department of Psychiatry, School of Clinical Medicine, 
University of Cambridge, Cambridge, United Kingdom

Introduction: Two-thirds of Alzheimer’s Disease (AD) cases occur in women1. Compared to men, women exhibit more 
rapid cognitive decline and brain atrophy in the presence of AD-related neuropathology2. It is now acknowledged that 
AD processes are present decades before the onset of clinical symptoms3. However, whether there are sex di!erences in 
cognition-brain structure coupling and how AD risk a!ects their relationships in midlife remain unclear. In this study, we 
investigated associations between sex, AD risk, brain structure and cognition.

Methods: Participants: 701 cognitively unimpaired middle-aged participants (40–59 years) were recruited in the PREVENT-
Dementia study from five study sites: West London, Edinburgh, Cambridge, Oxford and Dublin. In total, 614 participants (233 
M/ 381 F) who had completed cognitive, clinical and structural Magnetic Resonance Imaging (sMRI) data were included in this 
study. Risk factors: The Apolipoprotein E [APOE] §4 risk is determined by ≥1 APOE §4 allele. The Cardiovascular Risk Factors 
Aging and Dementia (CAIDE) score is calculated based on eight variables4, with higher scores indicating greater risk. MRI 
data acquisition and processing: sMRI data were acquired using a T1-weighted MPRAGE sequence (TR = 2.3 s, TE = 2.98 ms, 
160 slices, flip angle = 9°, voxel size = 1 mm3 isotropic). Freesurfer v7.1.0 was used for data processing5. The recon-all pipeline 
was run with default settings for each participant. The cortical thickness in 68 regions was quantified based on the Desikan-
Killiany atlas6. The global cortical thickness (CT) was obtained by averaging the values from the bilateral hemispheres for each 
participant. We chose nine regions of interest (ROIs) relating to AD from previous studies7-9, and the mean CT within each ROI 
was calculated by averaging the values from the bilateral hemispheres. Statistical analyses: Linear regression models were 
used to investigate the association of CAIDE with global CT and episodic and relational memory separately. To investigate the 
relationships between CT and cognition, and the moderating role of the sex variable, we used the linear regression model for 
episodic and relational memory, with global CT and nine regional CT as the independent variable (in independent models), sex 
as the moderator, and age, years of education, ICV and study sites included as covariates. The same moderation regression 
analysis was repeated in APOE §4+ and APOE §4− groups separately to further delineate the sex moderation e!ect on 
cognition-CT relationships in participants belonging to di!erent risk groups. Multiple comparisons correction was carried out 
using the Bonferroni method.

Results: CAIDE was negatively associated with global CT (Fig. 1a), and negatively associated with episodic and relational 
memory (Fig.1b). We didn’t find a significant association between global CT and cognition (Fig. 2a) but found a sex-specific 
coupling of global CT and episodic and relational memory (Fig. 2b). Males showed a positive association between global 
CT and cognition, while females showed no relationship between them. Such sex-specific coupling between global CT and 
cognition was absent in APOE §4 carriers, and only shown in APOE §4 non-carriers (Fig. 2c, 2d). Among the nine ROIs, we 
only found a significant sex-specific coupling of episodic and relational memory and precuneus CT after Bonferroni correction. 
Furthermore, cognition was decoupled from the precuneus CT in APOE §4 carriers, and only coupled with CT of precuneus in 
APOE §4 non-carriers (Fig. 2e, 2f).
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Conclusions: We found inherent sex-specific di!erences in the coupling between brain structure and cognition. Our results 
suggest that these sex-specific di!erences are being eroded by APOE §4 carriership in mid-life. Longitudinal follow-up in this 
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cohort will shed light on the long-term sex-specific impact of APOE genotype on brain structure and cognition in preclinical 
populations with risk for AD.
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Frontoparietal connectivity strength relates to changes in disability metrics in multiple sclerosis
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Mark Lowe1
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Introduction: Disease progression is variable in multiple sclerosis (MS). MRI-based measures that track and predict MS 
disease progression could identify patients who are at risk of decline and serve as outcome measures in clinical trials of 
novel disease modifying treatments. Here, we focus on within-network resting state functional connectivity (rsfMRI) of 
the frontoparietal network (FPN), considered critical for coordination of brain function and cognitive control1. We assess 
connectivity of the FPN in people with MS (pwMS) at two time points, hypothesizing that changes in rsfMRI strength will be 
related to measures of disability, particularly to cognitive function.

Methods: Under an IRB-approved protocol, 47 patients with MS [mean age: 50.2 ± 8.5, 10 males, median EDSS: 3.5, range 1.5-
6.5] completed an MRI, clinical evaluation, and cognitive testing at two time points separated by one year. Measures included 
the Multiple Sclerosis Functional Composite (MSFC) and tests of memory, processing speed, and executive function. A whole-
brain T1-weighted MP2RAGE (0.75mm3) and rsfMRI scan were acquired on a Siemens 7T Magnetom with a SC72 gradient 
(Siemens Medical Solutions, Erlangen) using a 1-Tx and 32-Rx channel head coil (Nova Medical). RsfMRI acquisition parameters 
were: 132 repetitions of 81 1.5mm thick axial slices acquired with TE/TR=21ms/2800ms, voxel size 0.75×0.75×1.5mm3, matrix 
160×160, FOV 210mm×210mm, receive bandwidth = 1562 Hz/pixel, eyes closed. All rsfMRI scans were corrected for motion and 
physiologic noise, detrended, and lowpass filtered2,3. Freesurfer 7.1 was used to generate cortical grey matter parcellations 
and apply the Yeo 7-network FPN template4. The MP2RAGE was coregistered and warped to rsfMRI and rsfMRI volumes 
from visit 1 (V1) were coregistered to visit 2 (V2) for each participant (AFNI). Using a previously described method5 and the 
FPN template, the V1 rsfMRI scan was used to identify 9-voxel in-plane seeds in the bilateral grey matter of the middle frontal 
gyrus (MFG; BA 9), representing the FPN. Seeds were propagated to V2 for each participant and used to calculate whole-
brain normalized6 connectivity maps at both visits. Individual FPN maps were moved to Talairach space7. FPN connectivity 
was averaged across all participants (Figure 1) and used to create a mask of significant regions. AFNI 3dttest++ was used to 
perform a voxel-wise t-test of masked rsfMRI between V1 and V2. In regions showing significant V1-V2 di!erences, mean 
rsfMRI strength and the change in rsfMRI was correlated with performance on clinical and cognitive measures.
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Results: All significant V1-V2 di!erences were the result of a decline in rsfMRI at V2 (Figure 2). V1 rsfMRI was positively related 
to V1 MSFC, the symbol digit modalities test (SDMT), and memory (p < 0.05), but did not survive a correction for multiple 
comparisons. The V1-V2 change in rsfMRI of the left precuneus and right inferior parietal lobule IPL was positively related to 
change on the MSFC (r = 0.45, p < 0.002; r = 0.37, p < 0.012, respectively) and the SDMT (r = 0.53, p < 1.1×10-4; r = 0.369, p < 
0.011, respectively), so that a decline in functionality was associated with a decline in rsfMRI (Figure 2).

Conclusions: Here, we show that the change in rsfMRI of the FPN is related to the change in MSFC, driven by performance on 
the SDMT. Although the direction of the relationship between behavior and V1 rsfMRI was in line with our previous findings8, 
these relationships did not reach significance. SDMT performance draws on multiple cognitive domains, including speed of 
processing, attention, and memory. Degradation of the FPN may lead to a breakdown of coordination between networks 
responsible for these functions. Future work will investigate this possibility by assessing between-network connectivity. This 
work was supported by the Department of Defense (MS150097). The authors acknowledge technical support by Siemens 
Medical Solutions.
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Training Vision Transformers to Predict Amyloid Positivity from Brain Structural MRI

Tamoghna Chattopadhyay1, Saket Ozarkar1, Ketaki Buwa1, Sophia Thomopoulos2, Paul Thompson3
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Introduction: According to the World Health Organization (WHO), around 55 million individuals worldwide su!er from 
dementia - of whom 60-70% are diagnosed with Alzheimer’s disease (AD). The defining features of AD include abnormal 
buildup of beta-amyloid (Aβ) plaques and tau protein tangles in the brain2. Amyloid positivity (Aβ+) is commonly assessed 
through positron emission tomography (PET) or sampling of cerebrospinal fluid (CSF) via lumbar puncture, but these 
procedures are costly and invasive. Although Aβ accumulation slightly precedes atrophy3 on MRI, there is interest in how 
well standard anatomical MRI may detect Aβ-related brain changes, which include atrophy and structural alterations. Deep 
learning methods, like Vision Transformers (ViTs), can capture long-range spatial dependencies in images using self-attention 
mechanisms, and show great promise in computer vision. We examined the ViT architecture’s performance in predicting 
Aβ+ status from T1-weighted scans and compared it to widely-used 3D DenseNet convolutional neural network (CNN) 
architecture6.

Methods: We analyzed 3D T1-weighted (T1w) brain MRI data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
dataset (phases 2/GO and 3) from 1,841 participants (age: 74.04 ± 7.40 years; 860 F/981 M) with distribution of 889 CN 
(cognitively normal controls)/658 with mild cognitive impairment (MCI), and 294 AD; 946 Aβ+/ 895 Aβ-. All 3D T1w brain MRI 
volumes were pre-processed using the following steps: nonparametric intensity normalization (N4 bias field correction), ‘skull 
stripping’ for brain extraction, 6 degrees of freedom registration to a template and isometric voxel resampling to 2 mm. These 
images of size 91x109x91 were scaled to take values between 0 and 1 using min-max scaling, and registered to a template 
created using T1w MRI from the UK Biobank dataset in MNI space7,8. They were resized to dimensions of 64x64x64 and 
128x128x128 to guarantee direct correspondence with patch sizes used in ViT models and divided into train, validation and 
test sets in the ratio 80:10:10. The DenseNet architecture includes four dense blocks and three transition layers, and was used 
as a baseline comparison architecture. In ViT architectures9, the input image is divided into fixed-sized patch embeddings, 
which are amalgamated with learnable position embeddings and class tokens. The resulting sequence of vectors is fed into a 
transformer encoder, which comprises alternating layers of multi-head attention and a multi-layer perceptron (MLP). We used 
two di!erent ViTs - neuroimage transformer (NiT) and multiple instance NiT (MINiT)9 - where a learned block embedding was 
introduced to maintain positional information of the block within the scan containing each patch. Hyperparameters were tuned 
and model performance was assessed using test accuracy.
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Results: Results are shown in Table 1. Best performance was achieved by MINiT architecture for image size of 64x64x64; 
giving test accuracy of 0.791 and test ROC-AUC of 0.857. Thus, MINiT architecture improved upon both 3D DenseNet and NiT 
architectures. Hyperparameter tuning of attention heads, learning rate, the encoder layer and weight decay helped to improve 
model performance. In our experiments, performance for 64x64x64 downscaled images was better than that for 128x128x128 
upsampled images.

Conclusions: We evaluated prediction capabilities of the Vision Transformer architecture for inferring Aβ+ from T1w brain MRI, 
benchmarked against the DenseNet121 architecture. In initial experiments, MINiT architecture performed better than the other 
two architectures considered. Our results are promising, in that less invasive scans may be beneficial for screening individuals, 
prior to more intrusive Aβ+ detection procedures. This study also has some limitations, including the limited testing, for 
now, on the ADNI dataset. Performance may improve by increasing the size and diversity of the training data, by including 
multimodal brain MRI, and additional cohorts.
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Introduction: Parkinson’s disease (PD)-related covariance pattern (PDRP) derived from a network analysis of resting brain 
images is a feasible imaging biomarker for di!erential diagnosis and disease progression (Perovnik, Rus, et al. 2023). 
Moreover, functional connectivity within the network was found to change with disease progression. In particular, assortativity, 
a connectivity parameter associated with unstable and ine"cient flow, increased over time (Vo, Schindlbeck, et al., 2023). 
Isolated REM sleep behavior disorder (iRBD) is known to be a high-risk feature of prodromal PD. We have reported that the 
expression of the PD-related covariance pattern (PDRP), an imaging biomarker of PD, is elevated in patients with iRBD before 
phenoconversion to PD (Holtbernd, Gagnon et al. 2014). However, it remains unclear how the brain connectivity in the PDRP 
network changes longitudinally.

Methods: Thirteen patients with iRBD (age 63.5 ± 8.4 years, 13 males) and 17 age-matched normal controls (NC) (age 59.8 ± 
10.4 years, 15 males and two females) were recruited. They underwent resting metabolic positron emission tomography (PET) 
with [18F]-fluorodeoxyglucose (FDG), and the iRBD group underwent follow-up scans at two and four years after baseline. 
We identified 38 anatomical regions of interest (ROIs) as nodes corresponding to the PDRP network previously validated by 
voxel-wise analysis of FDG PET (Schindlbeck, Vo et al. 2020). They were classified into 20 active nodes and 18 underactive 
nodes on the basis of the hyper- and hypometabolism. The pairwise correlation in each node of normalized metabolic activity 
driven from FDG-PET data was computed for NC and each timepoint of iRBD by 100 bootstrapping iterations. The correlation 
matrices provided an assortativity coe"cient and a degree centrality for each group. Assortativity is a correlation between 
node degrees across a link. In a network, increased assortativity in a subject group is reflected by a significantly higher 
coe"cient. Assortativity is deemed reduced if the coe"cient is lower. Degree centrality is the number of connections within 
a network or subgraph divided by total nodes. From the comparison of correlation coe"cients in each time point, the edges 
that showed a significant increase compared to the NC group were identified as gained connections, while those showing a 
significant decrease were classified as lost connections. The ratio of gained to lost connections was defined as the Gaind-
to-Lost Ratio (GLR). Di!erences between iRBD at each timepoint and NC were evaluated using ANOVA with the post hoc 
Bonferroni correction for multiple comparisons.

Results: The assortativity in PDRP network showed no significant di!erences between NC and iRBD at baseline (P = 1.00). 
However, at the 2-year and 4-year follow-ups in iRBD, it was significantly elevated compared to NC (P < 0.01). Degree 
Centrality within the same space was higher in iRBD compared to the NC group at every timepoint (P < 0.01). Although no 
significant di!erences were observed between baseline and the 2-year follow-up (P = 1.00), a significant increase was noted 
at the 4-year follow-up when compared to baseline and 2-year (P < 0.036). The gained connections between active nodes 
showed a decrease at the 2-year and 4-year time points compared to the baseline (P < 0.001) with no significant changes 
between 2- and 4-year (P = 0.052). Conversely, the lost connections between active regions increased from baseline to the 
2-year and 4-year follow-ups (P < 0.001). The GLR between active nodes decreased at the 2-year follow-up compared to the 
baseline and slightly improved at the 4-year follow-up. The GLR between active and inactive regions increased at the 2-year 
follow-up compared to the baseline and remained elevated at the 4-year follow-up (P < 0.001).
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Conclusions: In the context of iRBD, the connectivity within the PDRP network is observed from the early stages and gradually 
converges toward changes reminiscent of those seen in PD over time.
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Progressive thalamic nuclear atrophy in blepharospasm and blepharospasm-oromandibular dystonia
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Introduction: Idiopathic blepharospasm is a focal dystonia characterized by excessive blinking and eyelid spasms, potentially 
causing functional blindness (Defazio, Hallett et al. 2017). Patients with blepharospasm have a high risk and rapid symptom 
spread to other body regions, particularly the oromandibular area (Svetel, Marina et al. 2015). It is a multifactorial clinical 
syndrome, but the neuro-mechanisms specific and/or common to them were largely unexplored. The pathogenesis of 
idiopathic blepharospasm is a network model involving the combined action of multiple brain regions, with the thalamus 
responsible for receiving and distributing information among di!erent brain areas (Hwang, Bertolero et al. 2017). In most 
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previous studies, the potential useful information about distinct thalamic nuclei has been overlooked. They may be associated 
with di!erent symptoms or disorders (Weeland, Vriend et al. 2022, Lee, Lee et al. 2023). We aimed to investigate: (1) thalamic 
atrophy in blepharospasm and blepharospasm-oromandibular dystonia; (2) associations between di!erent thalamic nuclei 
and the clinical manifestation of blepharospasm and blepharospasm-oromandibular dystonia; (3) causal relationships among 
abnormal thalamic nuclei; and (4) whether these abnormal features can be used as biomarkers.

Methods: We recruited patients from movement disorder clinics who were diagnosed with adult onset blepharospasm 
or hemifacial spasm based on established criteria. T1-weighted MRI data using a 3T MRI scanner was collected from 56 
patients with blepharospasm, 20 patients with blepharospasm-oromandibular dystonia, and 58 healthy controls. There 
were no significant di!erences in age or gender among the three groups. T1 images were processed using the standard 
segmentation pipeline in Freesurfer v7.1.1 with default settings. A statistical model was constructed using age, gender, and 
estimated intracranial volume as covariates to analyze di!erences in subcortical gray matter volume and 15 thalamic nuclei 
between the groups. Pearson correlation analysis was performed to examine the relationship between abnormal thalamic 
nucleus volume and disease course/JRS scores in patients with blepharospasm, and abnormal thalamic nucleus volume were 
used to train a support vector machine (SVM) classification model. Furthermore, a region-based Granger causality analysis 
(GCA) was conducted using the Brain Covariance Junction Toolkit (BCCT_V1.2, available at https://github.com/JLhos-fmri/
NeuroimageTools) to explore the causal relationship between abnormal thalamic nuclei.

Results: The lateral geniculate and pulvinar inferior nuclei in patients with blepharospasm, and ventral anterior and ventral 
lateral anterior nuclei in patients with blepharospasm-oromandibular dystonia were significantly decreased compared with 
healthy controls (Figure 1). These thalamic nuclear atrophy were negatively correlated with clinical severity and/or disease 
duration in these patients (Figure 2A). Using gray matter volume of the lateral geniculate, pulvinar inferior, ventral anterior 
and ventral lateral anterior nuclei as inputs, the SVM resulted accuracy = 0.89 and AUC=0.89 to distinguish blepharospasm 
from healthy controls, accuracy = 0.82 and AUC=0.86 to distinguish blepharospasm-oromandibular dystonia from healthy 
controls, as well as accuracy = 0.94 and AUC=0.96 to distinguish blepharospasm from blepharospasm-oromandibular dystonia 
(Figure 2B).
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Conclusions: Taken together, these results suggested that the pulvinar inferior nuclear might be the focal origin in the 
thalamus of blepharospasm, extending to lateral geniculate nuclear atrophy, and subsequently extending to ventral lateral 
anterior nuclei causing involuntary lower facial and masticatory movements known as blepharospasm-oromandibular dystonia. 
Moreover, our results also provided potential targets for neuro-modulation especially deep brain stimulation in patients with 
blepharospasm and blepharospasm-oromandibular dystonia.
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Introduction: Brain arteriolosclerosis, characterized by thickening of vessel walls and arteriolar stenosis, is one of the key 
pathologies of cerebral small vessel disease4. It is linked to lower cognitive and motor function5, and an increased risk of 
dementia2. Despite its prevalence and detrimental e!ects, the impact of arteriolosclerosis on brain macrostructure remains 
unexplored. Therefore, this study aimed to investigate the association of brain arteriolosclerosis with regional gray matter 
volumes in a large number of community-based older adults.

Methods: Participants, MRI, neuropathology A combination of ex-vivo MRI and detailed neuropathological evaluation of 882 
older adults participating in four longitudinal, clinical-pathologic cohort studies of aging were included3,8: Rush Memory and 
Aging Project (MAP), Religious Orders Study (ROS), Minority Aging Research Study (MARS), and Clinical Core (CC) of the Rush 
Alzheimer’s Disease Research Center (Fig. 1A). Cerebral hemispheres were obtained at autopsy and imaged ex-vivo with a 
multi-echo spin-echo (ME-SE) sequence on 3T clinical MRI scanners about one-month postmortem1. The acquired voxel size 
was 0.6mm × 0.6mm × 1.5mm, and the scan time was approximately 30 minutes1. Gray and white matter segmentation was 
performed on the ex-vivo MRI data, and gray matter was subdivided into 42 cortical and subcortical regions using multi-atlas 
segmentation7. The volume of each region was measured and normalized by the participant’s cerebral hemisphere volume6. 
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Following ex-vivo MRI, all hemispheres underwent detailed neuropathologic examination. The assessed pathologies included 
arteriolosclerosis5, atherosclerosis, cerebral amyloid angiopathy, gross and microscopic infarcts, Alzheimer’s pathology, Lewy 
bodies, limbic-predominant age-related TDP-43 encephalopathy neuropathological change (LATE-NC), and hippocampal 
sclerosis (Fig. 1B). Statistical analysis Linear regression was used to investigate the association of brain arteriolosclerosis with 
regional gray matter volumes (normalized by cerebral hemisphere volume) controlling for all other neuropathologies (Fig. 1B), 
demographics (age at death, sex, years of education), postmortem intervals, and scanner (Fig. 1A). Statistical analysis was 
conducted using FSL’s PALM tool, with 10,000 permutations. After false discovery rate (FDR) correction for multiple testing, 
significance was set at p<0.05.

Results: Severe brain arteriolosclerosis was associated with lower gray matter volume in regions like medial orbitofrontal, 
superior frontal, pericalcarine, cuneus, and lateral occipital areas, independently of the e!ects of other neuropathologies 
(Fig. 2). No regions exhibited higher volume with more severe arteriolosclerosis. These findings significantly expand our 
understanding of arteriolosclerosis-related brain anomalies, challenging its presumed association mainly with white matter 
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hyperintensities1. The present work in a large number of community-based older adults provides strong evidence that 
arteriolosclerosis is also related to neurodegenerative changes in gray matter. Furthermore, the brain regions involved 
are distributed in both the anterior and posterior parts of the brain in line with the more widespread distribution of 
arteriolosclerosis pathology in the brain.

Conclusions: By combining ex-vivo MRI and detailed neuropathological examination in a large number of community-based 
older adults this study demonstrated that brain arteriolosclerosis is associated with lower volume in several gray matter 
regions. The findings were independent of the e!ects of other vascular or neurodegenerative pathologies. Hence, this 
discovery enhances our understanding of the impact of arteriolosclerosis on the brain.
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HRV as a Measure of Brain-Heart Connectivity Focus on Symptoms in Alzheimer’s and Lewy 
Body Disease

Gangyoung Lee1, Ukeob Park1, Byoung Seok Ye2, Seung Wan Kang1,3

1iMediSync, Inc., Seoul, Korea, Republic of, 2Yonsei University College of Medicine, Seoul, Korea, Republic of, 3Data Center for 
Korean EEG, Seoul National University College of Nursing, Seoul, Korea, Republic of

Introduction: In recent research, Electroencephalography (EEG) has been established as a powerful biomarker, already in use 
for predicting both Alzheimer’s Disease (AD) and Lewy Body Disease (LBD)1. Expanding beyond EEG, Electrocardiography 
(ECG) also holds potential as a robust biomarker, particularly considering the concept of Brain-Heart Connectivity2. Heart 
Rate Variability (HRV), derived from ECG measurements, serves as a well-established metric reflecting responses to internal 
physiological states and external stimuli34. The combined EEG and HRV-based multimodal biometric approach have been 
noted for its contribution to garnering interest across various studies5 and enhancing performance67. Nevertheless, a distinct 
gap persists in research on Multimodal Biometrics, specifically leveraging the combined potential of EEG and ECG for the 
classification of AD and LBD. To address this gap, this study aims to explore and compare HRV specifically between pure 
AD and pure LBD groups. Through this comparison, we seek to uncover potential multimodal biometric indicators. This 
exploration will allow us to further investigate and expand the understanding of Brain-Heart Connectivity, utilizing insights 
derived from both EEG and ECG.

Methods: Participant In this study, Electrocardiography (ECG) was measured for individuals in a resting state, including pure 
Alzheimer’s Disease (AD) patients (n=63) and pure Lewy Body Disease (LBD) patients (n=142). Clinical labeling was conducted 
by experienced specialists at Severance Hospital, Yonsei University, with substantial expertise in the field. Data & pre-
Processing ECG signals were preprocessed using a 60Hz notch filter to eliminate power line noise, and measurements were 
taken for a minimum of 3 minutes at sampling rates of 200Hz or 512Hz. To pinpoint accurate R-peaks, a Butterworth bandpass 
filter (5–15Hz) was applied for preprocessing, and visual inspections ensured signal integrity post-filtering. The Pan-Tompkins 
algorithm was then employed to compute RR intervals. Data points outside the normal RR interval range (300ms–2000ms) 
and those deviating by more than twice the standard deviation was removed. Remaining data was interpolated using the cubic 
spline method. HRV Using the R-peaks as the foundation, several metrics were derived from the RR intervals. Time domain 
features, including SDNN and frequency domain features extracted via FFT analysis-absolute (abs) and log(ln) power-were 
computed based on these intervals. These derived indices comprised TF (total power), UVLF(~0.0033Hz), VLF(0.0033–
0.04Hz), LF(0.04–0.15Hz), HF(0.15–0.4Hz), PNS(parasympathetic nervous system activity, HF/HF+LF), and SNS(sympathetic 
nervous system activity, LF/HF+LF), resulting in a total of 16 indices. Analysis Since both the pure AD and pure LBD groups 
exceed 30 individuals, it was assumed that they followed a normal distribution. Therefore, an independent samples t-test 
method was employed to compare each HRV feature between the two groups.

Results: Sympathetic nervous system indicators, including SNS (p=0.0173) and ln_VLF (p=0.0082), revealed higher activity in 
pure AD compared to pure LBD. Additionally, UVLF (p=0.0347) recognized as a stress recovery metric, was also found among 
these indicators. Conversely, the parasympathetic nervous system indicator, PNS(p=0.0173), exhibited higher activity in pure 
LBD when compared to pure AD. However, no significant di!erences were observed between the two groups concerning 
autonomic nervous system activity indicators (TF, SDNN).

Conclusions: this study confirmed the potential for HRV, in conjunction with EEG, to be utilized as biomarkers for classifying 
pure AD and pure LBD. Furthermore, it hints at the advantage of using both biomarkers together in the more accurate 
classification of pure AD and pure LBD.
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Exploring White Matter Pattern Variability in Alzheimer’s Disease: Associations with Biomarkers

Hyun Woong Roh1, Nishant Chauhan2, Youngju Lee2, Weonjeong Yoo2, Sang Joon Son1, Chang Hyung Hong1, Dongha Lee2

1Department of Psychiatry, Ajou University School of Medicine, Suwon, Republic of Korea, 2Cognitive Science Research Group, 
Korea Brain Research Institute, Daegu Metropolitan City, Republic of Korea

Introduction: Neurodegenerative disorders, marked by the abnormal accumulation of proteins, result in structural and 
functional impairments in neurons and glial cells, contributing to conditions like Alzheimer’s disease (AD) and vascular 
cognitive impairment. The diagnostic complexity lies in the limitations of initial cognitive screening tests and the challenge of 
assessing independent daily functioning. Recent advancements in neuroimaging technology have increased the frequency 
of brain magnetic resonance imaging (MRI) and amyloid positron emission tomography (PET) examinations for patients with 
neurodegenerative disorders. While conventional focus centered on gray matter, our study highlights the critical role of white 
matter (WM), a crucial region facilitating both large and small neuronal connections. Significant WM damage manifests diverse 
clinical symptoms, including Parkinsonism, cognitive decline, and depression

Methods: We analyzed 455 subjects from the BICWALZS database, which were categorized into four groups: subjective 
cognitive decline (SCD), mild cognitive impairment (MCI), Alzheimer’s disease (AD), and vascular dementia (VD). Employing the 
DARTEL toolbox and the International Consortium for Brain Mapping (ICBM) template, we constructed the WM populational 
connection label map (pCLM) for each participant. Our investigation focused on the e"cacy of inter-subject variability of WM 
patterns (WM-ISV) across all groups, analyzing its statistical associations with blood-based biomarkers, polygenic risk score 
(PRS), cognitive function, and disability scores.

Results: Pairwise comparisons unveiled significant di!erences in WM patterns between SCD and AD individuals, as well 
as between MCI and AD, and AD and VD groups. The intricate correlations between WM-ISV and blood-based biomarkers 
indicated variations across diagnostic groups, with elevated WM-ISV in individuals with MCI, AD, and VD compared to SCD. 
The PRS for AD exhibited significant links with WM-ISV, emphasizing genetic influences on WM variability.

Conclusions: The significant associations between cognitive scores and WM-ISV highlight the complex relationship between 
WM patterns and cognitive functioning in diverse neurodegenerative disorders, suggesting its potential as a valuable 
biomarker for diagnosis and prognosis.
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Introduction: Alzheimer’s disease (AD) is a serious neurodegenerative condition marked by progressive brain tissue decline 
due to the accumulation of the toxic protein such as amyloid-β1. Recent studies2,3 have employed mathematical models to 
simulate amyloid-β accumulation in the brain, aiming to enhance understanding of AD development and progression. These 
models involve parameter estimation through observed data and an iterative process for parameter updates, but increased 
complexity can hinder this optimization. To overcome this, we converted the mathematical model into a deep learning model, 
combining multi-layer perceptron (MLP) and graph convolutional neural network (GCN)4.

Methods: We first modeled a mathematical model of amyloid-β accumulation based on the logistic growth equation and 
translated it into a deep learning model with MLP and GCN. The model accounts for amyloid-β generation, clearance, and 
spreading dynamics. The logistic growth model for each region is defined in Equation 1. In this equation, δ and γ is the 
generation and clearance coe"cient, respectively. Akij defines the connection weight, capturing both local and transneuronal5 
spreading, where N(i) is the neighboring regions. We translated it into a deep learning model, and the model is defined 
in Equation 2. Where X Ƴt+1 is the predicted accumulation level of all regions, Zt, and Gt correspond to clearance rate, and 
generation, respectively. Ãk represents the Laplacian normalized adjacency matrix of local and transneuronal A, respectively. 
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We used Alzheimer’s Disease Neuroimaging Initiative (ADNI) data with 436 subjects to construct a graph capturing amyloid-β 
accumulation. In this graph, nodes represented region-of-interests (ROIs) from T1 structural magnetic resonance (MR) images, 
with node features represented accumulation levels from 18F-Florbetapir positron emission tomography (PET) scans. Edges 
indicated local and transneuronal connectivity based on structural characteristics and neuronal fibers from di!usion weighted 
MR images. Longitudinal data with more than two datapoints per subject were used, with 354 subjects for training and 82 
subjects for testing.

Results: The proposed model predicted accumulation level after 2 years (Figure 1). It demonstrated a strong correlation with 
the real data (in test dataset, median = 0.8273, IQR = [0.7708, 0.8692]), outperforming the previous model(average 0.58)3. For 
interpretability, we examined the clearance (Zt) and generation (Gt) terms. We averaged each term over subjects and mapped 
the top 30% ROIs onto the brain (Figure 2). The brain regions with high clearance term were bilateral cuneus, paracentral, 
postcentral, precentral, supramarginal, frontal pole, insula, right superior frontal, and superior temporal. The regions with high 
generation term were bilateral entorhinal, fusiform, inferior temporal, lateral orbitofrontal, lingual, medial orbitofrontal, middle 
temporal, left posterior cingulate, and right parahippocampal. Brain activity may play a crucial role in e"ciency of amyloid-β 
clearance6,7. Previous studies reported reduced metabolism in specific regions in early AD8,9. The regions with high clearance 
in our model (Figure 2a) were matched with regions of normal metabolism, which exhibit relatively high brain activity. The 
regions with early AD amyloid-β accumulation were suspected to be connected with the default mode network and prefrontal 
network10. The identified regions (Figure 2b) also supported this.

Conclusions: We introduced a deep learning model to simulate amyloid-β accumulation achieving high predictive 
performance and interpretability. Although further investigation of each term’s interpretability is needed, our model may help 
to understand the role of amyloid-β accumulation in AD progression.
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Introduction: The emerging field of brain age prediction has garnered significant attention in recent years due to its potential 
to revolutionize healthcare, personalized medicine, and our understanding of aging. Brain age prediction aims to estimate 
an individual’s brain age based on various factors and measurements, e.g., magnetic resonance imaging (MRI). The early 
detection of misalignment of brain age with the chronological age may allow for timely intervention and treatment, potentially 
improving patient outcomes and quality of life. Furthermore, brain age prediction could be used to assess the e!ectiveness 
of interventions aimed at improving brain health. This knowledge may pave the way for the development of innovative 
preventive strategies and therapeutic interventions that target the root causes of advanced brain aging.

Methods: Recently, we developed and validated a convolutional neural network for brain age prediction utilizing only 
minimally processed T1-weighted structural MRI (Dartora et al. 2023). Multi-cohort data of 15289 cognitively healthy 
participants was included, using only MNI-space registered images. This model predicted brain age in people with Parkinson’s 
disease (PD) in two cohorts: baseline data of 84 people with PD taking part in an intervention (EXPANd trial (Franzén et al. 
2019)) and 341 people with de novo PD from the Parkinson’s Progression Markers Initiative (PPMI (Marek et al. 2018)). The 
brain age gap was calculated as predicted brain age - chronological age. Thus, positive values mean an older-looking brain, 
as the brain looks older than expected, and negative values relate to a younger-looking brain. We aimed to replicate the 
pattern of the only other PD brain age study that has been published so far (Eickho! et al. 2021). Spearman correlations 
between the brain age gap and measures of cognition, disease severity, and other clinical measures were run using RStudio 
(2022.07.0+548). In exploratory analyses, we corrected the brain age gap for chronological age by dividing the gap by the 
chronological age.

Results: The EXPANd cohort had a mean age of 70.65 (Standard deviation, SD 5.84) and a predicted brain age of 72.14 (SD 
4.98). Predicted brain age correlated significantly with chronological age (r=0.72, p<0.001). The brain age gap was negatively 
correlated with disease duration, i.e., the older-looking the brain, the longer the disease duration (r=-0.27 p=0.015)(Figure 
1). There were no further significant correlations with either the brain age gap or the corrected one. The PPMI cohort had a 
mean chronological age of 61.58 (SD 9.59) and a brain age of 67.17 (SD 7.29). Predicted brain age correlated significantly with 
chronological age (r=0.69, p<0.001). We found no other significant correlations with clinical or other demographic data in our 
PPMI cohort.
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Conclusions: We identified a brain age gap in both cohorts. However, the gap was larger in the de novo PPMI cohort. This 
might be a bit surprising since one might expect the more severe people with Parkinson’s disease (i.e., the EXPANd cohort) 
to have a larger brain age gap. We can only speculate that medications could reduce the brain age gap and thus lead to the 
EXPANd cohort having younger-looking brains. Further, we found that only disease duration in the interventional cohort was 
related to the brain age gap. Nevertheless, our study is an important step toward the assessment of the clinical applicability 
and usability of brain age prediction in people with Parkinson’s disease. Brain age may yield the potential to identify those 
individuals who might need more intensive treatment. Thus, brain age prediction holds immense promise as a powerful tool in 
the field of healthcare and individualized treatment. With its ability to assess brain health, guide interventions, and deepen our 
understanding of aging, it has the potential to revolutionize how we approach brain health and improve patient outcomes.
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Amyloid-induced hyperconnectivity drives connectivity-based tau spreading in Alzheimer’s disease
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Introduction: In Alzheimer’s disease, amyloid-beta (Ab) accumulation triggers tau spreading, which drives neurodegeneration 
and cognitive decline. Thus, understanding how Ab facilitates tau spread is key to identify treatment targets for attenuating 
tau spreading. We found previously that tau spreads in an activity-dependent manner across functionally connected brain 
regions in AD and that stronger inter-regional connectivity and less segregated brain networks accelerate tau spreading 
(Franzmeier, Rubinski et al. 2019, Frontzkowski, Ewers et al. 2022, Steward, Biel et al. 2023). Ab has been shown to induce 
neuronal hyperexcitability (Busche, Chen et al. 2012) via di!erent mechanisms, such as an increased glutamate release and 
reduced glutamate re-uptake (Li, Hong et al. 2009), reduced sensitivity to GABA (Wu, Guo et al. 2014) and increased direct 
postsynaptic Ca2+-influx (Lam, Sarkis et al. 2020, Horvath, Papp et al. 2021). Congruently, patient studies have reported a 
higher prevalence of subclinical epileptiform brain activity related to Ab deposition (Lam, Sarkis et al. 2020), as well as Ab-
related hyperactivity and hyperconnectivity on EEG and resting-state fMRI (Ying, Najm et al. 2014). Together these preclinical 
and clinical data provide converging evidence that Ab induces a hyperexcitatory shift in neuronal activity. Since synaptic 
secretion of hyperphosphorylated tau seeds and subsequent spread to connected neurons is activity-dependent, Ab-related 
increases in neuronal activity may accelerate tau spreading from local epicenters across connected brain regions. The key 
aim of this project was to better understand the cross-link between Ab deposition and connectivity-associated tau spreading 
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in AD. Specifically, we aimed to test whether Ab induces neuronal hyperconnectivity resulting in reduced brain network 
segregation, therefore accelerating inter-regional tau spreading. Specifically, our key aims were to test i) Whether regional 
PET-assessed Ab deposition is associated with regional resting-state fMRI-assessed connectivity increases and reduced brain 
network segregation in AD ii) Whether regional Ab-related connectivity increases and reduced brain network segregation are 
associated with accelerated tau spreading across connected brain regions iii) Whether reduced brain network segregation 
mediates the association between Ab deposition and PET-assessed tau accumulation.

Methods: We included 116 Ab-positive subjects across the preclinical to clinical AD spectrum plus 52 Ab-negative controls, 
all with baseline amyloid-PET, 3T resting-state fMRI and longitudinal Flortaucipir tau-PET data. PET data were parceled into 
200 cortical ROIs of the Schaefer atlas, longitudinal tau-PET change rates were computed per ROI using linear mixed models. 
Resting-state fMRI connectivity was computed across the 200 ROIs. Tau epicenters were defined per subject as 5% of brain 
regions with highest baseline tau-PET SUVRs.

Results: Higher amyloid-PET (i.e. centiloid) is associated with increased connectivity of temporal-lobe tau epicenters to 
temporo-occipital and parietal regions (Fig.1), i.e. typical tau vulnerable regions. Higher connectivity of the tau epicenters to 
these brain regions predicted faster tau-PET increase over time. Mediation analysis revealed that Ab-associated connectivity 
increase to temporal, parietal and occipital brain regions mediated the association between higher amyloid-PET and faster 
tau-PET increase over time (Fig.2).
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Conclusions: We demonstrate a close link between Ab-associated connectivity increases and faster tau spread across 
connected regions in AD. These findings suggest that Ab promotes tau spreading via increasing neuronal activity and 
connectivity, hence Ab-associated neuronal hyperexcitability may be a promising target for attenuating tau spreading in AD.
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Introduction: Previous research has showed that blood-brain barrier (BBB) dysfunction has a role in the pathogenesis of 
Alzheimer’s disease (AD). However, the geographical pattern of BBB degradation in early Alzheimer’s disease and its genetic 
basis are poorly understood. We looked at the relationship between BBB permeability and beta-amyloid (Aβ) deposition, 
and its connection with known AD-related single nucleotide polymorphisms (SNPs) in older persons using high-resolution 
3-dimensional (3D) dynamic contrast-enhanced (DCE) MRI.

Methods: Participants were recruited from the Korean Brain Aging Study of the Early Diagnosis and Prediction of Alzheimer’s 
Disease (KBASE) cohort (1) and dementia clinic of Seoul National University Hospital. Both cognitively normal (CN) and 
cognitively impaired (CI) older adults consisted of mild cognitive impairment and AD dementia were included in this study. 
A total 91 participants underwent comprehensive clinical and neuropsychological assessments. In addition, [11C] Pittsburgh 
Compound B (PiB) PET for measurement of cerebral Aβ deposition, high-resolution DCE- and T1-weighted-MRI scans 
were obtained from all participants, which were used to classify the participants into Aβ-positive or negative groups. 
After preprocessing of the high-resolution 3D DCE imaging, we calculated BBB permeability index (Ktrans) for the whole 
brain, incorporating FreeSurfer-based (v6.0) segmentation of T1 scans in order to exclude non-brain voxels such as that 
of ventricles. Next, voxel-wise whole brain analyses were conducted to demonstrate regional changes of the Ktrans map 
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between two groups using SPM12 implemented in MATLAB 2018b. Apolipoprotein E (APOE) genotyping was done for all 
participants. Additionally, total of 38 AD-related SNPs with genetic evidence compiled by the AD Sequencing Project (ADSP) 
(minor allele frequency [MAF] > 1%, except APOE) were extracted from TOPMed-based imputed GWAS genotyping data in 
KBASE in a subset of participants (n=74). Comparison of Ktrans values between carriers and noncarriers of candidate SNPs 
were performed.

Results: First, we observed greater BBB damage in multiple cerebral regions including the precuneus, posterior cingulate, 
and temporal regions in the Aβ-positive CN compared to Aβ-negative CN in a voxel-wise analysis of Ktrans map (cluster-wise 
FDR corrected p < 0.05). We then extracted the Ktrans value from the region-of-interests (ROIs) including the abovementioned 
regions for further analysis. Genetic susceptibility analysis of APOE4 revealed that APOE4 carriers showed increased 
Ktrans value in this ROI compared to noncarriers after adjusting age and sex (F(2,72) = 6.49, p = 0.013), indicative of greater 
breakdown of BBB in the carriers. Furthermore, we found increased Ktrans of the ROI in the carriers of rs7401792, located 
in Solute Carrier Family 24 Gene Member 4 (SLC24A4) compared to non-carriers after controlling the e!ect of age and sex 
(F(2,72) = 5.08, p = 0.027). This association remained significant after we additively controlled the e!ect of APOE4 carrier 
status (F(2,71) = 4.68, p = 0.034).

Conclusions: We found that BBB breakdown is associated with Aβ accumulation in AD early on, before clinical symptoms 
appear. Furthermore, in older individuals, regional BBB damage is associated with genetic risks such as APOE4 and rs7401792 
in SLC24A4; and, the genetic risk e!ect of SLC24A4 remains significant even after correcting for the e!ects of APOE4. More 
research is needed to explain the intricate interplay between these genes’ biochemical pathways in connection to BBB 
integrity and AD.

References
1. Byun et al. (2017), ‘Korean Brain Aging Study for the Early Diagnosis and Prediction of Alzheimer’s Disease: Methodology and Baseline 

Sample Characteristics’, Psychiatry Investigation, vol. 14, no. 6, pp. 851-863

Poster No 216

Integrated MRI Analysis and Quality Control Pipeline for Memory Clinic Use of UK Biobank Imaging

Grace Gillis1,2, Gaurav Bhalerao1, Jasmine Blane1,2, Pieter Pretorius1,3, Lola Martos1,2, Vanessa Raymont1,2, Clare Mackay1, 
Ludovica Gri!anti1,2

1Department of Psychiatry, University of Oxford, Oxford, Oxfordshire, 2Oxford Health NHS Foundation Trust, Oxford, United 
Kingdom, 3Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom

Introduction: Sophisticated imaging protocols and analysis techniques have been developed in research contexts to extract 
metrics known as imaging-derived phenotypes (IDPs). However, it remains unclear whether these methods can also yield 
accurate and meaningful measures when applied in a clinical setting. In a clinical context, it is also essential to perform quality 
control (QC) in parallel with any analyses to inform the interpretation of the generated metrics. Therefore, in this study we 
aimed to adapt the UK Biobank (UKB) MRI analysis pipeline, assess its performance in a memory clinic setting (the Oxford 
Brain Health Clinic), and provide an integrated analysis and QC pipeline for use in the memory clinic.

Methods: As part of their memory clinic assessment at the Oxford Brain Health Clinic (O’Donoghue et al., 2023), 213 
patients were scanned using an adapted version of the UKB protocol [T1-weighted, T2-FLAIR, susceptibility-weighted 
(swMRI), quantitative susceptibility mapping (QSM), di!usion-weighted (dMRI), arterial spin labelling (ASL), and resting-state 
functional MRI (rfMRI)] (Miller et al., 2016; Gri!anti et al., 2022). As previously described, the UKB processing pipeline was 
adapted to include lesion-masking of the SIENAX grey matter segmentations and CSF-masking of the FIRST hippocampal 
segmentations (Gri!anti et al., 2022). Downstream pipeline components reliant on these corrected segmentations were 
also adapted, and white matter hyperintensities (WMHs) were further classified into periventricular and deep WMHs, in line 
with neuroradiologist-reported metrics (Figure 1). Quality control (QC) was performed on the raw scans and pipeline outputs 
to assess the quality of the acquired data and explore whether additional pipeline modifications may be necessary for this 
clinical application. Although supplemented by visual QC where necessary (SWI, QSM, and ASL), automated tools were used 
where possible for the first-pass QC: MRIQC (Esteban et al., 2017) for T1-weighted and T2-FLAIR scans, QUAD (Bastiani et al., 
2019) for dMRI, and MRIQC and DSE decomposition (Afyouni and Nichols, 2018) for rfMRI. The core outputs from all flagged 
scans were visually inspected. We investigated the associations of IDPs with diagnoses and cognitive scores (ACE-III) in this 
unselected memory clinic population.
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Results: QC results are summarised in Table 1. MRIQC was capable of flagging T1-weighted and T2-FLAIR scans for further 
inspection, but the adapted pipeline still generated mostly high- or medium-quality outputs in these scans (96.8%, 93.5%, and 
94.6% for grey matter, hippocampal, and WMH segmentations, respectively). QUAD was able to flag lower quality dMRI scans, 
but visual inspection revealed that all of the flagged scans had high (66.7%) or medium-quality (33.3%) tractography results. 
DSE decomposition and MRIQC together could identify challenging rfMRI scans. Over half of the flagged scans still had 
significant structured noise present in their processed data, highlighting the need for further optimisation of the rfMRI pipeline 
for this memory clinic use. Compared to the other T2-FLAIR IDPs, periventricular WMH volume associated most strongly with 
cognition and diagnoses, supporting the use of this additional metric in the memory clinic setting.

Conclusions: We adapted research-quality MRI acquisition and processing, aligned with the UK Biobank, into the memory 
clinic setting at the Oxford Brain Health Clinic. We integrated the analysis and quality control steps into a processing pipeline 
for clinical use and have explored its value to extend research findings into an unselected clinical population.
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Reduced myelin contributes to cognitive decline in monogenic small vessel disease
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Introduction: Myelin enwraps axonal connections in the brain and is of critical importance for information transfer between 
the connected brain regions. Small vessel disease (SVD), a major cause of stroke, is associated with white matter changes 
such as white matter hyperintensities (WMH). However, myelin alterations in SVD were predominantly characterized in 
histopathological studies focusing on WMH alterations, with only a few neuroimaging studies having assessed myelin 
alterations. A major barrier so far in neuroimaging of myelin has been the confounding of the myelin related MR signal by 
confounding factors such as iron in the case of T2-star weighted images. In order to assess SVD-related myelin alterations in 
the whole white matter and its association with cognitive decline, we leveraged χ-separation, a newly developed technique, to 
separate myelin from potentially iron related MRI signal in a pure monogenic caused form of SVD, i.e. CADASIL (which stands 
for cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy).

Methods: We included 65 patients with confirmed CADASIL (mean age 55.1) and 27 cognitively normal controls (NC, age = 
71.5) from an in-house study. All Participants were assessed with a 3D-T2-star-weighted multi-echo gradient-echo sequence 
on 3T MRI scanner, alongside conventional MRI markers (see Baykara et al., 2016). As a measure of myelin, we employed the 
χ-separation method (Shin et al. 2021). This technique separates the total susceptibility χ into diamagnetic (|χ-negative|, e.g. 
myelin) and paramagnetic (χ-positive, e.g. iron) sources which both cause a faster spin dephasing, hence magnitude loss, 
but opposingly influence the phase. For comparison, we assessed DTI-based mean di!usivity (MD), i.e. a standard measure 
of microstructural white matter changes unspecific to myelin. For each participant, ROI values of |χ-negative|, χ-positive, and 
MD were extracted from areas of WMH and normal appearing white matter (NAWM). Di!erence-scores between CADASIL 
and group averaged NC scores were computed to derive abnormality scores for each ROI. In addition to those ROI values, all 
measures were obtained from the left anterior thalamic radiation (ATR) and the genu of the corpus callosum (CCg) which are 
regarded as strategic fiber tracts for information processing speed (Duering et al., 2011). As a measure of processing speed, 
the power-transformed average of the TMT A & B test scores, normalized by age and education (Tombaugh, 2004) were 
computed. Linear regression and ridge regression were used to test our hypotheses.

Results: We found significantly reduced |χ-negative| values in the WMH, NAWM, and fiber tracts including the ATR and CCg 
in CADASIL compared to the controls, adjusted for age, sex, education, and χ-positive values (Figure 1A). The decrease in 
|χ-negative| di!erence scores in CADASIL was stronger in WMH compared to NAWM (Figure 1B), suggesting pronounced 
myelin damage in WMH areas. In contrast, χ-positive values were reduced in WMH areas but not NAWM or tracts (Figure 1, 
2nd row). Consistent with previous findings, MD values were increased in CADASIL WMH areas and negatively correlated to 
|χ-negative| scores (Fig 1C, standardized β = -0.46, t(60) = -4.3, p < .001). For cognition, a decrease in |χ-negative| values in 
WMH (Figure 2A, p = .029, partial-R2 = .08) and CCg (Figure 2B, p = .016) but not ATR (Figure 2C, p = .49) was associated with 
slower scores of processing speed, controlled for MD, χ-positive, age, sex, and education.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 361

ABSTRACTS

Conclusions: We found that |χ-negative| values were reduced in CADASIL independently of MR signal highly sensitive to iron, 
suggesting that myelin is significantly reduced in monogenic SVD. The contribution of χ-negative to cognitive decline was in 
addition to that by the increase in MD values, suggesting that MR measures with increased specificity to myelin alterations 
contribute to explain cognitive decline in monogenic SVD.
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Uncovering the progressive trajectory of GBM invasion & contralesional neuroplasticity synchrony
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Introduction: Glioblastoma multiforme (GBM) presents significant treatment challenges due to its rapid progression and 
invasive nature. In vitro studies have demonstrated GBM’s capability to propagate excitatory signals through neuron-glioma 
synapses, facilitating its invasion into adjacent neural networks2. However, an in vivo understanding of these tumor-neural 
interactions is still lacking. Here, we employ virtual brain grafting and the SuStaIn algorithm3,4 to tackle the complexities posed 
by tumor heterogeneity, and hypothesize that by examining contralesional hemisphere neuroplasticity, patients with GBM, 
despite varying clinical profiles, can be mapped onto a unified model of disease progression.

Methods: We enrolled 244 GBM patients, divided into matched left- and right-lesioned subgroups, and 244 matched healthy 
controls from the UPenn-GBM Project5 and the Cam-CAN dataset6. Pre-operative T1-weighted MRI scans using 3T scanners 
were conducted. In the GBM groups, lesion segmentation was validated by expert neuro-oncologists and radiologists to 
exclude cases with bilateral invasion or significant midline shifts. We used FreeSurfer to obtain contralesional DK atlas defined 
cortical thickness and subcortical volumes. We then quantified contralesional neuroplasticity using Cohen’s d map between 
GBM patients and controls. To assess progressive trajectory, we calculated z-scores for morphometric measures in GBM 
patients against control norms and used the SuStaIn algorithm’s linear z-score model to stage each patient. The primary 
phases of the trajectory were determined using X-tile’s survival cut-o!. Last, we conducted phenotype-genotype analyses, 
starting with phase-correlated gene lists extraction via the GAMBA toolbox, permuting AHBA microarray gene expression 
data. Gene list annotation utilized Metascape, the cancer single-cell functional state atlas, and oncoEnrichR, focusing on 
phase-specific pathways and oncological conditions. We also performed pan-tissue cell type annotation using cellKB to 
examine cell type abundance signature across phases.

Results: In GBM cohort, contralesional neuroplasticity characterized by reduced cortical thickness was observed in both left- 
and right-lesioned patients. Specifically, trajectories reconstructed with SuStaIn showed progressive cortical thinning starting 
from the sensorimotor to the limbic system on the cortex, but bidirectional changes in subcortical volumes. No significant 
correlation was found between the patients’ stage with tumor volume, but with age (r’s = 0.66/0.71; p’s<0.01). Survival analysis 
suggested a three-phases division, with Phase I showing the best prognosis and subsequent phases showing poorer 
outcomes (p<0.01). Due to the left-dominance of AHBA data, we performed genetic analysis primarily on the left hemisphere 
of patients with right GBM. We found that BDNF signaling was the only enriched pathway in Phase I, which was confirmed for 
influencing neuron-glioma synapse strength and tumor growth7. Typical GBM malignancy pathways including WNT signaling, 
and oxidative phosphorylation pathways were noted across phases, alongside an increase in epithelial-mesenchymal 
transition activity8. Consistently, cell type analysis indicated a shift from astrocytes in Phase I to mesenchymal-type cardiac 
muscle cells in Phase II. Consistent with Venkataramani et al.’s report that GBM may cause proliferate hyperexcitability 
through non-synaptic glutamate secretion9, Phase III showed the highest enrichment for excitatory glutamatergic neurons. 
Last, compared to other cancers, single cell atlas supported our phase-related genes exhibited GBM-specific functional 
state changes.
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Conclusions: By revealing the alignment between progressive trajectory of contralesional neuroplasticity with known invasive 
mechanisms of GBM, this study o!ers a novel perspective on the tumor-neural dynamics and may facilitate the identification 
of new targets for therapeutic interventions.
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High-resolution Di!usion MRI for Tissue Microstructure of Multiple Sclerosis
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Introduction: Multiple sclerosis (MS) is a long-lasting chronic inflammatory-demyelinating and neurodegenerative auto-
immune neurological disorder1,2,3,4. Although the cause of MS is not fully known, the characteristic lesions are focal areas 
of demyelination and inflammation in the white matter followed by gray matter and cortical lesions5. These demyelinated 
plaques can scatter throughout the brain with a predilection for optic nerves and spinal cord3. Although it becomes too late for 
treatment when the anatomical structures get damaged and focal lesions get appeared, MS could also be present in normal-
appearing white matter (NAWM) and normal-appearing gray matter (NAGM)6. The early cognitive symptoms might be di"cult 
to diagnose using anatomical images in conventional MRI. It is limited by low pathological specificity and low sensitivity to 
di!use damage in NAWM and NAGM. To overcome these limitations, di!usion MRI has proved to be a valuable technique to 
investigate the disease at microscopic level7.

Methods: 1) Specimen preparation: All the experiments on an ex-vivo human brain tissue were carried out in compliance with 
the Indiana University Institutional Animal Care and Use Committee. Five postmortem brain specimens from MS patients were 
used for MRI scans. 2) MRI Experiment: MRI images of the specimen were carried out on a 30-cm bore 9.4 T magnet with 
a maximum gradient strength 660 mT/m on each axis. A multi-shot 3D echo planar imaging (EPI) pulse sequence was used 
for high-resolution MRI. Di!usion encoded volumes at 456 directions with b-values 1, 2, 4, 6 and 8k, 90 volumes for each 
b-value and 6 b0 images were acquired at 300 µm isotropic resolution. 3) Data Processing: All data will be preprocessed 
using following pipeline: denoising using Marchenko-Pastur Principal Component Analysis (PCA) method; Gibb’s artifact 
removal using local sub voxel shift method, eddy current-induced distortions and subject movements correction, and bias 
field correction using N4 algorithm. The di!usion-weighted volumes were fitted calculate di!usion tensor metrics, namely 
Fractional Anisotropy (FA), Mean Di!usivity (MD), Axial Di!usivity (AD), and Radial Di!usivity (RD). The data was fitted 
to calculate di!usion kurtosis metrics, i.e., Kurtosis Fractional Anisotropy (KFA), Mean Kurtosis (MK). Neurite Orientation 
Dispersion and Density Imaging (NODDI) will be performed using AMICO package. The NODDI metrics, namely Neurite 
Density Index (NDI) and Orientation Dispersion Index (ODI) will be calculated. The fiber orientation distribution (FOD) was 
calculated directed from the di!usion-weighted volumes using “Tournier” response function. The FODs were segmented to 
generate fibers within a specific voxel, also known as fixel. Thus, the fiber density (FD) map was created. The mean values of 
Lesions, NAWM, and WM were calculated, and t-statistics will be conducted to determine statistical significance between two 
groups. P-value was set at 0.05 level of significance.

Results: Figure 1 showed the vector map in three principal di!usion directions, FOD and fiber density in voxel space. Figure 
2 illustrated various dMRI metric, where MS lesion, WM, and GM are depicted by red arrows in NDI map. Di!erent parameters 
exhibited di!erent sensitivities to di!erent tissue compartments. For instance, FA was lower in NAWM compared to Lesion 
and WM. Both NAWM and WM showed significant lower MD, AD, and RD values (p<0.001) compared to Lesion. Compared to 
NAWM and WM, significant lower NDI and FD values were observed in Lesion.
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Conclusions: In this project, we demonstrated that high-resolution dMRI with di!erent biophysical models provides a 
comprehensive understanding of the pathophysiological process at microstructural level. Integrating di!erent quantitative 
dMRI metrics can better understand the complicated brain microstructure changes in MS.
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Introduction: Alzheimer’s disease is the most common neurodegenerative disorder (Cao 2020). Lecanemab is an anti-amyloid 
drug that recently gained full FDA approval and demonstrated its ability to reduce cognitive decline and amyloid burden 
(Van Dyck 2023). The ability of physicians to e!ectively and ethically select candidates for anti-amyloid therapy remains an 
open question (Beach 2012). Dementia diagnosis is a complex process relying on medical history and neuropsychological 
exams (Arvanitakis 2019). Identifying prodromal AD in the mild cognitive impairment (MCI) stage is prohibitively di"cult 
with current methods, but represents the most e!ective and e"cient path for treatment, and so accurate discrimination 
between progressive (pMCI) and stable (sMCI) cases is crucial for early intervention in AD with anti-amyloid drugs. Diagnostic 
neuroimaging provides insight into AD progression, however clinical adoption of neuroimaging remains limited, with FDG-PET 
as the primary modality for di!erential diagnosis (Jack 2016, Minoshima 2021). Current practices lack specificity for the ethical 
use of anti-AD medications at the MCI stage. We explore neuroimaging’s potential to predict forecast cognitive status in those 
with prodromal AD to cost-e!ectively and ethically evaluate candidates for anti-AD pharmaceutical therapy.

Methods: We are concerned with a discussion the potential costs of the first 3 years of mass prescription of lecanemab to 
patients with MCI per 1,000,000 people under a variety of scenarios. We examined the status quo scenario, a prophylactic 
scenario and multiple scenarios of di!erent neuroimaging modalities at varying levels of sensitivity and specificity, and then 
compared costs of pharmaceutical intervention under a variety of pricing scenarios. All costs are calculated in 2020 USD. 
Monthly direct (patient-focused) and indirect (society-focused) costs are estimated for those with MCI and mild AD dementia 
were computed. Survival throughout the 3-year period and 90% e"cacy for lecanemab treatment are assumed. Diagnosis 
for MCI per-subject cost are assumed to be $697 based on clinical experience. Local imaging program experiences suggest 
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$2,000 for FDG-PET, $4,000 for amyloid PET, and $500 for MR imaging. Lecanemab’s estimated annual cost is $26,500 and 
we assume moderate and large price adjustments of 20% and 65% in two di!erent pricing scenarios.

Results: With the status quo pricing of lecanemab at $26,500 annually, prophylactic anti-AD therapies is extremely expensive 
compared to status quo at $509,000 per positive outcome (preventing progression from MCI to dementia) every 3 years. 
The price anti-AD drugs is much larger than the savings introduced by their successful usage, however this is primarily driven 
by the cost of providing treatment to patients with prodromal AD who will not develop dementia (sMCI). Since these sMCI 
subjects represent the majority of those with MCI (77.7%) is it economical to exclude these as candidates for treatment. Total 
costs may be reduced to as low as $246,000 per positive outcome every 3 years using combined FDG-PET and MR imaging 
specifically due to its high specificity, however this is still prohibitively expensive compared to status quo of no treatment. In a 
scenario where cost of lecanemab is reduced by 65%, we see the same imaging modalities reducing the cost of treatment to 
$177,00, approximately $3,000,000,000 below cost of status quo per million patients.
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Conclusions: We examined expected costs associated with public availability of lecanemab and how imaging-assisted 
pharmaceutical intervention can reduce costs in selecting appropriate candidates. The most cost-e"cient outcome was 
determined to be a combination of FDG and MR neuroimaging studies at $177,000 for every positive outcome of preventing 
progression from MCI to dementia for 3 years, driven by the increase in assumed specificity, the lower cost of FDG-PET 
compared to amyloid-PET and a reduction in the annual cost of lecanemab to $9,275.
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Introduction: According to the World Health Organization (WHO), around 55 million people worldwide have dementia, and 60-
70% of these patients have Alzheimer’s disease (AD). The recent advent of new anti-amyloid therapies makes early, accurate 
AD diagnosis crucial. Automated disease classifiers that analyze vast imaging databases would also help in discovering 
genetic or environmental factors a!ecting disease onset and progression. One novel approach to disease classification 
involves deep learning models, such as convolutional neural networks (CNNs), which can directly analyze raw or minimally 
processed images, avoiding the lengthy quality control required for traditional, parcellation-based brain morphometry. Here 
we trained CNNs to detect AD based on di!usion MRI (dMRI), which is sensitive to brain microstructure changes not visible 
on standard anatomical MRI, based on prior work linking dMRI metrics to age, dementia severity, and brain amyloid levels, 
a key component of AD pathology2,3. Existing CNNs to detect AD mostly use T1-weighted brain MRI data from European 
or North American cohorts. To address this limitation, we tested our dMRI-based AD classifier in both Indian and North 
American cohorts.

Methods: We analyzed two datasets: (1) the Alzheimer’s Disease Neuroimaging Initiative (ADNI) dataset with 1,195 participants 
(age: 74.36+/-7.74 years; 600F/595M; 633 healthy controls, CN, 421 with mild cognitive impairment, MCI, and 141 with AD, and 
(2) the NIMHANS cohort from Bengaluru, India, comprising 301 participants (age: 67.23+/-7.86 years; 169F/132M; 123 CN/88 
MCI/90 AD). Preprocessing steps included N4 bias field correction, brain extraction, 6 degree-of-freedom registration to a 
template with, and resampling to 2 mm isotropic voxels. The T1-weighted (T1w) images were scaled to an intensity range of 
0 and 1, aligned to a common template. The DWI were nonlinearly registered to T1w and warped to a common template. The 
dMRI processing pipeline details may be found in2,3. The 3D CNN architecture is shown in Fig. 1. Training was conducted for 
100 epochs, with batch size of 8, an exponentially decaying learning rate of 0.96, Adam optimizer, and mean square error loss 
function. Dropout and early stopping were used to prevent overfitting. Images were split into independent training, validation, 
and testing sets (in a 70:20:10 ratio). In the architecture (Fig. 2) after flattening, the layers were concatenated and sent through 
a dense layer with sigmoid activation function. This Y-shaped architecture merged predictive features distilled from T1w MRI 
and DTI maps for disease classification, while maintaining previous training parameters.
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Results: Overall, DTI-derived metrics performed better on the classification task, with higher balanced accuracy and F1 Score, 
compared to T1w MRIs. The best balanced accuracy was obtained for DTI-RD maps at 0.896, with F1 Score 0.870. Combining 
T1w and DTI-MD and DTI-AD for the dual modality experiments gave best results compared to the other two combinations. In 
most cases, balanced accuracy was higher when T1w and dMRI were combined, relative to using T1 alone.

Conclusions: We trained 3D CNNs on both di!usion MRI and standard T1w MRI to classify individuals as AD patients 
vs healthy controls. We tested DTI maps as inputs and found that they outperformed T1w MRI. We evaluated di!erent 
combinations of maps, but multimodal training did not always work best, because it increases the number of trainable 
parameters, requiring more data to stabilize the model. Additionally, we evaluated these models on both Indian and North 
American cohorts, with comparable performance on both. Future work will train methods on larger, more diverse datasets, 
examining various AD stages and other dementia subtypes. We will also evaluate the added value of quantitative parametric 
MRI, DAT-SPECT, and resting state fMRI, to enhance AD classification. A robust AD classifier may accelerate the discovery of 
risk factors for AD in the genome or environment.

References
1. World Health Organization, “Dementia,” 2022. https://www.who.int/news-room/fact-sheets/detail/dementia.
2. Zavaliangos A., et al., “Di!usion MRI Indices and Their Relation to Cognitive Impairment in Brain Aging: The Updated Multi-Protocol 

Approach in ADNI3, “Front Neuroinformatics 13:2 (2019).
3. Thomopoulos S., et al., “Di!usion MRI Metrics and their relation to Dementia Severity: E!ect of Harmonization Approaches,” 

medRxiv (2021).
4. Lu, B., et al., (2022). A practical Alzheimer’s disease classifier via brain imaging-based deep learning on 85,721 samples. Journal of Big 

Data, 9(1), Article 101.
5. Wang D., et al., “Application of multimodal MR imaging on studying Alzheimer’s disease: a survey,” Curr. Alzheimer Res. 877-92 (2013).
6. Knudsen L., et al., “The role of multimodal MRI in mild cognitive impairment and Alzheimer’s disease,” J Neuroimaging 148-157 (2022).
7. Chattopadhyay, T., et al. (2023, March). Predicting dementia severity by merging anatomical and di!usion MRI with deep 3D 

convolutional neural networks. In 18th International Symposium on Medical Information Processing and Analysis (SIPAIM; Vol. 12567, pp. 
90-99). SPIE.

8. Lam, P., et al., “3-D Grid-Attention Networks for Interpretable Age and Alzheimer’s Disease Prediction from Structural MRI,” arXiv (2020).
9. Gupta, U., et al. (2023, April). Transferring Models Trained on Natural Images to 3D MRI via Position Encoded Slice Models. In 2023 IEEE 

20th International Symposium on Biomedical Imaging (ISBI) (pp. 1-5). IEEE.
10. Nir T., et al., “Fractional anisotropy derived from the di!usion tensor distribution function boosts power to detect Alzheimer’s disease 

deficits, “Magn Reson Med. 78(6):2322-2333 (2017).

Poster No 222

The di!ering e!ects of region of interest statistics in exploratory brain morphological analysis
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Introduction: Human brain grey matter atlases, based on sulci and/or gyri hallmarks, are used to parcellate the human 
brain into regions of interest (ROIs) and thus reduce the information and noise inherent in brain imaging to a few relevant 
features. Although ROI measures are employed in research to understand neurological diseases, it is unknown whether these 
parcellations consider potential disease-specific atrophy patterns. Moreover, a single central tendency ROI statistic (mean 
or median) is often used, ignoring the potentially important within ROI dispersion, e.g. standard deviation (SD) or median 
absolute deviation.

Methods: Utilizing a multi-view latent factor model for multiple dataset exploration (joint and individual variation explained 
(Lock et al., 2013)), we investigated the relationship between the mean and SD of 148 grey matter thickness ROI measures 
(right/left hemisphere) in the context of cognitively unimpaired healthy aging (CU, n = 471), mild cognitive impairment 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 371

ABSTRACTS

(MCI, n= 339), Alzheimer’s disease (AD, n = 336), and Parkinson’s disease (PD, n = 324). We utilized cross-sectional T1 
magnetic resonance imaging data from the ADNI (CU, MCI, AD), J-ADNI (CU, AD), AIBL (CU, AD), and PPMI (CU, PD) cohorts. 
Furthermore, longitudinal global and specific neuropsychological measures of cognitive and motor health (Alzheimer’s disease 
assessment scale-cog, mini mental state examination, clinical dementia rating scale, Montreal cognitive assessment, neuro 
QoL: cognition function - short form, modified Boston naming test total correct, clock drawing total score, rapid eye movement 
symptoms, Hoehn and Yahr Stage) were correlated with the discovered ROI-based latent factors.

Results: Mean and SD grey matter thickness at the ROI level exhibited common but also independent patterns of variation, 
showcasing that each statistic retrieves di!erent disease-related anatomical information. The CU, MCI, and AD datasets 
exhibited similarities between their grey matter latent factor estimates. The CU, MCI, and AD latent factors increasingly 
correlated with cognition with the advancement of clinical progression . Interestingly, although the CU, MCI, and AD groups 
presented both common and individual variation in their mean and SD signals, the PD group showed only individual mean and 
SD variation signals. Moreover, the patterns of atrophy (latent atrophy factors based on mean and SD cortical thickness) in the 
MCI, AD, and PD groups were di!erent .

Conclusions: The SD of grey matter thickness shares common features with mean grey matter thickness but also provides 
unique disease-related information in the healthy and cognitively impaired populations. SD is complementary to mean grey 
matter thickness in predicting future cognitive decline. AD and PD di!er significantly in their mean-SD grey matter thickness 
dynamics, showcasing the potential of combined atrophy descriptive markers for di!erentiating and exploring these diseases.

References
1. E. F. Lock, K. A. Hoadley, J. S. Marron, and A. B. Nobel. (2013), “Joint and individual variation explained (JIVE) for integrated analysis of 

multiple data types,” Ann. Appl. Stat., vol. 7, no. 1, doi: 10.1214/12-AOAS597.

Poster No 223
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Introduction: MRI studies of Alzheimer’s disease (AD) have shown utility in quantifying neurodegeneration and alterations 
in brain structural (di!usion) and functional (task and resting state) connectivity. However, much of our knowledge comes 
predominantly from samples of European ancestry. In recent years, the field has begun to address the lack of diversity through 
initiatives that aim to recruit African American, Hispanic, and Asian participants into large multicenter studies such as the AD 
Neuroimaging Initiative (Weiner 2023). Here we analyze functional connectivity in 588 participants form the Korean Brain 
Aging Study for the Early Diagnosis and Prediction of AD (KBASE; Byun 2017) using methods previously applied to samples 
from the Indiana AD Research Center (Contreras 2019; Chumin 2021). We also apply edge community detection (Chumin 
2022) to assess its potential as a metric of interest for AD studies/trials.

Methods: Anatomical and resting state functional MRI from 70 younger and 284 older cognitively normal (yCN, mean age: 
38yo and oCN, 69yo), 147 mild cognitive impairment (MCI, 73yo), and 87 AD dementia (72yo) participants were processed 
using a publicly available pipeline (Chumin 2021). Anatomical data were denoised and skull-stripped, with the Schaefer (2018) 
200 node parcellation registered to each subject’s T1 and then fMRI scan. FMRI data underwent standard preprocessing, 
with nuisance and global signal regressed out (ICA-AROMA and aCompCor) and average time series extracted. Network 
contingency analysis comparison (t-thresholds 2:0.25:6, 10,000 permutations) of oCN vs. AD connectivity among the 7 
canonical resting state networks (Yeo 2011) and multiresolution consensus clustering (1000 partitions from group averaged 
data, from which agreement matrices and consensus partitions at α=.05 were estimated) were done as previously reported 
(Contreras 2019). Edge community detection (Faskowitz 2020; k-means algorithm k=2-20) was applied as in Chumin (2022), 
computing a group consensus partition, edge community similarity matrix, and node entropy.

Results: Functional connectivity (Fig1A) showed a qualitative weakening of connectivity in group averaged data. Network 
contingency analysis showed that AD had lower connectivity within 6/7 networks (excluding limbic; Fig1C shows frontoparietal 
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connectivity values by group) across multiple t-thresholds (p<0.0018, adjusted for 28 network blocks tested), and for 
interaction blocks that fell within primary (visual and attention) or heteromodal (frontoparietal and default mode; Fig1D) 
systems (Fig1B). Greater connectivity in AD was found in interaction blocks that connect the primary and heteromodal systems 
(Fig1E shows the frontoparietal-visual interaction). Multiresolution community detection derived agreement matrices showed 
a breakdown of organization across diagnosis (lower agreement) particularly in the higher order systems (frontoparietal 
and default mode, Fig2A). Similarity of consensus community partitions decreased with greater separation in diagnostic 
severity (Fig2B, oCN and MCI vs. AD). Edge community structure (Fig2C, lower triangles) supports this view of breakdown in 
organization, which can be seen in increasing between network similarity (Fig2C, upper triangles) and entropy (Fig2D).

Conclusions: These results show overlap with prior research (Contreras 2019), replicating the findings within the frontoparietal 
system. However, an opposite relationship for frontoparietal/default mode interaction among other di!erences were 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 373

ABSTRACTS

observed, perhaps due to the greater sample size compared to prior work. Findings with edge community detection support 
its application in future AD research. Our characterization of functional alterations in a Korean participant sample showed 
both overlap and discrepancy relative to prior literature in samples of European ancestry, reinforcing the need for population 
diversity when studying aging and prodromal AD.

References
1. Byun MS, Yi D, Lee JH, et al. (2017). Korean Brain Aging Study for the Early Diagnosis and Prediction of Alzheimer’s Disease: 

Methodology and Baseline Sample Characteristics. Psychiatry Investigation, 14(6):851-863.
2. Chumin, EJ, Risacher, SL, West, JD, Apostolova, LG, et al. (2021). Temporal stability of the ventral attention network and general 

cognition along the Alzheimer’s disease spectrum. Neuroimage: Clinical, 31:102726.
3. Chumin EJ, Faskowitz, J, Esfahlani FZ, Jo Y, et al. (2022). Cortico-subcortical interactions in overlapping communities of edge functional 

connectivity. NeuroImage, 250:118971.
4. Contreras, JA, Avena-Koenigsberger, A, Risacher, SL, West, JD, et al. (2019). Resting state network modularity along the prodromal late 

onset Alzheimer’s disease continuum. Neuroimage: Clinical, 22:101687.
5. Faskowitz, J, Esfahlani, FZ, Jo Y, Sporns, O, & Betzel, RF. (2020) Edge-centric functional network representations of human cerebral 

cortex reveal overlapping system-level architecture. Nature Neuroscience, 23(12):1644-1654.
6. Schaefer, A, Kong, R, Gordon, EM, Laumann, TO, et al. (2018). Local-global parcellation of the human cerebral cortex from intrinsic 

functional connectivity MRI. Cerebral cortex, 28(9), 3095-3114.
7. Weiner, MW, Veitch, DP, Miller, MJ, et al. (2023). Increasing participant diversity in AD research: Plans for digital screening, blood testing, 

and a community-engaged approach in the Alzheimer’s Disease Neuroimaging Initiative 4. Alzheimer’s Dement. 2023, 19:307–317.
8. Yeo BT, Krienen FM, Sepulcre J, et al. (2011). The organization of the human cerebral cortex estimated by intrinsic functional 

connectivity. Journal of Neurophysiology, 106(3):1125-1165.

Poster No 224

Inflammation in the white matter relates to core Alzheimer’s disease pathophysiological processes
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Introduction: In-vivo PET imaging studies have demonstrated neuroinflammation (microglia reactivity) in the neocortex of 
patients with Alzheimer’s disease (AD)1. However, the extent and implication of microglia reactivity in regions of the white 
matter remains unclear. Here, we explored microglia reactivity in the white matter using PET imaging of the translocator 
protein (TSPO)2,3 in relation to core AD biomarkers (amyloid [Aβ], tau, and astrogliosis), microstructural damage (fibre integrity 
and free water levels), and cognitive decline. We hypothesized that TSPO-PET signal is elevated in posterior white matter 
regions reflecting ongoing gliosis and tau pathology in AD.

Methods: Ninety-one participants were recruited from the Translational Biomarkers in Aging and Dementia (TRIAD) 
cohort (45% Aβ-positive, 39% cognitively impaired) with high-a"nity binding TSPO genotype. They underwent multi-shell 
di!usion-weighted MRI, PET imaging of TSPO (11C-PBR28), Aβ (18F-NAV4694), and tau (18F-MK6240), as well as plasma 
Aβ42/40, ptau181, ptau217, and ptau231. White matter regions were extracted using Freesurfer after masking out the white 
matter hyperintensities, and were eroded by 2mm3 to account for partial volume e!ects and lesion borders. For PET, we 
extracted uptake values using Petsurfer4 averaged in each of the lobar white matter regions (frontal, temporal, parietal, 
cingulate, occipital, and insular) and calculated standardized uptake value ratios (SUVR). For di!usion-MRI, we performed 
two-compartment modeling to di!erentiate between free water levels and tissue-specific fractional anisotropy (FAt) and 
mean di!usivity (MDt)5. For statistical analysis, we investigated the associations of lobar white matter TSPO-PET with each 
of the AD biomarkers, di!usion metrics, and cognition, adjusted for age, sex, and global cortical TSPO-PET. Longitudinally, 
we performed a linear mixed e!ects model of the interaction between time (up to 2 years) and baseline lobar TSPO-PET on 
cognitive decline, adjusted for age, sex, education, and cortical Aβ.

Results: Higher white matter TSPO-PET was observed with older age in all lobes and males showed frontal increases 
compared to females (p<0.05). In cognitively impaired individuals, TSPO-PET signals were elevated in occipital (p=0.01) 
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and temporal (p=0.02) white matter regions compared to controls. These occipital increases were associated with reactive 
astrogliosis quantified by plasma GFAP (p=0.011) and with neocortical higher-Braak tau quantified by PET (p=0.003-0.034 
for Braak3-4) or plasma ptau181 (p=0.014) (Fig.1A-B), but not with Aβ, ptau231 or ptau217. In addition, higher occipital TSPO-
PET was associated with lower fibre integrity (FAt, p=0.025), but not with free water content. Finally, in relation to cognition, 
higher occipital and parietal TSPO-PET was significantly associated with impaired memory (both delayed and immediate) 
and language, respectively, independent of Aβ (Fig.1C). Longitudinally, within the same patient, high white matter TSPO-PET 
uptake at baseline was significantly associated with favorable clinical outcome over time (Fig.1D).

Conclusions: Increased TSPO-PET uptake in posterior white matter may be a later-stage marker associated with astrogliosis, 
tau pathology, and cognitive dysfunction of the memory and language domains in AD. Importantly, individuals with the highest 
initial white matter TSPO-PET profile displayed a better clinical prognosis over time, in line with previous findings for TSPO-
PET in the cortex6. As such, microglia reactivity in the white matter could be a key mechanism of AD pathophysiological 
progression, serve as an indicator for assessing target engagement in clinical trials of anti-inflammatory drugs, and be 
employed in patient subtyping to identify individualized treatment approaches.
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Edith Gaspar Martínez1, Sarael Alcauter1

1Instituto de Neurobiología, Universidad Nacional Autónoma de México, Querétaro, México

Introduction: Detecting Mild Cognitive Impairment (MCI) in Parkinson’s Disease (PD) has proven valuable in identifying 
individuals at risk of developing dementia and has been described as an important risk factor for individuals in the prodromal 
stage of the disease (Hobson & Meara, 2015). Therefore, we aimed at characterizing the cognitive profiles of prodromal and 
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PD patients, and their brain morphology correlates, in a large sample of participants of the Parkinson’s Progression Markers 
Initiative Program (PPMI; Marek et al., 2011).

Methods: K-means clustering analysis was performed to identify distinct cognitive profiles in 551 PD patients (age: 63 ± 
9 years) and 361 prodromals (age: 64 ± 6 years), based on the normalized scores of the 7 cognitive domains assessed by 
the Montreal Cognitive Assessment at baseline. The optimal cluster structure was determined using validation methods 
implemented in the NbClust R package (Charrad et al., 2014). Volumetric quantification of cortical, subcortical, cerebellar, and 
ventricular regions was performed using AssemblyNet pipeline (Coupé et al., 2020) on T13D MRI brain images that survived 
visual and quantitative quality control (87.6%) using MRIQC (Esteban et al., 2017).

Results: Three distinct cognitive profiles were identified among PD patients: Cognitively intact (n=260), Mildly a!ected 
(n=239) characterized by low performance (0.45) in the episodic memory domain, and Mostly a!ected (n=52), with notably 
lower performances in the language, abstraction and episodic memory domains (0.66, 0.35 and 0.36, respectively). Similarly, 
the Prodromal cohort clustered into three comparable profiles: Cognitively intact (n=171), Mildly a!ected (n=124) with low 
performance (0.41) in episodic memory, and Mostly a!ected (n=66), with low performances in language and episodic memory 
(0.51 and 0.53, respectively). Demographic analysis revealed significant sex proportion di!erences among the participants 
with distinctive cognitive profiles in both cohorts. Only Cognitively intact and Mostly a!ected in the Prodromal cohort showed 
significant age di!erences. In the PD cohort, decreased left cerebellar volume in Mildly a!ected participants (p<0.05), and 
decreased total cerebellar white matter volume in the Mostly a!ected group (p=0.015), were identified when contrasting to 
Cognitively intact subjects. In the Prodromal cohort, overall decreased brain volume was evident in the Mostly a!ected group 
in contrast to the Cognitively intacts, with the right hemisphere being the most a!ected (p=0.017). Total cerebral white matter 
(p=0.018) and right cerebellar white matter (p<0.01) were significantly reduced in volume, while lateral ventricular volume was 
increased (p=0.012). Altered structures in the Mostly a!ected group of Prodromal participants were compared to a Control 
cohort without MCI (n=144) from the PPMI, also showing a volume reduction (p<0.01). Cognitively a!ected participants of 
the PD cohort showed no cerebellar volume di!erences compared to the Control cohort. All p values were FDR-corrected 
(q < 0.05).
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Conclusions: Similar cognitive profiles observed in both Prodromal and PD cohorts suggest the presence of comparable 
cognitive deficits in these individuals, being the PD patients and the episodic memory domain the most a!ected. Specific 
brain volume alterations were evident, particularly a reduction in cerebral and cerebellar white matter volume in the most 
cognitively a!ected participants. Interestingly, the prodromal cohort showed the greatest morphological di!erences, 
suggesting that PD involves diverse morphological alterations (volume increments and decrements)(Pieperho! et al., 2022) 
that result in less evident di!erences between cognitive profiles. These results highlight the relevance of correlating clinical 
features and structural brain properties to better characterize the complex alterations in both prodromal and PD patients, 
potentially identifying risk factors and early brain changes before the onset of the disease.
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Introduction: Pooling data from multiple sites in neuroimaging studies enhances sample size, statistical power, and 
reproducibility1. Multi-study analyses require harmonization approaches to adjust for measurement variability in MRI 
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acquisition protocols across studies. Statistical harmonization is often a first step after pooling subject level imaging features 
derived from raw scans across data collection sites2. This harmonization is often applied with respect to controls, and in 
studies that also include ‘cases’, the resulting harmonization parameters are then applied to the cases3. Some studies focus 
exclusively on variations within cases and lack controls, making harmonization challenging. To address this, we propose 
creating synthetic control T1-weighted (T1w) MRI for a target dataset by harmonizing the “style” of control images to that of 
target dataset ‘cases’. We used ComBat-GAM4 to statistically harmonize regional brain volumes across multiple Alzheimer’s 
disease (AD) case/control datasets. We compared the e!ects of using either true or synthetic control T1w MRI brain volumes 
for statistical harmonization on resulting clinical associations.

Methods: The AD datasets (Fig 1A) analyzed in this study were ADNI1, OASIS3, NACC and AIBL. 272 T1w MRI controls from 
OASIS1 and UK Biobank were age- and sex-matched to AIBL dementia cases (aged 60-81 years). We then created synthetic 
T1w control data for AIBL by harmonizing the “style” of OASIS1 and UKB images to AIBL dementia T1w. True AIBL control T1w 
images were used for validation. All T1w images were bias field corrected, skull-stripped using HD-BET5, registered to MNI 
template using FSL’s flirt6 command with 9 degrees of freedom, and then zero-padded to 256x256x256 voxels. After “style” 
harmonization, images were moved back to subject space. Regional volumes for the thalamus, hippocampus, amygdala, 
putamen, caudate, accumbens, pallidum and ventricles were extracted from the T1ws for all datasets using FastSurfer7. 
Two ComBat-GAM harmonization models were trained with control volumes from ADNI1, OASIS3, NACC and either true or 
synthetic control volumes from AIBL. Site was used as the batch e!ect with age, sex and intracranial volume (ICV) covariates; 
age was specified as a nonlinear term. Linear mixed models were run to compare AIBL AD subcortical volumes to either 1) 
true AIBL, 2) synthetic AIBL, or 3) the original unharmonized OASIS and UKB control volumes. Linear regressions were also 
performed to compare control and AD subcortical volumes across ComBat harmonized studies; again, the use of AIBL true vs 
synthetic volumes was compared. Finally, we evaluated associations between ApoE4 count (0/1/2) and harmonized subcortical 
measures within the AD population; AD data was harmonized using either true or synthetic control volumes for comparison. All 
regressions included age, sex, ICV as fixed e!ect covariates.
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Results: Results are shown in Fig 2. In AIBL, AD cases had lower bilateral hippocampal volumes compared to both true and 
synthetic control participants (p=1.1x10^-13 for true, p=2.6x10^-10 for synthetic). A paired t-test comparing pooled case-control 
e!ect sizes across all volumes when using true or synthetic AIBL control data was not significant (p=0.62) showing that both 
sets of regressions had similar results. Bilateral amygdala volume was found to be significantly associated with ApoE4 count 
in pooled AD participants, when true AIBL (r=-0.18; p=0.002) and synthetic AIBL control volumes (r=-0.19; p=0.003) were used 
for ComBat.
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Conclusions: This work is preliminary and has several limitations. We only evaluated synthetic controls in the case of AD, 
where the e!ect of neurodegeneration is more evident than in mood disorders or other psychiatric conditions. We performed 
a case-control analysis for validation, yet the primary objective of this work is to better allow for statistical harmonization of 
case-only datasets for case-only statistical analyses and avoid over-correction.
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Introduction: The behavioural variant of frontotemporal dementia (bvFTD) is a younger-onset dementia syndrome 
characterised by early atrophy of frontoinsular cortices, manifesting in profound socioemotional and behavioural disturbances 
(Rascovsky et al., 2011). With disease progression, atrophy gradually progresses into anterior temporal and subcortical regions 
(Landin-Romero et al., 2017). Converging evidence from correlational, data-driven, and computational approaches indicates 
large-scale network-degeneration in bvFTD. While the insula is commonly implicated, it remains unclear whether insular 
atrophy causally impacts progressive large-scale structural network alterations in this population.

Methods: To determine disease stage-specific grey matter atrophy in bvFTD, 82 patients were classified into very mild/mild 
(n=35), moderate (n=30), and severe (n=17) disease stage according to the FTLD-modified Clinical Dementia Rating (FTLD-
CDR) scale (Miyagawa et al., 2020). Then, whole-brain voxel-based morphology (VBM) analysis was performed by CAT12 
software to measure grey matter volume of all participants. Two-independent sample t-tests were used to compare grey 
matter volume between each bvFTD subgroup and corresponding healthy control groups matched for sex distribution, age, 
and education. These results were FDR-corrected at the voxel level (P < 0.005; k=300). To determine the potential causal 
e!ects of anterior insula on network-based atrophy in bvFTD, the grey matter maps of all bvFTD patients were ranked from 
low to high based on the FTLD-CDR sum of boxes score, supplemented by carer-rated behavioural changes on the Cambridge 
Behavioural Inventory. This enabled us to attribute “time-series” information to the cross-sectional structural imaging data. 
The left anterior insula was determined as the seed region, based on it being the most atrophied region in the overall bvFTD 
group (n=82) compared to controls (n=80). Using the REST software, the voxel-wise causal structural covariance network 
(CaSCN) was constructed to map anterior insula-driven structural network atrophy (Zhang et al., 2017). The CaSCN analysis 
was FDR-corrected at the voxel level (P < 0.01; k=300). Sex, age, education, total intracranial volume and scanning site were 
controlled as covariates in the above analyses. The di!erence between the FTLD-CDR scores across the neighbouring 
pseudo time points was additionally controlled for in the CaSCN analysis.

Results: Patients in the very mild/mild disease burden stage showed predominant atrophy of frontotemporal (e.g., insula, 
temporal pole, middle frontal gyrus), limbic (e.g., hippocampus, amygdala), and subcortical (e.g., putamen, nucleus accumbens) 
brain areas. The moderate disease stage patients displayed widespread atrophy, extending to the middle cingulate, 
paracingulate gyri, and the thalamus, while the severe disease stage patients, extending from the frontotemporal and 
paracingulate/thalamic atrophy to more posterior brain regions, like the fusiform gyrus and Crus I of cerebellum. Importantly, 
our CaSCN analysis uncovered that grey matter atrophy progressively spreads from the left anterior insula to the dorsolateral 
prefrontal cortex, precuneus, lingual gyrus, posterior middle temporal gyrus, fusiform.

Conclusions: Our findings suggest that atrophy of the anterior insula plays a central role in driving the progressive atrophy 
commonly seen in bvFTD, spreading to key regions in the executive control network and default mode network. The current 
study shed light into the network spread mechanism in terms of the causal influence of anterior insula atrophy on progressive 
brain atrophy in bvFTD.
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Introduction: Altered brain structure and function have been implicated in the pathophysiology of Alzheimer’s dementia (AD), 
mild cognitive impairment (MCI), and other neurodegenerative diseases. Identifying neurobiological di!erences between 
patients with impaired cognitions and healthy individuals has been a majority of clinical neuroscience for decades. However, 
recent meta-analyses have raised concerns regarding the replicability and clinical relevance of brain alternations, especially 
for the stage of MCI. The present study aimed to quantify the upper bounds of univariate e!ect sizes across neuroimaging 
modalities and to evaluate the predictive value of the maximum e!ect variables in MCI progression.

Methods: Participants from two independent datasets were included in the present study, including AD, MCI patients, 
and healthy controls with normal cognition (NC). Univariate statistical e!ect size, distribution overlapping coe"cient, and 
classification accuracy were calculated for metrics derived from T1w structural imaging, di!usion MRI, resting-state functional 
MRI, and brain connectome. After determining the maximum e!ect variable, we further performed the Kaplan Meier analyses 
and Cox proportional hazards regression analyses to estimate the predictive value of this regional index and its hemispheric 
asymmetry in the progression of MCI.

Results: A total of 2689 participants from two independent datasets (MCADI and ADNI) were included in the present study, 
including 682 AD patients, 1067 MCI patients, and 940 NC adults. Using the general linear model, we found the regional 
gray matter volume (GMV) of the caudal hippocampus (cHipp) exhibited the highest e!ect size in di!erentiating AD, MCI, and 
NC participants (MCADI dataset: partial η^2 = 0.35 [95%CI: 0.32~0.39], false discovery rate [FDR]-corrected P = 1.79×10^-95; 
ADNI dataset: partial η^2 = 0.24 [95%CI: 0.21~0.27], FDR-corrected P = 2.69×10^-79). Based on the longitudinal follow-up of 
ADNI, MCI participants were divided into three gro×ups, including stable (sMCI, n = 399), reversion to NC (rMCI, n = 23), and 
progression to AD (pMCI, n = 164). Among three groups of MCI, significant group di!erences were observed in the cognitive 
performance at baseline (FDR-corrected Ps < 0.05). Furthermore, the probability of progression to dementia was much greater 
in MCI patients with hemispheric asymmetry of cortical atrophy in the cHipp (P = 0.0005). Cox proportional hazards regression 
analysis revealed that the lateral coe"cients of cHipp had the highest Hazard Ratio (HR = 7.79, 95% CI: 1.81~33.55, P = 0.006) 
than the regional GMV of the bilateral cHipp.
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Conclusions: Results of this case-control study suggest that cortical atrophy in the hippocampus was the most significant 
univariable in di!erentiating AD, MCI patients, and cognitively healthy individuals in two dependent datasets. Hemispheric 
asymmetry of hippocampal atrophy exhibited a remarkably significant ability to reveal the longitudinal progression from MCI to 
dementia, which may serve as a valuable reference for future research on the prediction of MCI progression. Behavioral and 
socioemotional measures are needed to understand hemispheric asymmetry in AD.
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Introduction: Frontotemporal dementia (FTD) is a complex disorder marked by substantial clinical, genetic, and pathological 
variations. Clinical presentations include behavioral changes and/or language impairment1. Heterogeneity poses a significant 
challenge for treatment development, emphasizing the need for precise biomarkers to track disease progression. Despite 
advancements, current biomarkers demonstrate notable variability among FTD variants, constraining their individual utility 
in disease staging. Our study bridges this gap by incorporating a multitude of biomarkers in progression modeling. We 
employ the contrastive trajectory inference (cTI) algorithm2 to analyze multi-modal features in FTD. This approach o!ers 
a comprehensive exploration of disease staging, leveraging neuroimaging data to uncover complex patterns. Unlike 
previous FTD investigations that frequently oversimplify progression with a single disease trajectory assumption, our model 
acknowledges the potential existence of multiple disease trajectories.

Methods: Our study utilized a dataset obtained from the Genetic Frontotemporal dementia Initiative (GENFI), comprising 922 
MRI scans from individuals with genetic FTD and 630 scans from healthy controls. The T1w and T2w scans of all participants 
were processed using the MINC toolkit in order to measure white matter hyperintensities3. Additionally, cortical thickness 
measurements were obtained through Freesurfer v7.1.14. Post image processing, data harmonization was achieved through 
the application of the COMBAT algorithm5, and data standardization was performed by calculating z-scores. Subsequently, we 
employed the cTI method which is an unsupervised machine learning algorithm for staging and subtyping high dimensional 
data. This process commenced with feature selection and dimension reduction facilitated by contrastive principal component 
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analysis. Trajectory assignment was achieved through the utilization of a minimum spanning tree, wherein subjects were 
categorized into distinct disease trajectories, and a corresponding disease score was calculated for each individual. Validation 
of our staging methodology was conducted through the comparison of disease scores with key clinical metrics. Furthermore, 
we employed power analysis to determine the necessary sample size for clinical trials utilizing our disease score, and we 
conducted a comparative analysis with commonly utilized clinical scores.

Results: Robust correlations (p<0.001) were observed between disease scores and critical clinical measures, including scores 
of MMSE (r=-0.45), Digit Symbol Substitution Test (r= -0.40), Boston Naming Test (-0.41), Verbal Fluency Task (r=-0.30), MiniSEA 
test (r=-0.29), and Trail Making Test (r=0.43). Notably, disease score exhibited a significant correlation with the estimated year 
of onset (p<0.001). Subtyping analysis identified three distinct categories: healthy controls, and two subtypes among FTD 
mutation carriers. Our power analysis revealed a significant reduction in required sample size when utilizing our cTI disease 
score as opposed to relying on clinical and neuropsychological scores.

Conclusions: Employing a data-driven method on neuroimaging data, we were able to derive individualized disease scores 
within a heterogenous group of individuals with FTD. Calculated disease scores exhibited correlations with a comprehensive 
array of clinical and neuropsychological assessments, including evaluations of behavioral symptoms, attention, memory, 
language, and executive functions. The encouraging indications from our findings suggest that data-driven approaches on 
neuroimaging features hold promise as an e!ective method for personalized assessment in patients and disease monitoring in 
clinical trials. Specifically, our cTI score demonstrated its value in guiding the planning of clinical trials for FTD. Future work will 
delve into the factors influencing subtypes, providing valuable insights for personalized interventions in the realm of FTD.
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Reduced structural connectivity underlies dementia in Lewy Body disease
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Introduction: There is continued debate over whether Dementia with Lewy Bodies (DLB) and Parkinson’s Dementia (PDD) 
should be considered as a disease spectrum within Lewy Body Dementia (LBD) or as separate diseases. DLB and PDD 
have shared pathology of Lewy bodies containing alpha synuclein and shared symptoms of parkinsonism, hallucinations 
and fluctuations. Di!usion MRI has potential to examine di!erences between these groups, if present, as axonal changes 
are amongst the earliest changes in LBD. Di!usion weighted imaging has shown reduced fractional anisotropy in visual 
association, posterior temporal and posterior cingulate areas for DLB compared to PDD [Lee et al., 2010]. To date, structural 
connectivity has not been compared between PDD and DLB.

Methods: We performed di!usion MRI and clinical assessments in 39 PD, 14 PDD and 31 DLB patients and in 21 age-matched 
controls. Di!usion MRI images were pre-processed using Mrtrix3 including denoising, removal of ringing artefacts, eddy 
current correction, motion correction and bias-field correction. Di!usion-weighted images were upsampled to a spatial 
resolution of 1.3mm3 [Andersson et al., 2016]. Fibre orientation distributions for each participant were computed using 
multishell 3-tissue-constrained spherical deconvolution using the group-average response function for each tissue type. 
Anatomically constrained tractography was performed with 10 million streamlines [Smith at al., 2012] and filtered using SIFT 
to reduce bias. The resulting tractogram was converted into a connectivity matrix, with 232 regions of interest generated by 
segmenting the participant’s T1 weighted imaged using the 200 cortical [Schaefer et al., 2018] and 32 subcortical regions [Tian 
et al., 2020]. Network-based statistics (NBS) [Zalesky et al., 2010] was used to test di!erences between groups: a general 
linear model was constructed, with PD/LBD, control/LBD and PDD/DLB as contrasts of interest. Associations with cognitive 
and motor scores were also tested. Permutation testing (5000 permutations) with unpaired t-tests was performed, and a test 
statistic calculated for each connection. Each comparison was age-corrected and thresholded at T = 3.1, PFWE <.05

Results: The ages of the PDD (mean = 73.6 (6.9), 10 male), DLB (mean = 71.5 (5.5), 28 male) and control (mean age = 73.3 
(5.8), 11 male) groups did not di!er significantly, but the PD group (mean = 67.9 (5.4), 16 male), were younger than the PDD and 
DLB groups (p=.001). The PDD and DLB groups contained more men than both the PD (p <.001) and control groups (p= .002). 
MoCA score did not di!er between PDD (23.1) and DLB (21.3). As expected, the MoCA score was reduced for the combined 
LBD group compared to PD (28.6) and controls (28.8, p<.0001 for both). UPDRS-III did not di!er significantly between PDD 
(32.9), DLB (34.4) and PD (26.2) groups. No di!erences in structural connectivity were observed between PDD and DLB. 
Using network-based statistics, a combined LBD group, consisting of PDD and DLB, showed reduced connectivity compared 
to PD in a network consisting of 89 nodes and 118 edges (PFWE = .009, Figure 1A). Reduced connectivity was also shown 
for LBD relative to controls in a network of 160 nodes and 273 edges (PFWE = .008, Figure 1B). Across all patient groups, a 
network of 459 nodes and 196 edges showed a significant association with MoCA score (PFWE = .02, Figure 2). There were no 
di!erences in structural connectivity associated with UPDRS-III score across patient groups.
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Conclusions: We report a widespread network of reduced connectivity in LBD, compared to both PD and controls. Cognitive, 
but not motor scores were also associated with structural connectivity changes. We found no di!erences between PDD and 
DLB groups but may have lacked power to detect these in the current analysis. In future, structural and functional connectivity 
could be examined in combination, to further our understanding of connectivity changes in LBD.
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Introduction: Understanding the factors that a!ect the pathophysiological progression of Alzheimer’s disease (AD) is crucial 
for determining the ideal timing and targets for treatment in each AD patient. One of these factors, the Apolipoprotein E 
ε4 allele (ApoE4), carried by 40-60% (Ward, Crean et al. 2012) of sporadic AD patients, has been associated with quicker 
spreading of amyloid beta (Aβ)-related tau at lower Aβ levels (Steward, Biel et al. 2023). However, the specific mechanisms 
driving this connection remain unclear. The major aim of this project was to understand how ApoE4 influences the 
pathological pathway of tau processes that lead to Aβ-related tau aggregation. Methods The influence of ApoE4 on the 
connection between tau hyperphosphorylation and aggregation in relation to Aβ levels was examined through the cross-
sectional analysis of CSF phosphorylated tau (P-tau/Aβ40) with tau- and Aβ-PET in 284 APOE genotyped cognitively normal 
and mildly cognitively impaired subjects from ADNI.

Methods: The influence of ApoE4 on the connection between tau hyperphosphorylation and aggregation in relation to Aβ 
levels was examined through the cross-sectional analysis of CSF phosphorylated tau (P-tau/Aβ40) with tau- and Aβ-PET in 
284 APOE genotyped cognitively normal and mildly cognitively impaired subjects from ADNI.

Results: Findings demonstrated that ApoE4 did not moderate the relationship between Aβ-PET and P-tau/Aβ40 (Fig2.A, 
β=-0.03, p=0.69) but significantly moderated the relationship between P-tau/Aβ40 and Tau-PET (Fig2.B, β=0.72, p<0.001). 
Furthermore, we confirm the previously observed mediation e!ect of P-tau/Aβ40 on Aβ-related tau aggregation (Fig2.C, 
ACME: B=0.28; p<0.001; ADE: B=0.206; p=0.008) and found this to be moderated by ApoE4 (B=0.21, p=0.006).
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Conclusions: Results indicate that ApoE4 plays a role in the aggregation phase of tau but does not influence the level of 
Aβ-related tau phosphorylation and p-tau secretion. Furthermore, the moderated mediation analysis indicates that ApoE4 
carriers experience faster tau spreading at lower Aβ levels due to ApoE4 enhancing Aβ-related aggregation of soluble tau 
into neurofibrillary tau tangles. These findings promote soluble tau as a potential therapeutic target in ApoE4 carriers to help 
prevent extensive tau aggregation across the cortex and therefore cognitive decline and dementia.
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White matter microstructure alterations in Huntington’s disease: a cross-species study
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Introduction: White matter (WM) changes have been observed in Huntington’s Disease (HD) 1, but their etiology is unclear. 
Here, we present cross-species work aiming to better understand such changes. Firstly, we assessed WM microstructure in 
HD patients with ultra-strong gradients 2. We combined di!usion tensor (DT)-MRI, with the magnetization transfer ratio (MTR) 
as proxy measure of myelin 3, and the restricted di!usion signal fraction (FR) from the Composite Hindered and Restricted 
Model of Di!usion (CHARMED) 4, as proxy measure of axon density 5. Then, we assessed WM microstructure in the R6/1 HD 
mouse model using ex vivo MRI. We complemented DT-MRI with FR from CHARMED, and the macromolecular proton fraction 
(MPF) as proxy measure of myelin 3. Finally, we used light microscopy (LM) and transmission electron microscopy (TEM) in 
age- and sex-matched cohorts of R6/1 mice to gain insight into the neurobiological basis of imaging results.

Methods: Human Imaging: 25 premanifest patients and 25 age- and sex-matched healthy controls (HC) scanned in a 300mT/m 
3T MRI scanner (MAGNETOM Skyra CONNECTOM) with multi-shell di!usion and magnetisation transfer. We computed FA, 
AD, RD, FR and MTR as described in 8. WM microstructure was assessed across the corpus callosum (CC). Automated CC 
segmentation was performed using TractSeg6 and multi-shell constrained spherical deconvolution (MSMT-CSD)7. 7 segments 
were delineated. Principal component analysis (PCA) was used to extract a ‘magnetization transfer’ and a ‘axon density’ 
component. Whole-brain microstructure was inspected with tract-based cluster analysis (TBCA)8. Rodent Imaging: 8 R6/1 
and 7 wildtype (WT) mice scanned at 9.4T (Bruker Biospin) at 16 weeks of age with multi-shell di!usion and quantitative 
magnetization transfer. FA, AD, RD, and FR maps were computed using the same approaches as the ones used for the human 
data. MPF maps were obtained as described in 9. Microstructure was assessed in the CC genu, body, and splenium. MSMT-
CSD7 was performed and fibres were reconstructed interactively10. Tract-based spatial statistics (TBSS) were used to examine 
brain-wise WM microstructure. Microscopy: LM was used to visualize neurofilament light (NF-L) and myelin basic protein (MBP) 
in the CC genu, body, and splenium (N=9 WT and N=9 R6/1 mice). Thickness and area fraction were quantified. For TEM, 
diameter and g-ratio of myelinated axons were assessed in 5 CC regions (N=3 WT and N=3 R6/1 mice).

Results: We detected lower MTR in the isthmus of patients (tractometry: p=0.03; TBCA: p=0.03) and higher in the rostrum 
(tractometry: p=0.02). MTR and CAG size in patients were positively associated in all CC segments (all p<0.01). Patients had 
higher FR in the cortico-spinal tract (p=0.03). FR increases (p=0.03) and MPF decreases (p=0.05) were detected in the CC 
of R6/1 mice. TBSS uncovered increases in FR and some decreases in MPF beyond the CC. Increased NFL and decreased 
MBP staining were detected in R6/1 mice. R6/1 mice had a thinner CC body (p<0.05) and splenium (p<0.05). A reduced g-ratio 
was detected in R6/1 mice (p=0.05), reflecting a thinner axonal diameter (p<0.05) and greater frequency of thinner axons. No 
di!erence in myelin thickness was observed.

Conclusions: We detected increased FR in both HD patients and HD mice, likely reflecting disruptions in axonal morphology 
(i.e., less complex, thinner axons ) and organization (i.e., more densely packed axons). Our findings point to the potential of FR 
as cross-species MRI marker of axonal changes in HD. Our findings also suggest a link between myelin alterations and the 
disease mutation and show that early in disease progression WM changes are associated with a reduction in myelin proteins 
without alterations in myelin sheath structure.
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Grey matter atrophy, functional connectivity and behavioral signatures of mild cognitive impairment
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Introduction: Mild Cognitive Impairment (MCI), a common pathology among older adults (10-20% of 65 years old and more1), 
represents a cognitive state between normal aging and dementia. This minor age-related loss of cognitive ability does not 
importantly impact daily life functioning. Cognitive impairments (memory, attention, spatial orientation, or executive functions2) 
and increased fall risk occur. While a minority of MCI patients may stay stable or recover to some extent3, most convert to 
dementia3,4. Yet, regular cognitive training can boost or maintain cognitive and brain functions. Music or psychomotor training 
has been associated with cognitive benefits in MCI patients5,6. This study is part of a randomized controlled trial comparing 
the influence of those interventions on brain and behavior over 6 months in MCI patients7. Here, we take advantage of trial 
baseline data to independently evaluate behavioral, grey matter volume, and resting-state functional connectivity di!erences 
between a group of 32 MCI patients and 17 gender- and age-matched controls at baseline.

Methods: 60-80 years old participants were recruited (MCI: 71.2 ± 7.2 years old, 66% Ƃ; controls: 70.7 ± 4.5 years old, 71% Ƃ). 
MCI diagnosis was performed by hospital memory clinics, excluding serious physical/mental comorbidities (Mini-Mental State 
Examination < 24 or Montreal-Cognitive-Assessment-Test < 18, Hospital Anxiety and Depression Scale < 15). We evaluated 
group di!erences in 1 questionnaire and 7 behavioral tests, including the COGTEL8, a global measure of cognitive function 
covering prospective memory, short- and long-term verbal memory, working memory, verbal fluency, and inductive reasoning. 
3 T Siemens Magnetic Resonance Imaging (MRI) data acquisition included structural imaging (MP2RAGE, 1 mm isotropic voxel 
size) and resting-state functional MRI (2.5 mm isotropic voxel size, repetition time = 1.350 s, 440 volumes). Whole-brain voxel-
based morphometry (grey matter volume maps) and seed-based functional connectivity were computed with SPM12 CAT12 
and CONN toolboxes, respectively. We selected 9 seeds based on the results of a meta-analysis of MCI correlates9. Multiple 
comparison corrections were applied in all analyses.

Results: We report significant lower performances in MCI patients as compared to healthy controls for the COGTEL weighted 
score (Figure 1, MCI patients: 21.97 ± 7.6, controls: 32.5 ± 7.9, F(39) = 18.31, p < 0.0002), the Trail-Making Test A (MCI patients: 
60.5 ± 33.5, controls: 38.4 ± 7.6, χ2(1) = 8.7, p < 0.003) and B (MCI patients: 129.3 ± 62.7, controls: 83 ± 17.6, χ2(1) = 6.4, p < 0.02, 
increased time indicates lower performance), the D2-R correct target score (MCI patients: 78.5 ± 35.2, controls: 118.9 ± 19.0, 
F(39) = 17.6, p < 0.0002), the binaural speech in noise perception (MCI patients: -4.3 ± 1.1, controls: -6.0 ± 1.36, F(29) = 12.8, 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 391

ABSTRACTS

p < 0.0002, lower SRT indicates better performance) and the right foot unilateral balance test performance (MCI patients: 
18.7 ± 15.8, controls: 56.3 ± 47.7, F(36) = 8.2, p = 0.006). The analysis of GM volume in MCI patients as compared to healthy 
controls (C > MCI) revealed a widespread pattern of atrophy in patients (Figure 2, p < 0.001, uncorrected, k = 150 voxels). 3 
clusters centered on the left, right hippocampus, and the mid cerebellum are significant at p < 0.05 FWE (cluster-level). Finally, 
decreased functional connectivity associated with 3 seeds, corresponding to the left angular gyrus, left inferior temporal 
gyrus, and left putamen (Figure 2, p < 0.05 FDR), was detected in patients as compared to controls.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 392

ABSTRACTS

Conclusions: These results enrich the anamnesis of MCI cognitive deficits and confirm the importance of the inferior temporal 
lobe in MCI pathology. Further evaluation of relationships between behavior, grey matter volume, and functional connectivity 
will be performed in the hope of refining MCI diagnosis and establishing new psychometric/neural biomarkers.
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No increase in deep-brain grey matter magnetic susceptibility observed over the Parkinson’s disease

George Thomas1, Naomi Hannaway1, Angeliki Zarkali1, Karin Shmueli2, Rimona Weil1,3,4

1Dementia Research Centre, UCL, London, UK, 2Department of Medical Physics and Biomedical Engineering, UCL, London, UK, 
3Wellcome Centre for Human Neuroimaging, UCL, London, UK, 4Movement Disorders Consortium, UCL, London, UK

Introduction: Magnetic susceptibility measured using quantitative susceptibility mapping (QSM) has previously been 
shown to be sensitive in detecting disease related changes in Parkinson’s disease (PD). However, whether QSM can be 
used to track disease progression in PD is not known. Here, we present a 3-year longitudinal study of voxel-wise magnetic 
susceptibility in PD.

Methods: 59 PD participants within 10 years of diagnosis were recruited from October 2017 to December 2018. All subjects 
were seen again after an average interval of 38.5±4.4 months (mean±SD). Imaging at both timepoints comprised single 
echo susceptibility-weighted spoiled GRE scans and anatomical MPRAGE scans. For QSM pre-processing, phase images 
were unwrapped using a rapid path-based based minimum spanning tree algorithm [Dymerska et al., 2021] and brain masks 
calculated using BET2. Background field removal was completed with Laplacian boundary value extraction [Zhou et al., 2014] 
and 3D polynomial residual fitting. Susceptibility maps were estimated using Multi-Scale Dipole Inversion [Acosta-Cabronero 
et al., 2018]. A study-wise template was created from native space T1 images across both timepoints using a previously 
optimised routine [Acosta-Cabronero et al., 2017]. QSM images were transformed into this space. For voxel-wise whole brain 
analyses, standardised images were spatially smoothed using a 3mm Gaussian kernel, requiring the use of absolute QSM to 
improve statistical conditioning [Betts et al., 2016]. To investigate changes in susceptibility between visits, single-group paired 
t-tests in the form of permutation analyses (adjusted for age, sex, and time between scans) were performed using randomise 
and threshold-free cluster enhancement in FSL. Significant clusters were inferred from 10,000 permutations and reported at 
family-wise error (FWE)-corrected P<0.05. ROI analyses using both absolute and signed QSM were carried out to probe the 
relative contribution of diamagnetic and paramagnetic susceptibility sources to the interactions observed throughout the 
brain, and to further investigate regions commonly implicated in PD. The following ROIs were segmented from the anatomical 
template: substantia nigra pars compacta (SNpc) and pars reticulata (SNpr), dentate nucleus, red nucleus, caudate nucleus, 
putamen, globus pallidus, insular cortex, pars opercularis, middle temporal gyrus, precentral gyrus, and rostral middle frontal 
cortex. In R, linear mixed models were fitted at each ROI to investigate the e!ect of follow-up time on magnetic susceptibility 
(adjusted for age at baseline and sex). ANOVAs determined test-statistics for each model, p-values were FDR adjusted across 
the 12 ROIs.

Results: Voxel-wise analysis revealed increased absolute magnetic susceptibility at follow-up relative to baseline in the left 
precentral gyrus, left middle frontal cortex and right middle temporal gyrus in PD (PFWE<0.05, Fig 1). Post-hoc ROI analyses 
investigating both signed and absolute susceptibility corroborated the pattern seen at whole brain, with no significant 
increases observed in the iron-rich deep brain nuclei. Moderate increases in absolute susceptibility were seen in the pars 
opercularis, middle temporal gyrus, precentral gyrus, and rostral middle frontal cortex (PFDR<0.05, Fig 2). However, no 
such relationships were observed for signed susceptibility, suggesting these changes were not driven by gross increases in 
cortical iron.
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Conclusions: We present the first voxel-wise longitudinal study of magnetic susceptibility in PD. We report no increases 
in magnetic susceptibility over a 3-year period of the iron-rich deep brain nuclei commonly associated with PD. We find 
sparse changes in cortical magnetic susceptibility over time that are unlikely to be driven by increases in iron. In future, 
sequences sensitive to other tissue measures, such as multiparameter maps, or amyloid PET-CT, could be used to enrich our 
interpretation of magnetic susceptibility changes in PD.
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Resilience of brain networks after stroke: Impact of new events on specialization and integration
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Introduction: Recurrent strokes are frequent, occurring in up to 10 % of patients within 3 months of the initial event. Whether 
and how the brain reorganizes to limit the consequences of a second event is largely unknown (van Assche et al, 2022). 
In fact, most studies investigating the physiological changes that occur after stroke have focused on the neural correlates 
of recovery, disregarding in turn, the processes that may increase brain resilience to further attacks. Here we used a large 
dataset of first-time stroke patients with resting-state connectivity assessed at three time-points within 1 year of stroke to 
determine how brain networks reconfigure to prevent the consequences of new lesions.

Methods: 75 first-time stroke patients and 18 healthy controls were included from a large dataset of stroke patients (Corbetta 
et al, 2015). Gradient echo EPI resting-state functional images and T1 structural images were obtained in healthy subjects, 
and at three time-points in patients: within 1-2 weeks (TP1), at three months (TP2) and at one year (TP3). After atlasing brain 
images using the Brainnetome atlas (Fan et al, 2016), connectivity matrices were built for each control, patient and time-
point by computing Pearson correlations. We investigated resilience to recurrent strokes by evaluating changes in two graph 
metrics that capture network integration (global e"ciency) and specialization (modularity)(Rubinov et al, 2010). Virtual lesions 
were applied to patients and controls’ connectivity matrices by removing Brainnetome regions that had at least 50% overlap 
with lesion masks from 122 stroke patients taken from the present cohort and an additional in-house cohort of stroke patients 
(Klug et al, 2021). Global e"ciency and modularity were recalculated following node deletion. We defined resilience (R) as 
the di!erence between pre- and post-virtual lesion measures. R was computed and normalized to the controls’ mean R, to 
yield Rnorm values for each metric. Mixed linear models were built to statistically compare controls and patients at all three 
time-points. FDR correction was applied for multiple comparisons. Lesion and patient-specific modulators of brain resilience 
after virtual strokes were evaluated by building a mixed linear model with lesion size, site, side, patient age handedness, 
gender and acute NIHSS (a clinical stroke scale) as fixed factors and either Rnorm(global e"ciency) or Rnorm(modularity) as 
dependent variable.

Results: We observed increased resilience in brain networks of stroke patients, with a lower impact of virtual lesions on global 
e"ciency and modularity. Rnorm(global e"ciency) was significantly higher in patients at TP1 (0.133, p=0.04) and TP2 (0.135, 
p=0.04) but not TP3 (0.023, p= 0.854), compared to controls (0.000). Similarly, Rnorm(modularity) was higher in patients at TP1 
(0.661, p<0.001), TP2 (0.316, p=0.073) and TP3 (0.456, p=0.007), compared to controls (0.000). Lesion side, lesion site, patient 
age, acute NIHSS, gender and handedness modulated resilience to recurrent virtual strokes, but not lesion size.

Conclusions: Network reorganization after stroke strengthens resilience to recurrent lesions. More specifically, this 
reconfiguration limits the impact of recurrent virtual lesions on integration and specialization of brain networks. Both lesion 
and patient-specific characteristics modulated resilience. These results suggest that specific reorganization features in brain 
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network architecture after stroke are not only associated with clinical improvement but also with reinforcement of resilience of 
brain networks to future lesions.
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Distribution of amyloid Beta and Its Influence on Neuropsychiatric Symptoms in Parkinson’s Disease
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Introduction: Parkinson’s disease (PD) is traditionally categorized as a subcortical disorder originating from alpha-synuclein 
accumulation along the dopaminergic pathway, resulting in prominent motor symptoms. However, broadening this viewpoint, 
individuals with PD exhibit not only motor symptoms but also neuropsychiatric and cognitive symptoms. These non-motor 
manifestations suggest potential alterations in cortical involvement with subcortical connections. However, the correlation 
between the prevalence of these non-motor features and alpha-synuclein was found to be inconsistent. Consequently, 
this study adopts a novel approach by investigating the role of amyloid beta in the non-motor comorbidities of PD. This 
research aims to elucidate the amyloid burden associated with PD in relation to neuropsychiatric symptoms. Firstly, the study 
demonstrates the pattern of amyloid accumulation in PD patients using F-18 Florbetaben (FBB) PET imaging. This study also 
explores white matter microstructural changes in the amyloid-positive PD using di!usion tensor imaging (DTI).

Methods: We acquired FBB PET and T1-weighted MR images from 137 idiopathic Parkinson’s disease patients, categorized 
into 112 amyloid beta-negative and 25 amyloid beta-positive cases. Each patient underwent FBB PET, T1-weighted MR, and 
di!usion tensor imaging. Additionally, they went through cognitive assessments, including the Korean Mini-Mental State 
Examination (K-MMSE) and Seoul Neuropsychological Screening Battery (SNSB), while behavioral and psychiatric features 
were evaluated with the Neuropsychiatric Inventory (NPI) and Mild Behavioral Impairment (MBI) score. Utilizing Desikan-
Killiany-Tourville (DKT) cortical labeling and Freesurfer subcortical segmentation protocols, we assessed the regional 
standardized uptake value ratios (SUVr) across 62 cortical and 14 subcortical regions. Regions exhibiting distinct regional 
amyloid beta accumulation were selected based on age, sex, and disease duration-adjusted SUVr values and subsequently 
subjected to linear regression models with cognitive and neuropsychiatric measures. White matter deterministic tractography 
was conducted using MRTrix3 software. To depict di!erences in structural connectivity related to amyloid status, we 
employed threshold-free network-based statistics (TFNBS) to identify distinctive edges between the amyloid-positive and 
negative groups.

Results: Widespread amyloid accumulation was observed across the entire brain, including the subcortex in amyloid-positive 
PD. The amyloid SUVr values revealed that the most significant association with amyloid was the burden of neuropsychiatric 
symptoms based on amyloid status but not with cognitive performance. Specifically, the amyloid accumulation was correlated 
with reduced motivation and a!ective dysregulation. When examining structural connectivity through DTI, amyloid-positive PD 
showed lower connectivity involving the anterior cingulate, temporal, and subcortical structures.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 397

ABSTRACTS

Conclusions: In summary, this study highlights the explanatory role of amyloid beta in the manifestation of decreased 
motivation and a!ective dysregulation features in PD. The widespread distribution of amyloid throughout the brain, including 
the subcortex, emphasizes its extensive involvement in PD pathology. Moreover, observed structural connectivity di!erences, 
particularly in the anterior cingulate and other regions, emphasizing the complex neural implications of amyloid beta. These 
findings focus attention on the need for targeted therapeutic strategies addressing both motor and neuropsychiatric aspects 
in the comprehensive management of PD.
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Introduction: Alzheimer’s disease (AD) induces pathological changes in a heterogeneous fashion. Early onset of symptoms is 
associated with atypical patterns of pathology, such as increased involvement of neocortical regions, asymmetry, and non-
amnestic manifestations in AD (Lu et al. 2023; Schöll et al. 2017). The role of alterations in neurotransmitter (NT) systems in 
heterogeneity in AD is highly unknown, while the current symptomatic treatments of mild-to-moderate AD dementia a!ect 
acetylcholine or N-methyl-D-aspartate (NMDA) receptor activities with highly variable response rates. We aimed to examine 
the group di!erences between early- and late-onset AD (EOAD and LOAD, respectively) and spatial associations between tau 
positron emission tomography (PET) uptake and mean neurotransmitter receptor/transporter maps in an explorative manner.

Methods: We included n=276 cognitively normal participants without abnormal Amyloid-beta (Aβ) in PET as healthy controls 
and n=181 patients with mild cognitive impairment or AD dementia and abnormal Aβ (n=48 EOAD, n=133 LOAD) as the patient 
group. We derived individual cortical [18F]AV-1451 (tau PET) uptake and used the previously published data mean NT receptor 
and transporter maps (Hansen et al. 2022) for cortical regions (Fig. 1) according to the Schaefer Atlas (parcellation resolution of 
200). Next, we calculated tau PET abnormality in patients with AD, defined as z-scores using means and standard deviations 
of healthy controls in each atlas region. We then obtained the individual correlation coe"cients between tau PET z-scores and 
mean NT maps independently for each receptor/transporter (NTxTau). We compared NTxTau between EOAD and LOAD and 
tested the mediation e!ects of NT on the relationship between tau PET uptake in temporal meta region and memory cognitive 
composite score.

Results: Mean di!erences in NTxTau revealed slightly stronger positive correlations in LOAD compared to EOAD for serotonin 
transporter (HTT, estimated-Δmean=0.02, p=0.03) and NMDA receptor (estimated-Δmean=0.03, p=0.002), while EOAD had 
slightly stronger negative correlations for vesicular acetylcholine transporter (VAChT, estimated-Δmean=0.03, p=0.046) than 
LOAD (Fig. 1A). The three NT with significant group di!erences between EOAD and LOAD were further studied in a mediation 
analysis. The individual correlations between tau PET uptake and HTT density mediated partially the association between tau 
PET uptake in meta region and memory performance that was moderated by the age at symptom onset (Index of moderated 
mediation: -0.033, lowest and highest bootstrap confidence intervals: -0.077 and -0.002, number of bootstrap samples: 
5000). The moderation suggested that a higher regional HTT density and tau PET uptake correlation was related to a stronger 
association between tau PET and memory in patients with LOAD (Fig. 1B).
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Conclusions: The results of the present study suggest a distinguishable relationship, i.e., spatial correlation, between three of 
the nineteen NT receptors or transporters (Serotonin, Glutamat, and Acetylcholine) and neurofibrillary tau pathology. More, the 
mediation of HTT on the relationship between tau and memory was dependent on the age at symptom onset. Our approach 
can potentially be utilized in further imaging modalities, while studying the role of NT systems in neurodegenerative diseases.
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Structural equation modeling identifies di!erential links of pathologies and atrophy in dementia
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Introduction: Our main source of noradrenaline in the cortex is the locus coeruleus, a brainstem nucleus which is amongst the 
brain structures a!ected earliest by Alzheimer’s disease-related tau pathology (Braak et al., 2011). Since intact noradrenergic 
modulation has been linked to cognitive reserve in ageing (Wilson et al., 2013), interindividual di!erences in the integrity of 
cortical noradrenaline-projection regions could be an important neural resource for cognitive reserve in ageing. The aim of 
this study was to determine whether volumes of brain areas known to be rich in noradrenergic receptors and transporters are 
relatively preserved in individuals with lower levels of Alzheimer’s disease pathology.

Methods: Based on prior work on NA receptor and transporter distribution (Palomero-Gallagher et al., 2015), we distinguished 
between ‘areas high in noradrenaline’ and ‘areas low in noradrenaline’ and compared di!erential associations of atrophy 
in those areas with CSF amyloid-ß 42/40, CSF phosphorylated tau protein, and memory function across healthy controls (n 
= 122), subjects with subjective cognitive decline (n = 156) and patients with mild cognitive impairment or mild Alzheimer’s 
disease dementia (n = 126). Analyses were carried out with structural equation modeling which allows to assess the 
interrelations between multiple variables while testing for group di!erences in these interrelations.

Results: Our analyses confirmed that regional brain volumes in ‘areas high in NA’ vs. ‘areas low in NA’ are di!erentially related 
to AD pathology markers. Only ‘areas high in noradrenaline’ were related to disease markers. Across all groups, atrophy in 
‘areas high in noradrenaline’ were linked to worse memory. Moreover, groups di!ered in their links between atrophy in ‘areas 
high in noradrenaline’ and amyloid levels or memory capacity. In subjects with subjective cognitive decline, higher amyloid 
pathology predicted atrophy in ‘areas high in noradrenaline’ (ß = 0.343), while in patients with mild cognitive impairment and 
Alzheimer’s disease, higher amyloid pathology was associated with memory impairment (ß = 0.295). The study also found that 
CSF amyloid and tau biomarkers were less correlated in the subjective cognitive decline (ß = -0.366) as compared to the mild 
cognitive impairment/Alzheimer’s disease groups (ß = -0.424), suggesting distinguishable interrelatedness of amyloid and tau 
after early disease onset.

Conclusions: In summary, we showed di!erential links of high and low noradrenergic-projection cortical regions with 
Alzheimer’s disease pathologies and cognitive function, indicating the relevance of considering the noradrenergic system as 
a protective factor in the ageing brain. Moreover, di!erential relationships between risk factors and their e!ect on areas high 
and low in noradrenaline in populations across the Alzheimer spectrum highlight the relevance of using analyses methods 
able to capture subgroup specific links between risk factors and brain atrophy in ageing.
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Metabolomic-based risk score informed by neuroimaging biomarkers improves Alzheimer’s disease risk
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Introduction: Early risk prediction and diagnosis of Alzheimer’s disease (AD) remain challenging in the clinical setting. 
Polygenic risk scores (PRS), while common, fall short in specificity and sensitivity for AD risk estimation. Recent developments 
in neuroimaging techniques, including FDG-PET and AV45-PET, have highlighted changes in glucose metabolism, brain 
structure, and blood-brain barrier dysfunction, aligning with biofluid biomarker data (Sweeney et al. 2018). Metabolomic 
technologies, o!ering a more cost-e!ective and non-invasive approach, have identified disease-specific biomarkers, enabling 
the potential for metabolites to shed further light on the pathophysiological cascade of AD (Nho et al. 2021, Quintero et al. 
2021). We aim to develop a novel metabolomics-based score that leverages significant correlations between lipid metabolites 
and PET biomarkers to enhance AD risk prediction and aid in early disease detection.

Methods: Serum-based metabolomics data containing 781 lipid species were collected from 997 fasted participants of the 
Alzheimer’s Disease Neuroimaging Initiative (ADNI). We focused on two separate tasks: 1) cognitively normal control (CN) 
vs AD classification, and 2) mild cognitive impairment (MCI) conversion prediction. For each task, we measured Pearson 
correlation coe"cients between each lipid species and the neuroimaging biomarkers, FDG- and AV45-PET. Significantly 
correlated lipids (p<0.05) were extracted to estimate a metabolomics-based risk score for each patient using a logistic 
regression model with an 80:20 train test split and 10-fold cross-validation. Prediction accuracy was measured using the Area 
Under Receiver Operating Characteristic (AUC) and Area Under the Precision-Recall Curve (AURPC). Risk-based stratification 
and interpretation analysis was also performed to further assess the potential clinical utility of the generated risk score. 
Results were compared to those of conventional PRS, as well as a baseline model which uses all lipid species as features. PRS 
was calculated using pruning and thresholding (PRS-pT, p<1e-5) with GWAS summary statistics from IGAP.

Results: The metabolomics-based score outperformed PRS and the baseline model in classifying CN vs AD, achieving 
an AUC of 0.797 with 187 lipid features (PRS AUC=0.605, and baseline AUC=0.678). It also showed superior performance 
in predicting MCI conversion, with an AUC of 0.726 using 174 lipid features (PRS AUC=0.525, baseline AUC=0.657). With 
the addition of covariates APOE, sex, and age, the AUC increased to 0.838 and 0.756 for each task, respectively (Figure 
1). The metabolomics-based score also demonstrated lower risk in controls and, conversely, higher risk for AD patients. 
Stratification analysis revealed improved calibration with a smooth increase in predicted AD patients as the risk score rose. 
Many of the significant metabolites belonged to choline-containing phospholipids, such as lysophosphatidylcholine and 
phosphatidylcholine, in which pronounced increases of plasma levels have been observed in AD patients (Whiley et al. 2014, 
Tomioka et al., 2017).
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Conclusions: We developed and evaluated a novel metabolomics-based risk score which leverages PET neuroimaging 
biomarkers to robustly identify individuals with high or low risk of developing AD. Compared to conventional PRS, our risk 
score improved prediction performance and risk stratification of AD patients. Further study is required to functionally validate 
the selected metabolites and their roles in AD-related pathophysiology, to ultimately identify risk or progression-related 
biomarkers that can aid in the downstream development of therapeutic treatments for AD.

References
1. Nho, K. et al. (2021), ‘Serum metabolites associated with brain amyloid beta deposition, cognition and dementia progression’, Brain 

Communications, vol. 3, no. 3, fcab139.
2. Quintero, M.E., Pontes, J.G. de M. & Tasic, L. (2021), ‘Metabolomics in degenerative brain diseases’, Brain Research, vol. 1773, pp. 147704.
3. Sweeney, M.D., Sagare, A.P. & Zlokovic, B.V. (2018), ‘Blood–brain barrier breakdown in Alzheimer disease and other neurodegenerative 

disorders’, Nature Reviews Neurology, vol. 14, pp.133-150.
4. Tomioka, M. et al. (2017), ‘Lysophosphatidylcholine export by human ABCA7’, Biochimica et Biophysica Acta (BBA) - Molecular and Cell 

Biology of Lipids, vol. 1862, no. 7, pp. 658–665.
5. Whiley, L. et al. (2014), ‘Evidence of altered phosphatidylcholine metabolism in Alzheimer’s disease’, Neurobiology of Aging, vol. 35, 

pp. 271–278.

Poster No 240

Interplay of plasma phosphorylated tau with GFAP, sex on hippocampal connectivity in preclinical AD
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Introduction: Mounting evidence suggests that blood plasma phosphorylated tau (p-tau) may be a useful biomarker of 
Alzheimer’s Disease (AD). Functional MRI (fMRI) studies have associated impaired memory networks with AD pathology. 
There have been few fMRI studies which examine the relationship between p-tau measures and the memory network. We 
aim to test how functional hippocampal connectivity alterations associated with p-tau measures di!er based on plasma GFAP 
levels and sex.
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Methods: This study included cognitively unimpaired (CU) elders who had their blood drawn within two years prior to their 
MRI scan. 23 subjects had plasma measures of Aβ42/40, GFAP and p-tau217 (n=17 female, mean age 72.4 +- 5.3 years) and 
25 subjects had measures of p-tau231, p-tau181, GFAP and Aβ42/40 (n=13 female, mean age 71.7 +- 5.2 years). All subjects 
underwent PET imaging using [11C]PiB to assess Aβ load via PiB SUVR. A median split of GFAP was performed for each group 
of p-tau measures, where each subject was classified as either “high GFAP” or “low GFAP”. Task fMRI was collected while 
participants performed a face-name associative memory task. Left and right hippocampus seeds were used to estimate 
functional connectivity between hippocampus and other regions in the brain. To extract regions of interest (ROI), second level 
analyses included two separate linear regression models testing for each p-tau measure: one model testing for the interaction 
between GFAP, p-tau and another model testing for the interaction between p-tau, sex. Both models controlled for age and 
PiB SUVR or Aβ42/40. To control for multiple comparisons, joint height and extent thresholds were determined via Monte 
Carlo simulations with an a priori medial temporal and frontal lobe mask (AlphaSim, AFNI).

Results: Two ROIs presented significant p-tau217 by GFAP interactions: left-right hippocampus and left-left hippocampus 
(between hippocampus and parahippocampus). In both ROIs, hippocampal connectivity increased with higher p-tau217 
levels for high GFAP subjects, but decreased connectivity with higher p-tau217 levels for low GFAP subjects (Fig. 1A). Both 
ROIs were significant when controlling for PiB SUVR or Aβ42/40. For p-tau181 by sex interaction, three ROI’s survived 
multiple comparisons when controlling for PiB SUVR but not Aβ42/40: left hippocampus-anterior cingulate cortex (Fig 1B), left 
hippocampus-right medial frontal gyrus (MFG), and left hippocampus-left MFG. In all three ROIs, hippocampal connectivity 
increased for males but not females. There were no significant ROIs observed for the interaction between p-tau181 and GFAP 
nor p-tau217 and sex. There were no significant ROIs observed for e!ects of p-tau231 on hippocampal connectivity.

Conclusions: In a cohort of CU elders, we observed unique hippocampal connectivity alterations based on p-tau measures 
with GFAP, sex, and soluble and insoluble Aβ levels. Astrocyte reactivity has been shown to predict whether CU Aβ-positive 
individuals will develop tau pathology1. Astrocytes also play a critical role in maintaining neuronal circuit homeostasis2. Taken 
together, our observation of increased local hippocampal hyperconnectivity associated with high GFAP and increasing 
p-tau217 may reflect a critical point in the disease stage. P-tau217 appears earlier and has a stronger association with Aβ 
compared to p-tau181 in preclinical AD3. This may partially explain why local hippocampal hyperconnectivity is only associated 
with p-tau217. The ROIs observed between p-tau181, sex interaction mirrors the ROIs observed by our study examining 
hippocampal connectivity changes based on sex and PiB SUVR4. GFAP and p-tau181 have also been shown to be associated 
with insoluble Aβ levels measured via PET. This may partially explain why the p-tau181, sex interaction is only significant when 
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controlling for PiB SUVR but not Aβ42/40. In conclusion, our findings may reflect the disease progression in the hippocampus 
during pre-clinical AD based on di!erent p-tau measurements.
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Functional Connectivity Alterations Associated with Gray Matter Atrophy in Spinocerebellar Ataxia 10
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Introduction: Spinocerebellar ataxia 10 (SCA10) is a rare form of an autosomal dominant neurodegenerative disorder 
characterized by cerebellar ataxia and epilepsy, that is caused by an expansion of the pentanucleotide (ATTCT) repeat in 
ATXN10 gene on 22q13.31 [Leonardi et al.,2014;Matsuura et al.,2000]. Previous volumetric analysis showed extensive grey 
matter degeneration in the cerebellum, brainstem, thalamus, putamen and pallidum [Hernandez-Castillo et al.,2019;Arruda 
et al.,2020]. However, there is no information regarding the possible functional connectivity alterations caused by the brain 
degeneration in SCA10.

Methods: Twenty-six patients with SCA10 (15 female;age 50.38±9.91) and twenty-six age, and gender matched healthy 
subjects (HS) (15 female;age 50.65±9.28) were enrolled. All procedures were approved by the ethics committee of the 
UNAM in accordance with the Helsinki Declaration. Clinical assessments,including Scale for the Assessment and Rating of 
Ataxia (SARA) scores [Schmitz-Hübsch et al.,2006],and Montreal Cognitive Assessment (MoCA) scores [Larner,2016],were 
obtained for 21 patients.Functional and structural magnetic resonance imaging data were acquired at the Instituto de 
Neurobiologia of the UNAM,using a 3T GE MR750 Discovery with a 32-channel head coil.Voxel-based morphometry (VBM) for 
whole-brain volume analysis was conducted using FSL-VBM [Ashburner and Friston,2000].A two-sample t-test,with 10,000 
permutations and age as a covariate, was employed to compare SCA10 patients with HS.The resulting significant clusters 
were identified,and their peak maxima were utilized as the center of 12-mm spheres.These spheres served as seed regions for 
subsequent functional analysis related to atrophy.Functional MRI were preprocessed and a voxel-wise seed-based analysis 
was conducted to determine Functional Connectivity (FC) between each atrophy-related seed and the bold signal of the entire 
brain for both groups.Finally,the functional maps obtained for each seed were compared between groups using a two-sample 
t-test (10,000 permutations),controlling for age.

Results: VBM analysis revealed GM decrease in SCA10 patients including right:cerebellar VIIIb,cerebellar VI, cerebellar V, 
cerebellar crus II, occipital fusiform gyrus and precentral gyrus.Left:precentral gyrus, occipital fusiform gyrus, temporal pole, 
superior frontal gyrus. Seed-based FC showed significant di!erences (p < 0.05).Seed located at the right occipital fusiform 
gyrus right,occipital fusiform gyrus left,and temporal pole left showed a higher FC in SCA10 patients (Fig.1-C).On the other 
side,seed located at the occipital fusiform gyrus right,cerebellar VI right and occipital fusiform gyrus left showed higher FC 
in control subjects (Fig.2-C).Finally,the analysis did not show significant correlations between the FC obtained from any seed 
with the SARA,or MoCA scores.
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Conclusions: These results confirm the cerebellar volume decrease in SCA10,and show the significant changes in FC 
associated to the degeneration.The FC changes clearly show the impact of the cerebellar degeneration beyond this 
structure,and highlight its relationships from seed-ROIs with the rest of the brain,e.g.,seed located in cerebellar VI right 
showed significant FC with precentral gyrus right by HS compared to patients signifies a functional disconnection between 
the cerebellum and motor cortices.Notably,our results showed both increases and decreases in FC as a consequence of 
the neurodegeneration.Also,some FC changes were ipsilateral,and other were contralateral.Further analyses are needed 
to fully understand these changes and its possible consequences in the motor and cognitive performance of the patients.
These findings provide valuable insights into the neural mechanisms underlying motor impairments associated with 
SCA10,suggesting a disrupted interplay between the cerebellum and motor-related brain regions.Support:CONAHCYT 
Estancias Posdoctorales por Mexico to GPR CVU 273410,PAPIIT IN220019 and CONACYT A1-S-10669 to JFR.
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Introduction: Deep Brain Stimulation (DBS) of the subthalamic nucleus (STN) marks a significant advancement in managing 
Parkinson’s disease (PD), especially beneficial for patients unresponsive to dopaminergic medication or those experiencing 
levodopa-induced motor complications (Schuepbach et al., 2013; Hacker et al., 2018). Pioneering studies employing 
ChannelRhodopsin-2 (ChR2) have highlighted that STN DBS achieves therapeutic e!ects, in part, by antidromic activation of 
motor cortical neurons via the hyper-direct pathway (Gradinaru et al., 2009; Sanders et al., 2016). This has shifted the focus 
of DBS research towards this pathway. In our study, we utilize optogenetics and functional MRI (fMRI) to investigate the neural 
circuitry influenced by STN DBS, with particular attention to the di!erential therapeutic e!ects of various pulse repetition 
rates (PRR) (Bruet et al., 2001, Gale et al., 2013). Addressing the limitations of ChR2 observed in prior research, we examine 
the downstream circuits of the STN using the ultrafast opsin Chronos (Klapoetke et al., 2014). This approach builds upon our 
previous findings (Yu et al., 2020), which validated the e"cacy of high-PRR STN-DBS in PD rat models, thereby enriching our 
understanding of how neural pathways contribute to high-PRR stimulation in PD treatment.

Methods: Female Sprague Dawley rats were used to model STN DBS e!ects via optogenetics. The process involved 
two stages: viral opsin expression and Parkinsonian model induction. Rats received STN injections of AAV vector viruses 
carrying Chronos or ChR2. After expression, a hemi-parkinsonian state was induced with 6-OHDA in the medial forebrain 
bundle, categorizing them into Chronos (n=5) and ChR2 (n=4) groups. Testing Circling Behavior: We investigated various 
STN stimulation PRRs (0, 5, 20, 75, 100, and 130 Hz) to confirm abnormal circling behavior in the PD model and assess the 
optogenetic intervention’s e"cacy in mitigating this behavior before fMRI measurements under anesthesia. fMRI Mapping: 
Using a BOLD-fMRI approach as described in Lee et al., 2021, we examined neural responses to optogenetic STN DBS in a 
Bruker 9.4T preclinical scanner. This allowed identification of network changes essential for the therapeutic e"cacy of DBS. 
The same animals from the behavioral analysis were assessed to align behavioral responses with fMRI data across various 
DBS PRRs.
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Results: High PRR STN DBS (above 100Hz) in the Chronos group significantly reduced pathological circling behavior, a 
notable e!ect not seen in the ChR2 group. fMRI mapping using General Linear Model approaches revealed marked PRR-
dependent e!ects in the substantia nigra (SN), globus pallidus (GP), caudate-putamen (CPu), lateral geniculate nucleus (LGN), 
and superior colliculus (SC). In the Chronos group, SN, GP, and CPu responses were PRR-dependent and correlated with 
behavioral changes. The ChR2 group showed significant responses primarily in LGN and SC, associated with visual sensory 
regions. The mediation analysis sought to identify brain regions mitigating pathological circling behavior, with a focus on 
those showing PRR-dependent responses in the Chronos group. Changes in GP and CPu activities significantly mediated the 
therapeutic e!ects of high pulse repetition rate DBS, underlining their pivotal roles in the treatment’s success.
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Conclusions: This study reevaluates the role of STN DBS in PD, focusing on the regions downstream of STN. Our findings 
suggest that, alongside the hyper-direct pathway, the roles of the GP and CPu are also crucial in comprehending the full 
spectrum of STN DBS e!ects.
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Textural Analysis Detects Brain Regions Related to Antisocial Behavior in Patients with bvFTD
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Introduction: Antisocial behaviors are common and problematic symptoms in patients with behavioral variant frontotemporal 
dementia (bvFTD). T1-weighted images are an important imaging modality for diagnosis and clinical work-up, where visual 
inspection of cortical brain volume is part of the diagnostic criteria for probable bvFTD. However, visual inspection as well 
as quantitative volumetric analysis of T1-weighted images may not find significant changes in bvFTD patients early in the 
disease course when antisocial behaviors are more problematic. We hypothesized that microstructural changes occurred 
before macrostructural changes (e.g. loss of volume) in the early stage of disease. Texture analysis can extract microstructural 
information from T1-weighted images based on the interrelationships between signal intensities of neighboring voxels. This 
study aims to determine whether microstructural di!erences in brain regions is related to antisocial behavior in bvFTD.

Methods: Antisocial behavior was measured using the recently validated social behavior questionnaire (SBQ), which measures 
the presence and severity of 26 antisocial behaviors using an informant-based questionnaire (Phan, 2023). T1-weighted scans 
(1Χ1Χ1 mm3) were acquired using 3T MRI (Philips Medical Systems) from 32 bvFTD patients (29 male, age: 62.5 ± 8.7 yrs.) and 
33 age-matched healthy controls (21 male, age: 63.1 ± 7.9 yrs.). These scans were segmented into grey matter, white matter, 
and cerebrospinal fluid. AssemblyNet (Coupé, 2020) was then used to segment grey matter into 132 cortical and subcortical 
regions of interest (ROI) (Klein, 2012). For each ROI, textures characteristics were estimated using spatial autocorrelation, 
extracted using the gray-level co-occurrence method (Haralick, 1973). This method characterizes the spatial variation of 
intensities locally. First, linear regressions were used to measure the relationship between texture and SBQ scores within 
each ROI. Patients were then categorized into high and low antisocial behavior based on median SBQ scores, and an ANOVA 
was used to compare autocorrelation between healthy control (HC), and patients with low and high antisocial behavior. As a 
comparison to macrostructural abnormalities, we repeated analyses using brain structures’ volumes instead of autocorrelation 
measure. All results are adjusted for age and gender.

Results: Autocorrelation was negatively correlated to antisocial behavior in several brain regions, including the bilateral 
caudate, right thalamus, right anterior cingulate, and right anterior insula (Fig. 1A-B). Group-level comparisons showed that 
while HC had autocorrelation values near 0 in these regions, patients with low antisocial behavior tended to have positive 
autocorrelations suggesting larger clusters of abnormal pixel intensities, whereas patients with higher antisocial behavior 
had negative autocorrelations suggesting smaller, more di!use clusters of abnormal pixel intensities (Fig. 1C). Of these 
identified regions, none of them showed an association between antisocial behavior and volume (Fig. 2A-B). In the left anterior 
cingulate, bilateral middle and superior frontal gyrus there was a positive association between antisocial behavior and volume 
and atrophy was associated with lower antisocial behavior in these regions (p<0.05, uncorrected, not shown).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 410

ABSTRACTS



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 411

ABSTRACTS

Conclusions: We found that the microstructure information is related to the severity of antisocial behaviors in bvFTD patients 
beyond what can be explained by macrostructural brain atrophy. Results suggest that di!erent types of microstructural 
changes in bvFTD patients may help to explain the di!ering degrees of antisocial behavior seen across patients. At the 
conceptual level, our results suggest that certain problematic behaviors may be better explained by irritative micro-lesions 
rather than destructive macro-lesions, an approach that could lend insight into many behavioral and neuropsychiatric 
symptoms in neurological and psychiatric patients.

References
1. Coupé, P. (2020), ‘AssemblyNet: A large ensemble of CNNs for 3D whole brain MRI segmentation’, NeuroImage, vol. 219, pp.117026.
2. Haralick R.M. (1973), ‘Textural features for image classification’, IEEE Transactions on Systems, Man, and Cybernetics, vol. 3, no 6, 

pp. 610-21.
3. Klein, A. (2012), ‘101 labeled brain images and a consistent human cortical labeling protocol’. Frontiers in neuroscience, vol. 6, pp.171.
4. Phan, T.X. (2023), ‘Measuring antisocial behaviors in behavioral variant frontotemporal dementia with a novel informant-based 

questionnaire’, The Journal of Neuropsychiatry and Clinical Neurosciences, vol. 35, no. 4, pp.374-384.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 412

ABSTRACTS

Poster No 244

Carotid sti!ness and pulsatility associated with cognitive impairment: A phase-contrast MRI study
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Introduction: Arterial sti!ening and increased pulsatility serve as important markers of vascular dysfunction, which lead to 
transmission of excessive pulse energy to downstream vasculature resulting in microvascular dysfunction. Separate MRI scans 
at di!erent carotid segments are typically performed to assess carotid sti!ness by measuring pulse wave velocity (PWV), 
which is prone to cardiac variations. Recently, a fast single-slice oblique-sagittal phase-contrast MRI (OS PC-MRI) technique 
has been introduced to simultaneously image multiple arterial velocity waveforms along the common carotid artery (CCA) 
and the internal carotid artery (ICA), which allows for multiple vascular metric measurements, including carotid PWV (cPWV), 
arterial pulsatility of both ICA and CCA quantified by pulsatility index (PI), and CCA-ICA damping factor (cDF). This study aims 
to investigate the associations of these vascular metrics with cognitive measurements in aged subjects.

Methods: Participants and clinical assessments: Forty elderly participants (22 female,73.3 ± 7.7 years) were enrolled in 
the study after providing written informed consent. Among them, 29 participants had Clinical Dementia Rating (CDR), 29 
received Mini-Mental State Exam (MMSE), and 40 received Montreal Cognitive Assessment (MoCA). MRI experiments: The 
MRI experiments were conducted on a Siemens Prisma 3T MRI scanner using a 20-channel head/neck coil. A single-slice 
retrospectively gated 2D OS PC-MRI with a single in-plane velocity encoding (CCA to ICA) was performed on each participant 
to acquire blood velocity waveforms along the CCA-ICA segment simultaneously (Figures 1a & b). Imaging parameters include 
spatial resolution=1x1x1mm3, VENC=80cm/s, TE/TR=4.32/14.22ms, flip angle=10°, real temporal resolution=14.22ms, 70-90 
phases across a cardiac cycle, scan time was 1 to 2min depending on the heart rate. Image processing and statistical analysis 
A reference waveform was calculated as the average of velocity waveforms obtained from all axial locations along ICA-CCA. 
The transit time between each waveform and the reference waveform was calculated using the time-to-foot (TTF) method. 
cPWV was calculated as the inverse slope of the line fitted to the transit time versus distance along the vessel (Figure 1c). PI 
was calculated from the average velocity waveforms along each segment i.g., CCA, ICA (Figure 1e). cDF was calculated as 
the ratio of the average PI values between CCA and ICA (Figure 1f). According to the normality test on the MRI and cognitive 
data, the correlations of carotid vascular metrics with cognitive measures were calculated across subjects using Pearson 
or Spearman’s correlation coe"cients, respectively. Age, gender, and education were considered as covariances using 
partial correlation.

Results: cPWV showed significant negative correlations with both MoCA and MMSE (cPWV vs. MoCA: r = -0.4, p = 0.01; 
cPWV vs. MMSE: r = -0.57, p = 0.008;), and the correlations remained significant after controlling for age, gender, years of 
education (cPWV vs. MoCA: r = -0.36, p = 0.03; cPWV vs. MMSE: r = -0.53, p = 0.005;) (Figure 2). Furthermore, the participants 
with CDR>0 (n=19) showed higher cPWV values compared to those with CDR=0 (n=21) (p=0.0045). These results provide 
convergent evidence that elevated cPWV is strongly associated with cognitive decline. No significant correlations were 
found between the average PI values at both ICA and CCA with cognitive measures, which may be caused by the variations 
along vessel segments during the PI measurements. However, a significant negative correlation between cDF and MoCA 
was observed (p = 0.036). This finding indicates that the damping factor of arteries could be a sensitive vascular marker for 
cognitive impairment.
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Conclusions: This study demonstrates that OS PC-MRI is a promising imaging tool to assess intracranial arterial sti!ness and 
pulsatility, which can serve as sensitive imaging markers for cognitive impairment.
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Altered amyloid-ß binding in cognitively normal middle-aged APOE-ε4 carriers: an AI-assisted study

Paolo Nucifora1
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Introduction: In Alzheimer’s disease, amyloid deposition generally precedes the onset of objective symptoms. The 
duration of symptom-free amyloid deposition is unclear, but it appears to accumulate faster in APOE ε4 carriers (Gonneaud 
et al., 2016) and is detectable in cognitively normal elderly individuals (Li et al., 2023). In this study, the presence of 
amyloid-β in cognitively normal individuals under 70 years old was evaluated using PET after injection of 18F-florbetapir, a 
radiopharmaceutical that binds to amyloid-β. Images from APOE ε4 carriers and non-carriers were compared with an AI-
assisted method of whole-brain evaluation.

Methods: Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative 
database (adni.loni.usc.edu). Baseline 18F-florbetapir images from APOE ε4 carriers and non-carriers between 60 and 70 
years old were obtained for this study. These images were used to train a 3D convolutional neural network. Classification 
accuracy was measured with 10-fold cross-validation. By itself, the classification accuracy value is insu"cient to establish a 
significant di!erence between the two groups. But as described by Golland and Fischl, the significance of an accuracy value 
can be determined by permutation testing, i.e. re-measuring accuracy with multiple sets of permuted data that are consistent 
with the null hypothesis (Golland and Fischl, 2003). If the accuracy obtained from the non-permuted dataset is significant, 
it is evidence against the null hypothesis and implies that the two populations are not identical. In this study, “carrier” and 
“non-carrier” labels were permuted 100 times, and each permutation was used to train a new 3D convolutional network. 
Classification accuracy of the non-permuted dataset was compared to the accuracy of all permuted datasets in order to assess 
the hypothesis that amyloid-beta binding is not identical in APOE ε4 carrier and non-carrier populations.

Results: The “carrier” group consisted of 33 unique individuals aged 67.0 ± 2.0 years. The “non-carrier” group consisted of 
56 unique individuals aged 66.9 ± 2.2 years. The non-permuted dataset was associated with a classification accuracy of 
67.4%. This was higher than the classification accuracy of all 100 permuted datasets. Therefore, “carrier” amyloid-beta binding 
di!ered from “non-carrier” amyloid-β binding at a significance level of p=0.01.

Conclusions: This study provides evidence of altered amyloid-β binding in cognitively normal APOE ε4 carriers under the age 
of 70, which is consistent with a recent report of altered amyloid-β binding in cognitively normal APOE ε4 carriers over 70 (Li 
et al., 2023). These findings support the hypothesis that amyloid-β binding is altered in APOE ε4 carriers long before they 
develop objective symptoms of Alzheimer’s disease, and therefore suggest that early treatment of APOE ε4 carriers might be 
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beneficial. In addition, this study illustrates the use of AI in combination with permutation analysis for statistical hypothesis 
testing. Of note, useful results can be obtained even in datasets that are relatively small and unsuitable for training a high-
accuracy classifier. This approach may be helpful alongside exploratory methods such as region-of-interest (ROI) analysis or 
voxel-based morphometry (VBM). Like VBM it may be sensitive to e!ects that occur at the scale of individual voxels, and may 
even be sensitive to complex changes that elude VBM (e.g. those that do not consistently localize to specific voxels). However, 
like ROI analysis it can only demonstrate whether two datasets di!er, not which voxels are responsible for the di!erence.
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Introduction: Multiple sclerosis (MS) is an inflammatory and neurodegenerative disease a!ecting 2.8 million young adults 
worldwide (Walton et al., 2020). Most people with MS (PwMS) have some degree of cognitive dysfunction, yet cognitive 
impairment (CI) in MS is still poorly understood. While PwMS have high heterogeneity of cognitive dysfunction, patients 
are dichotomously classified as cognitively preserved or impaired in most research studies. Cognitive phenotypes (CoP) 
have been proposed that could help to develop personalized interventions (De Meo et al., 2021). Aim. We aimed to identify 
cognitive phenotypes in MS using machine learning models and investigate their MRI correlates.

Methods: In this joint MAGNIMS-IMSCOGS collaborative study, we used retrospective data from 1,742 PwMS who underwent 
a complete cognitive assessment (BRB-N plus executive test or MACFIMS) from 15 centres from the EU and the US. MRI data 
were available for a subset of 421 PwMS. We adjusted raw cognitive scores for age, sex, and education according to each 
country’s normative values, and assigned each cognitive test to the corresponding main cognitive domain. We applied an 
unsupervised machine learning model by means of a K-means clustering technique to identify data-driven CoPs, identifying 
the optimal number of phenotypes using the Elbow method. The percentage of cognitively preserved, mild CI and severe 
CI participants was determined for each group, and for each cognitive domain. We corrected MRI images for scanner 
inhomogeneities and registered T2-FLAIR images to T1w scans using the Advanced Normalization Tools (ANTs)(Tustison et al., 
2010). We applied the Lesion Segmentation Toolbox (LST) for lesion segmentation (Schmidt et al., 2017). We used Freesurfer 
(Fischl, 2012) and SAMSEG (Cerri et al., 2021) for brain segmentation and parcellation, and normalized whole and regional 
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brain volumes for the total intracranial volume. We visually inspected MRI images and outcomes after each processing step. 
Descriptive statistics and ANOVAs determined demographic, clinical, and MRI di!erences across phenotypes.

Results: We identified four CoPs di!ering by types and number of impaired domains. CoP-1 was cognitively preserved (CP) 
(34% of the whole cohort). CoP-2 (22%) showed a main involvement in visuo-spatial memory. CoP-3 was multi-domain mild CI 
group (30%) where executive function, processing speed, and verbal memory were most frequently involved. CoP-4 was a 
severe multi-domain group (14%) where almost all cognitive domains were a!ected (Figure 1). The cognitively preserved group 
(CoP-1) was younger (mean and SD: 38.3(11) years) and had a shorter disease duration (7.2(7.8) years) compared to the other 
CoPs (P<0.001). While CoP-2 and CoP-3 did not di!er in disease duration (8.7(8.4) vs .9.8(9.7) years; P>0.05), they had di!erent 
educational levels (14.2(4) vs. 13.3(4) years, P<0.001). Statistically significant di!erences were observed among all CoPs for 
whole-brain grey matter, deep grey matter, thalamic volume, and cortical thickness (P<0.001) except between CoP-2 and CoP-
3 (P>0.05). Lesion load did not di!er between CoP-1 and CoP-2 (P>0.05).

Conclusions: The degree of severity and type of cognitive functions impaired in PwMS di!ers, leading to di!erent cognitive 
profiles. The identified CoPs di!ered for the content of grey matter volume and lesion load. Future studies should investigate 
the temporal dynamics of cognitive phenotypes in MS to determine whether they are associated to di!erent trajectories of 
clinical impairment.
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Β-amyloid indirectly a!ects cognition through tau and hippocampal atrophy in Alzheimer’s disease
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Marguerita Poltronetti2, Pedro Rosa-Neto2, D Louis Collins1
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McGill Centre for Studies in Aging, Montreal, Quebec

Introduction: Alzheimer’s disease (AD) starts with gradual cerebral accumulation of β-amyloid (Aβ) decades before the onset 
of clinical symptoms. Recent biomarker models describe a sequence of Aβ aggregation, tau pathology, neurodegeneration, 
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and eventual cognitive decline (Selkoe & Hardy, 2016). Medial temporal atrophy, characterized by volume loss in the 
hippocampus (HC), is an early e!ect of neurodegeneration in AD disease progression (Rao et al., 2022). Structural equation 
modeling (SEM) is a statistical framework that combines factor analysis and multiple regression to examine multiple 
relationships among variables (Deng et al., 2018). Variables in SEM are represented as latent constructs and the relationships 
among them are expressed as a system of equations that examines direct and indirect pathways in a single integrated model.

Methods: We used SEM (lavaan R package (Rosseel, 2012) to explore the complex relationships between the neurobiological 
factors in the early stages preceding AD dementia in a longitudinal cohort of cognitively healthy (n=147) and mild cognitive 
impaired (n=64) participants from the TRIAD cohort (Stevenson et al., 2022). Our sample comprised 333 timepoints of 
neuropsychological evaluation, structural MRI, Aβ- and tau-PET. We explored the direct and indirect e!ects of Aβ on cognition 
(Montreal Cognitive assessment, MoCA) with tau pathology and HCl atrophy as potential mediators. Aβ and tau were 
measured with [18F]AZD4694 and [18F]MK6240 PET respectively, using the cerebellar grey matter as the reference region for 
[18F]AZD4694 and the inferior gray matter of cerebellum as the reference for [18F]MK6240 SUVR calculation. Aβ accumulation 
was quantified by the average SUVR in the neocortex. Tau accumulation was quantified as the average SUVR value for 6 
Braak stage masks (Braak & Braak, 1991). Neurodegeneration was characterized by the HC-to-Ventricle ratio (HVR), a HC 
integrity measure that leverages the idea of ex-vacuo dilation in a single value composed of the ratio of the HC volume and 
the sum of the volumes of HC and the temporal horn of the lateral ventricle (Schoemaker et al., 2019). We averaged the HVR 
values of the left and right hemispheres and inverted the result (1–HVR) to convert the integrity biomarker into a measure of 
atrophy. In the SEM, we included age, sex, the number of APOE4 alleles and education as covariates. Finally, we calculated 
the standardized coe"cients and the mediation proportion for the direct and indirect e!ects in our model.

Results: The demographic data of our sample is presented in Table 1. The standardized coe"cients for the mediation model 
are represented in Fig. 1. MoCA scores were a!ected by tau (β=-0.64, βstd=-0.42, p<0.01), HC atrophy (β=-7.47, βstd=-0.25, 
p<0.01), and education (β=-0.09, βstd=-0.13, p<0.01), but not by Aβ (β=-0.3, βstd=-0.06, p=0.31), age (β=-0.03, βstd=-0.08, 
p=0.14) or sex (β=0.08, βstd=0.02, p=0.73) Aβ was a!ected by APOE4 (β=0.29, βstd=0.32, p<0.01) and age (β=0.01, βstd=0.19, 
p<0.01), but not by sex (β=-0.03, βstd=-0.03, p=0.54). Tau was a!ected by Aβ (β=1.97, βstd=0.6, p<0.01), APOE4 (β=0.53, 
βstd=0.18, p<0.01), and age (β=-0.02, βstd=-0.1, p=0.02), but not sex (β=-0.11, βstd=-0.03, p=0.44). HC atrophy was a!ected 
by Aβ (β=0.02, βstd=0.12, p=0.04), age (β<0.01, βstd=0.49, p<0.01), sex (β=0.04, βstd=0.20, p<0.01), and APOE4 (β=0.02, 
βstd=0.12, p=0.01), but not tau (β<0.01, βstd=0.08, p=0.17). The mediation proportion showed that 73.8% of the total e!ect of 
Aβ was mediated through the indirect e!ect of tau and 8.7% through HC atrophy.
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Conclusions: In our early AD cohort, we found that the direct impact of Aβ aggregation in the brain on cognitive function is 
not statistically significant, and rather its influence on cognition is largely explained by its mediating e!ects of tau pathology 
and, to a lesser extent, HC atrophy. Our results support Aβ aggregation as an early, upstream event in the development of 
dementia due to AD.

References
1. Braak, H., & Braak, E. (1991). Neuropathological stageing of Alzheimer-related changes. Acta Neuropathologica, 82(4), 239–259. https://

doi.org/10.1007/BF00308809
2. Deng, L., Yang, M., & Marcoulides, K. M. (2018). Structural Equation Modeling With Many Variables: A Systematic Review of Issues and 

Developments. Frontiers in Psychology, 9, 580. https://doi.org/10.3389/fpsyg.2018.00580
3. Rao, Y. L., Ganaraja, B., Murlimanju, B. V., Joy, T., Krishnamurthy, A., & Agrawal, A. (2022). Hippocampus and its involvement in 

Alzheimer’s disease: A review. 3 Biotech, 12(2), 55. https://doi.org/10.1007/s13205-022-03123-4
4. Rosseel, Y. (2012). lavaan: An R Package for Structural Equation Modeling. Journal of Statistical Software, 48, 1–36. https://doi.

org/10.18637/jss.v048.i02
5. Schoemaker, D., Buss, C., Pietrantonio, S., Maunder, L., Freiesleben, S. D., Hartmann, J., Collins, D. L., Lupien, S., & Pruessner, J. C. (2019). 

The hippocampal-to-ventricle ratio (HVR): Presentation of a manual segmentation protocol and preliminary evidence. NeuroImage, 203, 
116108. https://doi.org/10.1016/j.neuroimage.2019.116108

6. Selkoe, D. J., & Hardy, J. (2016). The amyloid hypothesis of Alzheimer’s disease at 25 years. EMBO Molecular Medicine, 8(6), 595–608. 
https://doi.org/10.15252/emmm.201606210

7. Stevenson, J., Rahmouni, N., Chamoun, M., Benedet, A. L., Stevenson, A., Pallen, V., Therriault, J., Lussier, F. Z., Tissot, C., Bezgin, G., 
Pascoal, T. A., Vitali, P., Gauthier, S., & Rosa-Neto, P. (2022). TRIAD multi-dimensional biobank for biomarker discovery. Alzheimer’s & 
Dementia, 18(S6), e067924. https://doi.org/10.1002/alz.067924

Poster No 248

Environmental complexity on spatial brain volume and behavior across the Alzheimer’s spectrum

Naewoo Shin1, Karen Rodrigue1, May Yuan1, Kristen Kennedy1
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Introduction: Spatial cognition is among the cognitive domains that exhibit decline with advanced normal aging1. Deficits in 
spatial navigation, however, are much more pronounced in Alzheimer’s disease (AD) and it is considered one of the earliest 
signs of the disease2,3. While research on the role of aging on spatial navigation is growing, studies on local geospatial 
features in relation to AD risk are scarce. Greater opportunities for urban dwellers to utilize and strengthen cognitive maps 
via routinely navigating more complex spatial environments may exhibit neuroprotective properties. We recently introduced 
Environmental Complexity (EC), an index reflecting the frequency and density of street networks and landmark features/points 
of interest, computed by geo-locating participants from the National Alzheimer’s Coordinating Center (NACC) for each zip-
code zone across the USA. EC predicted cognitive status (cognitively normal, mild cognitive impairment (MCI), AD) with 95% 
classifier precision4. Here, we extend that work to explore the e!ects of EC on the maintenance of spatial navigation-related 
gray matter volume and spatial behavioral performance.

Methods: This study utilized a sample of 660 participants (assigned as cognitively normal [n = 378], MCI [n = 114], and AD [n 
= 168]) from the NACC uniform data set (45-93 years old). The sample was limited to participants who stayed in the same 
3-digit zip-code over the course of their visits. The AD spectrum was contrast coded as two orthogonal contrasts: DX1 (-.66, 
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.33, .33) for healthy vs. non-healthy, and DX2 (0, -.5, .5) for MCI vs. AD. MRI estimation of gray matter volumes were processed 
following the ADNI four-tissue segmentation protocol. A priori regions of interest were selected for their association with 
egocentric and allocentric spatial navigation and were adjusted for ICV. We define the EC as the geometric average of 
diversity and abundance measures of spatial features in a 3-digit zip-code zone. Total of 20 network measures and landmark 
features in each 3-digit zip-code zone across the United States (154 total zones) were collected from Open Street Map and 
SafeGraph Core Places. EC is calculated as the square root of EntropyH* MaxRatio. EntropyH is the measure of the average 
diversity of all geospatial features. MaxRatio is the measure of abundance of spatial features within a 3-digit zip-code zone. 
Structural equation modeling was conducted to analyze the data, with EC and mean-centered age predicting latent allocentric 
and egocentric brain region volumes, AD spectrum status, and latent spatial behavioral performance.

Results: Results indicate that greater EC was significantly positively associated with larger brain volumes in allocentric 
spatial regions, but not with egocentric regions. A significant indirect e!ect of EC on spatial cognition was identified through 
allocentric regions and DX1. Greater EC, related to greater brain volume was associated with less diagnosis of MCI or AD vs 
being cognitively normal, and having higher spatial behavioral scores. This mediation eliminated the direct association of 
EC on spatial behavior. Age was negatively associated with both brain volumes, as expected. There was also no significant 
direct relationship between age and spatial cognition, rather this association was mediated by brain volume and cognitive 
diagnosis status.

Conclusions: These findings suggest that residing in spatially complex environments allows for the routine usage of cognitive 
neural mapping across time, which may help to stave o! the brain atrophy that is associated with spatial navigation di"culties 
seen in Alzheimer’s disease, and may be a target for future interventions. In sum, prevention of AD is of paramount concern 
and these findings suggest that residing in and routinely navigating spatially complex environments may be one mechanism to 
help stave o! the brain atrophy associated with spatial navigation di"culties seen in aging and Alzheimer’s disease.
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Cognitive Fatigue in Multiple Sclerosis Associated with Brain Iron Concentration

Bing Yao1, Mateusz Kowalczyk1, Hannah Ovadia1, Sarah Wood1

1Kessler Foundation, West Orange, NJ

Introduction: Fatigue, defined as an overwhelming feeling of lack of both mental and physical energy, has been reported 
in over 90% of individuals with multiple sclerosis (MS)1. Studies have shown basal ganglia structures play a central role in 
fatigue2. Meanwhile, abnormal iron deposition has been observed in the deep gray matter structures including basal ganglia 
in MS3. In this study, we aimed to examine the correlation between brain iron concentration indicated by susceptibility contrast 
imaging and the severity of fatigue in MS.

Methods: Data from ten clinically definite MS patients (F/M = 8/2, age = 56.0±8.3 y/o) and ten healthy controls (F/M = 5/4, age 
= 37.5±12.5 y/o) were reported in this study. MRI: A 3D multi-echo gradient-echo acquisition was performed on a 3T Siemens 
Skyra scanner with a standard 20-ch head/neck coil. The parameters were as following: TE = 8.49/16.86/25.23/33.60/41.97 
ms, TR = 49 ms, resolution = 0.9×0.9×2 mm2, flip angle= 20°, bandwidth= ±38.4 kHz. A total of 52 axial slices were acquired 
to cover the whole brain. A GRAPPA of 2 was used to shorten the scan time down to 5 minutes. Quantitative R2* maps were 
derived from exponential fitting over the 5 echo data. The Laplacian algorithm was used to unwrap the raw phase and remove 
the phase background. The susceptibility maps were then calculated using the LSQR algorithm based on the unwrapped 
phase maps and averaged over three echo data (25.23, 33.60 and 41.97 ms)4. Six regions of interest (ROIs) including 
substantia nigra (SN), red nucleus (RN), globus pallidus (GP), putamen (PU), caudate nucleus (CN), and thalamus (TH) were 
mapped on the magnitude images. A registered MP-RAGE image was used as an additional reference for the ROI drawing. 
Each ROI was drawn on multiple successive images to almost entirely cover each structure. R2*, and susceptibility values were 
averaged in each ROI, respectively, and then averaged across all the subjects in the group. Fatigue measures: Each individual 
was administrated a Fatigue Severity Scale (FSS) test and a Modified Fatigue Impact Scale (MFIS) test to measure their fatigue 
levels. The FSS scores and total MFIS scores with its subcategories (Physical, Cognitive, Psychosocial) subscales from each 
individual were correlated with R2*, Frequency shift and QSM values in all ROIs.

Results: Two representative axial slices of the MR images containing the ROI regions from one MS patient are shown in Fig. 1. 
The SN, RN, GP, PU, and CN are readily identifiable in the magnitude, and R2*, frequency and QSM maps. Comparing to the 
magnitude and R2* maps, these iron-rich structures are clearly visible and distinguishable with clear boundaries in the QSM. 
Fig. 2 shows A comparison of the R2* and susceptibility values between MS patients (MS) and healthy controls (HC) in di!erent 
brain regions. Significant positive correlations between Frequency and FSS Total, MFIS Total, MFIS Physical subscale and 
MFIS Psychosocial subscale are found in CN. QSM also correlates with MFIS Total and MFIS Physical subscales significantly. 
Based on the data from ten subjects, no significant consistent positive correlations in the other ROIs are found. No significant 
correlations between R2* and all fatigue measures are observed.
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Conclusions: Our findings on the correlation between iron deposition measured by MR susceptibility contrast imaging 
and severity of fatigue is of particular interesting to understanding the fatigue mechanisms, which may lead to an e!ective 
treatment on reducing clinical symptoms in MS patients.
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Evaluating Alzheimer Disease tau burden and spread in relation to cognitive domain deficits
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Introduction: Alzheimer Disease (AD) tau-protein pathological progression is characterized by a distinct spatiotemporal 
pattern in which (1) early tau burden continues to accumulate in early-impacted brain regions as well as (2) the simultaneous 
tau spread to additional brain regions. Specific cognitive domain deficits are shown to correlate with the spatial distribution 
of tau pathology; however, summary measures of tau in neuroimaging largely focus on tau burden in early regions of interest. 
Recent work suggests atypical variants of AD with unique spreading patterns of tau are reflective of the type of cognitive 
impairments. Summary measures evaluating tau burden for typical amnestic AD are therefore insu"cient in capturing inter-
individual di!erences in tau progression. In this work, we evaluate our previously proposed metric for calculating tau spread in 
relation to specific cognitive domain deficits.

Methods: 469 older participants and 39 younger controls (YC) were recruited with tau positron emission tomography (PET), 
amyloid PET, Clinical Dementia Rating® (CDR®), and neuropsychological testing with the Uniform Data Set (UDS-3) from the 
Washington University in St. Louis Knight Alzheimer Disease Research Center (Knight ADRC). Older participants were split 
into disease stage groups according to amyloid positivity and CDR score (Older Controls [OC], Preclinical, Symptomatic). Tau 
burden was calculated using Tau Index (TI) (Mishra et al., 2017), a summary measure of tau sensitive to preclinical regions of 
interest (ROIs). Tau spread was calculated using Tau Spatial Spread (TSS) (Figure 1), the proportion of voxels with significantly 
abnormal tau pathology relative to YC. Cognitive domain composites previously developed (McKay et al., 2023) and the 
Knight ADRC Preclinical Alzheimer Cognitive Composite (Knight ADRC PACC) were calculated relative to OC. Participant 
baseline cognitive domain scores were evaluated across disease stage and relative to both TI and TSS with nested linear 
regression models evaluated with AIC and Pearson correlation. Longitudinal analyses were conducted with linear mixed 
e!ects regression to determine whether baseline TI and TSS can predict the rate of decline for each cognitive domain. 
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Gaussian Mixture Modeling and Estimated Marginal Means analyses were conducted for visualizations of the cognitive domain 
longitudinal trajectories.

Results: Cognitive domain scores were significantly lower for symptomatic participants but no di!erence was found between 
OC and preclinical participants. All cognitive domains were correlated to both TI and TSS (Figure 2), however the working 
memory domain appears underpowered in our cohort. Baseline PACC and the Attentional domain demonstrate added 
benefit of modeling TSS in addition to TI according to the nested linear models. Episodic and Semantic Memory domains 
are inconclusive on whether there is added benefit of modeling TSS according to AIC. TI can predict the rate of decline in all 
domains but the e!ect is weak for the Working Memory domain. TSS can predict the rate of decline in the PACC, Episodic, and 
Semantic Memory domains, but not in the Working Memory domain or Attention domain.

Conclusions: Overall, preclinical impairment in various cognitive domains is related to early tau pathology. Tau burden largely 
explains cognitive impairments, however tau spread captures additional impairment in the attentional domain (possibly due 
to the inclusion of neural correlates in later-stage regions) which may be attributed to the preclinical stage prior to episodic 
impairment. Tau burden can predict the trajectory of the rate of future cognitive decline across all domains, indicating it is a 
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strong predictive biomarker. Tau spread, however, does not predict the rate of future decline in the attentional domain despite 
having added benefit at baseline. This may indicate that attentional deficits appear early in AD and therefore are largely 
observed at baseline impairment rather than future cognitive decline.
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Brain Connectivity Measured Through Spatial Covariance as a Biomarker for Neurodegeneration in AD
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Introduction: Scaled Subprofile Modelling using Principal Component Analysis (SSM/PCA) is a voxel-based technique that 
uses spatial covariance maps to identify disease patterns (DP) that best di!erentiate between two groups of subjects. This 
technique has been applied to 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) scans to classify Alzheimer’s 
disease (AD) patients. AD is a neurodegenerative disorder characterised by a hypometabolic pattern that a!ects temporal and 
parietal lobes, and, in advanced cases, the frontal lobe. A specific region of interest (ROI) combining angular gyrus, posterior 
cingulate, and temporal lobe has been shown to measure specific AD hypometabolism. Furthermore, a distinctive pattern of 
atrophy, observed in the temporal lobe on magnetic resonance imaging (MRI) scans, can also be used for AD identification. 
Atrophy and FDG-PET ROI uptake are established biomarkers of neurodegeneration in AD. The aim of this study was to 
compare these methods with a connectivity metric measured through SSM/PCA to assess the AD neurodegeneration pattern 
in a memory clinic patient cohort.

Methods: A cohort of 333 subjects from the memory clinic of the Geneva University Hospitals underwent FDG-PET, T1-MRI, 
and neuropsychological assessment within one year. Cognitive stage varied between cognitively unimpaired (CU), mild 
cognitive impairment (MCI), dementia, and psychiatric disorders (other). AD was diagnosed based on clinical assessment and 
available biomarkers. PET images were registered to a stereotactic space using subjects’ respective MRI. Three approaches to 
measure neurodegeneration were used: SSM/PCA, SUVR uptake in the Landau meta-ROI, and AD cortical thickness signature. 
SSM/PCA was applied to a subset of 15 CU and 15 AD-dementia subjects to generate an AD-specific DP (ADDP). ADDP was 
validated using bootstrapping and leave-one-out cross validation. Remaining subjects were tested against the generated 
ADDP to retrieve pattern expression. FDG-PET images were then converted to standardised uptake value ratios (SUVR, with 
vermis and pons as reference) and regional uptake in the Landau meta-ROI was extracted. Finally, an AD cortical thickness 
signature was extracted from MRI scans using Freesurfer. For each approach, a receiver operating characteristic (ROC) curve 
was generated to estimate an AD-dementia threshold and calculate its performance for identifying AD-dementia patients 
using an independent set of CU and AD-dementia subjects. Spearman correlations between neurodegeneration methods and 
baseline mini-mental state examination (MMSE) score and MMSE annual rate of change were estimated in the whole group 
and in a subset of 165 subjects who underwent a follow-up neuropsychological assessment, respectively.

Results: Mean (SD) age of participants was 72 (7) years, and 57% of subjects were female. The threshold for AD classification 
for SSM/PCA scores was of -763, with an area under the curve (AUC) of 0.96, a sensitivity of 0.9, and specificity of 0.95. The 
meta-ROI had an SUVR threshold of 1.4 (AUC=0.9, sensitivity=0.85, specificity=0.86), and the cortical thickness threshold was 
2.6 (AUC=0.89, sensitivity=0.78, specificity=0.86). All methods were significantly correlated to baseline MMSE scores (SSM/
PCA=-0.43, meta-ROI=0.38, cortical thickness=0.37, p<0.01). Patients diagnosed with dementia (regardless of aetiology) 
showed a significant MMSE annual rate of change (average=-3.8±3.8 points/year) compared to other groups. SSM/PCA scores 
showed the highest correlation with MMSE annual rate of change (-0.52, p<0.01), followed by the meta-ROI (0.46, p<0.01), and 
cortical thickness (0.36, p<0.01).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 423

ABSTRACTS

Conclusions: SSM/PCA ADDP expression provides a strong and specific marker for AD neurodegeneration, outperforming 
more conventional metrics. As SSM/PCA is a connectivity method that can be applied on a single-subject basis, it has a 
potential to be applied in clinical practice as a characterisation and prognostic biomarker.
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Di!usion Tensor Imaging as an Indicator Glymphatic Dysfunction Over Time in Patients with ALS
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Introduction: Introduction: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by the 
degeneration of upper and lower motoneurons (Yedavalli, Patil, and Shah 2018). ALS is associated with the accumulation of 
misfolded proteins in brain tissue. The brain’s glymphatic drainage system, which consists of perivascular channels that drain 
fluid from the brain parenchyma through aquaporin-4 channels expressed on astrocyte endfeet, is capable of draining these 
proteins from the brain, thereby reducing proteinopathy. It is a relatively recent discovery and remains poorly understood in 
the context of neurodegeneration (Liu et al. 2023; Jessen et al. 2015). One of the major challenges in studying the human 
glymphatic system is the di"culty in visualizing the glymphatic flow in living tissue (Naganawa and Taoka 2022). The 
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perivascular spaces that make up the glymphatic system are too small to be easily viewed using conventional neuroimaging 
methods. The new di!usion tensor image analysis along perivascular space (DTI-ALPS) technique takes advantage of 
conventional di!usion analysis methods applied to the major white matter tracts, to calculate an indirect measure of 
glymphatic flow. DTI-ALPS can be applied to many commonly collected di!usion images sets (Taoka et al. 2017; Naganawa 
and Taoka 2022; Steward et al. 2021). Prior work using the DTI-ALPS index by Liu et al. has identified a reduced value in 
patients with early-stage ALS relative to controls at a single time point. Using DTI-ALPS, our study presents the advantage of a 
longitudinal analysis (three timepoints over 8 months) in a mixed cohort of patients with ALS and primary lateral sclerosis (PLS) 
that a!ects only upper motoneurons (Yedavalli, Patil, and Shah 2018).

Methods: Di!usion magnetic resonance images from the Calgary cohort of the Canadian ALS Neuroimaging Consortium 
(CALSNIC) (patients, n = 23; controls, n=22) were processed using custom scripts based image processing and analysis tools 
from FSL, SPM and MRtrix to calculate the DTI-ALPS index from voxel-wise tensor values (Taoka et al. 2017; Kalra et al. 2020). 
A linear mixed e!ects model was used to compare patients to controls across three imaging sessions over eight months, 
controlling for age and sex, and including an interaction with diagnosis and time. This evaluation was repeated with a second 
exploratory model with patients grouped by diagnosis (ALS: n = 18, PLS: n = 5). Both models were followed up with models 
examining diagnosis, age, sex, ALSFRS score and estimated disease progression rate, as well as their interactions with time.

Results: ALS and PLS participants had reduced DTI-ALPS index values compared to controls (p < 0.05). This e!ect was driven 
by ALS participants (p < 0.01). PLS participants do not show the same relative reduction. Data from ALS and PLS participants 
showed a di!erent pattern of change over time than controls (p < 0.05). ALS and PLS patients have a more similar trajectory 
over time compared to controls, despite the di!erence in mean DTI-ALPS index. We did not find a significant relationship 
between the DTI-ALPS index with specific symptom scores or symptom progression.
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Conclusions: We observed a reduced DTI-ALPS index in ALS patients consistent with the findings of Liu et al. but did not 
replicate the association they identified with ALSFRS score (Liu et al. 2023). This last finding may relate to the longer disease 
duration in our cohort. We also found a di!ering trajectory between ALS/PLS participants and controls in DTI-ALPS change 
over time. Patients with PLS did not show the same reduction in DTI-ALPS but did show a similar trajectory over time, 
suggesting that the glymphatic system plays a di!erent role in these two motor neuron disorders given that ALS and PLS 
have very di!erent clinical trajectories (Yedavalli, Patil, and Shah 2018). Future comparative studies with a larger cohort of PLS 
patients are warranted.
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Assessing Structural MRI Changes in Patients with Parkinson’s Disease-Freezing of Gait
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Introduction: Morphological studies utilizing T1-weighted (T1) magnetic resonance imaging (MRI) can provide insight into 
the structural brain changes such as volume, cortical thickness, cortical area, and local gyrification index (LGI) in patients 
with Parkinson’s disease (PD) experiencing Freezing of Gait (FoG) by Utilizing FreeSurfer 7.0, the aforementioned T1-derived 
measures can be accurately estimated and o!er insight into the pathophysiological underpinnings of FoG. We hypothesize 
that PD-FoG will exhibit distinctive cortical morphological di!erences when compared to PD patients without FoG (PD-
nFOG) and healthy controls (HC). More specifically, we expect to observe di!erences in cortical area, volume, curvature, and 
thickness across the three groups, providing further insights into the structural variations associated with FoG in PD. Moreover, 
we expect to see a decreased LGI in the PD-FoG cohort, indicative of altered cortical folding patterns.

Methods: A total of 53 individuals were recruited at Cleveland Clinic Lou Ruvo Center for Brain Health. Among these, 16 
participants were categorized as PD-FoG, 21 were PD-nFoG, and 16 were HC. The diagnosis of FoG was determined by a 
movement disorders specialist using direct observation of the participants. This assessment took place within the context 
of a tailored physical therapy task deliberately designed to elicit instances of freezing of gait. All participants utilized in 
this study underwent a comprehensive MRI examination and were scanned with the following T1-weighted MRI acquisition 
parameters on a 3T Siemens Skyra MRI scanner: resolution=1mm...3, TR/TE=2300/2.96ms. Following the guidelines outlined 
by Freesurfer developers, the acquired MRI data underwent the FreeSurfer 7.0 processing pipeline. Freesurfer performed an 
automated segmentation of brain structures and parcellation of various brain regions. Area, volume, curvature, thickness, and 
LGI were computed within this framework. To verify quality and reliability, the data underwent a dual quality check process 
that encompassed both manual and automatic methods. The manual method consisted of viewing the reconstructed T1 
images of all patients and checking for any errors in their segmentation. If there were any segmentation errors, the errors 
were corrected manually. The automatic quality check method involved the utilization of the Computational Anatomy Toolbox 
(CAT). Following the quality check, we eliminated two of our participants. We then extracted the morphological values from 
each region identified in the Desikan-Killiany atlas from each participant. The statistical comparison and correlational analyses 
were executed using the Permutation Analysis of Linear Models (PALM) toolbox integrated within FSL. To account for potential 
confounding variables, we regressed for sex, handedness, levodopa equivalent daily dose, unified Parkinson’s Disease 
Rating Scale scores, and intracranial volume. The results were considered significant at familywise error corrected (FWE) p...
corr<0.05.

Results: The cortical volumes of the mid-posterior corpus callosum, medial orbitofrontal cortex, superior frontal cortex, and 
lingual cortex; cortical areas of the superior frontal, superior parietal, and medial orbitofrontal cortices; and cortical thickness 
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of the middle temporal cortex, right pars orbitalis, and right posterior cingulate cortex were significantly (p...corr<0.05) 
di!erent between the groups (Fig.1). Regardless of the FoG status, HC showed a trend-level (p...corr<0.1) decreased LGI in the 
parahippocampal cortex and frontal pole. PD-FoG showed a trend-level (p...corr<0.1) higher LGI across the same regions when 
compared to PD-nFOG.

Conclusions: Our analysis suggested that significant morphological di!erences exist between PD-FoG, PD-nFOG, and HC. 
The increased LGI experienced in PD-FOG potentially contributes to the manifestation of FoG in PD.
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Introduction: Cerebral microbleed (CMB) annotation on postmortem MRI scans of autopsied brains of community-based older 
adults is necessary for MR-pathology studies of cerebral small vessel disease (SVD) (Nikseresht 2023, Charidimou 2018). 
However, automation of CMB detection is challenging due to the low incidence of CMBs in community-based older adult 
brains and high prevalence of CMB mimics on ex-vivo MRI (Fig. 1). While data synthesis can improve model performance by 
increasing the amount of available training data, biases in the synthesis model can lead to poor generalization performance. 
Self-supervised learning (SSL) has been shown to be a powerful tool for improving representation learning in data-scarce 
environments such as medical imaging (Tang 2022). We propose a novel pretext task called fuzzy segmentation (FuzzSeg) that 
leverages the data synthesis process as a form of self-supervision. Ex-vivo CMB detection models pre-trained with FuzzSeg 
are shown to outperform models trained from scratch.
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Methods: 286 participants from the Rush Memory and Aging Project (Bennett 2012a) and Religious Orders Study (Bennett 
2012b), two longitudinal cohort studies of aging, were included in this work. T2*-weighted gradient echo scans of autopsied 
brains with a voxel resolution of 1x1x1 mm3 were used after N4 bias correction. CMBs in these images were manually 
annotated by an experienced rater blinded to all clinical and pathological information. Given a synthetic example, the goal of 
fuzzy segmentation is to predict the hidden kernel used to generate it (Fig. 1). The term fuzzy segmentation refers to the fact 
that each kernel is interpreted as the relative scalar intensity drop in T2* at a particular voxel compared to healthy background. 
Fuzzy segmentation is useful for pre-training because it requires the model to learn to separate hypointense foreground from 
background and estimate key features of potential CMBs such as hypointensity shape and relative intensity. Two general-
purpose self-supervised pretext tasks, rotation prediction and image inpainting, were also evaluated. A modified 3D ResNet20 
backbone was used for feature encoding.Task-specific decoder heads were attached for pre-training. Encoder weights are 
learned by pre-training on the self-supervised pretext tasks and then transferred to the CMB detection task by replacing 
the decoder component with a classification head. An end-to-end CMB detection framework that combines data synthesis, 
candidate selection, false positive reduction, and full scan evaluation was used as the backbone for this work (Nikseresht 
2012b). Input patches of size 16x16x16x4 were used with four signal echoes in the channel dimension. A high-sensitivity 
candidate selection algorithm was used to identify CMB candidates based on pre-generated image features. Training and 
evaluation were done using a repeated randomized 5-fold cross-validation technique, and final predictions were generated 
using ensembling.

Results: The CMB detection model jointly pre-trained on fuzzy segmentation and rotation prediction tasks (AP=0.3988) 
achieved the highest sensitivity at both 0.5 false positives per subject (36.4%) and at 16 false positives per subject (81.5%) of 
all models evaluated (Fig. 2). Pre-training with fuzzy segmentation alone (AP=0.3748) also led to improvements over a baseline 
model trained without pre-training (AP=0.3618), pre-training with rotation prediction (AP=0.3721), and pre-training with image 
inpainting (AP=0.3619).
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Conclusions: This work demonstrates that self-supervised pre-training with FuzzSeg is a data-e"cient technique for 
improving the performance of ex-vivo CMB detection algorithms in community-based cohorts where CMB prevalence 
is low and mimics are abundant. This has led to reduced labeling time and increased sensitivity for partially automated 
CMB annotation, a critical step in the development of future MR-pathology studies examining the link between CMBs and 
neuropathology in community-based older adults.
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Brain Circuit Signatures of Psychosis in Alzheimer’s Disease and Their Overlap with Non-AD Psychosis
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Introduction: Neuropsychiatric symptoms (NPS) are almost ubiquitous in individuals with Alzheimer’s Disease (AD). Among 
these, psychotic symptoms are particularly clinically relevant, associated with rapid cognitive decline, functional impairment, 
increased institutionalization, and heightened mortality. Psychosis is present in nearly 41% of individuals with AD, constituting a 
significant public health concern. However, despite growing evidence linking psychopathology to aberrations in the functional 
interactions of brain circuit regions over time, the specific brain circuit signatures of AD-related psychosis remain largely 
unexplored. This gap in knowledge is primarily due to inconsistent findings from small-scale studies lacking the power to 
detect robust e!ects, compounded by inadequate analytical methods not well-suited for examining brain circuits. In this study, 
we aim to bridge the knowledge gap by using open-source data and recent artificial intelligence (AI) advances to identify brain 
circuit signatures unique to AD psychosis and explore their overlap with non-AD psychosis.

Methods: We examined multi-cohort clinical and task-free fMRI from 629 participants (214 with AD dementia; 40% of them 
had psychosis, 120 with non-AD schizophrenia, 120 with non-AD early psychosis, and 175 healthy controls), using a novel 
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explainable AI (XAI) based framework. The field of XAI has been revolutionized in recent years by deep neural networks 
(DNNs); however, no study to date has employed DNNs to identify brain circuit signatures unique to AD psychosis using 
functional brain imaging data. This gap is due to the many challenges associated with applying DNNs to functional brain 
imaging data. We addressed these challenges by developing a novel spatiotemporal DNN (stDNN) model, which takes as its 
input fMRI time series data from brain regions of interest and models the underlying dynamic spatiotemporal characteristics 
of brain activity to distinguish between groups. We trained an stDNN to distinguish AD individuals with psychosis from 
those without and evaluated its performance using cross-validation analysis. To determine overlap with non-AD psychosis, 
we trained two additional stDNNs de novo – one to distinguish non-AD individuals with schizophrenia from those without, 
and another to distinguish non-AD individuals with early psychosis from those without. To identify brain circuit signatures 
associated with AD psychosis, non-AD schizophrenia, and non-AD early psychosis, we applied an XAI method, integrated 
gradients, to the three trained models respectively.

Results: stDNN achieved a high cross-validation accuracy of 80.0±1.23% in distinguishing between AD individuals with 
psychosis and those without. Additionally, stDNN achieved high accuracies of 82.0±1.58% and 86.0±2.41% in distinguishing 
non-AD individuals with schizophrenia from those without, and in distinguishing between non-AD individuals with early 
psychosis from those without, respectively. Notably, the stDNN model trained for distinguishing non-AD individuals with 
early psychosis could also distinguish between AD individuals with and without psychosis. However, the model trained for 
distinguishing schizophrenia in non-AD individuals did not show this capability. XAI analysis revealed that brain features in the 
insula node of the salience network, PCC and MTL nodes of the default mode network, and DLPFC node of the frontoparietal 
network significantly contributed to predicting psychosis in AD as well as early psychosis in non-AD individuals.

Conclusions: Our findings reveal distinct brain circuit signatures associated with psychosis in AD, showing evidence of their 
overlap with early, non-AD psychosis rather than established non-AD schizophrenia within the triple-network, providing 
substantial empirical support for the theoretical aberrant salience-based model of psychosis. These insights advance our 
neurobiological understanding of psychosis in AD and inform the development of more targeted therapeutic approaches.
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Understanding CBF Changes in Patients with Parkinson’s Disease using 3D pCASL-MRI
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Introduction: Parkinson’s disease (PD) is the second most common progressive neurodegenerative disorder, characterized 
by the death of dopaminergic neurons in the substantia nigra leading to motor dysfunction(Kalia & Lang, 2015). Arterial Spin 
Labeling (ASL) MRI has been used to understand both disease severity(Pelizzari et al.) and disease progression(Joshi, Prasad, 
Saini, & Ingalhalikar, 2023) in PD. Due to the low spatial resolution of the acquisition of ASL-MRI, however, partial volume 
e!ects (PVE) occur. PVE bias the conclusion and the repeatability of the measures derived from ASL-MRI, such as cerebral 
blood flow (CBF) and arterial transit time (ATT)(Chappell et al., 2021). In this study, we investigated the e!ects of partial volume 
correction (PVC) to understand the correlations between CBF/ATT and disease severity of participants with PD.

Methods: Ten PD and 12 healthy control (HC) patients were recruited from the Cleveland Clinic Center for Brain Health, 
Las Vegas. 3D multi-delay pseudo-continuous ASL (pCASL) MRI were acquired with the following parameters: field of view 
(FOV)=224×224 mm...2, matrix=64×64, 44 axial slices, thickness=3.5 mm, TR/TE=4130/39 msec, labeling duration=1.8 seconds, 
multiple post-labeling delays (PLD)=[0.5, 1.0, 1.5, 2.0, 2.5] seconds. CBF and ATT maps were generated from the pCASL-
MRI images and PVC was performed using the BASIL (Bayesian Inference for Arterial Spin Labeling) toolbox in FSL. The 
analysis procedure followed the recommendations in the ASL white paper (Alsop et al., 2015) . We statistically compared the 
di!erences in CBF and ATT between HC and PD patients in addition to performing correlations between CBF/ATT measures 
and PD severity (measured by Movement Disorder Society Sponsored Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS)-III and Hoehn and Yahr (H&Y) scores), disease duration, and levodopa equivalent daily dose (LEDD) in the PD group. 
All statistical analyses were done using the PALM toolbox from FSL. The results were considered significant at a familywise 
error (FWE) corrected p-value<0.05. Sex and a!ected side were used as regressors. Framewise displacement (FD) (Power, 
Barnes, Snyder, Schlaggar, & Petersen, 2012) was computed to check for head motion.
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Results: Handedness and sex were significantly di!erent between the groups. PD patients were 70% right-handed, 20% 
left-handed, 10% ambidextrous and 90% male, while HC patients were 100% right-handed and 50% male. No significant 
di!erence was observed between the FD between the groups. Our analysis did not reveal any significant di!erence in either 
CBF or ATT between HC and PD. Non-PVC analysis revealed a statistically significant (p...corr<0.05) negative correlation 
between CBF and H&Y scores (Fig.1b and Fig.2a). The regions showing correlations encompassed predominantly frontal and 
temporal cortices (Fig.1b). These correlations between non-PVC and H&Y were also observed in PVC analysis (Fig.1a and 
Fig.2a). However, the extent and strength of the correlations were greater as compared to non-PVC analysis (Fig.1a-b and 
Fig. 2a). Non-PVC corrected CBF showed an unexpected positive correlation with UPDRS-III (Fig.1c and Fig.2b) which was not 
observed with PVC analysis. ATT measures in PD were not correlated with any clinical measures in our sample.

Conclusions: No significant di!erences between HC and PD in either CBF or ATT measures suggest that the pCASL-derived 
measures are highly variable in PD, further suggesting a larger sample to discern these di!erences. The seemingly false-
positive correlation between non-PVC-corrected CBF and MDS-UPDRS-III was not observed in PVC-corrected data albeit 
a stronger correlation between PVC-corrected CBF and H&Y was observed in our sample. Overall, the results of our study 
suggest that 3D multi-delay pCASL can be used to measure disease severity in patients with PD but e!orts should be made to 
jointly analyze both PVC and non-PVC CBF and ATT measures.
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Introduction: Nutritional management has a strong correlation with dementia. There is several research indicating that 
nutritional therapy or intervention is e!ective in delaying cognitive impairment. Electroencephalography(EEG) is used to 
detect the electrical activity of the brain, not only for verifying the e!ects of various treatments and drug interventions but 
also for early detection and severity prediction of cognitive impairment. This project focuses on nutritional monitoring for 
individuals at risk of dementia. With the expectation that improving nutritional deficiencies will contribute to the management 
of chronic conditions, the project aims to validate the therapeutic e!ects of addressing nutritional deficiencies on dementia 
using QEEG.

Methods: A total of 112 participants from 5 institutions took part in the 10 week study. After application, two individuals did 
not participate, and 19 were absent in the post-measurement after the pre-measurement. Also, one participant was excluded 
due to age beyond the analyzable range, resulting in a total of 22 dropouts. The final dataset used for analysis comprised 90 
participants with a mean age of 84 years(±8.64), and it consisted of resting-state EEG data. It was confirmed that there were 
no significant di!erences in gender and age across institutions(ANOVA p-value=0.39) This study utilized iMediSync, Inc’s 
normative database ISB-Norm DB. The database comprises EEG data from 1,289 healthy participants(553 males,736 females) 
aged 4 to 80 years old. By comparing and analyzing the standard EEG database matched for age and gender, a calculated 
Z-score is used to eliminate variability arising from age and gender di!erences, allowing for a common and statistically robust 
analysis. At all 5 institutes, dietary intake was monitored and directions to increase the amount of food consumption was 
provided. EEG measurements were taken before the customized nutritional monitoring over a period of 10 weeks, and post-
nutritional monitoring EEG measurements were conducted after the completion of nutritional monitoring. The resting-state 
EEG of eyes closed(EC) condition was measured at 19 channels of the international 10-20 system. Spectrum power, power 
ratio, source cortical activity, and imaginary coherence were calculated.

Results: Comparing the EEG of the group(G1) measured before nutritional monitoring with ISB-Norm DB, characteristic 
features of dementia were identified in G1. Figure1A illustrates an increase in slow-wave band power, a decrease in α activity, 
and α peak frequency slowing in G1 compared to the Norm DB. As the slow band increases, β waves increase to maintain 
homeostasis in healthy controls. In cases of dementia, a reduction in β power leads to a higher Theta/Beta Ratio(TBR). 
Figure1B indicates a significantly higher TBR in the pre-measured data compared to ISB-Norm DB. The paired T-test 
comparing G1 and G2(Figure2A) reveals a significant reduction of relative power δ in the overall brain region. In addition, 
the band powers that were decreased in G1 significantly increased in G2. However, upon examining the occipital α peak 
frequency(Figure2B), no substantial changes were evident in the pre/post comparison. In other words, we did not observe 
an improvement in the slowing of the α peak frequency. Nevertheless, Figure2C shows that the network power values in 
G2 are higher compared to G1, and long-distance networks are identified extending from the occipital lobe. This indicates 
enhancement of the brain network, accompanied by an increase in power in the α2 and β1 frequency bands.
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Conclusions: When conducting a paired T-test between the G1 and G2 groups, significant di!erences were observed in the 
low-frequency range. Although normalization of α peak frequency was not identified, a relative and significant increase in the 
previously reduced α and β power was confirmed. Therefore, it can be observed that the dementia pattern seen in the Norm 
DB is relatively alleviated through 10 weeks of nutritional monitoring.
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Introduction: White matter hyperintensities (WMH) are regions located in the white matter (WM) of the brain that appear 
unexpectedly bright in fluid-attenuated inversion recovery (FLAIR) scans of magnetic resonance imaging (MRI). The 
pathogenesis of WMH remains unclear; however, WMH burden has been associated with both stroke risk and stroke damage, 
suggesting vascular contributions1. Cerebrovascular reactivity (CVR), or the ability for blood vessels to dilate in response to 
vasoactive stimuli, is an indicator of cerebrovascular health. Functional MRI (fMRI) studies have utilized the blood oxygen level 
dependent (BOLD) signal to measure CVR response to a vasodilation challenge, such as increased CO2 inhalation, and how it 
relates to cognitive decline in aging and stroke-related disorders. However, the vasodilation challenge required in traditional 
CVR adds to patient burden during scan acquisition. To circumvent this challenge, recent studies have proposed using relative 
CVR (rCVR) mapping derived solely from resting-state BOLD (rs-BOLD) signals. In this method, a frequency filtered global 
BOLD signal is used as a surrogate measure of the arterial CO2 timeseries to estimate cerebrovascular responses to natural 
CO2 fluctuations during normal breathing. With this innovation, CVR analysis can be performed on resting-state fMRI (rs-fMRI) 
scans without gas challenges that are more accessible to patient populations with high vascular risk. In this study, we utilize 
this novel rCVR mapping method to investigate the relationship between global WMH burden and tract-specific white matter 
CVR changes in an elderly cohort with vascular risk.

Methods: A T1-weighted structural scan, 8-minute rs-fMRI scan, and T2 FLAIR scan were acquired for 135 participants (64-
97 years, 95 female) from the Alzheimer’s Disease Research Center at UC Davis. Of the participants, 87 were cognitively 
normal, 38 were mildly impaired, and 10 were diagnosed with dementia. The T2 FLAIR scans were segmented into gray 
matter, white matter, cerebrospinal fluid, and WMH regions through a semi-automated procedure described in previous 
studies2,3. To calculate %WMH, the number of WMH voxels was divided by the total number of brain voxels and multiplied 
by 100%. %WMH was log-transformed to ensure a normal distribution. Resting-state fMRI scans were motion corrected and 
spatially smoothed (Gaussian kernel full-width-half-max=8mm) and CVR maps were generated using voxel-wise regression 
of the gray matter BOLD signal, which acted as a surrogate for the CO2 timeseries during natural breathing4. Maps were then 
normalized to global CVR to produce rCVR maps. CVR calculation was performed in native fMRI space, then transformed into 
T1-anatomical and MNI standard space. Finally, we calculated the average rCVR values for specific WM tracts identified by the 
Johns Hopkins University atlas. Relative CVR was regressed on log(%WMH), age, sex, and cognitive status for each of the 20 
WM tracts.

Results: We observed a negative correlation (p<0.05) between %WMH and rCVR in the left and right cingulate gyrus (m=-
0.05, p=0.01; m=-0.04, p=0.04), and left and right cingulum hippocampus (m=-0.09, p=0.003; m=-0.006, p=0.006). This finding 
aligns with our hypothesis that a greater %WMH corresponds to a lower rCVR value.

Conclusions: The identified WM tracts support the default mode network, a functional network that changes in aging and 
cognitive impairment, which our results associate with vascular injury (reduced rCVR)5. As WMH are associated with both 
stroke risk and damage, our research provides insight into early vascular changes that may lead to WMH and vulnerable brain 
structural connections which can inform stroke prevention, treatment, and rehabilitation.
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Depression in Premanifest HD: Aberrant E!ective Connectivity of Striatum and Default Mode Network

Tamrin Barta1, Leonardo Novelli1, Nellie Georgiou-Karistianis1, Julie Stout1, Samantha Loi2, Yifat Glikmann-Johnston1, Adeel Razi1
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Introduction: Depression is one of the most common and impactful features early in Huntington’s Disease (HD), in 
the premanifest period (pre-HD), prior to clinical diagnosis (Epping & Paulsen 2011). Depression is increasingly being 
conceptualised as a circuitopathy (Hannan 2018) and two large-scale networks surmised to contribute to the expression of 
depressive symptoms in pre-HD are the striatum and the default mode network (DMN; McColgan et al. 2017; Garcia-Gorro et 
al. 2019). Existing neuroimaging studies are limited and relied on functional connectivity: an inherently undirected measure 
of connectivity (Friston et al. 2014). Dynamic causal modelling (DCM) allows testing of neurobiologically plausible models 
of connectivity changes in pre-specified networks (Friston et al. 2014; Razi et al. 2015). We investigated DMN and striatal 
e!ective connectivity and depression in pre-HD, using these model-based methods.
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Methods: We analysed 3T resting state fMRI data from 93 pre-HD participants (51.6% females; mean age = 42.7; Klöppel 
et al., 2015). Behavioural measures included history of depression, Beck Depression Inventory, 2nd Edition (BDI-II) and 
Hospital Anxiety and Depression Scale, depression subscale (HADS-D). An optimal cut-o! score recommended for use in 
HD categorised clinically significant depressive symptoms (De Souza, Jones, and Rickards 2010). Regions of interest (ROIs) 
included medial prefrontal cortex (MPFC [3,54,-2]), posterior cingulate (PCC [0,-52,26]), hippocampus (HPC left [-29,-18,-16], 
right [29,-18,-16]), caudate (CAU left [-10,14,0], right [10,14,0]), and putamen (PU left [-28,2,0], right [-28,2,0]). Each ROI time series 
was calculated as the first principal component of the voxels’ activity within an 8 mm sphere for MPFC and PCC and a 6 mm 
sphere for all other regions, and was further constrained within masks. Preprocessing pipeline included slice-timing correction, 
realignment, spatial normalisation to MNI space, and spatial smoothing by a 6 mm full-width half-maximum Gaussian kernel. 
Spectral DCM (Friston et al. 2014; Razi et al. 2015) was used to estimate subject level connectivity and parametric empirical 
bayes (Friston et al. 2016) was employed to estimate group level e!ective connectivity changes between participants with a 
history of depression and those without. We focused on connections that had a Bayesian posterior probability ≥ 0.99. Leave-
one-out cross-validation was performed for connections that reached this criterion.

Results: The model estimation was excellent, with an average percentage variance-explained of 89.70% (SD: 4.22; range: 
74.15-94.87). For pre-HD with a history of depression, we found excitatory projections from MPFC to right HPC and left 
PU, in line with expectations (Figure 1). The PCC had aberrant excitatory and inhibitory influence on the striatum and the 
hippocampus for pre-HD with a history of depression, compared to those without. Striatal connectivity patterns were notable 
in the more a!ected left cerebral hemisphere. Contrary to expectations, no aberrant connections were found from MPFC to 
CAU or PCC. The present study demonstrates that aberrant connectivity patterns for pre-HD with a history of depression is 
associated with coupling di!erences in depressive symptoms (Figure 2). Leave-one-out cross-validation comprised left PU, 
CAU and PCC self-connections, chosen as they appeared most consistently across models. Correct classification reached 
significance for both HADS-D, corr(91) = 0.19: p = .037, and BDI-II cut-o! scores, corr(91) = 0.29, p = .002.
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Conclusions: The present study suggests network dysconnection as a neural basis for depression in pre-HD. Aberrant 
e!ective connections were associated with trait level depression, which was di!erentially associated with coupling changes 
in state depressive symptoms. This work adds to our understanding of the pathophysiology of HD and shows that defining 
circuitopathies of neuropsychiatric features plays an important role in understanding the disease.
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Distinctive Accumulation Patterns of Amyloid β in clinical progression of MCI pattern
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Introduction: Mild Cognitive Impairment (MCI) is a transitional stage between normal aging and dementia. Understanding 
underlying pathological background is critical to predict clinical progression and disease management. Amyloid Positron 
Emission Tomography (PET) imaging uses a class of radiopharmaceuticals that detect levels of amyloid in the human brain to 
visualize amyloid beta deposits, It has revealed brain pathology and faster clinical progression of Alzheimer’s disease (AD). 
Previous studies primarily focused on the total amount of amyloid without conducting longitudinal studies. This study aims to 
explore distinct amyloid beta accumulation patterns in individuals with stable MCI compared to those progressing to dementia 
in definite prodromal AD patients.

Methods: Forty-five MCI patients participated. 23 of these patients were converted into AD. Amyloid β deposition was 
quantified using the Standardized Uptake Value Ratio(SUVR) and the Centiloid, a standardized metric for PET data. 
Subsequently, an one sample t-test was employed to assess the statistical significance between the two groups, which 
analyzes di!erences in amyloid deposition patterns and their respective SUVR and Centiloid values.

Results: The analysis revealed a statistically significant elevation in both SUVR and Centiloid values in the right Lateral orbital 
gyrus (OFClat) region for the MCI to AD group compared to the MCI to MCI group. The increase in SUVR and Centiloid scores 
in this specific region was consistent with the hypothesis of heightened amyloid beta accumulation in individuals progressing 
from MCI to AD.
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Conclusions: Our findings suggest that early amyloid beta deposition in the right Lateral orbital gyrus region may serve as a 
biomarker for the early detection of AD progression risk.
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A Negatively Correlation Between Serum Calcium and Gray Matter Volume in Alzheimer’s Disease
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Introduction: Calcium is considered involved in the pathophysiology of cognitive decline and Alzheimer’s disease (AD)1. 
According to the calcium hypothesis of AD2, the amyloidogenic pathway may function to remodel the neuronal Ca2+ signaling 
pathways responsible for cognition. This remodeling calcium signaling can disrupt the synaptic strength, and the increased 
calcium concentration can trigger apoptosis, resulting in severe cognitive decline and neuronal cell death. Previous studies 
have showed that serum Ca2+ can easily cross the blood-brain barrier3. High extracellular calcium levels may enhance calcium 
influx in neurons during signaling when calcium channels open, leading to calcium overload and neuronal death4. Current 
studies reported that higher serum calcium status (even if not hypercalcemia) may increase the risk of AD in elders. Serum 
calcium is a useful biomarker in predicting clinical progression in nondemented elders5. However, the potential mechanism of 
serum calcium as a biomarker for AD remains unclear. In our study, we aimed to investigate the relationship between serum 
calcium and AD by using voxel-based morphometry (VBM) based regional gray matter volume (rGMV) to visualize brain 
alterations associated with calcium.

Methods: The sample was derived from our memory clinic in Tohoku University Hospital, which included 76 patients (age 
range from 50 years to 93 years). The patients had brain MRI scans completed at the investigation. We also collected the 
patients’ age, gender, years of education, mini-mental state examination score (MMSE), and blood test results. The exclusion 
criteria for all participants were: (1) other neurological disorders; and (2) severe medical conditions or terminal diseases 
that may influence the results of imaging studies. MRI scanner was used to acquire a 3D T1-weighted structural image. 
Pre-processing of structural images was performed using Statistical Parametric Mapping software (SPM12) implemented in 
MATLAB. We used SPM12 to conduct a whole-brain multiple regression analysis to examine the association between serum 
calcium level and rGMV on brain structure. The subjects’ age, gender, total brain volume (TBV), years of education and MMSE 
score were entered as covariates of no interest in these analyses.

Results: After adjusting for age, gender, TBV, years of education and MMSE scores we found increased serum calcium level 
was significantly associated with decreased rGMV in the bilateral fusiform gyrus (Left: MNI coordinates at peak voxel = (-34, 
-38, -12); t = 5.48, pFWE = 0.002, cluster size = 1701. Right: MNI coordinates at peak voxel = (36, -38, -10); t = 4.62, pFWE = 
0.008, cluster size = 1217).

Conclusions: In the present study, we found serum calcium was negatively correlated with rGMV in the bilateral fusiform 
gyrus after adjusting for covariates. The fusiform gyrus, a brain region that plays roles in vision for perception, object 
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recognition, and reading, has gained attention in epigenetic studies6. It has been reported that specific changes in functional 
connectivity of the fusiform gyrus in MCI, considered a risk factor of conversion to AD, and atrophy of the fusiform gyrus 
occur as a consequence of amyloid load within the hippocampus. Thus, the fusiform gyrus has been identified as a critical 
brain region associated with MCI, which may increase the risk of AD development7. In fusiform gyrus, Transmembrane 
O-Mannosyltransferase Targeting Cadherins 2 (TMTC2) is a novel candidate gene that is identified co-expressed in AD, and 
this gene is also involved in endoplasmic reticulum (ER) calcium homeostasis7. However, the molecular mechanism between 
serum calcium levels and fusiform gyrus remains to be studied. Our study suggests that a potential association between 
serum calcium levels and brain structural alterations, indicating that serum calcium may serve as a useful biomarker in clinical 
AD patients.
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The impact of FreeSurfer variability on structural brain analyses in Parkinson’s disease
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Introduction: Software variability impacts the reproducibility of neuroimaging studies. Image processing software impacts 
quantification of brain measures and may impact clinical research. The goal of this study was to investigate the impact 
of variability between major FreeSurfer releases on the estimation of structural MRI-derived measures in patients with 
Parkinson’s disease (PD). Clinical research questions were derived from previous studies on MRI-derived biomarkers of 
PD (Hanganu et al., 2014; Mak et al., 2015; Mitchell et al., 2021). We hypothesized that the software version would impact 
the magnitude of the group di!erences between healthy controls (HC) and PD patients in subcortical volume and cortical 
thickness (at baseline and longitudinally). We also hypothesized that software variability would impact the strength of the 
relationship between disease severity and subcortical volume as well as cortical thickness in patients with PD (at baseline 
and longitudinally).

Methods: Two hundred and nine PD patients (Mage = 62.5; SD = 9.6) and 106 HC (Mage = 60.5; SD = 10.2) were selected from 
Parkinson’s Progression Markers Initiative database. 125 PD patients (Mage = 61.1; SD = 9.3) had two scans that were used in 
the longitudinal analyses. T1-weighted brain images were processed using FreeSurfer. We measured the di!erences in the 
estimation of volume, surface area, and cortical thickness between three major FreeSurfer releases (i.e., 5.3, 6.0.1, and 7.3.2). 
Longitudinal preprocessing stream was used to calculate the change in cortical thinning and subcortical volumes between 
the two study visits (Reuter et al., 2012). Unified Parkinson’s disease rating scale was used to measure disease severity. We 
compared clinical results obtained from di!erent software versions.

Results: The code and results are available at https://github.com/LivingPark-MRI/freesurfer-variability. We report high software 
variability in the estimation of all three structural measures. Estimations significantly di!ered between software versions in 
62% to 86% regions depending on metric and FreeSurfer pair. Some regions display higher between-version than between-
subject variability (Fig. 1). The variability did not di!er between patients and healthy controls (ps < .05). Importantly, software 
variability impacted the clinical outcomes. Group di!erences between patients and healthy controls in subcortical volumes 
depended on software version; results di!ered between versions for the left hippocampus, right pallidum, right amygdala, 
and right nucleus accumbens (ps < .05) Vertex-wise analyses of group di!erences in cortical thickness and its correlation with 
disease severity showed distinct results depending on the software version (Fig. 2). More significant clusters were reported in 
FreeSurfer 5 than in more recent versions.
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Conclusions: We report that software variability is not only associated with the estimation of structural measures but it also 
impacts the interpretation of the correlations between estimates of brain structure and clinical outcomes that are commonly 
used in research and in the clinic. Such variability limits the utility of MRI-derived measures of brain structure as outcomes in 
clinical research and poses significant challenges to their eventual integration into clinical practice. We recommend users to 
implement the latest available release of FreeSurfer. The most recent software versions usually have improved algorithms and 
fixed issues discovered in previous releases. Toolbox version should not be changed throughout the same study. Developers 
could track di!erences between versions by analyzing the same dataset with current and future releases to provide 
information about the degree of software variability. Providing software long-term support would be beneficial. Our study 
provides insight into the reproducibility of neuroimaging studies in neurodegenerative disorders.
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White Matter Alterations in Major Depression Disorder with Suspected Non-Alzheimer Pathophysiology
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Introduction: Depression has been identified as a factor that elevates the risk of developing Alzheimer’s disease, 
characterized by β-amyloid pathology (Aβ)1. Notably, previous research has highlighted a subgroup within late-life major 
depressive disorder (MDD) known as Suspected non-Alzheimer Disease Pathophysiology (SNAP), where individuals exhibit Aβ 
negativity but display positive neurodegeneration (Aβ-/ND+)2. In comparison to both normal control (NC) participants and MDD 
individuals who tested negative for both Aβ and neurodegeneration (Aβ-/ND-), these SNAP MDD patients showed significantly 
reduced 18F-florbetapir levels across various cortical regions3. However, the extent of putative white matter alterations, 
whether widespread or specific to particular white fiber tracts, has remained unclear. To address this gap, this study leveraged 
fixel-based analysis (FBA)4 of di!usion MRI (dMRI) data to investigate potential changes in white matter fiber tracts.

Methods: Our study enrolled 105 individuals diagnosed with late-life MDD and 21 age-matched normal controls (NC). All 
participants tested negative for amyloid (Aβ-) through 18F-Florberapir PET scans, and the confirmation of Aβ- status was 
determined using the visual rating approach5. Additionally, subjects were categorized as neurodegeneration-positive (ND+) 
if they exhibited hippocampal volume atrophy or glucose hypometabolism6,7. Based on these criteria, our cohort comprised 
92 patients with Aβ-/ND- MDD, 13 with Aβ-/ND+ SNAP MDD, and NC exclusively consisted of Aβ-/ND- individuals. DMRI 
data were acquired on a 3T MRI scanner with 30 directions at b=1000 s/mm2. After data preprocessing, we followed the 
recommended FBA processing steps of MRtrix38 to compare between NC and MDD groups, based on the fixel-wise metrics 
of fiber density (FD), fiber-bundle cross-section (FC), and the combined metric of FD and FC (FDC)4. The statistical analysis of 
whole-brain fixel-wise metrics was conducted using the general linear model. Two-sample t-tests were performed to explore 
between-group di!erences, controlling for gender, age, education, intracranial volume, and head motion. Nonparametric 
permutation testing over 5000 permutations was used for multiple comparisons, with statistical significance defined at P-value 
<0.05 using a family-wise error control9.

Results: NC vs MDD (Aβ-/ND-) No significant di!erences were found between NC and individuals with Aβ-/ND- MDD across 
all three fixel metrics. NC vs SNAP MDD (Aβ-/ND+) In comparison to the NC group, the SNAP MDD (Aβ-/ND+) patients 
exhibited the following significant di!erences (Fig. 1): decreased FD at the mid-body of the corpus callosum (CC) and bilateral 
fornix; decreased FC at the mid-body of CC and bilateral cortical-spinal tract (CST); and decreased FDC at the mid-body of CC, 
bilateral CST, and the right inferior fronto-occipital fasciculus (IFOF). Additionally, SNAP MDD demonstrated higher FC at the 
left fornix and splenium of CC as compared to NC. MDD (Aβ-/ND-) vs SNAP MDD (Aβ-/ND+) SNAP MDD showed significant 
reductions in FD and FDC at the right fornix and genu of CC, as compared with Aβ-/ND- MDD (Fig. 2).
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Conclusions: Our results demonstrated that patients with SNAP MDD (Aβ-/ND+) had significant white matter fiber-specific 
reductions, in comparison to those with MDD (Aβ-/ND-) and NC. These are consistent with lower 18F-Florbetapir uptakes 
in SNAP MDD than the other two groups3. In addition, our study suggests a potential link between white matter fiber 
connectivity and the pathophysiology observed in the SNAP MDD group. Such distinct patterns of white matter alterations 
hold implications for understanding the underlying pathogenesis of non-Alzheimer’s pathology and late-life depression. 
Our future investigations will integrate these findings with the outcomes of cellular mechanism analysis using PET, providing 
insights into the relationship between cellular metabolism and white matter reductions.
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A Comparative Study on Diagnosing Parkinson’s Disease Using Two Novel Neuromelanin 
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Introduction: Neuronal loss in the substantia nigra pars compacta (SNpc) and/or locus coeruleus (LC) is seen in Parkinson’s 
disease (PD) (Braak, Del Tredici et al. 2003), resulting in a visible loss of neuromelanin (NM) detected by NM-MRI (Sasaki, 
Shibata et al. 2006). The contrast of NM-MRI is mainly caused by magnetization transfer (MT) and T1-shortening e!ects. But 
a conventional gradient-echo-MT sequence requires longer scan time (>8min). Two novel NM-MRI sequences with shorter 
scan time (<6min) have shown the comparable or better contrast-to-noise ratio (CNR) of NM-MRI signals in SNpc/LC than the 
conventional gradient-echo-MT one, namely black-blood delay alternating with nutation for tailored excitation-prepared T1-
weighted variable flip angle turbo spin echo (DANTE T1-SPACE) (Oshima, Fushimi et al. 2021) and Sandwich-NM (Ji, Choi et 
al. 2022). Whilst the hyperintense signals in SNpc/LC and suppressed cerebrospinal fluid and intravascular signals shown in 
DANTE T1-SPACE images rely on MT e!ect due to short rectangular pulses in wideband, Sandwich-NM adopts even number 
of flow saturation pulses inferior and superior to the imaging slab to enhance incidental MT e!ect on NM CNR without flow 
artifacts. However, it is underdetermined which novel NM-MRI sequence within the above two has better performance on the 
diagnosis of PD. Thus, we simultaneously applied both sequences to each participant within a single MRI session, and aimed 
to compare their SNpc/LC CNR and PD diagnostic performance.

Methods: Twenty-four patients with PD (age=64.64±8.76 years; 14 males) and 24 age- and sex-matched healthy controls 
(HCs, age=67.46±7.72 years, 10 males) underwent all structural brain scans on a 3T-MRI scanner (MAGNETOM Skyra, Siemens 
Healthineers, Erlangen, Germany) with a 20-channel head coil. The details of imaging parameters for both sequences 
are described in previous studies (Oshima, Fushimi et al. 2021, Ji, Choi et al. 2022). We used a MATLAB toolkit (SPM 12) to 
co-registered both DANTE T1-SPACE and Sandwich-NM images to a T1-weighted MPRAGE image for each subject. Two 
radiographers used 3D slicer software to manually draw regions of interest (ROIs) on the bilateral SNpc/LC on co-registered 
Sandwich-NM images. They also placed 3 circle reference ROIs on the bilateral cerebral crus (CC) and a non-SN brainstem 
tissue for each individual image. Both co-registered NM-MRI images thereby shared the same manually drawn ROIs that 
allowed us fairly calculate CNR from them. CNRSNpc in each side was calculated by the following equation: (SI_SNpc-SI_CC)/
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SI_CC, whereas CNR_LC was obtained by (SI_LC-SI_non-SN)/SI_non-SN (SI: averaged signal intensity within a ROI). Finally, 
a receiver operating characteristic curve (ROC) analysis was performed to di!erentiate patients from HCs in terms of either 
CNR_SNpc or CNR_LC in the left, right, and bilateral sides, to compare the diagnosis performance between both NM-
MRI sequences.

Results: Significant CNR reductions in the left, right, and bilateral SNpc in both DANTE T1-SPACE and Sandwich-NM images 
were found in PD compared to HC (p<0.001). However, CNR_LC in either of two sides disabled the di!erentiation between 
PD and HC groups. No significant di!erences in CNR measures between two raters. Results of ROC analysis showed that the 
CNR_SNpc obtained from both sides achieved great performance on discriminating PD and HC groups when using either 
DANTE T1-SPACE (area under the curve [AUC]=0.892) or Sandwich-NM (AUC=0.889). CNR_LC from either side failed to 
classify PD and HC groups (Fig. 2).

Conclusions: Our findings revealed that CNR_SNpc measures from DANTE T1-SPACE and Sandwich-NM images have 
comparable PD diagnostic performance, with nearly short scan time. Future works will use atlas-based ROI (Pauli, Nili et al. 
2018) or deep-learning based segmentation (Le Berre, Kamagata et al. 2019) methods to improve CNR calculation, especially 
for potentially subjective biases due to tiny LC structure.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 444

ABSTRACTS

References
1. Braak, H., K. Del Tredici, U. Rüb, R. A. de Vos, E. N. Jansen Steur and E. Braak (2003). “Staging of brain pathology related to sporadic 

Parkinson’s disease.” Neurobiol Aging 24(2): 197-211.
2. Ji, S., E.-J. Choi, B. Sohn, K. Baik, N.-Y. Shin, W.-J. Moon, S. Park, S. Song, P. H. Lee, D. H. Shin, S.-H. Oh, E. Y. Kim and J. Lee (2022). 

“Sandwich spatial saturation for neuromelanin-sensitive MRI: Development and multi-center trial.” NeuroImage 264: 119706.
3. Le Berre, A., K. Kamagata, Y. Otsuka, C. Andica, T. Hatano, L. Saccenti, T. Ogawa, H. Takeshige-Amano, A. Wada, M. Suzuki, A. Hagiwara, 

R. Irie, M. Hori, G. Oyama, Y. Shimo, A.
4. Umemura, N. Hattori and S. Aoki (2019). “Convolutional neural network-based segmentation can help in assessing the substantia nigra 

in neuromelanin MRI.” Neuroradiology 61(12): 1387-1395.
5. Oshima, S., Y. Fushimi, T. Okada, S. Nakajima, Y. Yokota, A. Shima, J. Grinstead, S. Ahn, N. Sawamoto, R. Takahashi and Y. Nakamoto 

(2021). “Neuromelanin-Sensitive Magnetic Resonance Imaging Using DANTE Pulse.” Mov Disord 36(4): 874-882.
6. Pauli, W. M., A. N. Nili and J. M. Tyszka (2018). “A high-resolution probabilistic in vivo atlas of human subcortical brain nuclei.” Scientific 

Data 5(1): 180063.
7. Sasaki, M., E. Shibata, K. Tohyama, J. Takahashi, K. Otsuka, K. Tsuchiya, S. Takahashi, S. Ehara, Y. Terayama and A. Sakai (2006). 

“Neuromelanin magnetic resonance imaging of locus ceruleus and substantia nigra in Parkinson’s disease.” Neuroreport 17(11): 
1215-1218.

Poster No 267

White matter hyperintensities e!ect on cognition in type 2 diabetes is moderated by education level

Mohamed Salah Khlif1, Carolina Restrepo2, Sheila Patel3, Leonid Churilov4, Louise Burrell3, Amy Brodtmann1

1Cognitive Health Initiative, Central Clinical School, Monash University, Melbourne, VIC, 2Cabrini Health, Melbourne, VIC, 
3Department of Medicine, University of Melbourne, Austin Health, Heidelberg, VIC, 4Melbourne Medical School, University of 
Melbourne, Melbourne, VIC

Introduction: White matter hyperintensities (WMH) are a cerebral small vessel disease (cSVD) marker (Li et al., 2022). Factors 
that lead to WMH accumulation and to cSVD include increasing age, obesity, hypertension, and type 2 diabetes mellitus 
(T2DM). WMH burden has been linked to neurodegeneration and cognitive decline (Rizvi et al., 2018). Conversely, there is a 
positive association between education attainment level and cognitive ability across an adult life span (Lövdén et al., 2020). 
We conducted a moderation analysis in a group of people with T2DM to determine if education level attenuates the causal 
relationship between WMH volume and cognitive performance (see Fig. 1).

Methods: Baseline multimodal MRI was completed as part of the Diabetes and Dementia (D2) (Patel et al., 2017), an 
observational longitudinal case control study that followed 150 adults with T2DM. Age, obesity (BMI > 30 kg/m2), hypertension 
(24-hour blood pressure mean > 140/90 mmHg), and education level (0/1 based on a threshold of 12 years of education, YOE) 
were included as covariates. WMH volumes (predictor, mm3) were estimated using manual delineations on FLAIR images and 
cognitive screening (response) was done using the Montreal Cognitive Assessment (MoCA) test (Nasreddine et al., 2005). The 
causal e!ects of WMH on cognitive ability were estimated and stratified by the level of education attainment. The “WeightIt” 
R package was used for generating the balancing weights based on the “optweight” method (https://cran.r-project.org/web/
packages/WeightIt/index.html). We used the g-computation algorithm and set ‘vcov’ to ‘HC3’ for robust estimations of causal 
e!ects and confidence intervals.

Results: We included 129 participants (age: 65.1 ± 7.2 years, men: 72): 93 participants had YOE > 12 years; 45 had current/
untreated hypertension based on ambulatory BP testing, and 68 were classified as obese. The distributions of unadjusted 
covariates at baseline stratified by education level are shown in Fig. 1. Covariate balancing after weighting is provided in Fig. 
2/A showing WMH-covariate correlations below 5%. We found a causal e!ect of WMH accumulation on cognitive ability (p = 
0.00154, Fig. 2/C) only in the group of T2DM patients with lower level of education. This was also reflected in the plot of the 
average dose-response function (ADRF) in Fig. 2/B. Testing also showed that the education moderation e!ect was significant 
(p = 0.00585, Fig. 2/C).

Conclusions: In this sample of participants with T2DM, we report a significant e!ect of higher education attainment in 
attenuating the causal e!ects of cSVD, reflected by WMH accumulation, on cognitive abilities. These results are consistent 
with the concept of cognitive resilience imparted by prior educational attainment, even in the setting of increasingly cSVD.
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Introduction: Resting-state functional connectivity (RSFC) has predominantly been explored using functional Magnetic 
Resonance Imaging (fMRI)1. Existing literature highlights alterations in RSFC among specific neurodegenerative conditions, 
including multiple sclerosis (MS)2,3. Functional near-infrared spectroscopy (fNIRS) emerges as a potential alternative for RSFC 
analysis4. In contrast to fMRI, fNIRS boasts several advantages, such as portability, noiselessness, and resistance to motion 
artifacts. These advantages ensure unrestricted participation of all subjects, eliminating constraints associated with factors 
like magnetic fields and enhancing overall comfort during data acquisition. This study aims to investigate RSFC patterns using 
fNIRS in both healthy controls and people with multiple sclerosis (PwMS).

Methods: We enrolled 18 control participants (mean age = 55.0 ± 3.1 years) and 18 PwMS (mean age = 59.4 ± 1.7 years) for this 
study. The experimental protocol included a 15-minute resting-state session while recording fNIRS data. Changes in oxy-
hemoglobin concentration were measured across 44 standard channel (3cm) and 8 short-separation channels (8mm). The 
fNIRS array covered premotor, sensorimotor, associative, parietal, and frontal areas. After signal acquisition, noisy channels 
were removed, and the remaining channels were converted into changes in optical density. Motion artifacts were identified, 
and motion-free segments were segregated5. Subsequently, motion-free segments exceeding a duration of 20 seconds 
were individually analysed. They were band-passed (0.009–0.08Hz)6, and the optical density data were converted into 
concentration changes. At the end, the short-separation channels were regressed out, and the free segments were combined. 
Channel signals within the same Brodmann area (BA) were averaged for each subject, resulting in 18 regions of interest 
(nine for each hemisphere). Subsequently, the Pearson correlation was employed to calculate the correlation matrix for each 
subject. Group correlation matrices were then computed by averaging individual correlation matrices within each group. 
Finally, to assess the statistical di!erence between groups, individual correlation matrices were Z-transformed and then each 
box of the matrix was compared between the two groups through a non-parametric test (Wilcoxon rank sum test, p <0.05)7.

Results: Results revealed a robust inter-hemispheric correlation specific to homologous areas in the control group, and 
clusters in prefrontal, sensorimotor, and associative intra-hemispheric regions. Conversely, PwMS generally exhibited a loss or 
reduction in correlations compared to the control group. Specifically, PwMS demonstrated diminished connections between 
homologous areas (BA40, p=.001; BA7, p=.017; BA3, p= 0.0016) and, more broadly, among inter-hemispheric connections. 
Additionally, reductions were observed in intra-hemispheric connections related to sensorimotor and parietal areas (e.g., Left 
BA3-BA40, p=.014; Left BA4-BA40, p=.005; Left BA3-BA4, p=.005).

Conclusions: The decrease in functional inter-hemispheric connections could be attributed to the loss of integrity of the 
corpus callosum, which is typical in PwMS8. Impaired RSFC can lead to inadequate performance of daily life tasks. Therefore, 
exploiting the advantages of fNIRS, such as portability, quietness, and non-invasiveness, to acquire data immediately before 
the execution of a specific motor or cognitive task, it may be possible to investigate potential associations between the state 
of the brain (resting-state) and following behavioral outcomes (task).
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Introduction: Behavioral and psychological symptoms of dementia (BPSD), such as aggression, agitation, anxiety a-ict over 
75% of patients with Alzheimer disease (AD) (Halpern Rachel, 2019) and impose a high burden on caregivers and the patient’s 
family (Jia J, 2018). Given that psychotropic medications are broadly prescribed among BPSD, the safety of antipsychotic 
drugs has always been a concern (Kuehn B.M., 2005 & Maust D.T., 2015). Furthermore, for di!erent patients with comparative 
severity of BPSD, there may be significant variations in the dosages of antipsychotic drugs required. However, the objective 
indicators, which can be utilized for evaluating drug dosage are still lacking. Since BPSD patients may have altered brain 
structure, it is highly desired to investigate relationship between the brain structural alteration and the final e!ective 
antipsychotic drug dosage for BPSD patients towards precision medicine.

Methods: This study focuses on AD patients who are outpatient or hospitalized in the geriatric psychiatry department at 
the Shanghai Mental Health Center, China. Baseline general demographic data were collected from the patients. Their 
cognitive function was evaluated using the Mini Mental State Scale (MMSE) and the behavioral and psychological symptoms 
were evaluated by the Neuropsychiatric Inventory (NPI). 3D T1w brain structural MRI data were acquired and processed with 
Freesurfer 7.0, resulting in 68 cortical thickness and 16 subcortical regions of interest (ROIs) based on the Desikan-Killiany 
atlas (Desikan et al., 2006) and the Automatic Segmentation of Subcortical Structures (Fischl, 2002), respectively. All patients 
underwent standardized clinical treatment (with or without concomitant antipsychotic drugs) and were followed up until BPSD 
remission. Drug treatment procedures (including drug types and doses) were recorded, where the antipsychotic drugs were 
converted using a defined daily dose (DDD) method to obtain the final daily dose (Leucht S., 2016). We divided the patients 
into three groups: DDDs=0, 0<DDDs<0.3, and DDDs≥0.3, representing a non-antipsychotic group (NAP), a low-dose group 
(LAP), and a high-dose group (HAP). Region-wise comparisons on cortical thickness and sub-cortical volume were conducted 
across di!erent groups. Finally, we investigated the relationship between the altered brain regions and the DDDs.

Results: A total of 86 AD patients who met the ICD-10 diagnostic criteria were enrolled (NAP, n=28, LAP, n=26, HAP, n= 32). 
Among the three groups, NAP group showed less NPI score than LAP and HAP, while no di!erence was observed in age, 
gender, education level and MMSE score (Tab. 1). ANCOVA analysis on brain region-wise cortical thickness measures, after 
controlling age, gender, education level, showed significant di!erences in the thickness at the left pars orbitalis (F=3.277, 
p=0.003) and the volume of left thalamus (F=4.279, p<0.001) among three groups. Post hoc analysis indicated that the 
HAP group had thinner cortex in the left pars orbitalis compared to the NAP group (Fig 2A). Ordinal logistic regression 
analysis revealed that NPI (p=0.014) and cortical thickness at the left pars orbitalis (p=0.037) were independent predictors 
of antipsychotic drug dosage. Further association analysis between cortical thickness of the left pars orbitalis and DDDs 
revealed a significant negative correlation (r=-0.229, p=0.04) even after adjusting for gender, age, education level, MMSE and 
NPI score (Fig 2B).
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Conclusions: This study provides first-ever evidence that brain anatomical changes may serve as valuable biomarkers in 
prediction of antipsychotic drug dosage for patients with BPSD. The result has significant implications for optimizing clinical 
management strategies and o!ers insights into the intricate neuropathological mechanisms of BPSD.
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Introduction: previous studies suggested neuropsychological tests are e!ective in identifying MCI and Alzheimer’s disease 
(AD) more accurately than structural MRI measurement. Here we aimed to investigate correlations between DTI measurements 
and 6 cognitive domains of neuropsychological tests in MCI patients.

Methods: We acquired 3D T1-weighted and DTI images from 390 elderly MCI patients and processed them with FSL and SPM. 
14 data were excluded due to preprocess quality, and 4 data were excluded due to STROOP test failure. Brain di!usion MR 
images were collected at Pusan National University Hospital, with b = 600 s/mm^2 di!usion weighting in 62 directions and 
one b = 0 image. Voxel-wise analysis of fractional anisotropy (FA) and mean di!usivity (MD) were conducted using DARTEL in 
SPM. SNSB(Seoul Neuropsychological Screening Battery) was used to measure patients’ cognitive functions and 6 test scores 
were used in this study: Attention(Digit Span), Language(Korean Version Boston Naming Test; K-BNT), Visuospatial(Rey-Kim), 
Memory(Seoul Verbal Learning Test; SVLT), Executive function(STROOP) and Functional activity(Seoul-Instrumental Activities 
of Daily Living; S-IADL). In S-IADL, evaluate functional activity impairment with a cuto! score of 7.5, which is the clinical 
diagnostic criteria.

Results: FA values were correlated only with S-IADL scores in regions several regions including the anterior cingulate gyrus. 
MD values were correlated with Digit Span, ReyKim, and S-IADL scores. With MD values, Digitspan scores were correlated in 
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regions around mid cingulate gyrus, ReyKim scores were correlated in several regions including the parahippocampal gyrus, 
and S-IADL scores were correlated in white matter regions widely.

Conclusions: MD is more e!ective in detecting cognitive function decline than FA. Combining DTI data with the 
neuropsychological tests, we can identify microstructural changes in the brain that contribute to attention, visuospatial 
function, and functional activity.
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Introduction: Lewy body dementia (LBD) encompasses both Dementia with Lewy bodies (DLB) and Parkinson’s disease 
dementia (PDD). It is common and causes significant morbidity1. What drives selective vulnerability of particular brain regions 
in LBD is poorly understood. Iron dyshomeostasis may be relevant because excessive iron interacts with α-synuclein to 
cause neurodegeneration in Lewy body diseases2. Therefore, Quantitative Susceptibility Mapping (QSM), which reflects 
regional di!erences in iron content, particularly in deep grey matter3, may have utility in LBD. One previous study used QSM to 
investigate magnetic susceptibility in the substantia nigra in DLB4. However, it has never been used to evaluate iron deposition 
in other brain regions. Here, we present a whole brain QSM analysis comparing LBD with both Parkinson’s disease without 
demenita (PD) and controls.
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Methods: We included 54 participants with LBD (39 DLB; 15 PDD), 55 with PD and 34 healthy controls. We only included 
PD participants classed as high visual performers because this group is less likely to progress to dementia than poor visual 
performers5, thereby providing an enriched PD comparator group. All participants underwent susceptibility- and T1-weighted 
3T MRI scans. For QSM pre-processing, we used ROMEO6 to unwrap phase images and brain masks were calculated from 
magnitude images using Brain Extraction Tool (BET2). Background field removal was performed using Laplacian boundary 
value extraction7 and Multi-Scale Dipole Inversion was used to calculate susceptibility maps8. A study-wise template was 
created from all participants’ T1-weighted images and QSM images were transformed into this space9. QSM images were 
spatially smoothed using a 3D Gaussian kernel (3-mm standard deviation). Voxel-wise, whole brain statistical analyses were 
performed using absolute QSM values as this is required for statistical conditioning. FSL Randomise was used to perform 
permutation analyses with threshold-free cluster enhancement. 10,000 permutations were performed to identify significant 
clusters which were reported at family-wise error (FWE)-corrected P<0.05. Regression analyses, adjusting for age and sex, 
were performed to compare group di!erences in voxel-wise magnetic susceptibility and test associations between magnetic 
susceptibility and clinical measures (composite cognitive score, MoCA, Hooper Visual Organisation Test, and the Movement 
Disorder Society Unified PD Rating Scale (UPDRS).

Results: In DLB compared to controls, there were increases in absolute susceptibility in left precentral, bilateral postcentral, 
left middle temporal and right supramarginal cortical regions (FWE-corrected p<0.05). In LBD compared to controls, there 
were increases in the bilateral superior and middle frontal regions, and the left superior and middle temporal regions (FWE-
corrected p<0.05). LBD showed significant increases in absolute susceptibility in the right inferior frontal, temporal and insula 
regions (FWE-corrected p<0.05) compared to PD. The only significant association between a clinical measure and absolute 
susceptibility was for UPDRS in DLB where significant clusters of increased susceptibility were identified in the right middle 
frontal and superior temporal lobes (FWE-corrected p<0.05).

Conclusions: Our work is the first to investigate magnetic susceptibility throughout the brain in LBD. We found 
absolute susceptibility increases in several cortical regions in LBD relative to PD and controls. This could imply cortical 
iron dyshomeostasis in LBD and is consistent with the existing understanding of LBD being associated with cortical 
neuropathology10. Our findings highlight the relevance of QSM in LBD. Future work should utilise a region-of-interest approach 
to test the association between clinical measures and regional susceptibilities in LBD more precisely. This could shed further 
light on the potential of QSM as a clinically relevant neuroimaging measure of LBD severity.
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Introduction: Hypertension and type 2 diabetes mellitus are two common, closely interlinked, comorbidities that frequently 
coexist in the same individual due to shared risk factors such as obesity. Hypertension causes cerebral small vessel disease 
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(cSVD) resulting in ischemia, accelerated brain atrophy, and higher accumulation of white matter hyperintensities (WMH) and 
is associated with renal and cardiac damage. These disease states are associated with increased risk of cognitive impairment 
and dementia (Canavan & O’Donnell, 2022). Left ventricular hypertrophy (LVH), as a marker of hypertension and an 
independent risk factor for cardiovascular disease, has also been associated with WMH (Nagaraja et al., 2022) and cognitive 
impairment (Georgakis et al., 2017). Thus, LVH may sit on a causal pathway between hypertension and pathological brain 
aging and cognitive impairment. We conducted causal mediation analyses (Fig. 1) to determine the extent to which the total 
e!ects of hypertension on brain global and regional atrophy and WMH accumulation may be mediated by cardiac (LVH) and 
renal (estimated Glomerular Filtration Rate, eGFR) metrics.

Methods: Baseline multimodal MRI was completed as part of the Diabetes and Dementia (D2) study (Patel et al., 2017). 
Hypertension (exposure) for 129 participants was determined on 24- hour blood pressure mean > 140/90 mmHg. All 
participants had eGFR > 30 mL/min/1.73m2; 36 participants were diagnosed with LVH. Total brain volume (TBV) was estimated 
based on FreeSurfer (v7.3.2) longitudinal segmentation of T1-weighted scans. Hippocampal and thalamic volumes were 
estimated using the subregion segmentation functionalities in FreeSurfer (Iglesias et al., 2015; Iglesias et al., 2018). WMH 
volumes were estimated using manual delineations on FLAIR scans. Age, sex, and obesity (BMI > 30 kg/m2) were included 
as pre-exposure confounders. Finally, the R package “mediation” (Tingley et al., 2014) was used to perform mediation and 
sensitivity analyses. We used bootstrap for robust e!ects and confidence intervals estimations.

Results: We included 129 participants (age: 65.1 ± 7.2 years, men: 72) including 97 who had a history of hypertension); 45 
participants had current/untreated hypertension at baseline (64.8 ± 6.3 years, men: 26) on ambulatory BP testing. The 
distributions of covariates and mediators between the hypertension groups at baseline were similar (see Fig. 1). For both LVH 
and eGFR mediators, analyses revealed no causal mediation between current hypertension and any of the outcome measures: 
TBV, WMH, or hippocampal and thalamic volumes (Fig. 2). The highest mediated proportion (6.8%) of total e!ect was for LVH 
and WMH. The direct and total e!ects of hypertension on thalamic and WMH volumes were found to be significant (see Fig. 
2). Sensitivity analyses showed that it was highly unlikely for the assumption of sequential ignorability to be violated in these 
cases (ρThalamus at zero e!ect = 0.85, ρWMH at zero e!ect = -0.65). Motivated by reported associations between LVH and 
deep WMH in acute stroke based on multivariate regression (Nagaraja et al., 2022), we completed a causal mediation analysis 
with deep WMH as the outcome. Again, insignificant mediation e!ect was found (only 7.3% of total e!ect).

Conclusions: In this sample of participants with T2DM, we report significant e!ects of hypertension on thalamic atrophy 
and WMH burden without mediation from the other renal and cardiac variables considered. We conclude that prior reported 
e!ects of LVH on structural brain measures may have been due to unobserved/unmeasured or imbalanced confounders.
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Introduction: Cardiometabolic risk factors are associated with negative brain outcomes, including stroke and dementia 
(Murray et al., 2020) and non-alcoholic fatty liver disease (NAFLD) (Younossi et al., 2016). White matter hyperintensities (WMH) 
are indicators of small vessel disease, which causes 25% of strokes and 50% of dementia cases (Wardlaw et al., 2019). NAFLD 
is characterized by excessive fat accumulation in liver cells in the absence of alcohol abuse or other chronic liver disease 
and a!ects 25% of the adult population (Quek et al., 2023). While NAFLD could be related to brain health through its putative 
role in arterial sti!ness (Rider et al., 2016), insulin resistance (Watt et al., 2019), and endothelial dysfunction (Mantovani et al., 
2021), few studies have investigated the links between cardiometabolic risk factors, NAFLD, and negative brain outcomes. We 
used liver and brain MRI and cognitive tests in a large cohort of middle-aged and elderly participants from the UK Biobank to 
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assess the associations between cardiometabolic factors, liver fat, WMH volume, and cognition and whether these putative 
associations with WMH volume and cognition were mediated by, respectively, liver fat, and WMH volume.

Methods: We included n=32,361 UK Biobank participants with liver and brain MRI and clinical and demographic data needed 
for the statistical analysis. A subsample (n=20,449) had cognitive measures. We excluded participants with diseases that a!ect 
the liver or brain structure, exempting NAFLD. Liver and brain MRIs were performed at three centers with similar scanners 
(Miller et al., 2016). A fully automated algorithm quantified WMH volume from T1 and T2 flair MRI data (Gri!anti et al., 2016). 
Liver fat was estimated by AMRA Medical (Linge et al., 2018). We computed a general cognitive score by principal component 
analysis across 11 cognitive test measures. We analyzed males and females separately, adjusting for age, age2, assessment 
center, time between assessments, ethnic background, educational attainment, smoking status, and alcohol consumption, 
and used Bonferroni correction (p<1.7e-4). First, we conducted multivariate linear regression analyses for individual 
cardiometabolic risk factors with liver fat, WMH volume, and cognition as outcomes. Second, we conducted mediation 
analyses with individual cardiometabolic risk factors as predictors, with liver fat as the mediator and WMH volume as the 
outcome, and with WMH volume as the mediator and cognition as the outcome.

Results: 4,356 males (0.28%) and 3,181 females (0.19%) had significant liver fat accumulation. Participants with significant 
liver fat accumulation had higher WMH volume than participants with healthy liver. Male participants were more likely to 
be obese, hypertensive, or diabetic. All investigated cardiometabolic risk factors were significantly associated with liver fat 
(|R|=0.09-0.42, Fig.1a). All investigated cardiometabolic risk factors were significantly associated with WMH volume except 
c-reactive protein in males (|R|=0.02-0.15, Fig.1b). Body mass index, glycated hemoglobin, and WMH volume in males, and liver 
fat and WMH volume in females were significantly associated with cognition (|R|=0.01-0.09, Fig.1c). Liver fat partly mediated 
all investigated cardiometabolic risk factors’ e!ects on WMH volume (Proportion mediated 9% to 75%, Fig.2b). WMH volume 
partly mediated all investigated cardiometabolic risk factors’ e!ects on cognition, except c-reactive protein in males and 
females and high-density lipoprotein cholesterol in females (Proportion mediated 12% to 76%, Fig.2d).
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Conclusions: Our findings suggest liver fat mediates the relationship between cardiometabolic risk factors and WMH volume, 
which mediates the relationship between cardiometabolic risk factors and cognition. Thus, liver fat accumulation might link 
cardiometabolic risk factors to brain health and could be a relevant target for preventing cognitive decline and, potentially, 
brain diseases.
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Introduction: About 50-90% people with dementia would develop behavioral disturbances, namely, behavioral and 
psychological symptoms of dementia (BPSD) (Feast et al., 2016). Such morbidities pose challenges to both patients and 
caregivers. Antipsychotic medications are widely used to control severe BPSD symptoms (Ohno et al., 2019) which, however, 
su!ers serious safety risks including death. Even for skilled doctors, determining the optimal overall dosage for BPSD patients 
is di"cult. This gap emphasizes the need for individualized precise prediction of antipsychotic drug doses. Neuroimaging, 
particularly MRI, reveals brain structure associated with aging, cognitive decline, and psychiatric symptoms, making it a 
potential tool for predicting the drug doses. Given that available MRI data of BPSD is often limited, this study employs transfer 
learning to predict drug dose and o!er neuroanatomical interpretation of BPSD from the perspective of deep learning. 
Specifically, we leveraged a Cascaded ResNet (Cas-ResNet) pretrained on a large-scale aging MRI dataset to predict drug 
doses for BPSD patients.

Methods: We employed a two-step process to train our model, as shown in Fig. 1. The structure of Cas-ResNet consists 
of three cascaded residual modules as a feature extractor and a final prediction module. Initially, a large dataset from the 
Chinese Brain Molecular and Functional Mapping (CBMFM) project (Gu et al., 2023) was used to pretrain the model with a 
brain age prediction task. After pretraining, the parameters for the feature extractor were frozen. Subsequently, the pretrained 
model was fine-tuned for drug dose prediction for the BPSD patients from the Alzheimer’s Disease and Related Disorders 
Center in Shanghai Jiao Tong University (ADRDC) dataset. Finally, we utilized gradient-weighted class activation mapping to 
generate attention maps and conducted statistical analyses on the attention maps to identify critical brain regions for drug 
dose prediction. The CBMFM data were obtained at four sites using 3.0T scanners of the same model and maker (uMR790, 
United Imaging). We utilized T1w MRI from 646 healthy subjects (334 females and 312 males, age 18-82). The main data (i.e., 
drug dose prediction) was collected from ADRDC by a 3.0T scanner (Prisma, Siemens), including T1w MRI from 83 BPSD 
patients (27 males and 56 females, age 55-80). To determine the individual usage of di!erent antipsychotic drugs, the concept 
of defined daily dose (DDD) (Lee et al., 2004) was used. The DDD, which individualized control the BPSD, was calculated, 
ranging from 0 to 1.5 mg/day, serving as the label for fine-tuning.
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Results: The performance of our Cas-ResNet model was compared to other baseline models, including 3DCNN, VGG 
(Simonya et al., 2014) and DenseNet (Huang et al., 2017). The pretrained Cas-ResNet exhibited enhanced performance with 
fewer training epochs, achieving a competitive Pearson correlation of 0.59 between estimated and real DDD (Fig. 2a and 2c). 
The pretraining process enabled substantial information capture from MRI, reducing the need for extensive parameters and 
risk of over-fitting. Through feature interpretability analysis, we identified brain regions crucial for BPSD drug dose prediction. 
Five significant clusters, mainly located in the temporal lobe, including the parahippocampal area and the striatum (putamen 
and caudate), were identified in Fig. 2b and 2d. These findings indicate that the antipsychotic dosage to control the BPSD is 
linked to brain structural alterations, involving both dementia-related and emotion-regulating areas.

Conclusions: For the first time, we showed a promising result of using a lightweight deep learning model to predict drug dose 
prescribed for controlling BPSD. Our pretrained Cas-ResNet model demonstrates e"cient brain MRI representations with 
limited data in the clinical scenarios. The work promotes the discussion toward appropriate use of antipsychotics in patients 
with dementia.
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ENIGMA-Parkinson’s Disease: A Global Consortium for Integration of Multimodal Neuroimaging
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Introduction: ENIGMA-Parkinson’s Disease (PD) is a global consortium of currently 22 sites set up to identify robust PD 
signatures, and factors that influence them, using harmonized data processing on unprecedented large datasets. Here we 
present our structural MRI findings of cortical (Laansma et al. 2021), subcortical (in prep.), cerebellar (Kerestes et al. 2023), 
and white matter microstructure (in prep.) across PD clinical stages in ~2,800 PD participants versus ~1,300 controls. By 
connecting these various analyses, novel overarching interpretations can be drawn.

Methods: Regional cortical thickness (68 regions), subcortical shape (14 regions) and cerebellar volume (28 regions) were 
measured from T1-w MRI and microstructural metrics (e.g., fractional anisotropy, FA; 21 regions) from di!usion-weighted 
images. Linear mixed models compared the brain metrics at each incremental Hoehn and Yahr (HY) disease stage from 1 to 5, 
to an age- and sex-matched control group.

Results: Compared to the control group, stage HY1 was associated with a thinner posterior and inferior temporal cortex 
and smaller putamen, but focally larger thalami and anterior cerebellar lobules, as well as higher FA in the internal capsule 
and corona radiata. HY2 showed additional thinner posterior and temporal cortical regions, a smaller caudate nucleus and 
lower FA in the fornix, while the thalamus remained larger. In HY3 increasingly thinner regions towards the frontal cortex 
were observed with additional involvement of the amygdala and hippocampus. Lower FA was found in the fornix and sagittal 
stratum. Finally, HY4-5 was characterized by a widespread thinner cortex, smaller subcortical structures and posterior 
cerebellum, and overall lower FA. See Figure 1 for an overview of all results.
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Conclusions: Our cross-sectional findings show a worsening and expanding pattern across disease stages that is consistent 
with ongoing neurodegeneration. The larger thalamic and anterior cerebellar regions in combination with suggested higher 
measures of microstructure of internal capsule limbs in early stage PD are striking and may indicate targeted regional 
compensation for neuronal/axonal loss or may reflect the consequence of hyperactive cerebellothalamic motor pathways 
linked to tremor.
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Introduction: According to the World Health Organization, dementia is currently a!ecting over 55 million people with nearly 
10 million new cases every year (WHO, 2023). Modifiable risk factors are in the focus of the scientific community to prevent 
dementia or postpone its onset which would reduce the personal and economic burden. During the last years, the heart-
brain-axis captured increasing attention. Accumulating evidence supports the hypothesis that vascular and degenerative 
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structural brain changes might function as a link between cardiac disease and cognitive impairment. (Jensen, 2023; Frenzel, 
2021; Veugen, 2018; Sabayan, 2015). Within these studies, cardiac diseases are accessed by blood based cardiac biomarkers: 
natriuretic peptides (most frequently by NT-proBNP) and cardiac troponins (e.g. hs-cTnT) which are measured in clinical 
routines. Besides measures for specific brain damages (e.g. white matter hyperintensities (WMH), silent brain infarcts, and 
cerebral microbleeds), brain atrophy is studied using global brain parameters like total brain volume, total gray matter (GM) 
and white matter (WM). In our work, we investigated the association of NT-proBNP and brain atrophy in a more detailed way 
by dividing the total GM volume into their cortical and subcortical portions and studying the di!erent dimensions of the cortex 
(cortical thickness and surface area). Further, we analyzed specific brain atrophy patterns for aging and Alzheimer’s Disease.

Methods: We studied 2,995 adults aged 21-90 years from two independent population-based cohorts of the Study of Health 
in Pomerania (SHIP-START and SHIP-TREND). (Völzke, 2022) MRI brain data were derived from structural T1- and FLAIR-
sequences. (Hosten, 2021) We used FreeSurfer 7.3.2 to determine the cortical and subcortical GM, total WM, intracranial 
volume (ICV), hemisphere-wide cortical thickness and surface area, and local cortical thickness (Desikan-Killiany atlas; 34 
regions per hemisphere). Based on the FreeSurfer data, scores were generated that summarize the atrophy patterns linked to 
Alzheimer’s Disease (FSAD) and brain aging (FSBA). (Frenzel, 2020; Weihs, 2021) Further, we extracted the WMH with the LST 
toolbox. (Schmidt, 2012) Brain measures and atrophy scores were analyzed using regression models on log(NT-proBNP) with 
adjustment for age (non-linear), sex, cohort, ICV, and in sensitivity analyses additional for systolic and diastolic blood pressure, 
antihypertensive medication, diabetes, high and low density lipoprotein, BMI, smoking, alcohol intake, and education.

Results: We observed significant negative correlations of NT-proBNP with the total GM cortex volume (beta_ml=-2.82, p<1E-
6) and the mean cortical thickness (beta_mm=-0.01, p<1E-6) of both hemispheres. This e!ect corresponds to a 0.1 ml reduced 
cortex volume per 10% increase in NT-proBNP. All associations remained robust in the sensitivity analyses. Subcortical GM, 
cerebral WM, and the WM surface area of both hemispheres did not show any significant association with NT-proBNP. Cortical 
thickness of over 85 % of the 68 regions defined by the Desikan-Killiany atlas reached at least nominal significance for a 
negative association with NT-proBNP. Additional adjustment for the mean cortical thickness of the corresponding hemisphere 
led to a loss in e!ect size and significance which points to a rather global e!ect on the brain than to specific local e!ects. 
Further, higher levels of NT-proBNP were significantly associated with a higher FSAD score. The association of FSBA and NT-
proBNP only reached nominal significance but points to advanced brain aging with higher levels of NT-proBNP. We could not 
replicate the published findings concerning WMH, neither dimensional nor after dichotomization.

Conclusions: In contrast to subcortical gray matter, cortical brain measures are strongly associated with circulating NT-proBNP 
levels in a global way.
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Synergic cholinergic and dopaminergic role in motor symptoms of sporadic Parkinson’s disease
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Introduction: Parkinson’s Disease (PD) is a dominant neurodegenerative disease, characterized with various motor symptoms.1 
Despite the prevailing dopaminergic treatments for PD motor symptoms,2 no disease-modifying drugs exist,3 which implicates 
the potential involvement of non-dopaminergic neurotransmitter systems. Previous autopsy study indicated that the 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 460

ABSTRACTS

α-synuclein deposition in nucleus basalis of Meynert (NbM) occurs as early as the Lewy bodies formation and dopaminergic 
neurons loss in substantia nigra (SN).4 However, existing works usually explore the association between cholinergic/
dopaminergic subcomponents and specific motor symptoms.5-7 To date, there is a lack of systematic exploration for the 
relationship between all cholinergic/dopaminergic components and various motor symptoms. Here, using imaging data from 
Parkinson’s Progression Markers Initiative (PPMI), we characterize the cross-sectional and longitudinal role of multimodal 
cholinergic/dopaminergic regional measurements in motor symptoms. By dividing the PD patients into those present stable 
(Any) or no/unstable (Never) non-motor symptoms, we also explore the impact of non-motor symptoms on the roles of 
cholinergic/dopaminergic system.

Methods: We used longitudinal T1w, T2w and DAT SPECT images from PPMI, including 151 subjects (31 control/120 PD) for 
voxel-based morphometric and DAT striatal binding ratios (SBR) analysis and 176 subjects (49 controls/127 PD) for T1w/T2w 
analysis. We calculated regional volume, SBR and T1w/T2w of cholinergic (NbM, Medial septum-diagonal band of Broca 
(MS/DB) and pedunculopontine nucleus (PPN)) and dopaminergic (SN, putamen, caudate, globus pallidus (GP) and ventral 
tegmental area (VTA)) components for each subject and time point. Baseline cross-sectional group di!erences were detected 
by appropriate tests. Linear mixed e!ect models were performed to examine group di!erence of longitudinal change, the 
association between longitudinal change of regional measurements and motor symptoms, as well as whether baseline 
regional measurements are predictors of motor symptoms progression. The baseline age, gender, education year, intracranial 
volume, disease duration and baseline motor severity were controlled as appropriate. Finally, in exploring the impact of non-
motor symptoms on the discovered cholinergic/dopaminergic role, we repeated the above statistical analyses in the Never 
and Any group, separately.

Results: Cross-sectionally, we found that PD patients showed worsen global motor symptoms and subscores (bradykinesia, 
rigidity, gait and tremor), reduced SBR in putamen and caudate (Fig.1B). Longitudinally, PD patients showed greater decline of 
global motor symptom, bradykinesia, rigidity and caudate volume (Fig.1C). In addition, longitudinal increase of global motor 
symptom was associated with reduction of volume and SBR in putamen and caudate, T1w/T2w in NbM, PPN, SN, putamen, 
caudate, GP and VTA. Similar results were discovered for bradykinesia, rigidity and gait. No longitudinal associations 
were observed for tremor. The baseline T1w/T2w ratio of NbM predicted longitudinal increase of global motor symptom, 
bradykinesia and PIGD, while caudate volume, MS/DB T1w/T2w, caudate T1w/T2w and caudate SBR were additional 
predictors of PIGD. No significant baseline predictors were found for tremor (Fig.1D). In subgroup cross-sectional analysis, 
the Any group showed the least DAT SBR in putamen and caudate, followed by the Never group. Longitudinally, similar 
longitudinal results were only found in the Any group, but not the Never group (Fig.2).
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Conclusions: The T1w/T2w ratio of both cholinergic and dopaminergic regions showed potential for being biomarker of PD 
progression and prognosis beyond regional volume and SBR. Additionally, this role is more significant with the existing of 
non-motor symptoms. These new findings may advance the understanding of the development of PD pathology and optimize 
future clinical treatment.
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Introduction: Wilson disease (WD) is a rare metabolic disorder, leading to pathologic copper accumulation i.a. in the brain, 
which may cause neurological symptoms. Di!usion tensor imaging (DTI) derived white matter (WM) alterations have been 
proposed as neuroimaging biomarkers in patients with WD, which correlate with neurological severity1,2. However, evidence is 
yet sparse and inconclusive, often neglecting absolute measures of di!usion3.

Methods: 25 patients with WD (7 male; age: M=40.76±11.22 years; disease duration: M=244.56±101.04 months; on anticopper 
treatment) were examined with the Unified Wilson’s Disease Rating Scale neurological subscale (UWDRS-N; M=7.04±9.62). 
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Cranial 3T multi-shell di!usion MRI was acquired according to the Lifespan Human Connectome Project in Aging protocol and 
preprocessed with its minimal preprocessing pipeline4. DTI main indices fractional anisotropy (FA) and mean di!usivity (MD) 
as well as the absolute measures axial di!usivity (AD) and radial di!usivity (RD) were computed with FSL v.6.0 using DTIFIT. 
Voxel-wise statistical analyses were carried out using general linear models and permutation testing with 5000 permutations 
in Tract Based Spatial Statistics (TBSS,5), correcting for covariate e!ects of age and sex. Clusters of significant correlations 
between DTI parameters and UWDRS-N scores were identified at a threshold of p<.05 (family-wise error corrected) and 
by applying Threshold-Free Cluster Enhancement (TFCE) and overlaying them to the Johns Hopkins University WM 
tractography atlas.

Results: TBSS analysis revealed a significant negative correlation between FA and UWDRS-N scores in the left corticospinal 
tract. Furthermore, significant positive correlations between MD and UWDRS-N scores were found in the following WM 
tracts: left corticospinal tract, bilateral genu of corpus callosum, right body of corpus callosum, bilateral anterior & superior 
corona radiata, bilateral anterior & posterior limb of internal capsule, right retrolenticular part of internal capsule, left external 
capsule, left superior longitudinal fasciculus, bilateral superior cerebellar peduncles, bilateral medial lemniscus and bilateral 
posterior thalamic radiation (see Fig.1). For AD, there were significant positive correlations with the neurological scores in: left 
anterior limb of internal capsule, left anterior & superior corona radiata as well as left superior fronto-occipital and longitudinal 
fasciculus. In addition, positive correlations with RD were found in: left corticospinal tract, right inferior cerebellar peduncle, 
bilateral medial lemniscus, left superior corona radiata, left superior longitudinal fasciculus, bilateral anterior thalamic radiation 
and unclassified WM tracts (see Fig.2).

Conclusions: Our analysis demonstrates significant correlations between alterations of all DTI indices and neurological 
impairment in manifold WM tracts of patients with WD, correcting for age and sex. Higher neurological severity was 
associated with higher MD, AD and RD in large interconnecting fibers, i.e., bilateral superior corona radiata and left superior 
longitudinal fasciculus, which are crucial for the transport of sensory and motor information throughout the brain. This may 
be supported by findings of increased di!usivities in the superior longitudinal fasciculus in WD patients relative to healthy 
controls6. Moreover, predominantly motor related WM tracts such as the left corticospinal tract, bilateral medial lemniscus and 
anterior limb of internal capsule were a!ected; for the latter, a positive association between MD and neurological scores has 
previously been reported in drug naive WD patients2. Overall, our results indicate the widespread loss of WM integrity in WD 
patients, presumably due to demyelination, edema and neuronal loss7, which may contribute to observed sensory and motor 
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impairments. All DTI derived WM changes seem to be promising neuroimaging biomarkers for residual neurological symptom 
severity in treated WD.
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Introduction: Alzheimer’s disease (AD) is primarily characterised by the aggregation and accumulation of specific misfolded 
proteins (β-amyloid and tau), which initiate focally in a subset of vulnerable neurons and consequently propagate along 
specific pathways throughout the brain3,6. In this context, studying white matter (WM) could provide crucial information. We 
aimed to study fibre bundle WM alterations in early AD with a fixel-based analysis (FBA) and to perform linear regressions 
between these alterations and (i) a clinical marker of disease severity, and (ii) the accumulation of abnormal tau protein.

Methods: This study includes 27 AD patients (14 F; mean age 70 yo; mean Mini Mental State Examination MMSE=23.4) and 
19 healthy controls HC (13 F; mean age 68 yo) from the SHATAU7/IMATAU cohort7. All AD patients had positive AD CSF 
biomarkers, and amyloid and tau PET imaging when available. Participants underwent 3T MRI with a multi-shell di!usion 
protocol (b=200, 1700, 4200 s/mm², 60 directions per shell, voxel size: 1.3 mm³ iso). We first preprocessed the data (FSL eddy1) 
then we implemented the FBA (MRtrix34,10). We used a common FOD template computed with data from 32 participants of the 
cohort. We then extracted the FD (Fibre Density), FC (Fibre bundle Cross-section) and FDC (Fibre Density and Cross-section) 
metrics. We first computed a whole-brain FBA to identify WM tracts that are altered in AD with respect to HC (statistical 
tests on all fixels in the template using a general linear model GLM including age, sex, MMSE, and intracranial volume ICV as 
covariates; significance of the results assessed with CFE9). We then reconstructed the identified tracts on the template (Figure 
1A) using beginning and ending ROIs extracted from FreeSurfer parcellation5 on the T1-weighted images before registration 
on the template, and we performed tract-based analyses. To do so, we calculated the mean FD, FC and FDC for each tract by 
taking the average of each metric over all fixels associated with the tract, normalised by tract density. We performed statistical 
tests for each metric using a GLM with age, sex, MMSE, and ICV as covariates to compare AD patients and HC. For each 
metric, significance of the results was assessed with one-sided T-tests, and Bonferroni correction for multiple testing over the 
11 tracts tested. Finally, we explored linear regressions between FDC and MMSE among the 27 AD patients only, and FDC and 
tau accumulation in the ipsilateral entorhinal cortex (left cortex for left temporal tracts) among 17 AD patients for whom tau 
([18F]-Flortaucipir) PET images were available. To do so, we performed statistical tests for each metric using a GLM with age, 
sex, and ICV as covariates. For each metric, significance of the results was assessed with one-sided T-tests, and Bonferroni 
correction for multiple testing over the 11 or 8 tracts tested.

Results: FDC, which provides a measure sensitive to the number of fibres within the fibre bundle, was decreased in AD 
compared to HC in all tested tracts, which are mainly tracts of the temporal and limbic lobes (Figure 1B). Moreover, these 
alterations are driven more by a reduction in FC (atrophy) than in FD (fibre density loss). The temporopulvinar bundle of Arnold 
was particularly altered. Figure 2 further sheds light on this bundle as its alteration was significantly associated with a clinical 
marker of disease severity (MMSE), and with tau accumulation in the entorhinal cortex.
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Conclusions: These results are consistent with previous results on WM alterations in AD and confirms that bundles of 
the temporal and limbic poles are the primary deteriorated bundles in AD8. Moreover, we highlight the alteration of the 
temporopulvinar bundle of Arnold, a tract that, to our knowledge, has not been described in the AD di!usion MRI literature to 
date. The involvement of this tract at the early stage of AD and its association with abnormal tau accumulation are congruent 
with neuropathological data2.
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Introduction: Word finding di"culty is common in Alzheimer’s disease and considered one of the most functionally and 
socially debilitative symptoms of the disease (Farrel et al. 2014). Logopenic PPA (lvPPA), a subtype of Alzheimer’s Disease, is 
characterized predominantly by deficits in language dysfunction rather than memory loss and is significantly less prevalent 
than typical amnestic presentation (Henry et al. 2010). Identifying the origin of word finding di"culties is challenging because 
it can be caused by trouble with fluency, word recall, or confrontation naming. Our goal is to determine if each of these 
functions maps to di!erent anatomical regions and brain networks by comparing behavioral scores to vertex-wise cortical 
atrophy and atrophy connectivity in subjects with Alzheimer’s disease. By better characterizing regional atrophy and the 
brain circuits underlying language deficits in Alzheimer’s disease, we hope to identify targets for neuromodulation to improve 
language function in patients with Alzheimer’s disease.

Methods: We used Freesurfer v7.2 to generate cortical thickness maps for participants within the Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) database. These maps were transformed using a general linear model based on controls and 
covarying for age and sex to generate w-maps, where each vertex is a z-score comparing each subject’s cortical thickness to 
expected values (Tetreault et al. 2020). We compared these single subject atrophy/growth maps to their categorical fluency, 
Boston Naming Test and delayed verbal recall scores. To analyze this correlation, we employed a permutation analysis of 
linear models (PALM), identifying regions where atrophy associated with higher or lower cognitive scores. We repeated this 
design with network connectivity, using our weighted atrophy seeds on the Genome Superstruct Project 1000 Connectome 
to develop individual connectivity maps to run against behaviors using PALM. We then determined if the atrophy and atrophy-
derived connectivity network associated with each symptom are di!erentiable and arise from a particular region through 
visualization and Pearson R spatial correlation.

Results: Atrophy associated with worse scores on the BNT were most prevalent in the temporal lobe, significantly in the 
medial temporal pole and along the ventral surface in the left hemisphere (fwe p<.05). Atrophy associated with the animal 
category fluency test showed greater similarities to the hallmark atrophy regions of Alzheimer’s (Putcha et al. 2022), peaking 
around the IPL, precuneus, lateral and mesial temporal lobes and posterior cingulate gyrus along both hemisphere. However, 
the only point of significance fell within the left hemisphere insular regions (fwe p<.05). The 30-minute delay peaked in 
the mesial temporal lobe but held no significance on either hemisphere. When looking at network connectivity with each 
behavior, naming controlled for fluency had a correlation of r = .69 (p<.05) with delayed recall, while naming and fluency had a 
correlation of r = -.33 (p>.05).

Conclusions: Distinct patterns of atrophy emerge when examining the relationship between delayed recall, naming, and 
fluency. Specifically, we observe shared locations of atrophy in medial temporal regions for delayed recall and naming, 
while fluency shows a greater involvement of insular regions. These nuances are further clarified through network analyses, 
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revealing two specific networks: one linked to fluency, related to word generation, and the other associated with verbal 
delayed recall and naming, related to retrieval. These findings align with prior studies (Melrose et al. 2009), underscoring 
their consistency and relevance. Exploring these networks could o!er valuable insights for potential transcranial magnetic 
stimulation (TMS) target sites, especially concerning their application in lvPPA. Future research endeavors aim to deepen our 
understanding of these networks, potentially unlocking novel therapeutic avenues for lvPPA.

References
1. Farrell MT, Zahodne LB, Stern Y, Dorrejo J, Yeung P, Cosentino S. Subjective word-finding di"culty reduces engagement in social leisure 

activities in Alzheimer’s disease. J Am Geriatr Soc. 2014 Jun;62(6):1056-63. doi: 10.1111/jgs.12850. Epub 2014 Jun 2. PMID: 24890186; 
PMCID: PMC4238963.

2. Henry ML, Gorno-Tempini ML. The logopenic variant of primary progressive aphasia. Curr Opin Neurol. 2010 Dec;23(6):633-7. doi: 
10.1097/WCO.0b013e32833<93e. PMID: 20852419; PMCID: PMC3201824.

3. Putcha D, Eckbo R, Katsumi Y, Dickerson BC, Touroutoglou A, Collins JA. Tau and the fractionated default mode network in atypical 
Alzheimer’s disease. Brain Commun. 2022 Mar 9;4(2):fcac055. doi: 10.1093/braincomms/fcac055. PMID: 35356035; PMCID: 
PMC8963312.

4. Tetreault AM, Phan T, Orlando D, Lyu I, Kang H, Landman B, Darby RR; Alzheimer’s Disease Neuroimaging Initiative. Network localization 
of clinical, cognitive, and neuropsychiatric symptoms in Alzheimer’s disease. Brain. 2020 Apr 1;143(4):1249-1260. doi: 10.1093/brain/
awaa058. PMID: 32176777; PMCID: PMC7174048.

Poster No 281

The role of hippocampal subfield volumes in subjective cognitive decline
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Introduction: Subjective cognitive decline (SCD), defined as perception of memory or other cognitive decline with normal test 
performance, is conceptualized as a possible preclinical stage of Alzheimer’s disease (AD)1. Hippocampal volume reduction 
is well-established as a biomarker of AD risk2. The hippocampal complex includes functionally and structurally distinct 
subfields (cornu ammonis (CA), dentate gyrus, and subiculum) which show selective atrophy in aging and in AD3, as well as 
psychiatric conditions such as major depressive disorder4. Previous work demonstrating patterns of subfield atrophy in Mild 
Cognitive Impairment (MCI), a prodrome of AD, support the utility of hippocampal subfield volumetry, over measurement of 
total hippocampus, to detect risk for AD5. Evidence of volumetric alterations in hippocampal subfields in SCD is emerging but 
inconsistent6;7. One potential reason for the discrepancy in findings is unaccounted previous diagnosis of depression in SCD 
participants. Depression frequently co-occurs with SCD1 and itself is associated with hippocampal atrophy, yet the majority 
of studies of SCD failed to ascertain the presence of previous depression. In the current study, we measured hippocampal 
subfield volumes using structural magnetic resonance imaging (MRI) at 3 Tesla with the goals of identifying group di!erences 
in subfield volumes between older adults with SCD, who were free of current or past depression, and cognitively unimpaired 
(CU) older adults, and examining associations between hippocampal subfield volumes and subjective memory ability.

Methods: The sample included 26 SCD (13M, age 70.6 SD=5.1 years) and 25 CU (10M, age 71.4 SD=7.4 years) older adults. All 
participants performed within normal on a neuropsychological battery and screened negative for past or current psychiatric 
illnesses during psychiatric assessment. SCD was established based on a"rmative responses to “Do you feel your memory 
is becoming worse?” “If so, are you concerned?”(1). Subjective memory ability was further quantified using the Memory 
Functioning Questionnaire (MFQ)(8) MR scanning was performed on a 3T Siemens Trio scanner using a 12-channel head coil. 
A high-resolution (voxel size 0.43 x 0.43 x 3 mm) T2-weighted scan of the medial temporal lobe was acquired in an oblique-
coronal plane, perpendicular to the hippocampal long axis. The Automatic Segmentation of Hippocampal Subfields (ASHS) 
processing pipeline was used to extract bilateral CA1, CA2, CA3, dentate gyrus, and subiculum volumes (9). Independent 
t-tests were used to compare hippocampal subfields between groups. Partial correlations were performed within the total 
sample to examine the association between subfield volumes and MFQ Frequency of Forgetting (“How often do you...?”) 
subscale scores, which has been linked to AD neuroimaging markers,(10) as well as long delayed recall scores on the 
California Verbal Learning Test (CVLT-LDR). Covariates were age, sex, and total intracranial volume. Bonferroni correction for 
multiple comparisons was applied.

Results: Compared to CU, left CA2 volume was reduced in SCD [t (49) = 2.00, P =.025], while right CA3 volume was greater in 
SCD [t (49) = -1.81, P =.038] (Figure 1), although these findings were not statistically significant following correction for multiple 
comparisons. Frequency of Forgetting was significantly correlated with left CA2 [r = .42, P =.003] and right subicular volume [r 
= .45, P =.001. In contrast, CVLT-LDR was not correlated with any hippocampal subfield volume (Figure 2).
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Conclusions: These findings suggest a role for CA2, a region linked to social memory in animal models, in SCD. The 
association between volume of subiculum, a region implicated in AD, and subjective, but not objective memory, suggests that 
self-awareness of change in memory in everyday life may be sensitive to subtle disease-related volumetric changes within the 
hippocampus in the earliest stages of the AD course.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 468

ABSTRACTS

References
1. Amariglio RE, Becker JA, Carmasin J, Wadsworth LP, Lorius N, et al. 2012. Subjective cognitive complaints and amyloid burden in 

cognitively normal older individuals. Neuropsychologia 50: 2880-6 (citation 10)
2. Apostolova LG, Dutton RA, Dinov ID, Hayashi KM, Toga AW, et al. 2006. Conversion of Mild Cognitive Impairment to Alzheimer Disease 

Predicted by Hippocampal Atrophy Maps. Archives of neurology 63: 693-99 (citation 2)
3. Hansen N, Singh A, Bartels C, Brosseron F, Buerger K, et al. 2021. Hippocampal and Hippocampal-Subfield Volumes From Early-Onset 

Major Depression and Bipolar Disorder to Cognitive Decline. Frontiers in Aging Neuroscience 13 (citation 4)
4. Huang Y, Huang L, Wang Y, Liu Y, Lo C-YZ, Guo Q. 2022. Di!erential associations of visual memory with hippocampal subfields in 

subjective cognitive decline and amnestic mild cognitive impairment. BMC Geriatrics 22: 153 (citation 7)
5. Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y, et al. 2020. The characterisation of subjective cognitive decline. The 

Lancet Neurology 19: 271-78 (citation 1)
6. Mueller SG, Schu! N, Ya!e K, Madison C, Miller B, Weiner MW. 2010. Hippocampal atrophy patterns in mild cognitive impairment and 

Alzheimer’s disease. Human brain mapping 31: 1339-47 (citation 5)
7. Nadal L, Coupé P, Helmer C, Manjon JV, Amieva H, et al. 2020. Di!erential annualized rates of hippocampal subfields atrophy in aging 

and future Alzheimer’s clinical syndrome. Neurobiology of aging 90: 75-83 (citation 3)
8. Perrotin A, de Flores R, Lamberton F, Poisnel G, La Joie R, et al. 2015. Hippocampal Subfield Volumetry and 3D Surface Mapping in 

Subjective Cognitive Decline. Journal of Alzheimer’s Disease 48: S141-S50 (citation 6)
9. Yushkevich PA, Pluta JB, Wang H, Xie L, Ding SL, et al. 2015. Automated volumetry and regional thickness analysis of hippocampal 

subfields and medial temporal cortical structures in mild cognitive impairment. Human brain mapping 36: 258-87 (citation 9)
10. Zelinski EM, Gilewski MJ, Anthony-Bergstone CR. 1990. Memory Functioning Questionnaire: concurrent validity with memory 

performance and self-reported memory failures. Psychology and aging 5: 388-99 (citation 8)

Poster No 282

Functional connectivity reorganization over age and Alzheimer’s disease
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Introduction: Cognitive aging is a phenomenon that eventually a!ects most elderly individuals. This process is accelerated 
in neurodegenerative diseases like Alzheimer’s disease (AD), which involve clinical impairment and decline in functional 
activities of daily living. Aging is accompanied by changes in brain functional network organization, with one of the hallmarks 
being decrease in system segregation1. Similarly, nonlinear alterations to functional networks have been described in AD, 
posited as early neuronal responses to (and perhaps drivers of) AD pathophysiology2. Functional changes in aging and AD 
have, however, mostly been studied in isolation, and the degree to which these phenomena interrelate is not well understood. 
Further, little is known about how variable such changes are in the population. In this exploratory study, we investigate how 
the brain’s functional networks are reorganized at the individual level in aging and AD independently.

Methods: The present work uses resting-state functional MRI (rsfMRI) data from the BioFINDER-2 study, encompassing 917 
individuals (after quality filtering) with a baseline diagnosis of cognitively unimpaired (Normal, n=390), cognitively unimpaired 
with amyloid-β (Aβ) positivity (Normal+, n=95), mild cognitive impairment irrespective of Aβ (MCI, n=253) or Alzheimer’s 
disease (AD, n=179). The rsfMRI images were acquired with a 3T scanner and preprocessed using a modified CPAC pipeline3, 
including slice-timing correction, motion correction, bandpass filtering, frame censoring, and regression of physiological 
components, motion parameters and WM/CSF. Subjects were excluded based on mean (>0.3mm) and max (>3mm) frame-
displacement. Images from the resulting dataset were smoothed (6 mm FWHM) and mean signal parcellated into 1000 regions 
as defined by the Schaefer atlas4 to derive individual functional connectomes. To understand heterogeneity in functional 
connectivity over both age and AD, inter-subject similarity was estimated by averaging the pairwise Pearson correlation 
coe"cients of each parcel’s connectivity map between all subjects within each disease group5. Personalized network atlases 
were constructed using an iterative approach of parcel reassignment6, with the Yeo 20117 atlas as prior. For each parcel, the 
probability of belonging to each network was estimated using logistic regression, with diagnosis, age and sex as independent 
variables. Network size was defined as the proportion of parcels belonging to that network for each subject and modeled 
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using generalized additive models with penalized thin plate splines, diagnosis and sex as grouping variables and smoothed 
over age.

Results: Across the majority of parcels, we observed a decrease in inter-subject similarity as both age and disease status 
progress, suggesting diverging patterns of age- and AD-related network fragmentation (Fig. 1A). Fig. 1B,C and Fig. 2A,D 
summarize migration of parcels between networks in AD and aging, while Fig. 2B,C describes changes in network size. In 
MCI and AD, parcels in sensory networks tended to be recruited by adjacent attention networks. Progression along the AD 
continuum involved consistent increase in the size of association networks; decrease in limbic network size occurred only 
during the MCI-AD transition. In contrast, aging was associated with substantial reorganization of the dorsal attention and 
limbic networks, with the former increasing in size with age and the latter decreasing sharply.
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Conclusions: These preliminary findings show a complex landscape of network reorganization associated with AD and 
aging. The di!erential reorganization observed in aging and AD may highlight the brain’s distinct compensatory responses 
to neuropathology – but such interpretation should be balanced with the possibility that the alterations might themselves be 
dysfunctional or pathological. Further understanding of these dynamics could open avenues for targeted (e.g., stimulation-
based) interventions and therapies.
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Pattern of Thalamic Connectivity Loss Following Moderate-Severe Traumatic Brain Injury
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Introduction: Regional cortical and subcortical atrophy have been identified in the months-to-years following moderate-
severe traumatic brain injury (msTBI).1,2 Recently, we identified a pattern of cortical atrophy prior to 3 months in frontal and 
temporal cortices, while atrophy between 3-12 months was observed in the posterior cortical regions of the parietal and 
occipital lobes.3 In this cohort, atrophy of the bilateral thalamus was observed within both of these time windows; this unique 
temporal pattern and the interconnected nature of the thalamus prompted us to hypothesize that thalamic white matter may 
show a similar spatial distribution of damage.

Methods: Thirty-nine (39) msTBI patients were evaluated at 3, 6 and 12 months post injury. Thirty-five (35) age-matched 
controls were evaluated once. The di!usion data were reconstructed in the MNI space using q-space di!eomorphic 
reconstruction4 available in DSI studio. Voxel-wise quantitative anisotropy (QA) was extracted as the local connectome 
fingerprint.5 To estimate white-matter changes in patients present at 3 months post injury, a cross-sectional connectomic 
analysis6 between patients’ 3-month di!usion data (N=38) and controls (N=34) was performed. A nonparametric Spearman 
partial correlation was used to derive the e!ect of group identity, and the e!ect of age was removed using a multiple 
regression model. A T-score threshold of 2.5 was assigned and tracked using a deterministic fiber tracking algorithm7 to obtain 
correlational tractography. To estimate longitudinal changes, di!usion data from patients’ 3-month and follow-up scan (6 or 12 
months post injury; N=34) were compared using the same procedure. An FDR threshold of 0.05 was used to select tracks. To 
estimate the false discovery rate, a total of 4000 randomized permutations were applied to the independent variable in each 
analysis to obtain the null distribution of the track length.

Results: Divergent tract profiles originating from the thalamus were observed between 3 months and 3-12 months post injury. 
In TBI patients at 3 months post-injury, thalamic tracts with decreased QA relative to uninjured controls were identified in 
frontal and temporal cortices. Mean QA of these tracts was correlated with thalamic volume at 3 months within the patient 
group (t=3.247, p=0.00273). In contract, significant decreases in QA were observed between 3 months post injury and follow-
up timepoints in tracts projecting to the temporal cortex in addition to tracts projecting dorsally to occipital, superior parietal 
and superior frontal cortices. Mean QA of these tracts were also significantly correlated with thalamic volume at 3 months post 
injury (t=2.117, p=0.0424), and approached significance at follow-up (t=1.900, p=0.0668).

Conclusions: White-matter microstructural integrity in thalamic fibers shows a regionally selective distribution of damage 
following msTBI. Qualitatively, this pattern reflects the overall spatiotemporal distribution of cortical atrophy previously 
observed within this cohort. The degree of microstructural integrity, measured by mean QA across all identified fibers, 
generally correlated with thalamic volume. These results suggest a unique spatiotemporal distribution of concomitant damage 
between the cortex, thalamocortical fibers, and the thalamus itself during the first year following msTBI. Future work is 
necessary to clarify the relationship of cortical, thalamic, or thalamocortical damage in this identified profile and the clinical 
implications of damage to these tracts.
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Task based functional connectivity in Parkinson’s Disease with increase in disease duration
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Introduction: Parkinson’s disease (PD) is a movement disorder, progressive in nature. PD patients primarily experience 
bradykinesia with rigidity and tremor [Chen, 2015] along with deficits in motor planning and execution[Herz et al., 2014]. 
Dopamine intervention has a role in restoring the cortical activity4, but dose requirements need to be periodically reviewed 
clinically. This study explores the e!ects of disease duration on functional cortical connectivity (cue-dependent movement 
execution task).

Methods: The study was approved by the institute review board. Patients with PD were recruited from the movement 
disorders clinics and were recruited after obtaining their informed written consent in compliance with Declaration of Helsinki. 
Subjects with PD as per UK Parkinson’s disease Brain Bank Criteria of both gender and age above 45 years were chosen to 
be a part of the study. Patients with PD (n = 46) with Hoehn and Yahr (HY) ≤ 3, HAM A ≤ 14 (but not on any anxiolytics), HAM-D 
≤ 7 and right sided onset of the first symptom (tremor, bradykinesia or akinesia, rigidity) were recruited. Participants with 
contraindications to the fMRI, history of any neuropsychiatry co-morbidities were excluded. Clinical assessments like UPDRS 
(Unified Parkinson’s Disease Rating Scale) as well as fMRI sessions were conducted in drug ON phase. Functional MRI data 
was acquired on a 3 Tesla MRI scanner (Achieva 3.0T M/s. Philips Medical Systems, Netherlands) with a 32-channel head coil. 
A single shot echo planar imaging (EPI) sequence with 29 slices of thickness = 5 mm, Slice gap: 0 mm, orientation: transverse, 
Fold-over direction: RL, multi-sliced-interleaved, Reconstruction matrix: 128, Scan mode technique: fast Fourier echo (FFE), 
Flip angle = 90°, Field of view (FOV) = 240 mm (RL); 232 mm (AP); with TR/TE =2000/30 ms, number of dynamics 192 was 
acquired. The task was presented using ePrime software (version 1.0, Psychology Software Tools, USA) and an E-sys IFIS 
system. Task had 6 alternating rest blocks (no response by the subjects) and active blocks (response to the direction), using 
an MRI compatible Lumina LP 400 (Cedrus Inc., USA) response pad. During active, a set of 8 images of turns in a corridor (4 
of the right turn and 4 of the left turn) were randomly presented. Subjects responded whether the turn was towards the right 
or left with the respective hand. Functional data were analysed using Conn (ver.21a)[Whitfield-Gabrieli and Nieto-Castanon, 
2012] and demographic data with SPSS 20 (IBM Corp) [IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 
22.0. Armonk, 2013]. Pre-processing included realignment, outlier detection (using Artefact Detection Tool), co-registration 
(to subjects T1), normalization (to Montreal neurological institute template) and smoothing (kernel of FWHM=8mm), denoising 
(band-pass filter= 0.008 to 0.09 Hz). Task based connectivity (TBC) connectivity maps were computed from the active blocks 
of the fMRI timeseries as the Fisher-transformed bivariate correlation coe"cients.

Results: The study was conducted on a total of 46 subjects and then they were categorized into 3 groups depending on 
the duration of disease: A= less than 5 years of disease; B= 5 to 8 years of disease; C= above 8 years. Region of Interest 
(ROI) to ROI connectivity (RRC) analyses and graph theory measures revealed significant di!erences in group C (Figures-1). 
No significant di!erences were observed in age (p=0.068), UPDRS II (p=0.270) and UPDRS III (p=0.624) across the groups 
(Figure-2).
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Conclusions: With disease progression, instead of restoration of networks, a compensatory recruitment occurs between 
cortical and subcortical nodes in PD[Dayan and Browner, 2017; Guan et al., 2017; Kojovic et al., 2012; Little et al., 2013], as 
revealed by the altered functional connectivity in PD. These di!erences in connectivity measures are important to review 
specific treatments and rehabilitation strategies.
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Heart failure decouples the precuneus in association with social cognition and executive functions
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Introduction: Aging increases the risk to develop Alzheimer’s disease. Cardiovascular diseases might accelerate this process. 
Our study (Schroeter et al. 2023) aimed at investigating the impact of heart failure on brain connectivity using functional 
magnetic resonance imaging at resting state.

Methods: Brain connectivity alterations were investigated with functional magnetic resonance imaging during rest and related 
to heart failure and cognitive performance. Furthermore, meta-analytical data-mining approaches were conducted in the 
BrainMap and Neurosynth databases to extract cognitive functions associated with decoupled networks. Finally, a long-term 
follow-up investigation in our cohort after approximately nine years validated impairments in the long run.

Results: Here we show brain connectivity alterations related to heart failure and cognitive performance. Heart failure 
decreases brain connectivity in the precuneus. Precuneus disconnectivity was associated with biomarkers of heart failure, 
i.e., left ventricular ejection fraction and N-terminal prohormone of brain natriuretic peptide, and cognitive performance, 
predominantly executive function. Meta-analytical data-mining approaches as conducted in the BrainMap and Neurosynth 
databases revealed that social and executive cognitive functions are mainly associated with those neural networks. 
Remarkably, the precuneus, as identified in our study in a mid-life cohort, represents one central functional hub a!ected by 
Alzheimer’s disease (Schroeter et al. 2009). A long-term follow-up investigation in our cohort after approximately nine years 
revealed more severe cognitive impairment in the group with heart failure than controls, where social cognition was the 
cognitive domain mainly a!ected, and not memory such as in Alzheimer’s disease. Figure: Heart failure (HF) decreases brain 
connectivity in association with biomarker changes and cognitive decline. (A) Connectivity is decreased in heart failure (HF) in 
the precuneus using global correlation (GCOR) as a centrality measure (red color). Results were obtained using a two-sample 
t-test between patients with and without HF. The precuneus was also obtained when predicting conversion from the risk-state 
mild cognitive impairment to Alzheimer’s dementia (green color; Schroeter et al. 2009). The overlap between the connectivity 
finding and the meta-analysis is shown in blue color. (B) Across all patients, a significant correlation was obtained between 
GCOR and HF-related biomarkers, i.e., left ventricular ejection fraction (LVEF), and N-terminal prohormone of brain natriuretic 
peptide (NT-proBNP) in the precuneus. Lower LVEF and higher NT-proBNP, both indicating HF, were associated with 
decreased GCOR. (C) Using the precuneus in a seed-based correlation analysis, decreased precuneus connectivity was found 
with lower cognitive performance in HF. In particular, an interaction between the factors HF and cognitive performance was 
obtained showing a significant group di!erence (HF vs. no-HF) with respect to decreased precuneus connectivity associated 
with lower cognitive performance in HF (red color). All analyses (A, B, C) were performed using age, sex, and body mass index 
as nuisance covariates. Significant results in the voxel-wise analyses were obtained with nonparametric permutation analysis 
using 10,000 permutations and threshold-free cluster enhancement (TFCE) with family-wise error correction (p<0.05). x, y, 
z-coordinates of the Montreal Neurological Institute (MNI) stereotactic space. L left, R right.

Conclusions: In sum, our results indicate consistently an association between heart failure and decoupling of the precuneus 
from other brain regions being associated with social and executive functions. Results are consistent with other studies 
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focusing on connectivity (Mueller et al. 2023) and structural alterations (Horstmann et al. 2010; Mueller et al. 2020) due to 
heart failure. Further longitudinal studies are warranted elucidating etiopathological mechanisms.
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Cortical thickness changes in Genetic Frontotemporal Dementia Mutation Carriers
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Introduction: Frontotemporal dementia (FTD) is a neurodegenerative syndrome with a broad range of clinical manifestations. 
Up to 30% of cases are familial, caused by a dominantly inherited genetic mutation. The age at which symptoms present, the 
phenotype and disease duration are variable, even within a family1. Previous work in FTD presymptomatic mutation carriers 
(MC) has shown grey-matter volume reductions precede clinical symptoms and diagnosis by up to 15 years2,3. More recently, 
some papers have investigated cortical thickness in presymptomatic MC which may be a more sensitive metric for detecting 
subtle grey-matter changes from the earliest stages of FTD4,5,6,7. Thus, a refined understanding of cortical thickness changes 
throughout the disease-course may help in early disease detection and in clarifying to what extent this measure of atrophy 
may be of use in future FTD preventive trials.

Methods: We assessed cortical thickness within the Genetic Frontotemporal dementia Initiative (GENFI) cohort of 301 mutation 
negative controls and 504 MC divided across three most common FTD genetic groups: C9orf72, MAPT and GRN. MCs were 
further divided into 5 stages according to their global CDR plus NACC FTLD score: 0 (asymptomatic), 0.5 (prodromal/mildly 
symptomatic) and 1/2/3 (varying degrees of fully symptomatic). We used a set of automated tools (Freesurfer’s recon-all) 
to reconstruct the brain’s cortical surface from T1-weighted structural MRI data and extracted cortical thickness across all 
vertices. We compared cortical thickness of these vertices within each of the 9 MC groups compared to controls using mixed 
e!ects regression models, including age, sex and education as covariables.

Results: We found that C9orf72 MC showed a thinner cortical layer throughout the brain compared to controls starting in the 
asymptomatic phase, during which clinicians see no signs of behavioural, psychiatric or language changes (Fig 1, left panel). A 
very di!erent picture was found in GRN MC who showed no cortical thinning at the asymptomatic stage compared to controls. 
Cortical thinning started to appear at the prodromal stage within bilateral frontal lobes and left supramarginal/angular gyri 
before spreading to the left anterior temporal lobe and posterior cingulate cortex at the earliest symptomatic stage and finally, 
involving bilateral frontal, temporal and parietal lobes completely at the latest stages (Fig 1, middle panel). Finally, MAPT 
MC also showed a pattern of progressive cortical thinning which was very sparse in asymptomatic and prodromal stages 
of the disease. Cortical thinning then progressed within anterior temporal lobe, mostly on the left, remaining very focal to 
this region. It was only at the symptomatic phase, that cortical thinning involved bilateral anterior temporal poles and then 
spread to bilateral medial and superior frontal lobe and supramarginal/angular gyri (Fig 1, left panel). Next, we wish to use 
such cortical thickness metrics to predict symptom onset in each genetic group Finally, we will use individual MC longitudinal 
data to investigate to what extent their trajectory maps onto our cohort-based quasi-longitudinal models of cortical 
thickness progression.
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Conclusions: If FTD preventive trials are to be successful, we need to be able to identify individuals in late presymptomatic 
stages most likely to benefit from therapies. Our findings suggest that cortical thickness is unlikely to be useful in C9orf72 
MCs as these individuals show widespread cortical thinning extremely early on at the asymptomatic stage. In line with this, 
previous work suggests that C9orf72 carriers have a neurodevelopmental condition7. Another biomarker may be better suited 
for this group. However, cortical thinning appears very suddenly in GRN MC and more insidiously in MAPT MC at prodromal 
and early symptomatic stages. Thus, cortical thinning of the regions showing the earliest changes may be of specific interest 
for future therapeutic trials within these FTD genetic groups.
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Dynamic analysis of resting-state EEG reveals altered brain states and functional network transition
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Introduction: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder a!ecting motor neurons. Its 
multi-faceted nature encompasses a wide spectrum of symptoms, including muscle weakness and eventual paralysis, but 
also respiratory and cognitive symptoms. A promising approach for studying this complex condition at the level of underlying 
networks, involved leveraging the spectral power and functional connectivity of resting-state EEG. These measures can 
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discriminate the abnormal network function in individuals with ALS versus healthy controls (HC)1–3. Based on our recent 
findings in resting-state EEG microstates4, we hypothesize that dynamic analysis of recurring patterns in resting state EEG 
based on source-level measures of spectral power and coherence can further elucidate the altered network function in 
ALS and in providing reliable domain-specific indicators of impairment in ALS. Objectives: To identify transient brain states 
associated with specific functional networks, using high-density resting-state EEG, as well as to characterise the spatio-
spectral alterations in these brain states and their dynamics in individuals with ALS.

Methods: High-density resting-state EEG data were recorded from 99 individuals with ALS and 78 HC. To identify transient 
and recurrent brain states, we applied a time-delay embedded Hidden Markov Model to source-reconstructed resting-state 
EEG data (1-45Hz)5. The model was trained to convert source-reconstructed time courses into a sequence of functional 
networks characterised by spectral power and coherence. Subsequently, we employed non-negative matrix factorisation 
to break down the spectral measures for each state into four components, roughly corresponding to the frequency bands 
commonly used in electrophysiology (delta/theta, alpha, beta, gamma)5. Properties of the sequences of brain states were then 
analysed to determine their recurrence frequency, duration, and transition patterns. For each state, nonparametric statistical 
analyses, based on Area Under the Curve (AUC) [as test-statistic] and empirical Bayesian Inference (EBI)6 [for multivariate 
inference], were conducted to evaluate the significance of di!erences in spectral measures between the ALS and HC groups. 
Furthermore, we explored correlations with clinical evaluations of functional, cognitive and behavioural impairments to assess 
how well these brain states might serve as domain-specific indicators of impairment.

Results: Twelve brain states were identified with distinct patterns of spectral power and coherence for individuals with ALS 
and HC. States in HC had longer intervals, indicating a greater number of timepoints between state visits, for state 1 (q=0.004, 
AUC = 0.63, 1-β_0.05=0.76) and state 10 (q=0.001, AUC = 0.75, 1-β_0.05=0.88). States 1, 3, 7 and 9 showed significant 
association with behavioural decline (as reported using the Beaumont Behavioural Inventory7; r_s > 0.25, q < 0.03, 1-β_0.05 > 
0.65), while state 5 showed association with fluency decline (evaluated using the Edinburgh Cognitive and Behavioural ALS 
scale8; r_s = -0.3, q = 0.004, 1-β_0.05 = 0.83). States 1, 7 and 10 were characterised by frontal lobe activation (spectral power 
higher than the average within the state), while state 3 exhibited activation in the sensorimotor network. State 5 highest 
spectral power was in the supplementary motor area, a region which as been linked not only with motor planning but also 
with speech9.
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Conclusions: This study demonstrates altered dynamics of functional networks in ALS. The use of dynamical analysis of 
spectral brain states provides insights into transitions between functional networks. The findings confirm the potential of 
spectral resting-state EEG measures as potential multi-domain quantitative marker of abnormal changes in brain networks in 
ALS. This study also paves the way for investigating the relationship between alterations in EEG signals and specific functional 
domains in ALS.
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Introduction: White matter hyperintensities (WMH) are a histopathologically heterogeneous entity on FLAIR images and are 
the consequences of small vessel disease (Prins & Scheltens, 2015). They have been linked to an increased risk of stroke, 
dementia and death (Debette et al., 2018). The conglomeration of discrete WMHs is referred to as confluence and evidence 
suggests that it is a clinically useful concept since it reflects the severity of white matter disease across aetiologies (Fazezkas 
et al., 1993). WMH confluence is thus of great interest for neurodegenerative diseases and is of practical relevance as patients 
with confluent WMH are often excluded from clinical trials for AD immunotherapy due to an increased adverse e!ect risk 
(Rollin-Sillaire et al., 2013). There is currently no method to automatically quantify WMH confluence. Clinical trials rely on 
manual scoring with the Fazekas scale (Fazekas et al., 1987) which is time-consuming and subjective. Here we propose an 
algorithm to quantify the degree of confluence and express it as a value between 0 and 1. The algorithm was applied to data 
from “Quantitative MRI in the NHS–Memory Clinics”, a real world memory clinic study, to examine the relationship between 
WMH confluence and clinical measures.

Methods: Participants were patients recruited from neurology-/psychiatry-led NHS memory clinics (n=350, 166 female, mean 
age=72) with various neurodegenerative, cognitive or psychiatric diagnoses such as Alzheimer’s, vascular, or frontotemporal 
dementia, dementia with Lewy bodies, depression, and functional memory symptoms. Clinical data included age, diagnosis 
and scores from the Revised Addenbrookes Cognitive Examination (ACE-R) cognitive test. MR images were acquired on a 3T 
MRI system (Magnetom Prisma, Siemens Medical Systems, Germany) and included a 3D MP-RAGE and a FLAIR acquisition. 
WMH were automatically segmented with FSL’s BIANCA toolbox (Gri!anti et al., 2016) using FLAIR and T1w images and 20 
training images on which WMH have been manually identified. This resulted in a probability map for each subject, indicating 
for each voxel its probability of belonging to a WMH. On the basis of these probability maps, the confluence algorithm was 
run for each subject (Fig. 1). Confluence scores subsequently entered further analysis (Fig. 2). A piecewise regression of 
confluence against age with a breakpoint at age 70 was calculated. A one-way ANOVA was performed to test whether there 
was a di!erence in confluence scores between diagnoses. Linear regressions of all ACE-R subtests against confluence while 
controlling for age were calculated in order to test whether confluence can explain cognitive performance.
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Results: The piecewise regression of confluence against age showed a significant association above age 70 (β=0.0017, 
p=0.014), but not below. Results of the ANOVA indicated no significant di!erence in confluence between di!erent diagnoses 
(F=2.39, p=0.069). However, visual inspection of data showed that while confluence scores of patients with mild cognitive 
impairment or functional memory symptoms had a compact distribution, the scores of patients with dementia (particularly 
Alzheimer’s) showed a wider range. The regression of ACE-R subtests against confluence showed that the fluency subtest had 
a significant association with confluence (β=-26.2, p=0.001) after controlling for the e!ect of age.
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Conclusions: The proposed algorithm determining the degree of confluence of WMH successfully quantifies a concept that 
has previously been rated only manually. Preliminary results indicate that the confluence score increases with age, but does 
not di!er significantly between di!erent kinds of neurodegenerative diseases. In keeping with previous findings (Kaskikallio et 
al., 2021), it is selectively sensitive to changes in fluency assessed with a subtest of the ACE-R. Our new quantification of white 
matter lesion confluence opens up a new approach to quantifying an important aspect of cerebrovascular neuropathology.
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Introduction: Preclinical studies found that tau spreads trans-synaptically in an activity-dependent manner, suggesting that 
synapses route tau spread in Alzheimer’s disease (AD). Importantly, amyloid-beta (Aβ) induces aberrant synaptic activity, 
which may accelerate trans-synaptic tau spread. In AD patients, we found previously that tau spreads from epicenters 
across functionally connected regions but it is unclear whether Aβ-related synaptic changes accelerate tau spreading. The 
presynaptic growth-associated protein 43 (GAP-43) is implicated in synaptic plasticity and is increased in cerebrospinal fluid 
(CSF) in AD, suggesting that GAP-43 captures synaptic integrity deviations such as aberrant synaptic activity. We therefore 
tested whether higher GAP-43 is associated with faster Aβ-related tau spread.

Methods: We included longitudinal [18F]Flortaucipir tau-PET, baseline [18F]Florbetapir amyloid-PET and CSF GAP-43 from 93 
subjects (controls Aβ-, n=54; cognitively normal/Mild Cognitive Impairment Aβ+, n=33/21). To model connectivity-associated 
tau spread, we determined a connectivity template across 200 cortical regions (i.e., Schaefer atlas) using 3T resting-state fMRI 
in an independent control sample. Statistical models were controlled for age, sex and diagnosis.

Results: Higher CSF GAP-43 was associated with faster Aβ-related tau-PET increase in pre-defined ROIs (centiloid x GAP-
43 interaction, global/temporal-meta-ROI: b=0.0019/0.0028; p=0.009/0.007, Fig.1) as well as in the personalized Q1 ROI 
(b=0.0024; p=0.004) that summarizes regions most closely connected to tau epicenters with highest baseline tau-PET (Fig.2A). 
Importantly, the centiloid x GAP-43 interaction decreased across regions less strongly connected to tau epicenters (Q2/Q3/
Q4: b=0.0017/0.0008/0.0002; p=0.009/0.080/0.344, Fig.2B-D). Further, we quantified subject-specific connectivity-associated 
tau spread (i.e., the regression-derived association between epicenter connectivity and tau-PET increase in remaining brain 
regions). Here, higher CSF GAP-43 was associated with a stronger association between Aβ and connectivity-associated tau 
spread (centiloid x GAP-43 interaction, b=-0.0031; p=0.037).

Conclusions: Higher CSF GAP-43 is associated with faster Aβ-related tau spread across interconnected brain regions, 
rendering synaptic changes a potential target to attenuate tau spreading.
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Introduction: Plasma neurofilament light (pNfL) is a promising marker of neurodegeneration for Alzheimer’s disease (AD), 
predicting gray matter (GM) atrophy and white matter (WM) microstructural changes. However, its sensitivity to microstructural 
characteristics of the GM and WM in early AD requires further investigation. Moreover, it remains unclear whether 
microstructural changes in specific WM regions exhibit stronger associations with pNfL levels. Here, we investigated how 
pNfL associates with di!erent microstructural indices in di!erent regions of the WM, and how the associations between 
pNfL and the neurite density of the WM and GM vary with memory functioning in older adults with and without AD-related 
cognitive decline.

Methods: A total of 97 older adults were included in this study – 44 with very mild to mild dementia (age: 71.3 ± 7.7; sex (m/f): 
14/30; CDR (0.5/1): 39/5) and 53 cognitively unimpaired individuals (age: 70.7 ± 7.2; sex (m/f): 13/40; CDR (0/0.5): 29/24). pNfL 
was measured using a single-molecule array (Simoa) assay. We computed neurite orientation dispersion and density imaging 
(NODDI) measures from di!usion-weighted images (b = 0, 700, 2000 s/mm2), including intracellular volume fraction (VIC), 
orientation dispersion index (ODI), and CSF volume fraction (VISO). Our examination of the voxel-wise association between 
pNfL and the NODDI indices in WM employed a partial least squares correlation (PLSC) to examine the covariance between 
pNfL and the 3 NODDI images, VIC, ODI, and VISO. Prior to analysis, age and body mass index (BMI) were regressed out of 
pNfL, and age and sex were regressed out of the NODDI images. Next, to examine how the associations between pNfL and 
the neurite densities (VIC) of the WM and the GM vary with memory functioning, we fit a path model. The model included 
a memory factor score as the moderator for the link between BMI-adjusted pNfL, and the VIC of the entorhinal cortex, as 
well as the mean VIC of the WM clusters that reliably contributed to the covariance between pNfL and NODDI images in the 
first component of the PLSC analysis (Fig. 1A). The model included age and sex as covariates predicting the WM and GM 
VIC. The memory factor score was computed via a confirmatory factor analysis on delayed recall scores from four di!erent 
memory tests.

Results: The first component of the PLSC analysis showed the association between pNfL and the NODDI indices, where 
higher pNfL associated with lower VIC and VISO, and higher ODI. These e!ects were mainly observed in the anterior temporal 
lobe, WM regions near the precuneus, and the inferior parietal and superior frontal WM areas. The second component showed 
the association between pNfL and the NODDI indices mainly in the centrum semiovale, where higher pNfL associated with 
lower ODI and VISO (Fig. 2). In the path analysis, the memory factor moderated the link between pNfL and the entorhinal VIC: 
higher pNfL levels predicted lower entorhinal VIC in older adults with lower memory function, but not in those with higher 
memory function. However, despite the significant main e!ect of pNfL on WM VIC, memory function did not moderate their 
relationship, indicating that higher pNfL predicted lower WM VIC regardless of memory function (Fig. 2BC).
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Conclusions: The PLSC analysis demonstrated that higher pNfL reflects di!erent WM microstructural characteristics, including 
lower axonal density mainly in temporoparietal WM likely due to AD pathology, and lower fiber orientation variability in 
WM regions abundant in crossing fibers. The di!ering moderating e!ects of memory for the GM and WM VIC in the path 
model suggest that the pNfL concentration reflects the neurite density in both GM and WM and may be more sensitive to 
the WM than the GM in early AD, given the significant pNfL – WM VIC relationship irrespective of the memory score. Our 
findings illuminate WM microstructural changes underlying elevated pNfL and the varied sensitivity of pNfL to di!erent 
neurodegenerative aspects in early AD.
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Fixation Duration E!ects on Microstructural Changes in Disease: Insight from Ex-vivo Di!usion MRI
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Introduction: Di!usion MRI (dMRI) is a common tool to assess the brain’s microstructure1. Through dMRI, we can extract 
metrics assessing fibre integrity in various neurological conditions (e.g. Alzheimer’s and Parkinson’s Disease [AD & PD]). The 
Douglas-Bell Canada Brain Bank (DBCBB) is the largest Canadian repository of donated human brains from various sources 
including multiple neurodegenerative conditions. However, the fixation of these brains changes the tissue composition and 
their magnetic properties, complicating post-mortem inference of pathology and preventing ante-/post-mortem comparative 
mapping of the same microstructural characteristics2. We aimed to validate in-vivo di!usion measures when used ex-vivo by 
assessing the impact of sample fixation on these measures, in AD and PD, and then qualitatively compare their distribution 
patterns between ante- and post-mortem.

Methods: We acquired 3T structural MRI (T1w & T2w) and dMRI (32 directions, 2 phase-encoding directions, b-value = 1000 
s/mm²) of 45 donated specimens (mean age at death = 81 years, mean fixation duration =13.8 years, 20 females). We used 
BISON (3) to segment cortical grey and white matter and subcortical structures on the structural scans. We adapted Mrtrix3 
preprocessing tools to denoise, correct eddy-currents, and bias correct (i.e., inhomogeneity correction) the dMRI4. From the 
preprocessed dMRI, we computed the tensor model and extracted its metrics (fractional anisotropy [FA], mean [MD], axial 
[AxD] di!usivity). We first modelled the change in dMRI microstructural metrics using linear regression models, including age 
at death and sex as covariates. We then qualitatively compared the microstructural patterns in a subset of participants that 
also had in-vivo imaging. We performed the statistical analysis in the whole sample, and in AD, PD and other neuropsychiatric 
conditions separately (including Amyotrophic lateral sclerosis (ALS), mood and vascular disorders, and other dementias).

Results: We found di!erential patterns of associations between DTI metrics and fixation time, that di!ered between brain 
regions and across diagnoses (all diagnoses: f(FA-GM)=3.73, R2=0.38, p-val=0.03, f(FA-WM)=2.94, R2=0.33, p-val=0.03; 
AD: f(FA-GM)=5.56, R2=0.217, p-val=0.028, PD: f(MD-subcortex)=7.7, R2=0.56, p-val<0.001, f(AxD-Total)=11.4, R2=0.65, 
p-val<0.001; fig.1). This e!ect was consistent in AD and PD specimens. Taken together, these results reflect a strongly altered 
microstructural environment in fixed brains, that di!ered between AD, PD, and other neuropsychiatric conditions, and between 
directional and other di!usion metrics. Based on this, we performed in-vivo and ex-vivo di!usion tensor computation in one 
AD subject with ante- and post-mortem scans to qualitatively test the distribution patterns of the microstructural metrics. We 
were able to identify several regions of the prefrontal lobe that show altered microstructure (fig.2). Overall, the associations 
between in-vivo and ex-vivo metrics were r(FA)=0.49, r(MD)=0.42, r(AxD)=0.43. The di!erence observed could be due to the 
localization of neuropathology that accelerated the e!ect of fixation on the di!usion metrics. This alteration was observed to 
be lower for directional FA rather than MD and RD.
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Conclusions: We show a strong association between brain fixation duration and the neural microstructure across several 
neurological diseases using directional and other di!usion measures. We demonstrated that ex-vivo di!usion scans can 
serve as extensions to in-vivo protocols, which could help unveil disease signature maps and neuropathology. This could 
enrich previous ex-vivo studies by supplementing invasive histological analyses with non-invasive neuroimaging that 
could then be used to compare pathological states across disease stages. Future studies should investigate these e!ects 
in other neuropsychiatric conditions such as ALS and mood disorders, and examine the e!ect of vasculature change in 
these conditions.
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Associations Between Genetics of Parkinson’s Disease, Brain Structure, and Behavioral Phenotypes
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Introduction: An important hallmark of most neurological disorders is the loss of brain tissue detectable by Magnetic 
Resonance Imaging (MRI). In Parkinson’s disease (PD), patients show higher cortical surface area (SA) (Jubault 2011), and 
lower white matter fractional anisotropy (FA) (Chan 2007) and subcortical volumes (Charroud 2021). However, the local inter-
relationships between these brain features as well as their associations with behavioral phenotypes are unknown. Here we 
test the relationship between genetic risk for PD and MRI-derived FA, cortical SA, and subcortical volume. We then study the 
relation between these neuroanatomical measures and behavioral phenotypes.

Methods: Demographics, behavioral, genomic and brain imaging data were obtained for 40,000 UK Biobank participants. 
Di!usion-weighted MRI images were analyzed using the Tractoflow pipeline to generate FA maps for each subject. White 
matter was then parcellated into 73 anatomical tracts using the O’Donnell’s ORG atlas (O’Donnell 2007) and mean FA values 
of each tract were extracted. T1-weighted MRI images were analyzed using the CIVET pipeline (Zijdenbos 2002) to extract 
region-wise SA values for 200 cortical regions in the Schaefer atlas (Schaefer 2018). Subcortical volume measures for 14 
Harvard-Oxford atlas regions (Makris 2006) were provided by the UK Biobank using the FSL’s FIRST pipeline (Patenaude 
2011). The relationships between PD polygenic risk score and grey and white matter morphometry were assessed by linear 
regression using the following set of confound variables: age, age^2, sex, age*sex interaction, center number, scanning 
motion, scanning bed position, genotype batch, 15 principal genetic components. Results were then corrected for multiple 
comparisons using False Discovery Rate (FDR) correction with p-value threshold of 0.05. Similarly, the association between 
each white matter tract’s FA and its structurally connected cortical SA was assessed (statistical significance based on spin 
test). Partial least square (PLS) analysis was then used to investigate the behavioral phenotypes linked with brain features 
after regressing out the e!ect of age from all variables.

Results: Polygenic risk score of PD was positively associated with cortical SA, subcortical volume, and white matter FA across 
the brain (Figure 1). FA in all tracts were positively associated with SA of their structurally connected cortical regions; however, 
these associations remained spatially significant for only 2/73 tracts after correcting for spatial autocorrelation. The PLS 
analysis revealed alcohol usage, education level, household income, fluid intelligence, and height as positively associated with 
these brain features, and multiple deprivation index as negatively associated (Figure 2).
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Conclusions: These results reveal a link between genetic susceptibility to PD and brain characteristics indicative of greater 
size of grey and higher integrity in white matter structures. This indicates that genes implicated in PD may also lead to 
increases in neuronal numbers and connections. These associations were not specific to pairs of spatially interconnected 
white matter tracts and cortical regions, suggesting a global link exists between white matter tract’s FA and cortical SA 
rather than a spatially local one. These associations were in turn related to certain demographic and behavioral phenotypes 
including alcohol usage. The findings are consistent with the view that an increase in neural density may make brains 
vulnerable to neurodegeneration in PD.
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Hemispheric asymmetry in Alzheimer’s Disease patients as feature for pathogenesis and prediction
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Introduction: Hemispheric asymmetries in age-related atrophy are well documented in healthy aging and in Alzheimer’s 
Disease (AD) with asymmetry seeming to develop di!erently in Alzheimer’s cases than in normally aging brains (1-4). 
Our aim was to investigate the potential of those di!erences as biomarkers for the detection of AD and mild cognitive 
impairment (MCI).

Methods: For the asymmetry analysis, 3T structural MRI scans from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) (5) 
were analysed in five diagnostic groups: patients with AD (N=116, mean age =62,1 (SD=6,7)), early MCI (EMCI) (N=205, mean 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 490

ABSTRACTS

age=60,8 (SD=5,1)), unsubdivided MCI (N=74, mean age=63,2 (SD=6,8)), late MCI (LMCI, N=105, mean age=62,9 (SD=5,3)) and 
cognitive normal (CN) subjects (N=198, mean age=63,4 (SD=5,43)). First, a symmetrical Shooting template was created from 
the IXI dataset (https://brain-development.org/ixi-dataset/) using the CAT12 Toolbox (6) in SPM12. Subsequently, the ADNI T1w 
images were preprocessed with default settings using the symmetrical IXI template. To investigate gray matter volume (GMV) 
based hemispheric asymmetry, we calculated the asymmetry index (7) and tested for univariate di!erences between groups 
using GLMs and TFCE with non-parametric FWE correction. Additionally, hemipheres were classified as left or right using the 
following workflow (8): 1. split images into hemispheres and alignment to the right side, 2. perform supervised RandomForest 
classification per group using GMV voxels as features and 3. use the Boruta algorithm to identify relevant features for 
hemisperic classifications6. To test those Boruta features fordetection of AD and MCI, we performed binary classifications 
using Julearn (9), a Python based machine learning library based on scikit-learn (10). We used a support vector machine (SVM) 
in a nested 5-fold-cross-validation with hyperparameter tuning (kernel = linear, c = [0.0001, 0.001, 0.01, 0.1]) with age and sex 
linearly modelled as confounds without data leakage.

Results: In the univariate asymmetry analysis no significant di!erences were found between diagnostic groups. The Boruta 
feature selection analysis for hemisphere classification identified thalamus, amygdala, insula, parietal operculum and putamen 
as biggest clusters in MCI and AD. In CN and early MCI, also thalamus and amygdala contributed relevantly to hemispheric 
classification, alongside the entorhinal cortex and the hippocampus. The entorhinal cortex and the motor cortex nearly 
disappear in the clusters of MCI, LMCI and AD, possibly becoming more symmetrical with disease progression, while the 
parietal operculum appears to become more asymmetrical. In general, hemisphere identifying clusters seem to become 
smaller and more scattered in AD. Successful classification of AD vs. CN was possible with a similar performance for the 
whole brain as well as only using the sparse Boruta regions with a test score > 80%. Classification of MCI vs. CN for the whole 
brain and Boruta regions showed a test score ~80% (Fig. 2). Of note, using the asymmetry indices as features performed 
considerably worse with test scores <65%.
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Conclusions: Hemispheric classifications using Boruta identified clusters as relevant for the decision between left vs. right and 
are therefore related to hemispheric asymmetry, which di!ers between diagnostic groups of the AD continuum. In AD Boruta 
regions are scattered more globally, which might be related to the decreasing structural integrity of brain tissue in AD. The 
performance of those regions in disease classifications was very similar to the whole brain even though they only contained 
<1.5% of the features relative to the whole brain. This shows strong potential for hemisphere-determining regions in the 
prediction of AD as well as MCI in the ADNI dataset.
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Introduction: Hallucinations in Parkinson’s Disease are linked to the development of dementia in Parkinson’s Disease (PDD)1. 
Minor hallucinations (MH) emerge early in the disease, and previous work has shown that early-stages PD patients with 
and without MH are distinguishable in terms of functional connectivity (FC)2,3. Recently, we switched the focus from group 
di!erences to inter-subject variability, and found distinguishable FC fingerprints in PD patients with and without MH4 The 
current study extends the investigation to the latest disease stages (PDD) to explore if identifiability based on FC-fingerprints 
persists, and whether di!erent patterns drive inter-individual variability in patients with and without later and more structured 
forms of hallucinations, i.e., visual hallucinations (VH).

Methods: Forty-four patients with PDD were included (PD-VH, 27; PD-nH, N=17). The presence of VH was evaluated 
clinically by expert neurologists. As expected, PDD-VH had higher severity and distress of hallucinations and delusions 
(Neuropsychiatric Inventory – NPI: p > .010). There were no di!erences across groups for sex assigned at birth (p=.780) 
and age (p=.144). In line with what has been previously described in the literature, patients with PDD-VH had lower level of 
cognitive functioning (Cambridge Cognition Examination – CAMCOG: p = .016) and higher level of motor impairment (Unified 
Parkinson’s Disease Rating Scale – UPDRS: p<.001) relative to PDD-nH. We estimated individual FC matrices using Pearson’s 
correlation between the averaged BOLD signals of 278 cortical and subcortical nodes5. We estimated individual variability in 
FC using the following metrics introduced and estimated in healthy subjects and neurological patients 6,7. First, we calculated 
within (ISelf) and between (IOthers) subjects test-retest FC similarity across the first 180s and second 180s of the same 
scan. A second metric, IDi!, provided a group-level estimate of distance between ISelf and IOthers. Then, we explored the 
spatial specificity of di!erences across patients using edgewise intra-class correlation (ICC). ICC quantifies the within-subject 
similarity between test and retest for each edge (FC between 2 regions), such that the higher the ICC of an edge the more the 
two regions show stable patterns of functional connectivity across test and retest within-subjects, as well as variable patterns 
of functional connectivity between-subjects of their group.
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Results: First, data showed that individual FC profiles were highly distinguishable within each group, i.e., among patients with 
the same diagnosis, but also specific clinical symptoms, i.e., visual hallucinations. At the whole-brain level, we found that in 
each group, patients were always distinguishable from other patients (ISelf>IOthers in all cases). IDi! was comparably high in 
both groups, there were no significant di!erences in ISelf across groups, and IDi! was di!erent from null distribution at p<.001 
in all groups (Fig.1A and 1B). Second, we found that FC patterns that identified patients di!ered between PDD-VH and PDD-nH 
(Fig.2A).
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Conclusions: This study extends previous work showing group-di!erences in FC 2,3 and in FC-fingerprints between PD 
patients with and without MH, by finding that the functional connections remain individual-specific also in the most advanced 
stages of the disease and distinguishable between patients with later forms of hallucinations7. This work confirms that the 
individual variability – well-known in clinical practice – is reflected by di!erences in FC even in the more advanced stages of 
the disease and during dementia (PDD). These findings help characterizing the neural basis of late hallucinations in PD (i.e., 
VH) and may pave the way for a personalised understanding of the altered brain mechanisms in hallucinations as well as for 
their early detection.
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Introduction: Alzheimer’s disease neuropathologic change (AD-NC)1 and limbic-predominant age-related TDP-43 
encephalopathy neuropathologic change (LATE-NC)2 are common in older adults and have been associated with brain 
atrophy, cognitive decline, and dementia3. Furthermore, AD-NC and LATE-NC are often comorbid increasing the odds for 
dementia4. Since AD-NC and LATE-NC are often comorbid and due to the fact that LATE-NC can only be detected at autopsy, 
the di!erential e!ects of the two pathologies on brain morphometry have not been systematically investigated. In this work, 
we combined deformation-based morphometry (DBM) on ex-vivo brain MRI and detailed neuropathological evaluation in a 
large number of community-based older adults (N=912) that came to autopsy to investigate the di!erence in brain atrophy 
patterns associated with AD-NC and LATE-NC.

Methods: Participants and Data Cerebral hemispheres from 912 older adults participating in four longitudinal, clinical-
pathologic cohort studies of aging were included in this work: the Rush Memory and Aging Project (MAP), Religious Orders 
Study (ROS), Minority Aging Research Study (MARS), and the African American Clinical Core (AA Core) of the Rush Alzheimer’s 
Disease Research Center (Rush ADRC) (Fig.1)5,6. All hemispheres were imaged ex-vivo on 3T clinical MRI scanners 
approximately 1-month postmortem while immersed in 4% formaldehyde solution. T2-weighted images of all hemispheres 
were non-linearly registered to a brain hemisphere template using ANTs. The logarithm of the Jacobian determinant (LogJ) 
of the deformation field was calculated in each voxel, and the resulting maps were smoothed by a Gaussian filter with 
FWHM=4mm. Following ex-vivo MRI, all hemispheres underwent detailed neuropathologic examination by a board-certified 
neuropathologist. The pathologies that were assessed were AD-NC, LATE-NC, Lewy bodies, gross infarcts, microscopic 
infarcts, arteriolosclerosis, atherosclerosis, and cerebral amyloid angiopathy. Participants were divided into four groups: 
AD-NC-neg LATE-NC-neg (n=453), AD-NC-pos LATE-NC-neg (n=108), AD-NC-neg LATE-NC-pos (n=225), and AD-NC-pos 
LATE-NC-pos (n=126), where AD-NC-pos was defined as moderate or severe AD-NC according to the NIA-AA criteria1, and 
LATE-NC-pos was defined as LATE-NC stages 2 or 3. Statistical analysis Voxel-wise linear regression was used to test the 
association of the deformations observed in the smoothed log Jacobian maps with the four di!erent groups, controlling for all 
other neuropathologies, demographics (age, sex, years of education), postmortem intervals, and scanner. The analysis was 
conducted using FSL PALM7. We used 5000 permutations, and statistical significance was set at p<0.05 after family wise error 
(FWE) correction. Significant clusters were defined using threshold-free cluster enhancement (TFCE).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 494

ABSTRACTS

Results: Both the AD-NC-pos LATE-NC-neg group (Fig.2a) as well as the AD-NC-neg LATE-NC-pos group (Fig.2b) were 
associated with lower tissue volume mainly in medial temporal lobe structures8. The AD-NC-pos LATE-NC-pos group (Fig.2c) 
showed substantially lower volume in the temporal, frontal, and parietal lobes4,9. Interestingly, the AD-NC-neg LATE-NC-pos 
group showed lower volume in the anterior portion of the hippocampus than the AD-NC-pos LATE-NC-neg group (Fig.2d)10.
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Conclusions: This is the largest study combining brain morphometry and pathology in community-based older adults to date, 
and as such it provides strong evidence on the brain atrophy patterns associated with AD-NC and LATE-NC. Both AD-NC 
and LATE-NC are associated with lower volume mainly in the medial temporal lobes. Furthermore, LATE-NC stages 2 or 3 are 
associated with more atrophy in the anterior portion of the hippocampus compared to moderate or severe AD-NC. This finding 
suggests that in the presence of LATE-NC, the volume of the hippocampus cannot serve as a marker of AD-NC.
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Introduction: Oxidative stress (OS), an imbalance between production and neutralization of reactive oxygen species, can 
damage brain cells and contribute to cognitive decline in Alzheimer disease (AD) continuum (Mandal et al., 2015). Levels of 
glutathione (GSH), the most prevalent endogenous brain antioxidant (Pocernich and Butterfield, 2012), can be assessed with 
magnetic resonance spectroscopy (MRS), and serves as a brain-OS index. Our systematic reviews (Detcheverry, et al., 2023a; 
Detcheverry, et al., 2023b) report that brain GSH levels decrease with age in most brain regions, with greater decreases 
reported in AD. Since the relationship between GSH and vascular-brain injury is not known in the dementia and the mild 
cognitive impairment (MCI) stages of AD, we address this gap in MCI.

Methods: MRI/MRS data from 31 MCI participants (age range: 55-86 years) were obtained using a 3T Siemens Prisma MRI 
scanner (Siemens, Erlangen, Germany). The MRI protocol included a whole-brain, 3D T1-weighted MP2RAGE for localization 
and brain volume measurements, and a 3D T2-weighted fluid attenuated inversion recovery (FLAIR) for detection of white 
matter hyperintensities (WMHs), a marker of small-vessel disease. Single-voxel MRS was performed using the SPin Echo full 
Intensity Acquired Localized (SPECIAL) technique, with one voxel positioned over the posterior cingulate cortex (PCC) and 
the other in frontal white matter (FWM) (Figure 1A, B). WMHs were segmented using an automated technique (Elliott et al., 
2010) and manually reviewed. Hippocampi (HCP) were segmented using a locally-developed pipeline as previously described 
(Tremblay et al., 2018). Normalized brain volume (NBV) was computed using SIENAx (Smith et al., 2002). Vascular brain injury 
was assessed using WMH volume and Fazekas scores (Fazekas et al., 1987). Global and regional brain tissue preservation 
was assessed using NBV and HCP (whole, left, right) volumes (HCPv), respectively. Finally, cognition was assessed with the 
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Montreal Cognitive Assessment (MoCA). Raw MRS data was preprocessed using the FID Appliance (FID-A) (Simpson et al., 
2017), before spectral fitting, and eddy current correction and spectral analysis were performed in LCModel (Provencher, 
2001). Pearson correlations between (a) metabolite levels in both regions, and (b) GSH and other markers, were performed in 
Python (version 3.9.13).

Results: The mean age of our MCI group was 74.41 years (Figure 2A). In general, metabolite levels were higher in PCC relative 
to FWM, with significant di!erences (p<0.001) in levels of tNAA, GSH/total creatine (tCr), and total N-acetylaspartate (tNAA)/
tCr (Figure 2A). We found significant associations in FWM between GSH/tCr and tNAA/tCr (r=0.38; p=0.04), and between GSH 
and (a) WMH volume (r=-0.37; p=0.04), and (b) NBV (r=0.38; p=0.04). Linear regressions for these findings are displayed in 
Figure 2B. No relationship was found between GSH levels and cognition.
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Conclusions: In FWM, lower GSH was associated with (a) higher vascular brain injury, as shown with higher WMH volume, and 
(b) lower brain volume and axonal integrity as shown both with lower NBV and tNAA levels, respectively. Our results suggest 
that, in WM, OS (as indicated by elevated GSH) contributes to vascular-brain injury in MCI of the Alzheimer’s type.
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Introduction: Parkinson’s disease (PD) is commonly associated with motor impairments, however it also causes cognitive 
impairments which can be classified in a range of stages from PD with normal cognition (PD-NC), PD with mild cognitive 
impairment (PD-MCI) (Litvan et al. 2011; 2012), to PD with dementia (Saredakis et al. 2019). Previous studies have found 
dynamic, time-varying measures of functional network connectivity (dFNC) derived from resting-state functional magnetic 
resonance imaging (rs-fMRI), may distinguish patients with PD-NC from those with PD-MCI (Díez-Cirarda et al. 2018; Jinhee 
Kim et al. 2017). We explored the use of a dichotomic pattern mining technique, Seq2pat (Wang et al. 2022), to determine 
whether sequential patterns in the ordering of dFNC states could accurately distinguish healthy control (HC) subjects from 
those with PD and distinguish PD-NC from PD-MCI.

Methods: Seven minutes of resting, eyes-closed fMRI data were collected on a Siemens 3T TRIO scanner from 33 individuals 
with PD and 22 HC subjects at the Center for Biomedical Imaging at New York University following IRB approval and informed 
consent. Patients with PD were categorized into PD-MCI or PD-NC subgroups, by clinical consensus. The rs-fMRI data were 
preprocessed using the FMRIB Software Library (FSL; Jenkinson et al, 2012), including brain extraction, B0-unwarping, slice-
time and motion correction, registration to standard space (MNI 152), and Independent Component Analyses for the Automatic 
Removal of Motion Artifacts (ICA-AROMA; Pruim et al, 2015). Three dFNC states were derived with the Group ICA for fMRI 
Toolbox (GIFT; Allen et al., 2014), as determined by the elbow criterion. Sequences of letters indicating the transition across 
states were then used as input to a Python-based sequential pattern mining method, Seq2pat (Wang et al, 2022). One-hot 
encoding of sequential patterns yielded feature vectors that were then used to train Random Forrest (RF) classifiers using 80% 
of the data for training and 20% for testing. Separate classifiers were trained to distinguish HC from PD groups, and PD-NC 
from PD-MCI subgroups, and the results for each were averaged across 100 iterations.

Results: Statistical comparisons between the 3 state matrices returned from GIFT for each group (Figure 1), revealed a 
reduction in overall network inter-connectivity of the frontal parietal (FP) and executive control (EC) networks for both PD 
cohorts versus HC in State 1, while State 2 displays higher intra-connectivity within the default mode network (DMN) of the 
PD-MCI cohort relative to both the HC and PD-NC cohorts, and reduced intra-connectivity of the sensorimotor (SM) network 
in both PD-NC and PD-MCI groups relative to HC in State 3. The Seq2pat method identified 683 sequential patterns, including 
227 that were unique to the HC subjects, 118 that were unique to the PD patients, and 338 that both groups displayed (Figure 
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2). The mean (standard deviation) values for accuracy and area under the receiver operating curve for the RF classifier trained 
to distinguish HC from PD was 0.71 (0.11) and 0.65 (0.12), respectively. For the RF classifier trained to distinguish PD-NC from 
PD-MCI, these values were 0.62 (0.15) and 0.65 (0.14), respectively. A multi-class classifier trained to distinguish all three 
groups yielded mean accuracy of 0.49 (0.12) and mean AUC of 0.52 (0.14).

Conclusions: We believe that this exploratory analysis highlights the potential utility of Seq2pat to detect sequential patterns 
in the temporal ordering of dynamic brain states, as detected using GIFT. While the results of the classifiers show only modest 
accuracy, the fact that they were all above chance level indicates that the sequential patterning of derived brain states 
warrants further investigation as possible indicators of abnormality in the dynamic, temporal organization of neural network 
activity among people with PD, particularly those with cognitive impairments.
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Dynamic Brain Network States in Alzheimer’s Disease
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Introduction: Alzheimer’s disease is a neurodegenerative disorder, with disrupted system-level brain network organization1. 
With the development of medical imaging equipment and analysis techniques, functional Magnetic Resonance Imaging (fMRI) 
has increasingly become a vital tool for observing brain activity. It enables the construction of dynamic functional connectivity 
networks in the brain2. Three states of the brain’s dynamic functional networks have been demonstrated which are associated 
with sensory, somatomotor, and internal mentation state, and highly correlated with aging3. In this study, we investigated the 
dynamic brain network states in Alzheimer’s disease, and it may be as potential biomarkers in biomedical imaging.

Methods: MR data were obtained from Kaohsiung Chang Gung Memorial Hospital, including T1-weighted images (T1WI) 
and fMRI, with two sets of imaging acquisition protocols. Total 43 healthy volunteers (HV ) and 22 AD patient MR data were 
acquired using a Siemens 3T skyra scanner, including 34 participants data (HV: 18 AD:16 ) with protocol as T1WI: voxel size: 
1.0*1.0*1.0 mm³ fMRI: TR=3660ms, TE=45ms, slice number = 50, voxel size = 3.0*3.0*3.0 mm³, 120 volumes; and 31 participants 
data (HV: 25, AD: 6) T1WI: voxel size: 0.5*0.5*1.0 mm³; fMRI: TR=2500ms, TE=27ms, slice number=43, voxel size=3.4*3.4*3.4 
mm³, 200 volumes. After preprocessing the T1-weighted and fMRI images separately4, the fMRI data was first registered to its 
corresponding T1 space. Subsequently, utilizing previously computed transformation matrices, the T1 images were registered 
to the standard brain space (MNI152). Finally, a 6mm full-width at half-maximum Gaussian blur was applied to smooth the 
images. The fMRI signals were segmented into brain regions using the Automated Anatomical Labeling 2 (AAL2) atlas5. A 
sliding-window approach was used for dynamic network estimation. Employing a 20 frame time window, correlation were 
performed at di!erent time window for each brain region. With that data we can derive the similarities between feature matrix 
of the three brain networks. Three predominant states of brain networks were estimated by feature score with the feature 
metrics into: sensory, somatomotor, and internal mentation3 (Fig.1). The occurrence rates of each person in these three modes 
were calculated. Due to di!erent protocols, ComBat was applied in statistical analyses6. Analysis of covariance (ANCOVA) was 
used to test the di!erence between groups with age, gender and education years as covariates. The presence of significant 
di!erences P < 0.05 was set.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 500

ABSTRACTS

Results: As illustrated in Figure 2, there are significant di!erences in the occurrence rates of the Sensory and Somatomotor 
states between AD and HV group (p=0.018; p=0.014). There is no significant di!erence in terms of internal mentation state 
between groups. The occurrence rates of these two states are primarily influenced by the presence or absence of Alzheimer’s 
disease. The findings of this study reveal that the dynamic states of the brain network in Alzheimer’s disease.

Conclusions: Alzheimer’s patients showed lower occurrence rate in Sensory and Somatomotor states. Dynamic brain 
networks might be capable of quantifying the brain activity, serving as a reference indicator in the interpretation of 
Alzheimer’s disease. The quantitative metrics of brain activity states assessed in this study may be as potential biomarkers in 
biomedical imaging.
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Subtype-specific patterns of tau pathology in Alzheimer’s and related disorders
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Introduction: Alzheimer disease (AD) encompasses a range of neurodegenerative disorders marked by progressive cognitive 
decline (Hardy and Selkoe, 2002). Notably, atypical presentations like Posterior Cortical Atrophy (PCA) and Logopenic 
Variant Primary Progressive Aphasia (lvPPA) exhibit distinct clinical and neuroimaging profiles. PCA predominantly a!ects the 
posterior parietal and occipital lobes, leading to visuospatial deficits, while lvPPA primarily manifests as a language impairment 
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rooted in the temporoparietal region (Crutch et al., 2017; Gorno-Tempini et al., 2011). Unraveling the intricate biological 
underpinnings of these variants is crucial for understanding the heterogeneity within AD (Jack Jr. et al., 2010).

Methods: Participants diagnosed with AD dementia (n=54, female=25, Age: 75.23 ± 6.52), PCA (n = 9, female=8, Age: 62.78 
± 7.21), and lvPPA (n = 6, female=2, Age: 66.33 ± 6.38) from the Knight Alzheimer Disease Research Center (Knight ADRC) 
underwent 18F-AV-1451 tau-PET imaging. Standard uptake value ratios (SUVRs) highlighting tau deposition were mapped 
to the cortical surface (Figure 1A), along with nine other biological properties: gene expression, myelin, cortical thickness, 
sensorimotor association axis, evolutionary expansion, cerebral blood flow (CBF), cerebral blood volume (CBV), and cerebral 
metabolic rate of glucose (CMRglu) (Figure 1B). Correlation matrices and generalized linear models (GLMs) were conducted to 
assess the relationships between patterns of tau accumulation and biological properties.

Results: A correlation matrix (Figure 2A) shows the strongest positive associations (p<0.05) between patterns of evolutionary 
expansion and tau accumulation in those with AD (r=0.53), PCA (r=0.29), and lvPPA (r= 0.56), as well as gene expression in 
PCA (r=0.51). Conversely, the strongest negative associations were observed in AD (r=-0.38, r=-0.15) and lvPPA (r=-0.18, r=-
0.28) for CBF and myelin mapping, respectively, and in PCA (r=-0.25, -0.23) for cortical thickness and sensorimotor association 
axis. GLMs demonstrated significant relationships between cerebrovascular health and evolutionary expansion with measures 
of tau across all groups. AD (r=-0.52) and PCA (r=-0.19) exhibited negative associations with gene expression and myelin 
mapping, respectively, when considering all biological variables. Additionally, lvPPA (r=0.39) displayed positive association 
with patterns of the sensorimotor association cortex.
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Conclusions: These results elucidate distinct tau deposition patterns in AD, PCA, and lvPPA, and provide comprehensive 
insights into their subtype-specific pathophysiology. The correlation matrix and GLMs underscore the significance 
of evolutionary expansion and cerebrovascular health in influencing tau accumulation across all groups. Noteworthy 
associations, both positive and negative, highlight the complex interplay of gene expression, myelin mapping, and cortical 
thickness with tau pathology in specific variants. These findings contribute to our understanding of the heterogeneity within 
AD spectrum disorders and emphasize the multifaceted nature of neurodegenerative processes. Further research in this 
direction holds promise for refining diagnostic and therapeutic strategies tailored to the distinct neurobiological profiles 
observed in AD, PCA, and lvPPA.
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Introduction: Parkinson’s Disease (PD) is the second most prevalent neurodegenerative disorder worldwide1. Deep brain 
stimulation (DBS), a neurosurgical procedure that delivers electric pulses to specific brain regions, demonstrates long-
term success in alleviating tremors in PD, especially when targeting a subcortical region named the zona incerta (ZI)2. 
However, the mechanisms behind this therapeutic e!ect remain elusive. Recent rodent research identifies a rostromedial ZI 
subregion, named the A13, that is uniquely enriched in dopaminergic neurons with connections to the nigrostriatal pathway3,4. 
Interestingly, this dopaminergic connectivity is preserved, yet undergoes re-configuration in animal PD models post-
nigrostriatal degeneration3,5. Notably, inputs from the limbic and cortical regions are significantly downregulated, potentially 
contributing to the emotional processing deficit in PD3,5. Activation of the A13 dopaminergic neurons is also involved in 
nociceptive signaling, implicating this structure in PD-related chronic pain6,7. However, the A13 has not been identified in 
humans, impeding translation to clinical applications. To address this challenge, we aim to identify the A13 region using 3T and 
7T MRI, and investigate the transcriptomic changes in this subregion between healthy control and PD patients. By integrating 
multiscale information to characterize this structure, our findings on the A13 may provide clues to the underlying mechanisms 
in PD, and provide future therapeutic targets for symptom control in the clinical setting.

Methods: We enrolled a cohort of healthy individuals (n=41, age 20-70) and PD patients (n = 46, age 51 - 73) for 3T and 7T 
MR imaging, and leveraged publicly available microarray from the Allen Human Brain Atlas (AHBA, n=68). We previously 
established the ability to directly visualize the ZI in vivo in humans8, and now further expand on this pipeline to identify the 
A13 subregion in T1-map and quantitative susceptibility mapping (QSM) MR data in MNI space. Using QSM, an established 
technique sensitive to tissue iron deposits, and T1-map, sensitive to progressive neuronal changes in PD patients9,10, we 
will identify changes in MR characteristics, such as T1-score, susceptibility score, and volumetric changes, between healthy 
participants and PD patients, and establish spatial correspondence between MRI with transcriptomics. The microarray from 
AHBA is preprocessed using the Abagen toolbox to produce a sample x gene matrix, with each sample representing an MNI 
coordinate. Principal component analysis (PCA) is performed followed by K-mean clustering to identify regional subclusters 
in Python. Optimal number of clusters was identified using WCSS and the elbow method. Gene set enrichment analyses are 
performed using ClusterProfile in R-studio to dissect the functional and biological relevance of clusters and examine molecular 
networks within the ZI.

Results: We have averaged and registered T1-map and quantitative susceptibility mapping (QSM) MR images from native to 
MNI space. Using the microarray data, PCA analysis (21 principal components, with a total of 81% variance explained) and 
K-mean clustering show 3 distinctive clusters along the rostral-caudal axis in the human ZI, corresponding to the caudal, 
rostral, and rostromedial regions. These clusters are enriched with significantly di!erent cell type signatures, underscoring a 
unique organization within the ZI.
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Conclusions: Understanding the molecular and MR characteristics of ZI in healthy and diseased states represents a crucial 
step in unlocking its full therapeutic potential. Our findings show distinctive molecular and cellular profiles within the ZI, 
providing clues to identifying the A13 region in humans. A more in-depth understanding of the A13 subregion will provide 
opportunities to impact treatment, enhance accurate targeting in a clinical context, and ultimately improve patient outcomes.
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Introduction: Essential Tremor (ET) is a prevalent movement disorder, a!ecting approximately 1.3% of the global population1. 
Characterized by involuntary oscillatory postural tremors of the upper limbs, ET impacts daily activities and diminishes the 
quality of life. Despite its prevalence, the precise etiology of ET remains unclear. This study analyses task-based functional 
Magnetic Resonance Imaging (task-fMRI) to explore neural activity in individuals with ET compared to healthy controls (HC). 
The research also delves into the intricate relationship between hand dominance and tremor severity, aiming to contribute to 
the understanding of the brain networks related to this heterogeneous disorder.

Methods: Eighteen ET right-handed subjects were included for this study from the Next Move in Movement Disorders 
(NEMO)2. 20 HC right-handed subjects were age-matched with the ET group. For ET the severity of each hand was assessed 
using the Fahn Tolosa Marin Essential Tremor Scale3. Participants performed a finger tapping task that alternated between 
left and right in a block design, as illustrated in Figure 1, this block were repeated five times. MRI data were collected on a 3T 
Siemens Prisma scanner at the UMCG using a Siemens 64-channel head coil. Task-based fMRI scans were acquired using 
a multi-band, multi-echo T2*-weighted echo-planar sequence with the following scanning parameters: TR=1.101 ms; TE=12, 
36.1, 60.2 ms; voxel size=3.5 mm isotropic. The fMRI data were preprocessed using a custom pipeline, incorporating fMRIprep 
v22.0.2, TE-dependence analysis v0.0.124, and Advanced Normalization Tools v2.3.55. Task-fMRI data were analyzed using 
searchlight multi-voxel pattern analysis (MVPA) to identify di!erences between ET and HC. First, BrainIAK v0.116 was used, 
classifying right hand vs. rest and left hand vs. rest for each subject using four post-stimulus time-lags. Spheres with a 5 mm 
radius were applied, employing radial basis function (RBF) SVM in a stratified 5-fold cross-validation from scikit-learn (v1.1.0), 
resulting in an accuracy map for each subject and lag. Secondly, group-level statistical analysis was performed per lag with 
a non-parametric permutation method, contrasting ET > HC. Age and tremor severity were added as covariates.. Statistical 
thresholding was set at p < 0.001 and FDR corrected (α=0.05). Additionally, we investigated which brain areas correlated with 
tremor severity.

Results: In the HC, the experimental paradigm activated the expected motor networks, revealing significant di!erences 
between the dominant and non-dominant hand tasks. ET exhibited similar activation patterns within motor networks. However, 
ET displayed a distinctive activation pattern in the frontal lobe in both tasks, areas that were not prominent in the HC. 
Specifically, HC revealed lower MVPA accuracy during the non-dominant task in the cerebellum and left thalamus compared 
to ET. Tremor severity analysis in ET revealed a positive correlation between tremor severity and MVPA accuracy in the inferior 
olive region during the dominant hand task, consistent with previous reports7. Additionally, in the non-dominant hand task, 
tremor severity correlated positively with cerebellar MVPA accuracy.

Conclusions: In summary, our study aims to improve the comprehension of the brain networks in ET by leveraging this 
integration of MVPA analysis. Through MVPA analysis, we identified regions of interest associated with intentional movement 
in ET, some of which are novel and include frontal areas not previously reported in the literature. The inferior olive seems to 
play a modulating role ET in dominant hand, and cerebellum in the non-dominant hand. Further research on these identified 
regions holds promise for a deeper understanding of ET pathophysiology.

References
1. DuPre, Elizabeth, Taylor Salo, Zaki Ahmed, Peter A. Bandettini, Katherine L. Bottenhorn, César Caballero-Gaudes, Logan T. Dowdle, 

et al. 2021. “TE-Dependent Analysis of Multi-Echo FMRI with *tedana*.” Journal of Open Source Software 6 (66): 3669. https://doi.
org/10.21105/JOSS.03669.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 505

ABSTRACTS

2. Esteban, Oscar, Christopher J. Markiewicz, Ross W. Blair, Craig A. Moodie, A. Ilkay Isik, Asier Erramuzpe, James D. Kent, et al. 2018. 
“FMRIPrep: A Robust Preprocessing Pipeline for Functional MRI.” Nature Methods 2018 16:1 16 (1): 111–16. https://doi.org/10.1038/s41592-
018-0235-4.

3. Fahn S, Tolosa E, Conceppcion M. 1993. “Clinical Rating Scale for Tremor In: Jankovic J, Tolosa E, Eds.” In Parkinson’s Disease and 
Movement Disorders., 271–280.

4. Kumar, Manoj, Michael J. Anderson, James W. Antony, Christopher Baldassano, Paula P. Brooks, Ming Bo Cai, Po-Hsuan Cameron Chen, 
et al. 2022. “BrainIAK: The Brain Imaging Analysis Kit.” Aperture Neuro 2021 (4). https://doi.org/10.52294/31BB5B68-2184-411B-8C00-
A1DACB61E1DA.

5. Louis, Elan D., and Morgan McCreary. 2021. “How Common Is Essential Tremor? Update on the Worldwide Prevalence of Essential 
Tremor.” Tremor and Other Hyperkinetic Movements 11 (1). https://doi.org/10.5334/TOHM.632.

6. Sharifi, S., F. Luft, L. de Boer, A. W.G. Buijink, W. Mugge, A. C. Schouten, T. Heida, L. J. Bour, and A. F. van Rootselaar. 2022. “Closing the 
Loop: Novel Quantitative FMRI Approach for Manipulation of the Sensorimotor Loop in Tremor.” NeuroImage 262 (November): 119554. 
https://doi.org/10.1016/J.NEUROIMAGE.2022.119554.

7. Stouwe, A.M.M. van der, I Tuitert, Ioannis Giotis, J Calon, R Gannamani, J.R. Dalenberg, S. van der Veen, M.R. Klamer, A C Telea, and 
M.A.J. Tijssen. 2021. “The next Move in Movement Disorders (NEMO): Developing a Computer Aided Classification Tool for Hyperkinetic 
Movement Disorders.” BMJ Open.

Poster No 302

Impaired EEG in Amyotrophic Lateral Sclerosis correlates with distinct neurotransmitter systems

Gabriel Costa1, Marjorie Metzger2, Stefan Dukic3, Orla Hardiman4, Bahman Nasseroleslami4

1Trinity Biomedical Sciences Institute, Coimbra, Portugal, 2Trinity College Dublin, Dublin, Dublin, 3UMC, Utrecht, Netherlands, 
4Trinity College Dublin, Dublin, Ireland

Introduction: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease a!ecting primarily motor neurons, 
first described more than a century ago. While degeneration manifests mainly in upper and lower motor neurons there is 
a significant frontotemporal circuit involvement. It remains a disease with poor prognosis and no e!ective treatment. ALS 
displays clinical heterogeneity, and despite its predictable evolution the pathophysiology and triggers of the disease remain 
unknown. Evidence of impaired neuronal activity and network dysfunction has been identified in the spectral content of 
resting-state EEG in ALS when compared to healthy controls. More importantly, these EEG abnormalities have been shown 
to correlate with structural changes and clinical manifestations in ALS1-3. We have previously spatially localized this impaired 
neuroelectric activity, but the identity of the neuronal population and circuits a!ected remains unknown. Here we aim to 
characterize the underlying molecular and cellular features of the brain areas where these early EEG biomarkers of ALS 
manifest. Using source localization of high-density resting-state EEG, we have spatially correlated spectral di!erences 
between healthy controls and ALS patients with normative mappings of neurotransmitter systems.

Methods: We recorded high-density resting-state EEG from 94 individuals with ALS and 81 healthy controls. The time-series 
of 90 anatomically distinct brain regions (Automatic Anatomical Labelling, AAL) were obtained using LCMV beamformer for 
source localization in the time domain. Normalized spectral power was obtained for each region for the delta (2-4 Hz), theta 
(5-7 Hz), alpha (8-13 Hz), beta (14-30 Hz), low-gamma (31-47 Hz) and high-gamma (53-97 Hz) bands. Di!erences between 
controls and ALS patients were estimated as t-values which were correlated with several neurotransmitter brain mappings 
using a novel Python toolbox, neuromaps4.

Results: We had previously described a significant decrease in spectral power in the alpha and beta frequency bands in ALS 
patients2. A significant correlation between alpha power di!erences was found for the density of 5-HT1a and 5-HT2a serotonin 
receptors (Spearman correlation, ρ = 0.32, FDR-adjusted p < 0.05; ρ = 0.39, FDR-adjusted p < 0.01, respectively), while beta 
power di!erences show significant correlation with 5-HT1a and with the serotonin transporter 5-HTT (ρ = 0.50, FDR-adjusted p 
< 0.001; ρ = 0.46, FDR-adjusted p < 0.001, respectively). These receptors correspond mainly to presynaptic serotonin receptors 
that exert inhibitory feedback and postsynaptic receptors that can modulate motor neuron excitation. Moreover, the strong 
correlation with the 5-HTT/SERT serotonin transporter suggests that the spectral di!erences found in the ALS EEG might 
arise from an impairment of the dense innervations of the serotonergic system arising from the brainstem. We have further 
identified that areas with reduced beta power also showed a correlation with the density of dopamine receptors D1 and D2 (ρ 
= 0.38, FDR-adjusted p < 0.001; ρ = 0.44, FDR-adjusted p < 0.001, respectively), suggesting that the a!ected areas might be 
involved in the interplay between serotonergic and dopaminergic systems.

Conclusions: Our study provides compelling evidence that the altered EEG signals can be a consequence of serotonergic 
dysfunction in ALS5, which has been proposed as a cause of inhibitory motor control and excitotoxicity in ALS.
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Introduction: Recent studies identified the lymphatic drainage system in the brain where cerebrospinal fluid (CSF) carries 
waste from brain tissue. However, it is still not well understood how CSF circulation in the brain a!ects waste removal. In this 
study, we hypothesize that CSF flow dynamics in the subarachnoid space will be correlated with beta-amyloid deposition in 
the brain.

Methods: Thirteen participants (7 Cognitively Normal and 2 Mild Cognitive Impairment, Age=68±7.7 yrs. M/F=5/4) who had 
prior amyloid PET imaging were recruited for CSF flow MRI from the Wake Forest Alzheimer’s Disease Research Center. The 
CSF flow patterns during the cardiac cycle were measured using the phase-contrast MRI at the cerebral aqueduct, pontine 
cistern and cerebellomedullary cistern (Figure 1). Images were acquired for 40 cardiac cycles with a pulse oximeter and CSF 
flow profiles were estimated using the retrospective cardiac gating method. PET Amyloid burden in the whole gray matter 
(GM) was measured as the standardized update value ratio (SUVR, cerebellar gray matter as a reference region) from the prior 
PET imaging and corresponding MRI.

Results: CSF flow amplitude normalized by the intracranial volume (ICV) demonstrated moderate to strong correlations 
with beta-Amyloid SUVR in GM (Figure. 2); Pearson’s correlation coe"cient (rho) was -0.59 (p=0.036) and -0.84 (p=0.004) 
at pontine cistern and cerebellomedullary cistern, respectively. The lateral ventricle volume normalized by ICV was also 
moderately correlated with GM SUVR (rho=0.495).
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Conclusions: At an early stage of AD, the CSF circulation in the subarachnoid space could be correlated with beta-Amyloid 
deposition. Therefore, CSF flow in the subarachnoid space could be a useful imaging marker to predict the clearance of beta-
amyloid in the brain.
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Introduction: Risk for financial exploitation is a devastating but common problem among the elderly, amounting to an 
approximate loss of $30 billion each year. Older adults with behavioral variant frontotemporal dementia (bvFTD) are 
particularly susceptible to falling victim to financial fraud; however, only one other study has examined this social vulnerability 
in bvFTD (Wong 2017) and the neural substrates for this impairment are still very much unknown. Recent studies have found 
that measuring white matter integrity using di!usion tensor imaging (DTI) and neurite orientation dispersion and density 
imaging (NODDI) (Zhang 2022) may provide sensitive biomarkers for behavioral or cognitive decline even in the absence 
of volumetric evidence, especially in the preclinical phase. NODDI method specifically has been shown to provide higher 
sensitivity and greater tissue specificity compared with conventional DTI for identifying white matter abnormalities. The 
present study examines whether DTI and NODDI metrics for degeneration in white matter tracts are associated with increased 
gullible behaviors in bvFTD.

Methods: Multi-shell di!usion magnetic resonance imaging data were acquired for 39 bvFTD patients (29 male, age 63.9 ± 9.2 
yrs). Di!usion images (resolution: 2mm isotropic, b-values: 0, 1000s/mm2) were collected along 32 di!usion gradient vectors 
and 1 B0 weighted image. Preprocessing was done using the PreQual pipeline (Cai 2021) and Synb0-DISCO (Schilling 2019) for 
susceptibility distortion correction. Quality assessment for all subjects’ corrected images was confirmed by visual inspection. 
Social gullibility was measured using the informant-reported Social Vulnerability Scale, previously validated for identifying 
factors leading to vulnerability to exploitation (Pinsker 2011). White matter microscopic degeneration was assessed using 
DTI measures of fractional anisotropy, mean di!usivity (MD), and radial di!usivity (RD) and NODDI measures of intra-cellular 
volume fraction, i.e., neurite density index (NDI), orientation dispersion index, and isotropic volume fraction (ISOVF), i.e., extra-
cellular free water within several well-established white matter tracts of interest (Archer 2019). Associations between di!usion 
metrics and gullibility scores were determined using multiple linear regression models controlling for age, sex, and global 
cognition level via MoCA (Nasreddine 2005). Statistical significance was determined at p < 0.05, Family Wise Error corrected.
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Results: DTI and NODDI analysis demonstrated significant negative associations between gullibility and loss of tissue 
organization in bilateral long-range association and frontostriatal tracts. Lower NDI and increased MD, RD and ISOVF in the 
caudate-to-superior-frontal tract and lower NDI and increased MD, RD and ISOVF in the inferior fronto-occipital fasciculus 
(IFOF) tract were associated with higher gullibility in bvFTD. The combination of the two patterns of disruption of decreased 
neurite density and increased water di!usivity (MD, RD) and increased extra-cellular free water in the same tract is an indicator 
of neurodegeneration (Daianu 2016) in these caudate-to-superior-frontal and IFOF tracts.

Conclusions: Our results suggest that white matter abnormalities in the caudate to superior frontal and IFOF tracts may be 
predictive of increased gullible behaviors in bvFTD patients, even while controlling for global cognition level. Degeneration 
in the IFOF and caudate frontostriatal tracts have previously been linked with interpersonal impairment and abnormal 
behavior (Waller 2017; Hampton 2017). The present findings relating white matter tract integrity with gullibility indicate a 
neural basis for this symptom in bvFTD. This is one of the first studies to use NODDI metrics in frontotemporal dementia 
and reveals sensitive markers for neurodegeneration, providing promise for future use of this method to studying social and 
behavioral impairments.
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Nigrosome neuromelanin loss at 3T MRI has diagnostic value in clinical uncertain parkinsonism
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Introduction: Pigmentation loss of nigrosome 1 (NS1) in the substantia nigra on neuromelanin-sensitive MRI (NM-MRI) is 
now well established as early sign of clinical Parkinson’s (Sung, 2021). It remains unclear whether NS1 depigmentation can 
predict Parkinson disease (PD) even earlier when presenting with clinical uncertan parkinsonism (CUP). We aimed to address 
this as secondary aim of our prospective multi-centre multi-modal imaging study in CUP (Schwarz, 2017). Here we report 
the diagnostic value of NS1 pigmentation contrast in CUP against the diagnosis of Parkinson’s or non-neurodegenerative 
parkinsonism at clinical follow-up. We also explored the e!ect of laterality and scanning site on prediction.

Methods: 110 participants (61 [34 males, 31 PD, Site1], 49 [27 males, 37 PD, Site2]) with quality-controlled NM-MRI at 3T (details 
in (Xing, 2023)) and clinical follow-up (FU) >1 year were included under local ethics approval (Health Research Authority 
East Midlands – Derby Research Ethics Committee. REC ref.: 16/EM/0229). NM-MRI was analysed using an optimised in-
house pipeline (Pszczolkowski, 2023). NS1 ROIs were manually defined on normative susceptibility weighted MRI to derive 
averaged unilateral and bilateral NS1 pigmentation to background contrasts. Binary logistic regression was used in cohort1 
[Site1] to test the e!ect of diagnostic status as dependent on the NS1 contrast as independent outcome variable with age 
and sex as covariates (first bilaterally and then unilateral-contralateral to most a!ected side in the subgroup with asymmetric 
presentation, N=60). The e!ect-size was calculated as adjusted t-values. The test was also repeated in the independent 
cohort2 [Site2] as cross-site validation.

Results: NS1 pigmentation was significantly lower in CUP with FU diagnosis of PD (0.15±0.02) compared to those with other, 
non-degenerative diagnoses (0.17±0.02, p=0.0005, t=-3.49, Figure1-A) in cohort1 [Site1]. The e!ect of future diagnosis was 
confirmed in cohort2 [Site2] (PD-CUP: 0.13±0.02; non-PD: 0.09±0.03, p=0.002, t=-3.1, Figure1-B), despite protocol-dependent 
di!erences in NS1 neuromelanin (NM) ratios (nonPD: 0.13±0.02; PD-CUP: 0.09±0.03, p=0.002, t=-3.1). Similar pattern of group 
di!erence is shown for unilateral NS1 in Figure2-A and Figure 2-B. Discriminative powers of bilateral and unilateral NS1 
are demonstrated for both sites (Figure2-C), with highest AUC values in Site2 that exceeded the diagnostic performance 
considered to be clinically useful (80% sensitivity and 80% specificity-the estimated point is also shown for visual comparison). 
This is followed by the unilateral NS1 NM contrasts for cohort2 [Site2] and then bilateral NS1 for cohort1 [Site1], both nearly 
achieving the clinically useful level. The unilateral NS1 NM contrast for cohort1 [Site1] met the sensitivity but narrowly missed 
the specificity threshold.
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Conclusions: Our results show that MR detectable pigmentation loss of NS1 can be seen in CUP who will later be diagnosed 
as Parkinson’s compared to other non-degenerative causes of Parkinson’s. The diagnostic performance of this simple MRI test 
may be clinically useful with one site achieving predefined sensitivity and specificity with bilateral NS1. Further investigation 
is on-going to explore improved prediction models by inclusion of available baseline clinical findings including laterality and 
other MR modalities.
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Introduction: Amyotrophic Lateral Sclerosis (ALS) poses challenges in understanding motor learning deficits. Leveraging the 
heightened sensitivity of 7 T fMRI, we explored the neural substrates of motor learning in ALS. Employing Shared Response 
Modeling (SRM) for inter-subject normalization, we identified robust neural patterns. Partial Least Squares (PLS) analysis 
revealed associations between 7T fMRI data and behavioral outcomes, shedding light on the intricate neural mechanisms 
underlying motor dysfunction in ALS. Our study highlights the pivotal role of 7T fMRI and advanced analytical techniques in 
enhancing our understanding of ALS-related motor impairments which can help to develop potential therapeutic strategies.

Methods: In the study conducted between June 2018 and December 2022, 12 individuals diagnosed with Amyotrophic Lateral 
Sclerosis (ALS) (6 females, age: M = 60.5, SD = 12.7) were compared to an equal number of age, handedness, gender, and 
education-matched healthy controls (6 females, age: M = 61.1, SD = 11.9). Disease onset varied among patients, with 7 having 
upper limb-onset, 2 with lower limb-onset, and 3 with bulbar-onset (Alicia, 2023). Data collection utilized a 7T-MRI scanner in 
Magdeburg, Germany, a 1.5 mm isotropic resolution fMRI was obtained using an EPI GE-BOLD sequence. The fMRI employed 
a blocked-design paradigm with 12-sec movement periods (left/right foot, left/right hand, tongue) alternated with 15-sec rest 
intervals, with 20 trials (75 min). A GLM analysis was employed to localize the voxels specific to the body part moved. In the 
SRM (Chen, 2015) analysis, the data underwent reordering, and subsequently, a linear SVM was trained for both classification 
purposes and in the context of Partial Least Squares (PLS) analysis. The ALS Functional Rating Scale-Revised (ALSFRS-R) 
data served as the behavioral dataset to train and fit the PLS regression model. This approach allowed for the exploration and 
integration of shared neural response patterns and behavioral outcomes, providing a comprehensive understanding of the 
relationships between the observed brain activity and motor function in the context of ALS.
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Results: The study identified significant group di!erences in di!erent ROIs localized using GLM for various body part 
movements, evidenced by a permutation test score showing above-chance accuracy in distinguishing healthy controls from 
ALS patients (Figure 1, A). Tongue region classification accuracy was relatively lower, potentially due to the limited number of 
Bulbar onset ALS subjects. Predictability for upper limb movements in ALS was notably reduced, in line with the prevalence 
of upper limb onset in patients (Figure 1, B). Controls exhibited higher movement-based task stimulus classification, with mean 
values of 0.53 (SD = 0.16) compared to 0.45 (SD = 0.11) for ALS patients. PLS regression analysis connecting ALSFRS-R scores 
and fMRI data revealed higher mean squared error (MSE) for foot region and hand task behavioral scores, indicating lower 
predictability for hand-based measurements from foot movement-invoked fMRI data (Figure 1, C). In an exploratory analysis, 
scatterplots of latent variables highlighted distinct clustering for Bulbar onset ALS and other onset types, underscoring unique 
patterns in the association between neural and behavioral measures (Figure 1, D).

Conclusions: In summary, our 7T fMRI study revealed group-specific di!erences particularly in the tongue and upper limb 
regions, underscored the complexity of ALS subtypes. The overall movement-based task stimulus classification favored 
controls, suggesting distinctive neural responses. The higher MSE for foot-related fMRI data in relation to hand-based 
behavioral measurements warrants careful interpretation. Additionally, our exploratory analysis highlighted separate clustering 
for Bulbar onset ALS, revealing potential subtype-specific patterns. These findings enhance our understanding of ALS-related 
motor impairments for targeted interventions.
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Characterizing levodopa-induced dyskinesias using neuroimaging, clinical and behavioural measures
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Introduction: Levodopa-induced dyskinesia (LID) is a motor complication that arises after chronic dopaminergic therapy in 
over 40% of patients with Parkinson’s disease (PD). Studies have shown that patients with LID show distinct changes in brain 
morphology and resting state functional connectivity as compared to their non-dyskinetic counterparts. However, there is lack 
of understanding of how task-specific cortico-subcortical networks are di!erentially modulated in these patient groups. In this 
current study, our objective is to investigate potential di!erential modulation in motor and executive function networks among 
patients with LID, and to explore its correlation with brain morphology, clinical characteristics and behavioral parameters. 
Employing such a multimodal approach will deepen our understanding of the pathophysiology of LID and enable identification 
of specific functional networks for targeted therapeutic neuromodulation.

Methods: We collected structural, resting-state and task-based functional MRI data from 17 DysPD patients, 15 nonDysPD 
patients, and 21 age- and sex-matched healthy subjects. Patients with mild to moderate PD (Hoehn & Yahr scale ≤ 3) and 
with unimpaired cognitive functioning (Montreal Cognitive Assessment score ≥ 24) were recruited. MRI was recorded on a 3T 
Siemens Magnetom Prisma scanner with a 64-channel head coil. The obtained structural T1-weighted data were processed 
using FreeSurfer v6.0.0 to extract volume, surface area and thickness measurements of subcortical and cortical regions. 
Region-based statistical analysis was performed using SPSS version 29.

Results: All three groups were similar in age, sex and cognitive score. Vertex-based analysis showed that DysPD patients had 
significantly larger cortical volume (p-corrected =0.0002) in the sensorimotor region compared nonDysPD patients. However, 
cortical surface area and thickness were not significantly di!erent across subject groups at the whole-brain and region-
based level. Behavioural and functional connectivity analyses are currently ongoing and will be ready for presentation at 
the conference.
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Conclusions: In this study, we found an increase in the cortical volume around the sensorimotor region of DysPD patients 
compared to the nonDysPD group. Such increased volume may indicate white matter inflammation with chronic dopaminergic 
therapy in dyskinesia. Although others have shown increased volume in the inferior frontal gyrus and supplementary motor 
areas, we have observed changes only in the sensorimotor region. Next steps in our ongoing analyses involve examining the 
relationship of these structural di!erences with resting-state and task-specific functional brain networks. The findings of our 
research will shed light on the role of distinct task-specific functional brain networks in characterizing patients with LID and 
their relevance to novel therapeutic strategies.
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Introduction: In 2014, the Canadian Institutes of Health Research (CIHR) established the Canadian Consortium on 
Neurodegeneration in Aging (CCNA; ccna-ccnv.ca), with the aim of furthering our understanding of the neurodegenerative 
diseases (NDDs) that a!ect the Canadian population. At its core, the Comprehensive Assessment of Neurodegeneration 
and Dementia (COMPASS-ND) is the largest observational clinical cohort study on dementia in Canada. This national cohort 
required a comprehensive digital infrastructure to coordinate data collection at 32 clinical sites across the country. To ensure 
that data acquisition, curation, and dissemination were standardized, the LORIS system was chosen as the data management 
platform to support CCNA. LORIS is making all domains of imaging, clinical, biomarker, cognitive, behavioral, biospecimen, and 
genetic data readily available to researchers for analysis, and ultimately for open sharing within the neuroscience community. 
This cohort is now entering the data-sharing phase with external researchers.

Methods: LORIS is a customizable, web-based data management system. The CCNA instance of LORIS features 37 
modules, each contributing to the management and monitoring of high-quality data. In the imaging domain, authorized study 
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coordinators can seamlessly upload patient and phantom scans as the LORIS imaging pipeline ensures organized integration 
into the database and filesystem. Imaging specialists can then view and/or download these scans in the Imaging Browser as 
they conduct quality control (QC), accompanied by detailed summaries of scan information and links to relevant data-points 
elsewhere in LORIS. The Imaging Quality Control module enables review of imaging files, verifying proper upload, adherence 
to study protocols, and successful QC checks across several scan types. The CCNA-LORIS instance supports a large scale of 
data through 110 instruments, featuring scoring algorithms and robust validation mechanisms custom written to ensure quality 
control during data entry. The Biospecimen workflow integrates a biomarker tracking infrastructure, providing information 
on sample transportation and analyses. This infrastructure also includes barcode scanning of matrix boxes and samples to 
ensure rapid and simple integration of large biomarker datasets. Key modules, such as the Study Tracker and Data Query Tool 
(DQT), o!er coordinators and researchers e"cient tools for data entry, monitoring, and retrieval. The Study Tracker provides 
a customized snapshot of study progression by participant, o!ering direct links to subsequent data entry steps, while the 
DQT empowers researchers to query and download data in CSV format across all modalities while implementing granular 
permission controls.

Results: The CCNA-LORIS instance currently serves 508 active users for COMPASS-ND. This study includes 11 di!erent 
diagnostic cohorts across the dementia spectrum,with a baseline dataset of 1,173 deeply-phenotyped participants. This 
dataset contains brain images for 1,064 participants, and the comprehensive protocol includes 11 scan types. This exhaustive 
imaging dataset is supplemented with highly descriptive clinical and biomarker data for 1,108 participants, which includes 1,100 
blood samples and more. Demographics and neuropsychological profiles for all participants are also available. Access to the 
data can be requested through the Data Access module on ccna.loris.ca.

Conclusions: The LORIS database is optimized for multi-site studies, such as COMPASS-ND, the signature clinical cohort 
study of CCNA. Its module-based software harmonizes and consolidates all heterogeneous data types which can then be 
disseminated in a user-friendly manner. This allows researchers across the world to have access to rich datasets and further 
the advancement of dementia research.

References
1. CCNA. (2015), COMPASS-ND Study. Retrieved December 11, 2016, from http://ccna-ccnv.ca/en/compass-nd-study/
2. Chertkow, H., Borrie, M., Whitehead, V., Black, S., Feldman, H., Gauthier, S., . . . Rylett, R. (2019). The Comprehensive Assessment of 

Neurodegeneration and Dementia: Canadian Cohort Study. Canadian Journal of Neurological Sciences, 46(5), 499-511. doi:10.1017/
cjn.2019.27

3. Mohaddes, Z., Das, S., Blader, D., Callegaro, J., Tunteng, J., Evans, L., Campbell, T., Lo, D., Morin, P., Whitehead, V., Chertkow, H., & 
Evans, A. C. (2018). National Neuroinformatics Framework for Canadian Consortium on Neurodegeneration in Aging (CCNA). Frontiers in 
Neuroinformatics, 12, 420281. https://doi.org/10.3389/fninf.2018.00085

4. Das, S. (2012), ‘LORIS: a web-based data management system for multi-center studies’, Frontiers in Neuroinformatics, vol. 5, no. 37.

Poster No 309

Investigating Disruptions in Information Flow due to Sickle Cell Disease using Granger Causality

Nahom Mossazghi1, Nadim Farhat2, Tales Santini3, Olubusola Oluwole3, Enrico Novelli3, Tamer Ibrahim3, Sossena Wood1

1Carnegie Mellon University, Pittsburgh, PA, 2University of Pittsburgh, Pittsburrgh, PA, 3University of Pittsburgh, Pittsburgh, PA

Introduction: Sickle cell disease (SCD) is an inherited blood disorder characterized by a mutation in the gene encoding for the 
beta chain of hemoglobin1,2. Patients with SCD experience various complications, including a decline in executive functions. 
Neuroimaging studies have revealed SCD-related structural di!erences, yet their influence on functional connectivity remains 
unclear3. Reduced activity in the Executive Control Network (ECN) has been linked to increased pain processing, which 
diverts resources from the ECN in adults with SCD compared to Healthy Controls (HC)4. Our study applied Granger causality 
analysis to investigate dynamic interactions among brain regions within the ECN and other resting-state networks. Building 
upon previous research, we hypothesized that (1) adults with SCD would exhibit lower information flow between brain regions 
associated with ECNs compared to HC, and (2) SCD patients would demonstrate reduced directional influence, measured by 
net information flow, compared to HC.

Methods: Structural and functional MRI data were obtained from 19 adults, including steady-state patients with SCD (n=9 
(8 HBSC, 1 HbSβ+thalassemia), mean age=32.3+/- 8.2 years) and matched HC (n=10, mean age=36.1+/- 8.1 years) using a 7T 
scanner (MAGNETOM, Siemens). The head coil consists of 16 transmit channels, and 32 receive channels and provides 5. 
Resting-state fMRI (rs-MRI) scans with 86 axial slices were acquired (TR/TE = 2500/20 ms, flip angle = 65°, voxel size= 1.50 
mm iso, FOV = 222 × 222 mm, multiband factor = 2, slice thickness = 1.50 mm, acquisition time = 5:45 min). Preprocessing 
employed fMRIprep and time series extraction using the Schaefer 2018 atlas (Fig 1 (a))6,7. Information flow strength 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 515

ABSTRACTS

between brain regions was assessed via Granger F-values, optimizing lag time via Akaike Information Criterion (p < 0.05 
significance). We calculated average F-values for brain area pairs and employed an independent t-test to compare HC and 
SCD. Additionally, we computed ‘net’ information flow by subtracting e!erent from a!erent F-values for each brain area. We 
examined its significance using the Wilcoxon test to detect directionally influence in information flow8.

Results: HC demonstrated stronger information exchange between pairs of ROIs, with a global mean F-value of 3.02, while 
patients with SCD had a global mean of 2.23 (p-value < 0.001), Fig 1(b-d). Furthermore, Fig 1(e-f) shows that inter-hemispheric 
information flow (between the left (L) and right (R) hemispheres) was higher in HC than in SCD patients. The mean F-values for 
L → R were 3.32 and 2.09 for HC and SCD patients (p-value < 0.001), while the mean F-values for R → L were 3.15 and 2.28 for 
HC and SCD patients (p-value < 0.001) respectively. The magnitude of information exchange was higher in HC than in patients 
with SCD, as shown in Fig 2(a, c). However, the p-value analysis in Fig 2(b, d) indicates a balanced net F-value. Nevertheless, 
our analysis revealed some areas exhibit directional influence, with more instances found in patients with SCD than HC. We 
did not observe any significant di!erences in other resting state networks.
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Conclusions: Our preliminary results further extend previous reports in SCD, which found that decreased signal in e!ective 
connectivity between brain regions within the ECN4. Similar findings have been reported in mild cognitive impairment and 
Alzheimer’s disease studies, indicating a relationship between decreased signal and abnormalities in e!ective connectivity 
within the ECN9,10. Our study faced several limitations, including the small sample size we analyzed and the inherent limitations 
of fMRI, such as its slower neural response interpretation and the potential influence of vasculature on the BOLD signal, 
despite its neural basis. Future analyses will delve deeper into understanding the e!ects of SCD on e!ective connectivity 
through task-based DSST fMRI studies.
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Neuropsychiatric symptoms in Parkinson’s disease are linked to regional brain atrophy
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Introduction: Parkinson’s disease (PD) is the second most common neurodegenerative disorder after Alzheimer’s disease. 
Detecting neurodegeneration prior to its clinical presentation is still an ongoing challenge1. In PD, the loss of dopamine leads 
to impairment of the striatal regions. Since the striatum plays a role in cognition (reinforcement learning, decision making, 
working memory), striatal impairment will a!ect the frontal cognitive regions2. Indeed, previous neuroimaging studies 
showed that in PD there are changes in the brain morphology in the temporal, dorsolateral prefrontal regions, and striatal 
dopaminergic circuits. These changes have been reported with respect to gray matter thickness and volumetry3. Recent 
scientific advances have shown that neuropsychiatric symptoms (NPSs) are present early in the disease and are early markers 
of cognitive decline. In fact, some NPSs manifest even before the clinical presentation of PD. For example, apathy is present in 
up to 40% of PD patients, but is also present in up to 26% of older healthy individuals. Additionally, recent studies have shown 
that the prevalence of depression (35%), and anxiety (31%) is higher in PD patients in comparison to older healthy individuals4-6. 
Here we assess the relationship between gray matter atrophy and NPSs in PD, to determine whether greater atrophy is 
associated with increased likelihood of experiencing specific NPSs and whether these relationships are regionally specific.

Methods: Imaging and clinical data were obtained from the Parkinson’s Progression Markers Initiative (PPMI) study. Clinical 
measures included assessments such as the Unified Parkinson’s Disease Rating Scale (UPDRS), cognitive evaluations, disease 
duration, and NPS scores. Specifically, NPS scores corresponding to the Geriatric Depression Scale (GDS), the State-Trait 
Anxiety Inventory total (STAI_Total), items related to motivation and mood (Apathy) within UPDRS I, and REM Sleep Behavior 
Disorder (RBD) assessments were included. Deformation-Based Morphometry (DBM) maps were extracted using T1w images 
in 350 PD patients (607 timepoints). DBM maps were calculated as the Jacobian determinant of the deformation field from the 
nonlinear transformation of the T1w images to the MNI-ICBM152 template, computed using ANTS7. Lower DBM values indicate 
local shrinkage of tissue; i.e. atrophy8. Using Schaefer and Xiao atlases average DBM values in1022 cortical and subcortical 
regions were measured9,10. A series of linear mixed e!ects models were used to assess the associations between NPSs and 
DBM, including MOCA, sex, age, handedness, and duration of disease as covariates.

Results: Figure 1 shows the t statistic maps of the significant regions for each NPS. The results showed significant associations 
between regional GM atrophy as measured by DBM and NPS severity in PD patients for multiple regions and scores. The list 
of significant subcortical regions include: a) depression: left red nucleus and left subthalamic nucleus, b) REM Sleep Behavior 
Disorder: right red nucleus right substantia nigra, left subthalamic nucleus, and right thalamus, c) anxiety: bilateral thalamus, 
d) UPDRS-I: bilateral putamen, bilateral red nucleus, bilateral pallidus interna, bilateral thalamus, left amygdala and right 
substantia nigra. Colder colors indicate a stronger negative association between DBM values and NPS scores. We found a 
decrease in average DBM in multiple networks associated with all NPSs (Figure 2) with greater e!ect sizes in visual network as 
well as ventral and dorsal attention networks.
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Conclusions: NPSs were associated with presence of atrophy in multiple cortical and subcortical regions. These findings 
suggest that the greater severity of NPSs observed in PD is associated with atrophy in regions implicated in the disease.
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Introduction: The Amyloid-Tau-Neurodegeneration (ATN) biomarker framework for Alzheimer’s disease (AD) indicates binary 
(positive/negative) designations for each type of pathology, without regard for anatomical distribution. Neurodegeneration 
is designated as positive if atrophy or hypometabolism is found on imaging1. However, Cli!ord Jack et al., 2016 noted 
that atrophy and hypometabolism were di!erently distributed and referenced each to di!erent co-localized pathologies2. 
Thus, there exists a need to further characterize atrophy and hypometabolic changes in AD, with the goal of advancing the 
application of anatomically-based biomarkers in the ATN framework.

Methods: Query of the BrainMap databases of published, group-wise neuroimaging, case-control contrasts was used to 
identify AD and mild cognitive impairment (MCI) studies for meta-analysis. The voxel-based morphometry (VBM) and voxel-
based physiology (VBP) databases were used to identify studies involving atrophy and hypometabolism respectively. 157 VBM 
contrasts (110 AD, 47 MCI) and 146 VBP contrasts (88 AD, 58 MCI) were identified. Activation likelihood estimation coordinate-
based meta-analysis was performed separately for VBM and VBP, to identify cross-study convergence of brain alteration 
patterns. Mango was then used to visualize results and quantify spatial overlap between VBM and VBP.

Results: Structural (atrophy) and functional (hypophysiology) neurodegenerations in AD/MCI exhibit markedly di!erent 
neuroanatomical distributions (Figure 1). Structural abnormalities chiefly involve the bilateral hippocampus and bilateral 
temporal lobes; functional abnormalities chiefly involve the bilateral parietal lobes and posterior cingulate. There is a small 
overlap (2184 mm3) between VBM and VBP, accounting for 10.1% of VBM and 7.1% of VBP.

Conclusions: VBM and VBP patterns of alteration appear distinct, aligning with the anterior and posterior default mode 
network respectively. This dissociation may reflect distinct underlying neuropathologies. We suggest that this knowledge can 
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be used to advance the application of anatomically-based biomarkers in the ATN framework. Network modeling of VBM and 
VBP data is currently ongoing.
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Introduction: Alzheimer’s disease is characterized by the accumulation of amyloid beta and the formation of tau neurofibrillary 
tangles (NFTs), leading to irreversible neurodegeneration. The formation of NFTs is believed to follow a pattern known as 
Braak stages. Recent studies refined Braak histopathological stages in vivo using tau tangles PET tracer 18F-MK-6240 and 
with manually defined regions of interest. Here we aim to analyze patterns of Tau accumulation associated with AD-related 
cognitive decline and build a data-driven staging system based on longitudinal data. To do so, we used an estimated latent 
time of disease onset based on cognitive scores to place all subjects on a common timeline disease timeline trajectory.

Methods: To evaluate an initial Tau-based staging model using the latent time of disease onset estimation, we used 18F-
MK-6240 from the TRIAD dataset2, including [n total (m unique)]: cognitively normal: 347(194), mild cognitive impairment: 
163(99), Alzheimer’s disease dementia: 114(77). We used the trajectory model of Kühnel et al.3 to align patients based on their 
longitudinal cognitive scores along a continuous latent disease timeline. The Alzheimer’s Disease Assessment Scale-cognitive 
subscale (ADAS-cog-13) and the Mini-Mental State Examination (MMSE) were used simultaneously to estimate time-shifts for 
each subject. As there were not enough longitudinal timepoints in the TRIAD dataset to directly apply this method, we first 
applied the method to ADNI dataset, and then used a nearest-neighbour technique to impute the disease o!set for TRIAD 
subjects from the closest 38 subjects in the ADNI cohort. (n=38 was found to be the optimal through cross-validation within 
ADNI.) This supervised imputation model used baseline cognitive test scores (MMSE and CDR-SB) along with the age of 
participants to impute their latent disease onset.

Results: We defined 5 2-year windows on the 10-year span of the estimated latent disease o!set timeline. Tau PET scans 
for subjects within each window were averaged, resulting in 5 average Tau templates. This staging system depicts the 
incremental tau accumulation along the decline in cognition. With medial temporal regions showing initial accumulation and 
later stages showing full brain involvement.
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Conclusions: We were able to discern patterns of tau accumulation associated with progression of cognitive decline using a 
purely data-driven method. These models will help understand how Tau is associated with cognitive decline.
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Long-distance neural alterations in predominant left and right anterior temporal lobe atrophy
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Introduction: Semantic dementia (SD) presents as a unique neurodegenerative disorder with focal atrophy of the anterior 
temporal lobes (ATLs). It is comprised of a primarily left-lateralized language syndrome1 and a right-lateralized behavioral 
disorder2. One current challenge in this disorder is in accurately identifying distant brain regions connected to the ATLs and 
therefore potentially compromised. This study employs two advanced MR neuroimaging techniques-namely, fixel-based 
analysis and functional network analysis-to evaluate these remote areas. The first delves into white matter pathology and, 
unlike the tensor-derived metrics, provides fiber tract-specific measures at a within-voxel level (called fixels). The second uses 
BOLD signaling for a functional connectivity profile, aiding the investigation of inter-network connectivity and the broader 
impact of ATL atrophy on network-level architecture. By combining these modalities, we aim to enhance the understanding 
of neural changes in relation to the loci of atrophy and inform the development of targeted interventions that are precisely 
tailored to the a!ected neural pathways.

Methods: Participants from the Memory and Aging Center at the UCSF included individuals with left-predominant ATL atrophy 
(n=16), with right-predominant ATL atrophy (n=15), and demographically matched clinical normal controls (n=44). All underwent 
T1-weighted structural, T2*-weighted task-free functional scans, and multi-shell DWIs on a 3T Prisma MR scanner. Fixel-based 
analysis involved multi-tissue constraint spherical deconvolution to compute fiber orientation distribution (FODs)3-5. Subject-
specific FOD images were registered to the template, whereafter fixels were segmented and corresponding metrics of fiber 
density and fiber-bundle cross-section were derived6. Functional connectivity was analyzed across 7 predefined networks7 
using the Brainnetome Atlas8, with intra- and inter-network connections quantified by average correlation coe"cients 
between regional pairs. We anticipated significant disruption in the limbic network, which includes the ATLs, and reduced 
connectivity with the default network, typically highly correlated with the limbic system in healthy individuals. Statistical 
significance among the three groups was assessed using an ANOVA, controlling for age and sex. Correction was applied 
using a permutation-based method with a significance threshold at p<0.05.

Results: Fixel based analysis revealed significant disruptions in white matter tracts extending from the compromised ATL 
to the angular and orbito-frontal gyrus within the same hemisphere in the patients compared to controls. Specifically, we 
observed significant decreases in microstructural fiber density in the inferior longitudinal and uncinate fasciculi, as well 
as the temporo-parietal component of the superior longitudinal fasciculus extending to the angular gyrus. Damage was 
predominantly in the a!ected hemisphere; however contralateral temporal regions and along the anterior portion of the 
corpus callosum was also observed (Fig 1). Functionally, there was a significant decrease in the intra-connectivity within the 
limbic and salience networks, and a significant decline in the inter-connectivity between the limbic system (ATL) and the 
default network on the a!ected side (encompassing the angular gyrus).
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Conclusions: The convergence of findings from fixel-based and functional network analysis reveals a consistent pattern 
of long-range neural pathways alterations, in particular to the angular gyrus, a region within the semantic network whose 
relative structural preservation makes it an actionable target therapeutic strategies such as transcranial magnetic stimulation 
and transcranial direct current stimulation. Moreover, the precise localization and quantification of preserved structural and 
functional networks with these neuroimaging techniques o!ers a novel and potentially valuable biomarker for tracking disease 
progression and treatment e"cacy.
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White Matter Cerebrovascular and Microstructure Imaging Biomarkers in Normal Cognition and MCI
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Introduction: Mild cognitive impairment (MCI) has been related to impairment in cerebrovascular perfusion and microstructural 
MRI parameters. However, the relationship between cerebrovascular perfusion and microstructure remains understudied, 
especially within normal-appearing white matter (NAWM). In this study, we examined whether cerebrovascular perfusion is 
related to NAWM microstructure in di!erent cognitive statuses, including normal cognition (NC) and MCI.
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Methods: Seventy-nine participants (Sex: 61F/28M; Age: 68.7±7.2;55NC/24MCI) underwent an MRI exam including T1-
weighted, T2-FLAIR, dynamic single-PLD pseudo continuous ASL (PCASL), multi-PLD PCASL, and NODDI. The T1-weghted 
structural images were acquired using MPRAGE sequence with resolution of 1 x 1 x 1 mm3. T2-FLAIR images were acquired 
using 3D IR-SPACE with resolution of 1 x 1 x 1 mm3. Dynamic single-PLD PCASL images were obtained under a hypercapnia 
respiratory challenge (Kim et al. 2021) (2D EPI; TR = 4,000 ms; TE = 25 ms; resolution = 3.2 x 3.2 x 5 mm3; labeling duration 
= 1.8 s; PLD = 1.2 s). The dynamic single-PLD PCASL provided baseline and hypercapnic CBF. Baseline and hypercapnic CBF 
images were solely used to calculate CVRCBF. The baseline and hypercapnic BOLD were also acquired from dynamic single-
PLD PCASL by averaging tag and control images of the dynamic single-PLD PCASL. The baseline and hypercapnic BOLD 
images were also used to compute CVRBOLD. The multi-PLD PCASL images were acquired with a total of 6 PLDs (0~3000 
ms with increments of 600 ms) (Johnston et al. 2015). The multi-PLD PCASL provided ATT and CBF (Kim et al., 2023). Di!usion 
MRI for ICVF measurement (Zhang et al. 2012) was acquired with the following parameters: 2 mm isotropic resolution; 9 
b0 images; 30 directions at b-value = 711 s/mm2 and 60 directions at b-value = 2855 s/mm2. White matter hyperintensity 
(WMH) detection in this study was achieved with a U-Net with multi-scale highlighting foregrounds (HF) (Park et al., 2021). 
WMH regions were excluded from all image data of each participant to investigate NAWM regions in this study. Participant 
demographics were compared across MCI and NC using chi-square tests and t-tests. In the global NAWM, separate multiple 
linear regression analyses were performed to investigate the relationship between each perfusion or microstructural metric 
(CBF, ATT, CVRCBF, CVRBOLD, or ICVF) and cognitive status, adjusted for covariates: age, sex, years of education, and 
vascular risk factors such as hypertension status, impaired glycemic status, and the presence of APOE-ε4 allele. A voxel-wise 
analysis was performed for each imaging parameter in the same manner.

Results: In the voxel-wise analysis, prolonged ATT was also observed in voxel clusters associated with MCI (Figure 1A). The 
voxel clusters were globally located in the WM. Voxel-wise analysis demonstrated no significant statistical relationships 
between CVRCBF and any vascular risk factors or MCI. In contrast, CVRBOLD revealed two voxel clusters that have 
statistically significant relationships with MCI (Figure 1B). The voxel-wise analysis identified voxel clusters with statistically 
significantly lower ICVF values in participants with MCI (Figure 1C). The overlapping voxels between ATT and ICVF were 
underwent a linear regression analysis demonstrating a significantly negative relationship between residual-adjusted ATT and 
ICVF with MCI. This relationship was observed exclusively among participants with MCI, as indicated by a p-value of 0.010 in 
Figure 2B.
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Conclusions: Impaired ATT and ICVF appeared to be closely interlinked in MCI, while CVR served as an independent imaging 
biomarker. These findings highlight the necessity for further research into the intrinsic link between ATT and ICVF in NAWM.
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Up-sampling MRI scans can significantly increase robustness of NbM segmentation
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Introduction: The main source of cholinergic projections to the cerebral cortex is the magnocellular neurons of the nucleus 
basalis of Meynert (NbM). Postmortem studies have shown high densities of Neurofibrillary tangles in NbM in early and 
presymptomatic stages of Alzheimer’s disease. Degeneration of the cholinergic projection system has also been theorized 
to be an upstream event of entorhinal and neocortical degeneration, making NbM a possible biomarker early in the course of 
the disease. However, the precise delineation of NbM is di"cult due to limited spatial resolution and contrast in MR images. 
The NbM also lacks strict boundaries with adjacent cell groups and di!erent atlases used to identify NbM have reported 
discrepancy. To delineate this region more accurately, we propose to increase the resolution of MRI scans, before performing 
a deformation-based morphometry (DBM) analysis.

Methods: MRI scans of 896 subjects from ADNI dataset (219 cognitively normal amyloid negative (CN-), 117 cognitively normal 
amyloid positive (CN+), 131 with early mild cognitive impairment (EMCI) and 242 with late MCI (LMCI) and 187 patients with AD) 
were up-sampled to 0.5 mm isotropic using a method introduced by Manjón et al. This method enforces a structure-preserving 
constraint as opposed to imposing an arbitrary smoothness constraint: the down-sampled version of the reconstructed image 
should be the same as the noise-free low-resolution image for all locations. The up-sampled scans were then non-linearly 
registered to an ADNI-based template. The resulting deformation fields were used to compute Jacobian determinant maps. All 
Jacobian maps were calculated in the template space, thus normalizing for head size. Using the atlas published by Zaborszky 
et al. as a mask, local volume change was computed for NbM. The same analysis was repeated but without up-sampling the 
data and using original 1 mm isotropic scans.

Results: Comparing the results from high-resolution and original low-resolution scans shows that while both pipelines detect 
the general trend of NbM atrophy as the disease progresses, the high-resolution analysis finds a stronger distinction between 
disease stages. To quantify this distinction we used Cohen’s d measurement and compared volume changes in early MCI 
against late MCI in both models. Upsampled scans showed a higher cohen’s d and t-value, further confirming our assumption.
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Conclusions: When studying brain regions with small volumes, such as the Nucleus basalis of Meynert, enhancing the 
resolution would be beneficial to increase the measurement and segmentation accuracy.
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The impact of connectivity estimation methods on functional connections in young and older adults
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Introduction: Aging is associated with cognitive decline across multiple domains, underpinned by disruptions to functional 
connectivity within and between large-scale networks. Connectivity between brain regions is traditionally determined using 
a bivariate correlation approach. However, connectivity matrices resulting from bivariate correlations are a-icted with a 
considerable number of spurious associations, reflecting indirect connections or associations due to confounders. A recent 
method called combinedFC was developed to eliminate such spurious connections by sequentially applying partial and 
bivariate correlation methods. Through simulations and application to fMRI data in young adults, combinedFC was shown 
to remove spurious connections and improve causal inference. In the current study, we implemented bivariate alone and 
combined FC approaches in a sample of young and older adults to examine the impact of functional connectivity estimation 
method on resulting connections, or edges retained, in healthy young and older adults.

Methods: The sample consisted of 30 young adults (age range 18-30; M = 20.03, SD = 2.95; 20 females) and 18 older adults 
(age range 60-75; M = 65.33, SD = 4.37; 11 females). T1-weighted MRI and resting state fMRI (rs-fMRI) data were collected on 
a 3T Siemens scanner. The data were preprocessed and denoised using ENIGMA HALFpipe. Average signals from ICA noise 
components, white matter, and CSF were removed. The Power atlas was utilized to extract the average time series from 264 
regions of interest. Functional connectivity matrices were calculated using two methods: (1) bivariate correlation alone, and 
(2) combinedFC. At the subject level, edges retained were determined using an alpha cuto! at 0.01. A two-way ANCOVA 
model was conducted using R to examine the interaction of age group (young, older) and functional connectivity method 
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(bivariate, combinedFC) on the proportion of edges retained in functional connectivity matrices, controlling for sex and years 
of education. Posthoc simple contrasts were conducted within each level of functional connectivity estimation method.

Results: As expected, there was a significant main e!ect of method on the proportion of edges retained (F(1, 90)=352.83, 
p<.001), with the bivariate approach resulting in a greater proportion of edges retained (p<.001). There was also a significant 
interaction between age group and functional connectivity estimation method on the proportion of edges retained (F(1, 
90)=6.07, p=.016). Simple contrasts showed a trend that old retained a greater proportion of edges than young when the 
bivariate method was applied (p=.076), but this age di!erence was no longer evident when the combinedFC method was 
utilized (p=.244).

Conclusions: In line with past work, our results showed that compared to a bivariate approach, combinedFC eliminated a 
significant portion of potentially spurious edges, regardless of age group. We extend past findings by demonstrating that 
age group di!erences in edges retained via bivariate approaches were eradicated using the combined FC approach. The 
combinedFC approach may provide a complementary perspective to traditional bivariate estimates of functional connectivity 
and uncover alterations in direct causal connections, estimated from resting state data, which underlie age-related 
cognitive decline.
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Changes in brain structure and age in Veterans with TBI following treatment with Magnesium-Ibogaine
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Introduction: Traumatic brain injury (TBI) is common among Veterans of recent US conflicts.1 TBI may lead to a range of 
neuropsychiatric symptoms,2 and may also be associated with accelerated brain aging,3 increasing the risk for dementia and 
other neurodegenerative diseases.4 Ibogaine, a naturally-occurring psychoactive alkaloid, has demonstrated neuroplasticity 
promoting properties, including increased neurogenesis and enhanced synaptic plasticity via the release of neurotrophic 
factors, such as brain-derived neurotrophic factor (BDNF) and GDNF (glial cell-derived neurotrophic factor).5 This may help 
remodel neural circuitry and improve cognitive function, emotional regulation, and physical well-being in Veterans with TBI.

Methods: We conducted an observational study with 30 Veterans with multiple blast TBI (mbTBI) and complex clinical 
problems who received supervised ibogaine treatment (up to 21mg/kg) over a period of several hours, preceded and followed 
by multiple days of preparation and integration. At the baseline, immediate post, and 1-month time points, we performed 
clinical assessments and structural magnetic resonance imaging (MRI) scans. We derived cortical thickness measures for our 
participants with the Advanced Normalization Tools (ANTs) longitudinal cortical thickness pipeline, and evaluated thickness 
and volumetric statistics in cortical and subcortical gray matter and cerebellar regions of interest (ROIs), respectively. To 
evaluate longitudinal changes in cortical thickness and volume across the ROIs, we employed linear mixed e!ects (LME) 
models. We used the algorithm described by Cole et al. (2015)6 to determine brain age using T1s.

Results: Wald Χ2 test of regional LME models revealed a significant (pFDR < 0.05) main e!ect of study visit on cortical 
thickness in 13 ROIs. Subsequent post-hoc pairwise t-tests demonstrated significant (pholm < 0.05) increases in cortical 
thickness immediately following ibogaine therapy (~7 days) relative to the baseline visit in 11 regions. No significant changes 
were found between immediate-post and 1-month post visits, suggesting a likely sustained increase in cortical thickness 
across the study period following treatment. For subcortical volume, Wald Χ2 test of the subcortical LME models revealed a 
significant (pFDR < 0.05) main e!ect of study visit on the log-jacobian determinant in the Right Ventral Diencephalon which 
was sustained at the one month time point. Estimated marginal mean predicted brain age for each timepoint was as follows 
M(SE): baseline 39.7(1.73), immediate post 39.1(1.73), 1-month 38.1(1.74). Wald Χ2 test of the LME,revealed a significant change 
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across timepoints [Χ2(2) = 10.64, p = 0.0049]. Post-hoc paired sample t-tests revealed a significant (pholm < 0.05) reduction of 
1.60 years in predicted brain age relative to baseline one month after ibogaine treatment (t = 3.18, p = 0.0082, d = 1.035).

Conclusions: This work provides the first evidence of measurable brain morphometric changes in humans following ibogaine 
therapy, suggesting that ibogaine therapy may reduce signs of accelerated brain aging in Veterans with mbTBI. Given the 
heightened risk of dementia associated with TBI, this has important implications for the treatment of this underserved patient 
group. However, more research is needed to fully understand the therapeutic mechanisms by which ibogaine works and to 
determine the long-term impact on cortical structure.
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Epigenetic aging is associated with atypical neurodegenerative patterns in Alzheimer’s disease
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Introduction: While Alzheimer’s disease (AD) is typically considered an amnestic, multi-domain disorder, at least 15% of 
individuals are considered atypical presentations. Atypical presentations are associated with younger age of onset, whereas 
late-onset AD cases tend to present typically. Although atypical presentations tend to have younger age of onset, age is 
often defined chronologically, and we hypothesize that epigenetic clock measures of biological age may capture variance 
contributing to atypical neurodegenerative patterns. We operationalize atypicality in AD as relative neurodegeneration in 
cortex versus medial temporal lobe (MTL) to investigate whether epigenetic age acceleration (EAA), a robust measure of 
biological aging, is associated with this neurodegenerative pattern.

Methods: Subjects: 875 (55.7% female, 75.5 +/- 7.4 years) subjects from Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
with whole blood DNA methylation (DNAm) samples or T1 MRI (646 subjects with both). Using clinical diagnoses and 
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established PET or cerebrospinal fluid (CSF) cut-o!s we defined two groups: amyloid-negative controls (N=267) and amyloid-
positive MCI/AD (N=608). Subjects were further classified into chronological age groups, such that those below 65 years were 
labeled “early” and those older than 80 years were labeled “late”. Methylation: DNAm was assayed on Illumina EPIC arrays 
covering 800K+ CpG sites and beta matrices were generated using the ‘SeSAMe’ R package. Epigenetic age was computed 
by applying the Shireby cortical clock to the beta matrices using the ‘dnaMethyAge’ R package. EAA is defined by regressing 
the epigenetic clock age against chronological age and extracting the residual. Subjects were classified as biologically 
accelerated, neutral, or decelerated based on whether EAA was above, within, or below 1 standard deviation of the regression, 
respectively. Imaging: Regional cortical thickness measures were generated using FreeSurfer 5.1 and downloaded from ADNI. 
We applied longComBat to remove batch e!ects due to scanner and variation in field strength (1.5 or 3T) and adjusted for 
age and sex relative to healthy controls. We then computed two composite thickness z-scores in previously defined regions 
of interest (ROI) reflecting age-related and AD signatures of neurodegeneration (Figure 1). We define a composite thickness 
score in MTL as the bilateral thickness average of entorhinal cortex and parahippocampal cortex. Finally, we defined two 
“mismatch” scores reflecting relative MTL to age-related and AD signature thickness, respectively.

Results: Overall MCI/AD had reduced cortical thickness in both age-related and AD signatures relative to controls. As 
expected, mismatch scores reflecting greater cortical neurodegeneration relative to MTL, consistent with greater atypicality, 
were more pronounced in younger onset relative to older onset MCI/AD. Critically, the degree of cortical to MTL mismatch was 
greater in decelerated cases (0.13 ageSig, 0.33 ADSig) relative to accelerated cases (1.45 ageSig, 1.07 ADSig). The mismatch 
di!erence was statistically significant when using either the ageSig (p=0.003) or ADSig (p=0.01; Figure 2).
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Conclusions: Our results demonstrate epigenetic age acceleration is significantly associated with variation in 
neurodegenerative patterns beyond that explained by chronological age: specifically cortical relative to MTL atrophy, a metric 
of atypicality. Notably, there were significant di!erences between decelerated and accelerated cases for both the aging and 
AD signatures, with decelerated cases demonstrating relatively greater cortical involvement akin to e!ects of younger age. 
This study motivates future investigation to evaluate the role of biological age specifically in heterogeneity of clinical and 
pathological outcomes and the enrichment of specific epigenetic markers involved in atypical disease mechanisms.
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Introduction: People living with HIV (PLWH), despite having achieved viral suppression via combination antiretroviral therapy, 
remain at greater risk than uninfected peers for developing global cognitive deficits. Here we conducted a cross-sectional 
investigation of neuromorphometric changes linked to HIV-disease and HIV-associated neurocognitive disorders (HAND), 
respectively.

Methods: High-resolution (1mm-isometric) T1-weighted rapid-acquisition gradient echo images were acquired from 104 
PLWH (40-70 years old (mean age = 56.2), 26% female at birth, 64% Black) and 46 demographically matched uninfected 
controls (mean age = 57.3, 33% female at birth, 52% Black) using a 3.0 Tesla Siemens Magnetom Trio scanner equipped with 
a 12-channel head coil (n = 88) or a 3.0 Tesla Siemens Prisma-Fit scanner and 20-channel coil (n = 62). Participants were 
administered a comprehensive set of neuropsychological tests for HAND diagnosis using Frascati criteria. In addition to 
reporting historical CD4+ T-lymphocyte counts, a proxy for disease severity, PLWH provided blood specimens to confirm 
viral suppression. MR data were preprocessed using fMRIPrep 20.2.6, and whole-brain voxel based morphometry analysis 
was performed using the CAT12 toolbox in SPM. Additional vertex-wise estimates of gray matter volume (GMv) and cortical 
thickness (CT) were determined via surface-based analyses in FreeSurfer v6.0. Subsequent region-of-interest (ROI) analyses 
were performed using general linear models in R/RStudio.

Results: Following probabilistic threshold-free cluster enhancement, whole-brain voxelwise analyses revealed significant 
clusters of cortical atrophy among PLWH in temporal (pFWE-corr < .001, k = 397) and right cerebellar (pFWE-corr < .001, k 
= 720) cortex, relative to uninfected controls. Surface-based and ROI analyses revealed additional evidence for atrophy in 
PLWH, relative to controls, irrespective of global cognitive impairment: At p<.01, lower CD4+ T lymphocyte nadir corresponded 
to lower GMv and CT in left caudal ACC and right temporal pole among patients, and global cognitive impairment among 
PLWH was strongly associated with decreased white matter volume in a right cerebellar ROI (p<.001). Notably, the inclusion/
removal of a covariate to account for scanner type in the above models did not impact study conclusions.

Conclusions: Despite the heterogeneous nature of the studied population, there is mounting evidence for a distinguishable 
neuromorphometric profile linking chronic infection to cognitive decline. These findings have implications for the 
establishment of a noninvasive biomarker for HAND among PLWH, which could serve to identify patients at greater risk 
of impairment. Historically, very few studies have considered the role of cerebellum in HAND, whereas the current study 
demonstrated a significant association between global cognitive impairment and altered cerebellar morphometry among 
virally-suppressed PLWH. Future studies should further investigate the observed relationship between cerebellar atrophy and 
HAND diagnosis.
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Introduction: Structural magnetic resonance imaging (MRI) continues to inhabit an important position in research and clinical 
assessments of neurodegeneration, with one of its primary uses lying in the detection and monitoring of brain atrophy 
patterns (Knopman et al., 2016; Young et al., 2020). In clinical practice however, structural imaging protocols are often 
heterogeneous and subject to low spatial resolution, resulting in suboptimal image quality for brain volume assessments and 
limited data quality for scientific analyses (Iglesias et al., 2023). Addressing this issue, Freesurfer is a widely used open-source 
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software package, employed among other use-cases in volumetric and surface-based analyses of neuroimaging (Reuter, 
Schmansky, Rosas, & Fischl, 2012). Since the recent release of version 7.3, Freesurfer includes SynthSR, a convolutional 
neural network based approach able to generate 1 mm isotropic 3D T1-like synthetic imaging (T1s) from heterogeneous input 
sequences trained on data from 20 subjects (Iglesias et al., 2023). In previous validation approaches, the developers report 
strong correlations between T1s and real 3D T1 imaging (Iglesias et al., 2023). Reliable generation of T1s could improve clinical 
brain atrophy assessments and unlock much larger datasets of neurodegeneration-related imaging than currently available. 
In the present study, we attempt to further validate T1s against the gold standard of 1 mm isotropic 3D T1 imaging (GS) by 
investigating bilateral hippocampus volume (VHip), a notable imaging parameter in neurodegeneration assessment in patients 
and healthy controls (HC) (Knopman et al., 2016).

Methods: We selected a dataset of 10 representative Alzheimer’s Disease (AD) cases, as well as 10 HC scanned on a 3T 
Siemens Biograph scanner in our local clinic. We employed Freesurfer SynthSR (Iglesias et al., 2023) to generate T1s from 
three di!erent scenarios of imaging input: 1 mm 3D isotropic T2 FLAIR (Sc1), 4 mm axial T2 FLAIR (Sc2) and 4 mm coronal T2 
(Sc3). The resulting T1s and GS were further segmented via CAT12 according to the LONI Probabilistic Brain Atlas (LPBA40) 
(Gaser et al., 2022; Shattuck et al., 2008). VHip were extracted from GS and the three sets of T1s for subsequent testing 
against one another via paired t-tests.

Results: After Bonferroni correction, we observed significantly higher VHip in T1s based on Sc3 compared to GS in AD (Figure 
1; GS 5.867 ± 0.580 ml vs. Sc3 6.368 ± 0.604 ml, p = 0.01126). Notably, no significant di!erences were observed between GS 
and T1s of HC (GS 7.183 ± 0.644 ml; Sc1 6.979 ± 0.889 ml; Sc2 6.769 ± 0.742 ml; Sc3 7.061 ± 0.750 ml). T1s VHip overestimation 
was strong enough in some cases to be visually notable (Figure 2).
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Conclusions: Overall, the performance of SynthSR was not significantly di!erent from GS for any input scenarios aside from 
Sc3. Regarding potential scientific and clinical use cases for T1s, these are generally encouraging results confirming high 
congruence with GS. Nonetheless, we observed significant overestimation of VHip in T1s synthesized from Sc3 in our limited 
sample of AD. One potential reason for this could lie within the training data employed in the generation of SynthSR, which 
despite including imaging from probable Alzheimer’s cases (Iglesias et al., 2023) could introduce biases towards healthy brain 
volumina. This could consequently facilitate potentially faulty interpolations for e. g. partial volume e!ects (Figure 2). Future 
studies should consider validation of T1s in atypical patterns of atrophy, such as e. g. frontotemporal lobar degeneration.
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Introduction: Spinal Muscular Atrophy (SMA) is a genetic disease that causes progressive dysfunction and death of spinal 
motor neurons, leading to motor deficits ranging from lower limb weakness (type 4) to severe muscle weakness with 
respiratory failure (type 1). Recent experiments in mice indicate that SMA motor deficits are due to motor neuron death 
and decreased firing rates in surviving motor neurons due to a maladaptive response to a loss in the excitatory Ia sensory 
synapses1. Epidural spinal cord stimulation (SCS) can selectively activate Ia sensory fibers; thus we hypothesize that targeted 
stimulation of Ia a!erents via epidural SCS would increase inputs to the motor neurons, resulting in increased firing ability 
and improved leg functions through long-term stimulation e!ects (Figure 1A)2-4. To test the e"cacy of our SCS therapy we 
quantified long term changes in motor neuron functions by performing functional magnetic resonance imaging (fMRI) of the 
lumbar spinal cord during active and passive mobilization of the knee joint pre- and post- SCS therapy (Figure 1B). Spinal cord 
fMRI is a rapidly growing field, but the lumbar spine has largely been ignored. Therefore, we leverage recently developed 
cervical spinal cord fMRI techniques to create a robust lumbar spine acquisition and processing paradigm, which can be 
applied to any clinical population5-7.

Methods: Three participants were installed in a 3T Siemens Prisma scanner in a supine position. Participants completed three 
runs of active and three runs of passive knee mobilization each session (Figure 1B). Functional acquisitions were performed 
using a gradient-echo echo-planar sequence with a ZOOMit field-of-view imaging, with repetition time (TR) = 2.5 s, echo time 
(TE) = 34 ms, FOV = 48x144 mm, flip angle = 80°, image resolution = 1.0 mm x 1.0 mm x 3.0 mm, 32 axial slices were acquired 
per volume. Physiological data (respiratory and cardiac signals) were acquired during scans. A T2-weighted high-resolution 
anatomical image (sequence SPACE with a resolution of 0.4 mm x 0.4 mm x 0.8 mm, TR = 1.5 s, TE = 135 ms) was also acquired 
for registration and normalization using the spinal cord toolbox8. Active block conditions were compared to baseline rest 
periods using a second level fixed e!ects analysis (subject level) by combining the three runs of each session9.

Results: We report the Z-maps of the lumbar spinal cord fMRI during voluntary movements of the leg (Figure 2A), where 
we calculated both the number of activated voxels as well as the z-scores of the activations in all participants (Figure 2B). 
We calculated this activation in the spinal segments where the dorsal roots innervated by the quadriceps were located. In 
all subjects we observed an increase in the number of activated voxels as well as significantly higher z-scores indicating 
that after 4-weeks of SCS therapy there are long term improvement in motor neuron function. Interestingly, we observed a 
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statistically significant increase in the number of active voxels and z-score also during passive movements suggesting an 
increased synaptic drive into the motor neurons. Overall, we found an increased response in the lumbar spinal cord motor 
neurons post-therapy as compared to pre-therapy in all three participants.

Conclusions: All participants physically improved during SCS treatments and these changes correlate with fMRI results, on 
both the active and passive tasks, showing an increased number of active voxels and higher voxel z-scores post SCS therapy. 
Our data shows that SCS is contributing to long term changes by increasing the firing rate of vulnerable motor neurons in 
patients with type 3 SMA resulting in improved leg motor functions and raise the possibility that SCS can provide a permanent 
treatment for people living with SMA. We also show that lumbar spine fMRI is viable, and this study demonstrates successful 
implementation of a fMRI acquisition protocol and analysis pipeline.
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Introduction: Alzheimer’s disease (AD) is a neurodegenerative brain disorder that gradually transitions from asymptomatic 
pathological changes to clinical symptoms. Early diagnosis is pivotal in implementing proper treatment and potentially slowing 
disease progression. Functional magnetic resonance imaging (fMRI) has emerged as an non-evasive method capable of 
accurately capturing brain activities. In particular, the fMRI features estimated by dynamic functional connectivity approach 
models the dynamism of brain function, position itself as a promising biomarker for identifying AD and mild cognitive 
impairment symptoms. Nevertheless, studies probing asymptomatic at-risk subjects using fMRI remain relatively limited. The 
recent advance of deep learning enhanced the e"cacy of encoding high-level information from brain dynamism, signifying a 
promising avenue for pre-symptom AD detection and analysis.

Methods: In this work, we introduce a transformer-convolution-based framework, building on our previous work, for predicting 
and analyzing subjects that are at risk for AD. We propose an innovative spatial-temporal self-attention module to learn both 
the spatial dependencies across brain networks and temporal contextual variations. We validate our method based on the 
Emory Healthy Brain Study dataset and study 303 cognitive normal and 59 high-risk subjects.

Results: Compared to other standard machine learning methods such as logistic regression that has 78.13% accuracy but 
13.48% f1 score and 10.17% sensitivity on the high-risk subjects, the proposed method achieves 76.76% accuracy, 45.09% 
f1 and 66.10% sensitivity. To further study which brain network contributes to the final prediction, we provide interpretable 
analysis over the proposed framework based on the gradient-based interpretable method and present the saliency map.

Conclusions: As such, the proposed method reveals distinct relations between various brain networks and AD progression, 
o!ering a promising direction for the study of asymptomatic AD with fMRI.
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Introduction: It is now acknowledged that Alzheimer’s Disease (AD) processes are present decades before the onset of 
clinical symptoms, but it remains unknown whether lifestyle factors can protect against these early AD processes in mid-
life. Intellectually, physically, and socially stimulating lifestyle activities are associated with maintenance of late-life cognitive 
abilities (Chan et al., 2018), and lower cognitive impairment in AD (Livingston et al., 2020). We asked whether such activities 
contribute to cognitive reserve (CR) from mid-life, in cognitively healthy individuals who are at risk for late-life AD.

Methods: Middle-aged individuals (aged 40–59 years, mean=52 years) from the PREVENT Dementia study (www.
preventdementia.co.uk) were assessed at baseline (N=210, 62/148 male/female) and two-year follow-up (N=188, 55/133 male/
female), with cognitive ability (multidomain battery) and brain health measures (total grey matter volume, functional brain 
network segregation). Mid-life activities were measured using the Lifetime of Experiences Questionnaire, which comprises 
occupational as well as intellectually, physically, and socially stimulating leisure activities. Dementia risk was assessed with the 
Cardiovascular Risk Factors, Aging, and Dementia (CAIDE) score.

Results: Multivariable linear regression showed that intellectual, physical, and social activities undertaken in mid-life made a 
unique contribution to episodic and relational memory in mid-life, independent of occupation and CAIDE at baseline (β (se) = 
0.04 (0.02), p = 0.02) and follow-up (β (se) = 0.07 (0.02), p = 0.002). Furthermore, these activities moderated the relationship 
between cognitive ability and brain health at follow-up (β (se) = 3.47 (1.40), p = 0.01), with verbal and visuospatial functions, and 
short-term (conjunctive) memory of people with higher activity levels less dependent on their brain functional integrity (Figure 
1), consistent with the concept of CR (Brayne et al., 2010). Such a moderation by these mid-life activities was more prominent 
in individuals with higher CAIDE scores (β (se) = 4.28 (1.83), p = 0.02, Figure 2).
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Conclusions: These findings suggest that modifiable lifestyle activities contribute uniquely to CR and may o!set cognitive 
decrements due to AD risk in mid-life. They support the targeting of modifiable lifestyle activities for the prevention of 
Alzheimer’s disease.
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Introduction: Mild cognitive impairment (MCI) is the transitional stage of cognitive changes of normal aging, and early stages 
of Alzheimer’s disease (AD). A decline in lexical-semantic processing is one of the earliest determinants of MCI, and language 
tasks are shown to be sensitive to changes in cognitive deficits. However, most neuroimaging studies identifying disruptions 
in language performance have only focused on a single-modality approach. -Therefore, this study aims to investigate 
whether combining two modalities, functional magnetic resonance imaging (fMRI), and eye-tracking (ET) data during 
language comprehension tasks, can provide better accuracy in classifying individuals with MCI from healthy cognitive aging 
(HCA) adults.

Methods: Twenty-three elderly participants (MCI = 8, HCA =15) between the age of 50-70 years old were recruited within 
Klang Valley, Malaysia. During both task-based fMRI and ET, participants engaged in a Semantic Battery Assessment for 
Malay, consisting of object and action-categorized images. Participants were instructed to select the image that best 
describes the word and sentence depicted. Cognitive-based Stroop Task was also performed following the completion of 
the battery assessment. For the result analysis, the fMRI data for brain region identification was analyzed using Statistical 
Parametric Mapping (SPM12), followed by Gaze Point for ET data.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 538

ABSTRACTS

Results: For HCA adults, greater activation was predominantly found in the left inferior occipital gyrus, inferior temporal 
gyrus, inferior frontal gyrus, and left parietal lobe regions as compared to the MCI patients. Suggesting that these areas are 
involved in language processing. For ET, higher saccadic regression, and irregular movements were identified in subjects who 
displayed weaker temporal activation whilst performing the task. Poorer behavioral performance scores were found to be 
consistent with the same participants across the two groups.

Conclusions: Preliminary findings suggest that the combination of fMRI and ET data during the Semantic Battery Assessment 
for Malay provides higher accuracy in identifying the correlation between neural activation with eye-movement behavior 
among Malaysian elderly adults. Predominant areas (i.e., IFG, MTG, and pFIG) associated with word comprehension were 
found in this study and were positively correlated with the fixation duration and accuracy response. We aim to improve further 
by recruiting a larger sample size, and potentially explore further with machine learning.
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Introduction: Alzheimer’s disease involves structural and functional changes in the brain due to amyloid and tau deposition, 
ultimately leading to cognitive impairment1. While numerous medical imaging studies aim to explore the interactions among 
pathological markers and their relationship with connectivity disruption, a clear understanding is yet to be established2,5. In 
this study, we aim to investigate network disruption in Alzheimer’s disease across early, late, and intermediate stages using 
multimodal imaging. Additionally, we explore the correlation between disrupted connections and pathology markers.

Methods: We constructed an FA (Fractional Anisotropy) weighted matrix based on tensors fitted using the free-water 
elimination (FWE) method applied to di!usion-weighted Imaging (DWI) data obtained from 147 participants at Gangnam 
Severance Hospital. The FWE method aims to enhance tractography by removing confounding free water from di!usion 
signals4. Amyloid and tau PET imaging were used to evaluate an individual’s regional or global burden of proteins. The 
collected individuals were categorized into three groups based on amyloid positivity and disease state (43 amyloid-negative 
cognitively unimpaired (CU), 44 with mild cognitive impairment (MCI), and 60 with Alzheimer’s disease (AD). Both patient 
groups were amyloid-positive). Comparison of connectivity between groups was conducted using network-based statistics 
(NBS)6. Additionally, cluster-based statistics (CBS) were performed to investigate significant correlations between connectivity 
disruption and amyloid, tau retention across the three groups3. The entire process of the study is shown in figure 1.
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Results: We observed significant disconnection through group-wise comparisons of edge strength. Subsequently, the 
representative region was defined as the region within the output subnetwork with the highest concentration of disrupted 
edges. In the comparison between CU and MCI groups, the representative region included the bilateral precuneus and right 
medial orbitofrontal, while in the comparison between MCI and AD groups, regions such as bilateral caudal anterior cingulate, 
bilateral precuneus, and cuneus. Comparing CU and AD groups to assess the overall disruption of connectivity throughout the 
disease, additional regions were identified, including hub nodes resulting from early or late changes (figure 2). Furthermore, 
we obtained subnetworks that explained the association between disruptions and accumulation of pathological markers. 
The precuneus, the most prominent region in CU and MCI comparison exhibited an association with global amyloid retention. 
In contrast, the temporal lobe, identified as the second most vulnerable in the CU and AD comparison, was confirmed to 
be associated with the accumulation of all protein types. On the other hand, the superior parietal region appeared to be 
associated with global tau. Hub regions such as bilateral caudal anterior cingulate, left paracentral, left postcentral, and 
bilateral cuneus either connected via edges associated with global SUVR or did not belong to the output subnetwork.
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Conclusions: We aimed to identify primary regions of disconnection and areas vulnerable to the influence of biomarkers 
through multimodal imaging and cluster-based statistics. In the early stages of Alzheimer’s disease (AD), the bilateral 
precuneus and orbitofrontal cortex appeared to be the most susceptible regions to disruption, particularly influenced by 
amyloid. As the disease progresses, association areas, especially in the parietal and temporal lobes, appear to undergo 
disconnection attributed to the e!ects of amyloid or tau burden. Finally, the anterior cingulate cortex and unimodal cortex 
(including the visual cortex, primary sensory areas, and motor areas) manifest in the late stage and appear to be minimally 
a!ected or least a!ected by protein influence.
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Introduction: Dynamic interactions among salience (SN), default mode (DMN), and executive networks (EN) are implicated 
in the attentional capture of self-related events and the guidance of goal-directed social cognition (Menon, 2015). 
Socioemotional dysfunction manifests in the earliest stages of behavioral variant frontotemporal dementia (bvFTD) (Lanata et 
al., 2016; Piguet et al., 2011), though studies have not examined whether social cognition impairments correspond to altered 
directional communication between brain networks. This study aimed to determine if the resting e!ective connectivity among 
the SN, DMN, and EN networks predicts the ability to read others’ intentions, in bvFTD patients and healthy adults.

Methods: Seventeen patients with bvFTD and 23 age-, sex-, and education-matched healthy controls (HC) were included 
in this study. The Awareness of Social Inference Test (TASIT) – Social Inference-Enriched (SIE) (McDonald et al., 2003), 
employing conversational videos to assess the understanding of intentions during insincere communications, was used to 
evaluate accuracy of social inferencing. We defined 16 bilateral regions of interest based on the Brainnetome Atlas (Fan et al., 
2016): the ventral anterior insular (vAI), cingulate gyrus (CG), dorsal lateral thalamus (dlTha) for the SN; the posterior cingulate 
(PCC), ventral medial prefrontal cortex (vmPFC), and hippocampus for the DMN; and the middle frontal gyrus (mFG) and 
inferior parietal lobe (IPL) for the EN. We applied spectral dynamic causal modeling to the task-free functional MRI scans of 
these participants to characterize the e!ective connectivity patterns within and between the 3 networks separately in patients 
and controls. We used parametric empirical Bayes (PEB) scheme to draw subjects out of local optima using the group mean 
as the empirical prior that furnishes a more e"cient and robust estimation of e!ective connectivity parameters (Friston et 
al., 2015). We used the second level PEB framework to specify linear models representing each group’s average e!ective 
connectivity. Bayesian models were applied to account for the estimated uncertainty about the connection strengths. Finally, 
we performed linear regression analyses controlling for age to examine the relationship of network e!ective connections with 
individual’s ability to understand social cues using the TASIT SIE “Do” Total Score.

Results: Overall, patterns of network e!ective connectivity for bvFTD patients di!ered from HCs. In HCs, 60 excitatory 
e!ective connections were identified within and between networks at a posterior probability (Pp) of 99%, with the strongest 
being reciprocal connections between the networks. In contrast, bvFTD patients exhibited 49 excitatory connections within 
and between networks, along with one inhibitory connection within the SN from the right vAI to the left dlTha. BvFTD patients 
performed significantly worse on the TASIT SIE than HCs, and the neural predictors of performance di!ered between groups. 
Among HCs, individuals with stronger outputs from the DMN and SN to the EN, particularly from the bilateral vmPFC to mFG 
and from the left CG to right PCC, were more likely to make accurate social inferences. Conversely, among bvFTDs, more 
accurate performance was predicted by information flow from the EN (bilateral mFG and IPL nodes) to other nodes in the EN 
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network, with few SN or DMN networks initiating flow to other nodes. These findings suggest that directional outputs from the 
SN and DMN to the EN are a preferential foundation for healthy socioemotional reasoning.

Conclusions: This study clarifies for the first time how directional information flow among SN, DMN, and EN networks 
contributes to social inferential reasoning in healthy controls and bvFTD. SN and DMN outputs to the EN are crucial for optimal 
social reasoning, with information flow disruption being central to bvFTD patients’ deficits in making inferences about others’ 
intentions.
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Introduction: This study aims to delineate the functional and structural brain network di!erences in Huntington’s Disease (HD) 
patients with and without recent suicide ideation (SI), utilizing resting-state functional Magnetic Resonance Imaging (rs-fMRI).

Methods: The resting state functional MRI (rs-fMRI) datasets underwent a standardized preprocessing regimen, including 
motion correction, spatial normalization, and smoothing to reduce artifacts. We applied Spatially Constrained Independent 
Component Analysis (SC-ICA), following Du et al. (2020), through the GIFT toolbox to segregate functional networks 
from background noise. This approach enhances the detection of spatially coherent neural activity patterns. Post-ICA, 
K-Means clustering sorted independent components into distinct brain networks. We then computed dynamic functional 
network connectivity (dFNC) states using sliding-window Pearson correlation to capture the temporal variability of network 
interactions. This method permits the assessment of the stability and fluctuation of functional connections over time. 
Samples were comprised of 90 participants obtained as part of the Prevent-HD study at the University of Wisconsin-Madison. 
Participants with the gene mutation for Huntington’s disease (HD) were separated into two groups according to findings from 
the Columbia Suicide Severity Rating Scale (C-SSRS), a standardized tool for evaluating the presence and severity of suicidal 
ideation and behavior. Suicidal ideation and behaviors are documented over a range from passive death wishes to active 
suicidal plans. Individuals reporting suicidal ideation (SI) within the past three months were compared with those endorsing 
no SI. Resting fMRI “Eyes Open” data were gathered with a 3T GE Premier (Flip Angle = 50, TE = 0.032, TR = 0.607, Slice 
Thickness = 2.5mm, Multiband Acceleration Factor = 8).

Results: The dynamic nature of brain connectivity was quantified, revealing patterns specific to HD participants with recent 
SI. Comparative analysis between groups demonstrated significant di!erences in the dFNC states. Specifically, reduced 
connectivity strength was observed in networks involving the prefrontal and limbic systems in the SI group, suggesting 
a potential disruption in the neural circuits related to mood regulation and executive function. Additionally, the SI group 
exhibited alterations in white matter integrity, indicating a possible structural basis for the observed functional discrepancies.

Conclusions: The findings illustrate the intricate relationship between functional and structural brain network disruptions 
and SI in persons with the gene mutation for HD. The variability in dFNC states provides a nuanced understanding of the 
pathophysiological mechanisms underlying SI in HD, which may inform clinical monitoring and intervention strategies. 
Future research should explore the longitudinal progression of these network changes and their potential as biomarkers for 
psychiatric comorbidities in neurodegenerative diseases.
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Introduction: Finger tapping performance and fine motor skill can be impaired in Mild Cognitive Impairment (MCI) and 
Alzheimer’s Disease (AD). However, the neural mechanisms behind these impairments are largely unknown. We examined if 
unimanual and bimanual finger tapping performance relates to white matter microstructure using di!usion weighted imaging.

Methods: One hundred and three subjects (57 females; mean age 74.4 years; 50 cognitively intact, 29 MCI, and 24 AD) 
completed a computerized finger tapping test and an MRI scan. The computerized finger tapping test comprised unimanual 
(dominant and non-dominant hand) tapping, synchronous bimanual tapping, and alternate bimanual tapping. Outcome 
measures included initial reaction time, tapping speed, and variance. A T1-weighted MP2RAGE scan (1mm isotropic) and 
a di!usion weighted scan (one b=0 s/mm2 volume, 64 volumes with b=3000 s/mm2, 1.5mm isotropic) were collected on a 
3T Siemens Prisma scanner with a 64 channel head coil. MRI data were converted to BIDS format using BIDSkit and were 
subsequently pre-processed with fastsurfer and qsiprep v0.19.0, which was set to perform the following steps: brainmask 
creation, T1 to MNI registration, di!usion denoising, intensity normalization, B1 field inhomogeneity correction, Eddy current 
and head motion correction, outlier replacement, and resampling to ACPC-space with 1.2mm isotropic voxels. Reconstruction 
was performed using MRtrix3 in the framework of qsiprep: Multi-tissue fiber response functions were estimated using the 
Dhollander algorithm. Fiber orientation distributions were estimated via constrained spherical deconvolution using an 
unsupervised multi-tissue method. A single-shell-optimized multi-tissue constrained spherical deconvolution was performed. 
Fiber orientation distributions were intensity-normalized. Whole brain connectivity was then tracked using the fiber orientation 
distribution with the fastsurfer gray-matter white-matter boundary as a constraint. Finally, ROI-to-ROI connectivity was 
obtained using the brainnetome atlas with 246 atlas. Because of lack of coverage of the cerebellum in our di!usion scans 
for the majority of subjects, cerebellar regions were excluded from analyses. Here, we analyze the connectivity between 
ROIs defined as the apparent Fiber density scaled by the size of the ROIs. Connectivity matrices were fed into the Network 
Based Statistics toolbox to a) analyze di!erences in the extent of network connectivity between cognitively normal, MCI and 
AD subjects; and b) analyze associations between structural connectivity and finger tapping performance collapse across 
the three experimental groups. A significant threshold of T=2.5 was set for selecting individual edges to be included in the 
network analysis. Analyses were adjusted for age and sex and significance of networks was adjusted for using family-wise 
error correction.

Results: Significant network di!erences were observed between cognitively intact and AD subjects (p<.001) and between 
MCI and AD subjects (p=.015), but no di!erences were observed between MCI subjects and the other two groups. These 
networks spanned almost the entire brain, including 95% and 88% of the ROIs in the atlas respectively. Network connectivity 
strength was significantly associated with finger tapping speed for all four tapping conditions (p=.002-.014), with networks 
spanning 79% (for the non-dominant hand) to 96% (for the dominant hand) of the ROIs. No associations with tapping variability 
in tapping speed or initial reaction time were found.

Conclusions: Network structural connectivity is a!ected in AD, but not yet in MCI. Additionally, it is related to finger tapping 
speed, but not variability or reaction time. These results suggest that one explanation for impaired fine motor skill in AD is 
global reductions in network strength due to white matter pathology. These preliminary findings deserve further investigation 
into the neural mechanisms of this motor impairment.
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Introduction: To develop “NeuroVasc Imaging Interface (NVII),” a versatile MRI anomaly detection tool integrating multiple 
imaging modalities to enhance assessment of cerebrovascular abnormalities in conditions such as CADASIL and VCID.

Methods: NVII is designed to utilize advanced machine learning algorithms for analyzing a broad spectrum of MRI data, 
encompassing T1, T2, FLAIR, SWI, DTI, and ASL scans. The interface is poised to detect and visualize a wide range of 
neurovascular anomalies including lesions, lacunes, dilated perivascular spaces, cerebral microbleeds, and infarcts. Currently 
in a conceptual phase, NVII aims to employ probabilistic models for precise anomaly characterization, facilitating complex 
imaging pattern interpretation for clinical decision-making.

Results: This initiative addresses the pressing need for comprehensive diagnostic tools in neurovascular medicine. NVII’s 
ability to integrate and analyze diverse MRI modalities promises to revolutionize early detection, monitoring, and management 
of CADASIL and VCID. Its anticipated capability to identify and categorize subtle cerebral changes has the potential to 
significantly improve patient care. The figure demonstrates a visualization of the NVII interface, where the user will be able to 
interact with each image type, each probabilistic white matter model and rate the CADA-MRIT inventory accordingly.

Conclusions: NVII, the proposed MRI anomaly detection interface, could substantially advance neuroimaging diagnostics for 
cerebrovascular diseases. By enabling intricate brain pathology analysis, it holds promise in enhancing treatment strategies, 
contributing substantially to the precision medicine paradigm. Future development will focus on integrating advanced 
analytics to not only diagnose but also predict disease progression in patients with CADASIL and VCID.
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Introduction: Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with high heritability. A 
lot of molecular studies have explored the candidate genes for the pathogenesis of ADHD. Since the pathophysiology of 
ADHD involve the neurotransmitters of dopamine and norepinephrine (Xing et al., 2016), the norepinephrine transporter 
gene (SLC6A2) is a promising candidate gene for ADHD. For example, our previous work has shown associations of ADHD 
with the rs36011 (T)/rs1566652 (G) haplotype of the SLC6A2 gene (Shang et al., 2015). However, the specific neurobiological 
mechanism of the SLC6A2 rs36011 (T)/rs1566652 (G) haplotype for the pathogenesis ADHD still needs to be explored. Given 
that the neurotransmitter of norepinephrine has been found to involve in the performance on the counting Stroop task in 
patients with ADHD (Fan et al., 2017), the current study was to investigate the functional brain e!ects of the rs36011 (T)/
rs1566652 (G) haplotype of the SLC6A2 gene during a counting Stroop task in ADHD children.

Methods: The present study recruited 109 drug-naïve children aged 7–16, with a clinical diagnosis of ADHD. Besides, we 
recruited 121 typically developing children (TDC) from similar school districts as those participants with ADHD. We employed 
matrix-assisted laser desorption/ionization time of flight mass spectrometry to conduct genotyping of rs36011 and rs1566652 
of SLC6A2 in the blood samples of all the 230 participants. The participants were divided into four groups according to the 
presence of the ADHD diagnosis and the rs36011 (T)/rs1566652 (G) haplotype, including ADHD-TG, ADHD-NonTG, TDC-TG, 
and TDC-NonTG. The counting Stroop task was used to explore the brain activations associated with rs36011 (T)/rs1566652 
(G) haplotype of SLC6A2. The experimental stimuli of the counting Stroop task were divided into three distinct conditions, 
including congruent, incongruent and control conditions. To explore the e!ects of the SLC6A2 TG haplotype and ADHD, we 
perform a two-way ANOVA with sex, age, and FIQ as nuisance covariates. The significant functional activations are corrected 
at the voxel level of family-wise error of p < 0.05.

Results: All the participants were classified into four groups, including ADHD-TG (n = 48), ADHD-NonTG (n = 61), TDC-TG (n 
= 64), and TDC-NonTG (n = 57). In group comparisons of the incongruent versus control condition, we found that the ADHD 
group had lower activation in the right postcentral gyrus and bilateral middle temporal gyri (MTG) than the TDC group. The 
rs36011 (T)/rs1566652 (G) haplotype carriers demonstrated lower activations in the left MTG, left inferior frontal gyrus (IFG), 
and the left anterior cingulate cortex (ACC) than those without the TG haplotype (Figure 1). Compared with the ADHD-NonTG 
group, the ADHD-TG group showed lower brain activations in the left paracentral lobule and bilateral precuneus. Compared 
with the TDC-TG group, the ADHD-TG group showed lower brain activations in the left precuneus. Besides, we found 
significant interactions of the rs36011 (T)/rs1566652 (G) haplotype with the diagnosis of ADHD in the left precuneus, the left 
MTG, and the left ACC (Figure 2).

Conclusions: The present study was the first to explore the e!ects of the TG haplotype on the brain activations during the 
counting Stroop task in drug-naïve children with ADHD. The results demonstrated that the rs36011 (T)/rs1566652 (G) haplotype 
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of SLC6A2 had interaction e!ects with the diagnosis of ADHD on functional activations in the left precuneus, the left MTG, 
and the left ACC. Our findings suggested that the rs36011 (T)/rs1566652 (G) haplotype of SLC6A2 could play a crucial role in 
the modulations of functional brain activations during the counting Stroop task in patients with ADHD. Our imaging genetic 
study would enhance the understanding of the gene-brain-behavior interactions associated with the pathogenesis of ADHD.

Figure 1. Main e!ects of the TG haplotype on brain activations for the incongruent versus control condition.

Figure 2. E!ects of interaction of ADHD × TG haplotype on brain activations for the incongruent versus control

condition.
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Atypical Neural Response to Hearing One’s Own Name in Autistic Children
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Introduction: Autism is a neurodevelopmental condition, characterized by atypicalities in social interaction and communication 
(American Psychiatric Association., 2013). A common observation is that autistic children may not be as responsive to their 
own names, exhibiting di!erences in their social behaviors compared to neurotypical children(Conine et al., 2020). However, 
it remains unclear the underlying neural processing of autistic children in response to their own names.This study aims 
to investigate the neural processing in responses to their own names in young autistic children to determine if there are 
deviations from typical neural processing.

Methods: Twenty-five 3- to 6-year-old autistic children and 27 age-matched neurotypical children participated in the present 
study. Full names of the participants (own name), familiar names (e.g., a friend’s name), and unfamiliar names served as the 
stimuli. Each name was recorded by an AI-generated neutral voice to minimize emotional connotations. Participants were 
instructed to listen passively without engaging in any specific task. Their neural responses were recorded using a continuous-
wave near-infrared optical imaging system (NIRSport, NIRx Medical Technologies, LLC) with 64 channels covering their 
bilateral dorsomedial prefrontal cortex (DMPFC), dorsolateral prefrontal cortex (DLPFC), inferior frontal gyrus (IFG), superior 
temporal gyrus (STG), middle temporal gyrus (MTG), and temporoparietal junction (TPJ) regions.

Results: For the own name condition, neurotypical children exhibited distinct neural activation pattern, characterized by 
significant decreases (p < 0.05, FDR corrected) in mean HbO concentration in frontal regions (left DMPFC, left IFG, and bilateral 
DLPFC) and significant increases (p < 0.05, FDR corrected) in mean HbO concentrationin temporal regions (bilateral STG). 
Conversely, autistic children did not display a similar activation pattern when hearing their own names; instead, they showed 
reduced activation in the right TPJ. For the other two conditions, no significant neural activation was observed in either group.

Conclusions: We found that autistic children exhibited atypical neural processing in response to their own names in the 
present study. This atypicality reveals di!erences in attention and cognitive processing in response to their own names 
compared to neurotypical children. The absence of neural activation in frontal and temporal regions and the presence of 
deactivation in TPJ in autistic children may contribute to their diminished responsiveness to social cues, potentially influencing 
their social interactions and communication abilities.
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ADHD Classifiers Based on GM-WM Structural Connectivity Couplings and Transcriptional Signatures

Nanfang Pan1, Yajing Long1, Ying Chen1, Qiyong Gong1
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Introduction: Attention-Deficit/Hyperactivity Disorder (ADHD) stands as a complex neurodevelopmental disorder, drawing 
considerable focus in the realm of neuroimaging psychiatry. While aberrations in the neural mechanisms of both brain gray 
matter and white matter have been extensively pinpointed, the intricate patterns of their structural connectivity coupling and 
the concurrent gene expression profiles continue to elude comprehensive understanding. Herein, we established machine-
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learning classifiers based on Gray-White Matter Structural Connectivity Coupling (GWSC) patterns, with a parallel exploration 
to unravel the underlying transcriptomes.

Methods: T1-weighted and di!usion-weighted MRI data were obtained from a cohort of children with ADHD (n = 83) and 
typically developing children (n = 89). Gray matter covariance networks and white matter connectivity networks were 
constructed using the Kullback-Leibler divergence similarity measure and probabilistic tractography respectively. We 
computed the strength of their regional coupling as we termed GWSC coupling. To individually classify ADHD children from 
typically developing controls, we established the machine-learning pipeline in pursuit of clinical applicability. Four configure 
learning algorithms, namely linear support vector machine (SVM), Gaussian-kernel SVM, k-nearest neighbors, and decision 
tree were employed to build up fitting models. Finally, we extracted gene expression data from the Allen Human Brain Atlas 
and performed partial least squares regression analysis to bridge the gap between abnormal GWSC coupling patterns and 
microarray-based transcriptomes, and gene enrichment analysis was conducted to interpret the inference of enriched gene 
ontology biological processes.

Results: All four classifiers we employed distinguished children with ADHD with more than 75% accuracy, wherein the 
Gaussian-kernel SVM enables the highest accuracy of 82.6% (95%CI: 78.4%-86.8%). Sensitivity and specificity for the 
discrimination were 79.5% and 85.4% respectively. In this model, the GWSC couplings in the ventromedial prefrontal cortex 
provided the greatest contribution to the classifier. After correcting for enrichment terms (pFDR<.05) and discarding discrete 
enrichment clusters, the top significant gene ontology biological process is “neuron projection development”.

Conclusions: By constructing GWSC coupling patterns in ADHD, we developed machine-learning classifiers with acceptable 
predictive performance, with the ventromedial prefrontal cortex severed as a central substrate. Our transcriptional findings 
reveal the involvement of neuron projection in the psychopathological processes of GWSC patterns in ADHD. We uncovered 
GWSC coupling phenotypes in ADHD and identified their transcriptional signatures, facilitating a more comprehensive 
understanding of ADHD.

Figure 1. Schematic Overview of the Analytical Procedures for GWSC Coupling and Following Analyses.
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Figure 2. Transcriptional Profiles Underlying Abnormal GWSC Coupling Patterns.
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Emotion dysregulation and right pars orbitalis constitute a neuropsychological pathway to ADHD
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Introduction: Attention-deficit/hyperactivity disorder (ADHD) a!ects 5.9%-7.1% of children and adolescents1 and is 
characterized by its clinical heterogeneity in symptoms and their trajectories2. Theoretical models, such as the dual-pathway 
model (i.e., the cognitive and the motivational pathways)3, have long been hypothesized to explain this heterogeneity4. 
However, both cognitive impairment and motivational dysfunction can be absent in about 30% of the ADHD cases5, and 
cannot predict the di!erent clinical trajectories of the ADHD symptoms (e.g., the persistent or the remitting trajectories)6. 
Emotion dysregulation, characterized by di"culties with both awareness and regulation of emotion, has been associated 
with more severe and persistent ADHD symptoms and might be a key component of the self-regulation deficits in ADHD7. 
As yet, however, it remains unclear whether emotion dysregulation, independent of cognition and motivation, contributes 
to the symptom heterogeneity in ADHD as a unique pathway. Neuroimaging studies have shown that the cognitive and the 
motivational pathways mainly associated with the fronto-dorsal striatal and the fronto-ventral striatal circuits, respectively3. 
However, the neuroimaging features of these brain circuits explain only a limited proportion of the heterogeneity in ADHD 
symptoms (ΔR^2=0.008)4. Whereas, the emotion dysregulation has been mainly associated with the fronto-limbic circuitry8, 
which overlaps with many brain regions known to be associated with ADHD9. Therefore, we hypothesized that the emotion 
dysregulation may represent a third neuropsychological pathway to ADHD, which is separable from the cognitive and 
motivational pathways3,4. Advanced knowledge on the role of emotion dysregulation in ADHD may be valuable for identifying 
individuals at risk for persistent ADHD symptoms.

Methods: Participants: The discovery sample included 6,053 adolescents of 12 years from the Adolescent Brain Cognitive 
Development (ABCD) study. Emotion dysregulation, cognitive function and motivational dysfunction were assessed. 
The replication sample consisted of 263 patients with ADHD and 409 healthy controls. Structural brain images, genetic, 
transcriptomic, and blood white cell counts data were obtained. Main outcome measures: Parents were assessed for the 
adolescents’ ADHD symptoms by Child Behavior Checklist. Design: Linear mixed-e!ect model and causal Bayesian network 
analyses were conducted to assess the associations between emotion dysregulation problems and both ADHD symptoms 
and structural neuroimaging features while controlling for both the cognitive and the motivational dysfunctions and medical 
treatment for ADHD. Longitudinal mediation analysis was used to establish the pathway from brain through emotion 
dysregulation to ADHD, which validated using the clinical sample. Transcriptomic analysis was performed to identify biological 
pathways unique to the emotion pathway.

Results: Using a large population-based cohort (n=6,053) we showed that the emotion dysregulation was associated with 
ADHD symptoms (partial eta2=0.21) and their persistence after controlling for the cognitive and the motivational deficits. The 
emotion dysregulation mediated the association between the smaller surface area of the right pars orbitalis and greater ADHD 
symptoms at a one-year follow-up, indicating an emotion pathway to ADHD. Notably, we found that the emotion pathway 
was uniquely associated with immune responses through transcriptome analysis, and that more emotion regulation problems 
and smaller right pars orbitalis surface area were also associated with polygenic risk score for ADHD in the ABCD European 
samples. Finally, we validated the emotion pathway using another clinical sample for ADHD (n=672).

Conclusions: In summary, we have shown using a large sample and a second independent sample that emotion dysregulation 
is a core symptom and a route to ADHD, which may not respond to the current pharmacological treatments for ADHD.

References
1. Willcutt, E. G. (2012), ‘The prevalence of DSM-IV attention-deficit/hyperactivity disorder: a meta-analytic review’, Neurotherapeutics, 

9, 490-499.
2. Sonuga-Barke, E. J. S. (2023), ‘Annual Research Review: Perspectives on progress in ADHD science – from characterization to cause’, 

Journal of Child Psychology and Psychiatry, 64, 506-532.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 552

ABSTRACTS

3. Sonuga-Barke, E. J. (2003), ‘The dual pathway model of AD/HD: an elaboration of neuro-developmental characteristics’, Neuroscience 
and biobehavioral reviews, 27, 593-604.

4. Shen, C. (2020), ‘Neural Correlates of the Dual-Pathway Model for ADHD in Adolescents’, The American journal of psychiatry, 
177, 844-854.

5. Stevens, M. C. (2018), ‘Functional Neuroimaging Evidence for Distinct Neurobiological Pathways in Attention-Deficit/Hyperactivity 
Disorder’, Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 3, 675-685.

6. van Lieshout, M. (2013), ‘Does neurocognitive functioning predict future or persistence of ADHD? A systematic review’, Clinical 
Psychology Review, 33, 539-560.

7. Faraone, S. V. (2019), ‘Practitioner Review: Emotional dysregulation in attention-deficit/hyperactivity disorder – implications for clinical 
recognition and intervention’, Journal of Child Psychology and Psychiatry, 60, 133-150.

8. Christiansen, H. (2019), ‘Attention-Deficit/Hyperactivity Disorder (ADHD) and Emotion Regulation Over the Life Span’, Current psychiatry 
reports, 21, 17.

9. Samea, F. (2019), ‘Brain alterations in children/adolescents with ADHD revisited: A neuroimaging meta-analysis of 96 structural and 
functional studies’, Neuroscience and biobehavioral reviews, 100, 1-8.

Poster No 334

Chronic oxytocin attenuates amygdala activity but does not improve mirror system function in autism
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Introduction: Alterations in the action perception network or mirror system are proposed to underly social di"culties 
characteristic of autism spectrum disorder. Evidence to date is mixed however, with some studies demonstrating altered 
recruitment of the mirror system during action perception or imitation, while others demonstrated no deficit1. Intranasal 
administration of oxytocin is increasingly considered as a potential new therapeutic approach for mitigating social perception 
di"culties in autism, primarily through its social salience enhancing e!ects, facilitating attention to, and perception of social 
signals (e.g. from faces or bodily actions)2. Despite initial behavioral studies, little is known about oxytocin’s role in modulating 
the neural correlates of mirror system functioning. Gaining a deeper understanding into the neuroplastic changes that underlie 
behavioral e!ects seems crucial, particularly upon receiving multiple-dose, chronic oxytocin administrations, as it allows 
delineating mechanisms of inter-individual variation in clinical treatment responses.

Methods: The aim of the current study was two-fold: (i) to investigate mirror system functioning at the neural level in children 
with autism (aged 8-12 years; n=56, 13 girls) compared to children without autism (n=38, 7 girls); and (ii) to explore whether 
chronic oxytocin administration, compared to placebo could mitigate altered mirror system function in the cohort of children 
with autism (n=19 oxytocin, n=25 placebo). To do so, a randomized, placebo-controlled pharmaco-neuroimaging trial was 
conducted, investigating the e!ects of chronic oxytocin administration (4 weeks, daily 24 IU) on brain activity related to action 
and gaze cue processing (Fig. 1). Stimuli encompassed a female model performing a simple hand movement (or static hand), 
while establishing direct (or averted) gaze. Mirror system function was assessed before and after the four-week oxytocin 
(or placebo) administration, within distinct regions-of-interests pertaining to the core fronto-parietal mirror system (inferior 
frontal gyrus (IFG), inferior parietal lobule (IPL), ventral premotor cortex (vPMC)) and the extended social brain network (medial 
prefrontal cortex (mPFC), superior temporal sulcus (STS), and amygdala).

Results: Compared to the control group, children with autism displayed a significantly reduced recruitment of the core mirror 
system (IFG, IPL, vPMC), particularly upon hand movement observation (pIFG= .05; pIPL= .04; pvPMC= .005) (Fig. 2A). Regions 
of the social brain network (amygdala and STS) displayed overall stronger activity upon processing the hand movement, 
compared to observing the static hand, but no significant diagnosis-related di!erences were apparent in recruitment of 
this network (all p > .05). Also no significant modulations depending on eye gaze were revealed, either in the mirror system 
or social brain network. Upon nasal spray administration, no significant modulation was revealed within any of the mirror 
system regions, indicating no mitigation of reduced mirror system function in autism by oxytocin. In line with prior studies3, 
chronic oxytocin administration did induce an overall dampening in amygdala reactivity (pamygdala = .01; ηp2 = .12) (Fig. 
2B). Furthermore, this attenuation was significantly associated with improved repetitive behaviors (Repetitive Behavior 
Scale) (Spearman ρ=.31, p=.046) and social functioning (Social Responsiveness Scale) (ρ=.29, p=.058), as well as with higher 
endogenous salivary oxytocin levels (ρ=-.34, p=.026) (Fig. 2C).

Conclusions: Chronic oxytocin administration did not mitigate reduced recruitment of the fronto-parietal mirror system during 
action perception, indicating no overall social salience enhancing e!ect of oxytocin. Instead, chronic oxytocin induced an 
overall dampening of amygdala recruitment, likely reflecting oxytocin’s anxiolytic role in facilitating stress regulation4.
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Investigating the neural correlates and oscillatory dynamics of tics in Tourette Syndrome
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Introduction: In Tourette syndrome (TS), tics are commonly preceded by a premonitory urge which is thought to be a negative 
reinforcer of tic expression, suggesting that tics may be a voluntary response to these sensations (Capriotti et al, 2014). 
Voluntary movements are associated with a desynchronisation of oscillations in the 8-30 Hz range, followed by a post-
movement beta (13-30 Hz) rebound (PMBR) (Jurkiewicz et al, 2006; Pfurtscheller et al, 1996). Here, we explore the oscillatory 
changes within the primary motor cortex during tics and voluntary movements. We also investigate the oscillatory activity 
within the right insula and cingulate cortex, which have been shown to be involved in urge (Jackson et al, 2011). Tic expression 
during neuroimaging is most often required as an overt marker of increased urge, however this can lead to a loss of large 
amounts of data due to head movement. Therefore, our data were collected using Optically Pumped Magnetometer (OPM) 
magnetoencephalography (MEG) which uses head-mounted sensors (65 triaxial), allowing participant movement throughout 
the scan (Boto et al, 2018).

Methods: OPM-MEG data were acquired from 16 participants with TS (7F, mean age (±SD): 34.2 ±11.1 years). Participants were 
asked to complete two paradigms: the first paradigm involved sixty 10 second trials involving a single index finger abduction; 
the second paradigm involved 4 alternating 5-minute blocks of “Rest” and “Suppress” where participants were instructed to 
try to suppress their tics. Video of the participants’ movements was recorded, during OPM-MEG, for o-ine analysis of tics. 
Trials were defined as 4 seconds in duration and began 2 seconds prior to tic bout onset. Anatomical data (MPRAGE, 1mm 
isotropic) from these participants were used for linearly-constrained minimum variance beamforming (Robinson and Vrba, 
1999). Timecourses were then weighted towards the central voxel for each brain region of the automated anatomical atlas, 
resulting in a single virtual electrode timecourse for each region. Data were standardized (Z-scored) after removal of bad 
channels and trials. Two datasets were excluded from both tasks due to poor data quality. Two further datasets were excluded 
from the voluntary movement task due to technical problems during data collection.

Results: Analyses of the spectral timecourses of mu-alpha (8-12 Hz) and beta frequencies, from the contralateral motor cortex, 
demonstrated significant desynchronisation during the externally cued voluntary movements (Figure 1). However, there was no 
significant PMBR. In contrast, there was no significant desynchronisation at tic onset across the bilateral motor cortices (Figure 
2). The mid-cingulate cortex and right insula showed no significant changes in mu-alpha and beta spectral timecourses before, 
or at tic onset.
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Conclusions: Our finding of movement-related desynchronisation during volitional movements, but not tics, is in-line with 
previous research which describes desynchronisation of beta oscillations during voluntary movements using EEG, but no 
movement-related desynchronisation prior to tics (Morera Maiquez et al, 2022). Readiness potentials are not reliably seen 
before tics, despite a readiness potential being present before volitional movements (Obeso et al, 1981). Therefore, our 
data support the hypothesis that the oscillatory dynamics involved in tic generation di!er from that of voluntary movement, 
suggesting that tics may be involuntary. The lack of significant changes in the 8-30 Hz range, in regions associated with urge, 
may be due to di!erent regions of the insula having di!erent roles (Kurth et al, 2010), suggesting that whole region analysis 
may not be ideal for identifying activity associated with urge. Regardless, OPM-MEG was shown to be capable of recording 
participants with TS during their tics where conventional methods such as EEG have previously shown artefacts associated 
with tic onset (Morera Maiquez et al, 2022).
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Automated Stratification of Cortical Network Reveals Clinically Meaningful Subgroups of ASD children
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Introduction: Background Heterogeneity in the causes and phenotypic presentation of autism spectrum disorder (ASD) poses 
a major challenge to clinical and translational research. Attempts to stratify individuals with ASD have been based primarily 
on behavioral criteria1, but clinical subtyping is blind to the underlying neurobiological mechanisms and has limited predictive 
value of the forthcoming developmental path. Yet, it is still unclear whether and how atypical brain functional connectivity 
accounts for individual di!erences across ASD-related symptomatology and behaviors. Objectives The goal of the study 
was to identify clinically meaningful subgroups of young children with ASD based on distinctive patterns of functional brain 
topology, to better understand of the neural substrates underlying ASD heterogeneity.

Methods: We collected resting-state EEG data on 58 children with ASD aged 2-8 years to explore di!erences in functional 
brain network topology. We performed an unsupervised clustering analysis based on cortical network connectivity, using 
data-driven similarity network fusion and source-based spectral analysis2. We replicated the analysis in two independent 
samples of ASD participants from the NDA repository.

Results: Results We identified three subgroups of ASD children with distinct cortical network properties mainly mapped in 
the temporal and precentral cortices for the delta band, and in the middle frontal cortex for beta and gamma bands. These 
three clustered dimensions of functional connectivity and the associated ASD subgroups exhibited di!erent clinical symptom 
profiles, and were reproducible in two independent samples.

Conclusions: Conclusions Our findings shed light on atypical brain network topology conferring risk for specific phenotypic 
manifestations of ASD, which may implicate unique underlying neurobiological mechanisms. Cross-validation stability hints 
at a solid stratification model to challenge ASD heterogeneity. Collectively, the stratification of well-defined neural signatures 
that give rise to the clinical heterogeneity of ASD has potential to provide more accurate prognosis and help to select the 
optimal therapeutic intervention strategy.
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Fingerprinting individual di!erences in lesion impact through imaging: The FIDELITI Dashboard
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Introduction: Childhood and adolescence are periods of massive developmental change continuing into early adulthood. 
Traditionally used developmental growth charts measuring age-related trajectories for height and weight have provided 
insights into normal variation around reference data. Availability of very large open-source neuroimaging databases have 
recently a!orded the creation of similar developmental trajectories in brain biomarkers. For neurodevelopmental diseases or 
brain injuries, deviations from typical developmental trajectories are of particular interest and may explain disabilities while 
predicting long-term development across the lifespan. Here we introduce the FIDELITI Dashboard (Fingerprinting Individual 
Di!erences in Lesion Impact Through Imaging), a patient-centered dashboard that visualizes multimodal brain neuroimaging 
biomarkers “at a glance”. We present several cases illustrating clinical utility of the dashboard by capturing personalized 
neuroimaging profiles of children with perinatal stroke, the leading cause of hemiparetic cerebral palsy, a non-progressive 
but lifelong motor disability. In addition to hemiparesis, individuals may also show deficits in attention, executive function, 
language, and vision. Identifying areas of concern early may facilitate personalized therapeutic interventions.

Methods: The FIDELITI Dashboard was developed in Python. Reference neuroimaging biomarkers were extracted from 
828 typically developing volunteers aged between 6.5-24.0 years (mean age (SD) = 14.50 (3.75) years, 47% male) from 
either the Human Connectome Project Development (n=609, five 3T Siemens Prisma scanners) or the Alberta Children’s 
Hospital imaging collaboration (n=219, one 3T GE MR750w scanner). For additional clinical validation, scans of six children 
with perinatal stroke (mean age (SD) = 11.2 (2.4) years, 5 males, 3T GE MR750w scanner) were processed and visualized 
using the FIDELITI Dashboard. Cortical morphometry metrics (cortical thickness, region volumes) were extracted from T1-
weighted images using CAT12. Functional connectivity between Harvard-Oxford atlas regions was extracted from resting 
state functional scans using CONN. White matter microstructure metrics (fractional anisotropy, mean di!usivity) were 
extracted for 21 major white matter bundles reconstructed using di!usion scans processed in MRtrix3. These biomarkers have 
previously been shown to be associated with clinical function (Craig, 2021). ComBat (Fortin, 2017) was applied to biomarkers 
individually to harmonize, specifying sex and age as covariates to preserve. Extensive visualization and harmonization 
options are provided for users to customize their dashboards. Fundamental components within the dashboard are organized 
into six domains based on previous literature regarding functional circuits: Sensorimotor, Language, Vision, Attention/
Executive function, Memory, and Audition. Over 200 parameters across these six functional domains and four primary 
imaging modalities are summarized in a dashboard format providing a fully customizable, at-a-glance summary of brain 
imaging biomarkers.

Results: For children with stroke, deviations from the reference cohort (Figure 1) were seen for cortical thickness and volume 
of lesioned precentral gyrus as well as interhemispheric functional connectivity between primary motor cortices. Metrics 
extracted from the non-lesioned hemisphere often fell within the normal variation of the reference cohort. Additional, 
non-motor domains also showed deviations in some stroke participants, such as functional connectivity for language and 
executive function networks identifying domains that could potentially be treated with intensive cognitive therapy.

Conclusions: The FIDELITI Dashboard is patient-centered, fully customizable, and has potential applications for many other 
neurodevelopmental conditions or early life brain injuries. FIDELITI is available online (https://cumming.ucalgary.ca/labs/
carlson-imaging/projects/fideliti-dashboard).
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Low Birthweight Associated Long-term Pubertal and Neurodevelopmental Alterations in 
Preterm Children
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Introduction: Preterm birth is often associated with low birthweight, and these infants are delivered at a critical time when 
brain architecture is not fully developed being at higher risk of long-term neurological and cognitive dysfunction (Ji et al., 
2023; Mwaniki et al., 2012). In addition, there is also evidence that preterm birth and low birthweight could provoke adaptive 
changes in endocrine and metabolic processes and influence puberty, particularly early onset of adrenarche during the 
transition from childhood to adolescence (Charkaluk et al., 2004; Ibanez et al., 1998; Wehkalampi et al., 2011), impacting brain 
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health throughout development (Goddings et al., 2014; Peper et al., 2009; Peper et al., 2008). However, few studies have 
examined associations among birthweight, pubertal endocrine process and brain and cognitive development.

Methods: Data were selected from the Annual Curated Data Release 3.0 from the ABCD consortium (https://abcdstudy.org/
index.html). The preterm group included 1706 preterm subjects (gestational age < 37 weeks) and 1865 matched full-term 
individuals as control group (age, gender, BMI, intracranial volume, race/ethnicity, household income, highest education 
and sites, P > 0.05). The indicators of onset of adrenarche integrated both perceived physical features (adrenal score) and 
hormone measures (salivary dehydroepiandrosterone (DHEA)) from the child aged 9-10 years (Herting et al., 2020). We tested 
the di!erences in adrenal score and salivary DHEA level between preterm and control group. A linear mined-e!ect model 
(LME) was used to test the associations of adrenal score/salivary DHEA level with cognition and brain volumes in preterm 
and control groups (Ji et al., 2023), all demographic characteristics were included as covariates and all statistical results 
were corrected for multiple comparisons using FDR correction (P < 0.05). Furthermore, a serial two-mediator analysis was 
implemented to assess whether adrenal score/salivary DHEA level mediated the association among birthweight, cortical 
volume and cognition.

Results: Compared to controls, preterm children showed lower birthweight, higher salivary DHEA level and adrenal score 
(Figure 1A). Salivary DHEA level was negatively associated with birthweight in both preterm and control groups, and two 
correlations were significantly di!erent (Figure 1B). Adrenal score was negatively associated with birthweight in both preterm 
and control groups (Figure 1B); and also positively associated with salivary DHEA level in both preterm and control groups 
and two correlations were significantly di!erent (Figure 1B). Adrenal score was negatively associated with multiple cortical 
volumes in preterm children, including lateral orbitofrontal cortex (lOFC), inferior parietal lobule, anterior cingulate cortex, 
middle temporal gyrus, later occipital and rostral middle frontal cortex, superior parietal lobule, inferior temporal gyrus, lingual, 
cuneus and precuneus (P < 0.05, FDR; Figure 2A); but not in normal children (P < 0.05, FDR). In addition, there were negative 
associations between adrenal score and language vocabulary knowledge, cognitive control and attention, cognitive flexibility, 
as well as Fluid, Cryst and Totalcomp scores in the preterm group (P < 0.05, FDR; Figure 2B), and only working memory score 
was negatively associated with adrenal score in controls (P < 0.05, FDR; Figure 2B). The adrenal score indirect path, cortical 
volume in the lOFC path, and cortical volume in the lOFC via adrenal score indirect path all significantly mediated the direct 
relationship between birthweight and Fluid/Totalcomp score in preterm children (Figure 2C).

Conclusions: These findings highlight the impact of low birthweight on long-term pubertal and neurodevelopmental 
alterations in preterm children, suggesting that preterm and low birthweight associated abnormal developmental trajectories 
are observable during the transition from childhood to adolescence. This understanding may help with prevention 
and treatment.
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Auditory Language Comprehension among Children and Adolescents with ASD: An ALE fMRI 
Meta-Analysis

Jun Hu1, Hua Zihui1, Zeng Huanke1, Li Jiahui1, Cao Yibo1, Yiqun Gan1

1Peking University, Beijing, Beijing

Introduction: Autistic children and adolescents commonly manifest di"culties in auditory language comprehension. Some 
fMRI studies have indicated potential neural bases of such di"culties in autism. However, the findings remain mixed, and few 
studies have systematically examined their overall patterns. Previous relevant meta-analyses have included tasks outside 
the scope of auditory language comprehension (e.g., visual language processing tasks), with no studies specifically focusing 
on this process. Furthermore, no meta-analytic studies thus far have specifically examined this process in autistic children 
and adolescents, despite the crucial role played by the early stages in language development. The current study aims to 
complement previous work by conducting an activation likelihood estimation (ALE) meta-analysis of fMRI studies using tasks 
involving auditory language comprehension in autistic children and adolescents. Specifically, we aim to identify (a) commonly 
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activated brain regions involved in auditory language comprehension in autistic and non-autistic children and adolescents 
and (b) the di!erences in brain activation patterns during auditory language comprehension between autistic and non-autistic 
children and adolescents.

Methods: This study was pre-registered (PROSPERO: CRD42023413187) and conducted in accordance with the PRISMA 2020 
statement. Literature search was conducted through PubMed, Web of Science, Scopus, MEDLINE, and PsycINFO. Studies 
using fMRI tasks that involved auditory language comprehension in autistic children and adolescents were included. A total 
of nine articles met inclusion criteria, with eight (participant number: 121 autistic, 131 non-autistic) included in the within-group 
analyses and seven (116 autistic, 124 non-autistic) included in the between-group analysis (see Figure 1 for literature search 
process). ALE meta-analyses were conducted to compare task versus baseline conditions in the two groups respectively, and 
then examined group di!erences in activation patterns.

Results: The within-group analyses revealed that the bilateral superior temporal gyrus (STG) was activated during auditory 
language comprehension in both groups, whereas the left superior frontal gyrus and dorsal medial prefrontal cortex 
were activated only in the non-autistic group. Furthermore, the between-group analysis showed that autistic children and 
adolescents, compared to non-autistic counterparts, showed reduced activation in the right superior temporal gyrus (STG), left 
middle temporal gyrus (MTG), and insula, whereas the autistic group did not show increased activation in any of the regions 
relative to the non-autistic group.

Conclusions: The overlap in activation across groups in the bilateral STG implied a shared neurobiological basis for auditory 
language comprehension. A less distributed pattern of brain activation during auditory language comprehension in the autistic 
group suggested that the development of the neural network responsible for auditory language processing might be delayed. 
The reduced activation in the right STG, left MTG/insula in the autistic group suggested potential di"culties in processing 
acoustic properties of speech and understanding prosody, as well as coordinating and integrating the substages required to 
reach comprehension (see Table 1 for a summary of main findings and theoretical implications). Our findings contribute to a 
better understanding of the potential neural mechanisms underlying di"culties in auditory language comprehension in autistic 
children and adolescents and provide practical implications for early screening and interventions.
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Machine-learning-based feature selection to identify ADHD using white matter microstructure
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Introduction: While brain imaging has been extensively used to investigate structural and functional alterations to provide 
objective measurements in attention-deficit/hyperactivity disorder (ADHD), the findings have exhibited considerable variability 
across studies with traditional univariate approaches. Although relatively few studies have used multi-modal image-based 
machine-learning approaches, including di!usion imaging, all of them reported that features of di!usion imaging provided 
specific importance in the model to improve discriminative power for ADHD diagnosis (Chaim-Avancini et al., 2017) Here, 
we aimed to identify white matter features collectively distinguishing individuals with ADHD from those without ADHD. We 
wanted to identify neuroimaging features associated with ADHD by examining the baseline, follow-up, and yearly change rate 
of white matter microstructure in a longitudinal dataset (Fuelscher et al., 2023). We hypothesize that imaging features from the 
white matter microstructure will enhance the accurate discrimination between individuals with a childhood ADHD diagnosis 
and typically developing controls (TDC).

Methods: Fifty-one ADHD patients and 60 typically developing controls (TDC), underwent di!usion spectrum imaging at two 
time points. The generalized fractional anisotropy (GFA) was calculated for the microstructural properties of 45 white matter 
tracts. Machine-learning algorithms were utilized to classify ADHD and TDC. Three models were tested using machine-
learning approaches. In the first model, we used baseline white matter features collected at Time 1 to classify the ADHD 
group from the TDC group. The second model included white matter features collected at both Time 1 and Time 2. The third 
model (main analysis) included a yearly change rate for each white matter tract. All analyses included age, sex, and image 
quality (measured by signal dropout count) as covariates. Correlation analyses were employed to depict the association 
between the yearly GFA values change rate and the neuropsychological performance changes for both the ADHD and TDC 
groups, respectively. These analyses involved selected features of ADHD in the classification model for distinguishing ADHD 
from TDC.

Results: The random forest algorithm demonstrated the best performance for classification. Model 1 achieved an area-
under-the-curve (AUC) of 0.67. Model 3, incorporating Time 2 variables and yearly change rates, improved the performance 
(AUC=0.73). In addition to identifying several white matter features at two time points, we found that the yearly change 
rates in the superior longitudinal fasciculus, frontal aslant tract, stria terminalis, inferior fronto-occipital fasciculus, thalamic 
and striatal tracts, and other tracts involving sensorimotor regions are important features of ADHD (Figure 1). Correlation 
analyses indicated that higher yearly increasing GFA rates in certain tracts were associated with greater improvement in visual 
attention, spatial short-term memory, and spatial working memory after FDR corrections (Table 1).

Conclusions: Using longitudinal DSI data of white matter microstructure, this machine-learning-based analysis achieves 
moderate discrimination power in classifying individuals with and without childhood ADHD diagnosis. The properties of white 
matter white matter microstructure and its developmental change rate, which reflect deviations from typical development 
trajectories, serve as important biomarkers for ADHD.
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Multimodal network dynamics underpinning executive function development in children born preterm
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Introduction: Preterm birth is closely associated with abnormal cerebral development, leading to a heightened risk of 
neurodevelopmental challenges including executive function (EF) impairments. Despite advancements in neonatal care, the 
long-term neurocognitive e!ects of preterm birth present enduring concerns. The research aims to delineate the development 
of executive functions in preterm infants, focusing on how structural and functional brain connections influence their executive 
development. This study aims to bridge this gap by using multimodal neuroimaging to investigate associations of magnetic 
resonance imaging (MRI) structural and functional brain correlates obtained in infancy (at term-equivalent age) with EF at 3 
years corrected age in children born preterm (PT).

Methods: We studied a prospective cohort of PT infants born at ≤32 weeks gestational age (N = 212) from five regional NICUs. 
All PT infants underwent imaging procedures at Cincinnati Children’s Hospital within postmenstrual age range of 39 to 44 
weeks. Resting state functional MRI (rsfMRI) and structural MRI (sMRI) were performed using a single 3-tesla Philips MRI 
system, equipped with 32-channel receiver head coil. We used the dHCP (developing Human Connectome Project) atlas for 
anatomical parcellation and spatial alignment. Executive function (EF) was assessed with the nationally-normed Minnesota 
Executive Function Scale at 3 years corrected age (higher standard scores indicate better EF; M = 93.1, SD = 11.9). CONN 
Toolbox was used to extract six graph theory metrics from 82 brain regions. The graph theory metrics of both structural (SC) 
and functional connectivity (FC) were analyzed using non-negative matrix factorization (NMF). NMF was chosen for its ability 
to identify overlapping and flexible co-occurrences of network components (NC). These NCs were then used as features in a 
LASSO regression model, with EF scores as the outcome variable. Subsequently, variables with non-zero LASSO coe"cients 
underwent multiple regression to isolate significant NCs. Finally, these NCs from both SC and FC informed a canonical 
correlation analysis, o!ering the interaction between SC and FC.

Results: The extracted NCs from NMF revealed the involvement of various resting state networks (RSNs) in EF, including the 
frontoparietal network (FPN), default mode network (DMN), and salience network (SN). The SC cost graph metric, reflecting the 
e"ciency of network maintenance, in the anterior lateral temporal lobe, low-thalamic areas, and frontal lobe, associated to the 
thalamo-cortical and FPN connections and correlated with higher EF (b= 2.03, t(193) = 2.03, p < .05). Functionally, enhanced 
betweenness centrality (b= 2.57, t(191) = 2.57, p < .05) and local e"ciency (b= 2.22, t(191) = 2.22, p < .05) within the SN (frontal 
lobe, anterior cingulate gyrus, and insula, parahippocampal gyrus) was associated with higher EF. CCA highlighted significant 
links between the SC of the FPN (involving regions such as the posterior cingulate gyrus (PCG) and anterior medial temporal 
lobe) and FC within the DMN (encompassing PCG and medial temporal areas), foundational to EF in preterm infants (Fig. 1 & 2).
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Fig. 1. Canonical plots depict the relationship between structural and functional brain connectivity. Variations in point size and 
color intensity illustrate the significance and strength of these correlation.

Circos plot illustrates complex connections between structural and functional brain variables, with chord thickness 
representing the interaction’s strength within canonical pairs
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Conclusions: This study provides novel insights into the developmental organization of neural substrates underpinning EF 
in PT infants. It reveals how large-scale structural brain connectivity fundamentally constrains and shapes the functional 
interactions within the DMN and SN that appear essential for EF. This study demonstrated that the frontoparietal control 
network structurally underpins the functional dynamics of the DMN, elucidating aspects of EF development in PT. The degree 
to which each contributes may vary significantly among PT children. These findings highlight the potential of multimodal 
neuroimaging in advancing our understanding of the connections between brain connectivity and EF in PT infants and o!ers 
promising avenues for future research on the neurodevelopmental implications of preterm birth.
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Reduced brain activity for sensory and motor tasks after treatment in pediatric medulloblastoma
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Introduction: Medulloblastoma is the most common malignant childhood brain tumor. Contemporary therapy consists of 
maximal surgical resection, craniospinal radiotherapy (RT), and chemotherapy. Current protocols stratify patients into high, 
average, and low risk groups by the presence or absence of metastatic or post-operative residual disease and molecular 
features. This has e!ectively improved cure rates and reduced the risk of craniospinal radiation for individuals with more 
favorable prognoses. However, many pediatric survivors still su!er late e!ects including long-term neurotoxicity, ototoxicity 
and endocrinopathies. Since patients in di!erent therapeutic strata receive di!erent RT doses and chemotherapy regimens, 
late e!ects may be disparate in these patients. As auditory, visual, and motor functions play vital roles in daily living, 
identifying, and tracing changes in brain activation in regions responsible for these functions provide useful information to 
develop interventions for cognitive rehabilitation.

Methods: Fifty-seven pediatric patients with medulloblastoma (WNT & Non-WNT/Non-SHH) were involved in this study. 
They were assigned to W+N1 and N2+N3 therapeutic strata based on the extent of disease and molecular classification. 
They received RT plus 4 (W+N1) or 7 (N2+N3) cycles of chemotherapy. To longitudinally trace their auditory, visual, and motor 
functions, functional magnetic resonance imaging (fMRI) data were acquired during a sensory survey task at three di!erent 
time points (TP): pre-RT (TP0), post-RT/pre-chemotherapy (TP1), and post-chemotherapy (TP2: 9/12 months post-enrollment 
for W+N1/N2+N3). Participants aged 5-23 years (11.25 ± 4.3) at their first fMRI exams. Participants were asked to tap their right 
fingers actively during simultaneous auditory (dissonant ascending/descending pure tones) and visual (flashing checkboards) 
presentation (20s stimuli + 20s gap) in 3 blocks. Task-related brain activation patterns were analyzed using SPM software, and 
subsequent analysis was performed using custom Python code. To identify regions of interest (ROIs) with changes in brain 
activation, we used k-nearest-neighbors-based searchlight analysis to classify blood oxygenation-level dependent (BOLD) 
signals into TP0 vs. TP1 or TP0 vs. TP2 separately for the two strata. ROIs were identified using cut-o! thresholds of 0.6-0.68 
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f1-score and 20 cluster-size based on the AAL atlas. Medians of BOLD signals in ROIs were computed for comparisons across 
TPs. Response times and frequencies (RFs = response no./stimulus duration) were calculated to assess behavior performance.

Results: Through searchlight-pattern classifications in W+N1, changes in BOLD signals across TPs were identified in the L 
cerebellum, L superior temporal gyrus, L thalamus, L supplementary motor area (SMA), etc. Median BOLD amplitudes were 
reduced across TPs in the L superior temporal gyrus, L SMA, and L thalamus. In addition, via similar analysis in N2+N3, 
changes in BOLD signals across TPs were identified in the R cerebellum, superior occipital gyrus, L postcentral gyrus, L 
calcarine cortex, etc. Decreased median BOLD amplitudes across TPs were found in the superior occipital gyri, L postcentral 
gyrus, and L calcarine cortex. When behavior performance was analyzed, there was a trend of RF reduction across TPs and 
response times were similar across TPs in W+N1. Both RFs and response times were similar across TPs in N2+N3.

Conclusions: For W+N1, reduced BOLD signals were observed in ROIs responsible for auditory and sensory processing and 
movement control. For N2+N3, decreased BOLD signals were found in ROIs responsible for object recognition, sensory 
perception, and visuospatial processing. These observations suggest disparate deficit profiles in auditory, visual, and 
motor processing in the di!erent strata, probably related to di!erences in disease extent and the impact of surgery, RT 
and chemotherapy.
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Maternal perinatal depression and its impact on emotion regulation in young adulthood
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Introduction: Maternal mental health during pregnancy and the first years after birth is essential for optimal brain development 
and mental health of the o!spring. However, it is not clear whether higher levels of maternal depressive symptomatology at a 
specific time during the perinatal period might particularly alter the brain function and physiology during emotion regulation 
and lead to worse emotion regulation skills and more anxiety in young adulthood. It is also not clear whether sex of the 
o!spring might moderate these long-term e!ects.

Methods: Participants included young adults from the European Longitudinal Study of Pregnancy and Childhood (ELSPAC), 
a prenatal birth cohort born in the Czech Republic between 1991-1992 (Piler et al., 2017), who took part in its neuroimaging 
follow-up at the age of 28-30 years. Maternal depressive symptoms were measured in the early 90s using the Edinburgh 
Postnatal Depression Scale (EPDS; Cox et al., 1987) at 4 times: mid-pregnancy, 2 weeks after birth, 6 months after birth, 
and 18 months after birth. Structural and functional magnetic resonance imaging (MRI) was conducted using a 3T Siemens 
Prisma MRI scanner. Regulation of negative a!ect was studied using the International A!ective Picture System (IAPS) fMRI 
task. Participants either observed the negative and neutral images or regulated their a!ective response. Skin conductance 
response (SCR) was collected during the fMRI task and participants’ anxiety trait and emotion regulation skills were assessed 
using Spielberger’s State-Trait Anxiety Inventory (Spielberger et al., 1983) and the Emotion regulation questionnaire (Gross 
& John, 2003), respectively. A total of 163 participants (49% female) had perinatal maternal depression data from all 4 
timepoints as well as the fMRI and behavioral data. fMRI data were processed in SPM 12 and brain response during the (1) 
negative observe > neutral observe and (2) regulate > negative observe contrasts was extracted. Finally, a voxelwise multiple 
regression tested the e!ect of maternal depression (4 measurements) on brain response during the two contrasts. Interactions 
with sex were added as a covariate. SCR data were pre-processed in LedaLab and through-to-peak (TTP) analysis was used to 
extract for each contrast the number of significant SCR within the response window (nSCR), response latency, and the sum of 
the SCR amplitudes.

Results: In women (but not men), maternal depression in mid-pregnancy predicted lower brain response during the regulate 
vs. negative observe contrast in left middle occipital cluster (Fig. 1A). In addition, women (but not men) exposed to maternal 
depression after birth had greater brain response during the regulate vs. negative observe contrast in right superior frontal 
cluster (Fig. 1B). Greater maternal depression after birth was also associated with higher SCR latency (AdjR2=0.10, p=0.02) 
and a higher sum of SCR amplitudes (AdjR2=0.05, p=0.04) during the regulate vs negative contrast in women (p>0.49). 
Moreover, greater SCR latency and sum of amplitudes in women during emotion regulation predicted greater brain response 
in the right frontal cluster. Further, greater brain response in the right frontal cluster predicted greater anxiety trait (R2=0.05, 
p=0.05) and greater emotion suppression R2=0.09, p=0.006) but not emotion reappraisal (p=0.220) in the young adult 
women. Moreover, we demonstrated that brain response in the right frontal cluster mediated the relationship between greater 
maternal depression after birth and greater suppression of emotions in young adulthood (ab=0.11, SE=0.05, 95% CI [0.016; 
0.226]; Fig. 2).
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Conclusions: These findings suggest that maternal depression after birth predisposes the female o!spring to more anxiety, 
worse emotion regulation skills, and particularly to emotion supression in young adulthood, and that the latter relationship is 
mediated by greater brain response in the right frontal cluster during the emotion regulation.
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Structural brain outcomes in perinatally infected HIV toddlers with early versus late treatments
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Introduction: Despite antiretroviral treatments (ARTs), perinatally HIV-infected children still su!er from delayed development 
and neurocognitive regression. Timing of treatment administration has been shown to impact neurobehavioral outcomes 
(Jantarabenjakul et., al., 2020); yet, rarely are they investigated on the macro and micro-structural anatomical levels (Laughton 
et al., 2013). In adults, HIV is known for its white matter abnormalities with sensible damage to the corpus callosum, but results 
are varied in the pediatric population and remain unclear in toddlers younger than age 5 (Hoare et al., 2014; Sarma et al., 
2014; Andronikou et al., 2015; Hoare et al., 2018). This study aimed to investigate whether there are volumetric alterations in 
neuroimaging outcomes in children receiving early treatments compared to deferred ones. We hypothesize that there will 
be significant di!erences in corpus callosal volumes between the two groups. Moreover, we also hypothesize that these 
di!erences correlate with changes in neurobehavioral performances, signifying that brain connectivity and functions are 
overtly a!ected by the timing of ARTs.

Methods: Twenty children ages 2 to 5, gender- and age-matched, were initially allocated to either early ART treatments (ART 
initiated within 3 months of age) (ART-E; n=10) or late ART treatments (ART initiated within 3-12 months of age) (ART-L; n=10). 
All participants underwent MRI brain imaging on a 3T scanner and neurodevelopmental assessments at two-time points within 
one year apart. Overall and segmented volumes of the corpus callosum were preprocessed through Freesurfer, examined 
for quality, and subsequently analyzed. Domains of cognition and neurodevelopment, including motor and language, were 
evaluated using the Mullen Scales of Early Learning (MSEL) with global development impairment defined as Early Learning 
Composite (ELC).

Results: Initial analysis of the corpus callosum through 3-way ANOVA revealed a significant increase in structural volume 
across sessions (F(1,18)= 13.955, p<0.001); moreover, the ART-L group had marginally smaller corpus callosal volumes 
compared to those of the ART-E group (F(1,18)= 4.210, p=0.055; Fig. 1). When segmented into five corpus callosal regions, 
intergroup di!erences are significantly seen in the mid-anterior region known as the posterior genu (F(1,18) = 2.457, p=0.024; 
Fig. 2). In regards to neurodevelopment, 2-way ANOVA revealed that the ART-L group had significantly lower ELC scores 
compared to ART-E (p=0.016), with di!erences most pronounced in areas of fine motor (p= 0.02) and expressive language (p = 
0.002). Mild correlations were found between the corpus callosum volume and neurodevelopmental scores, especially in the 
fine motor domain (p=0.02).
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Conclusions: The corpus callosum volume in the ART-L group was slightly smaller than the ART-E group, particularly 
in the posterior genu which correlated with neurodevelopmental score. Di!erences in structural brain changes and 
neurodevelopmental outcomes can be seen with possible neuroprotective e!ects from early treatments for perinatally 
infected HIV children, revealing the likelihood for compensatory neuroplasticity in the future. We aim to explore these 
alterations into adulthood, as well as observe changes in other regions of the brain between the two groups.
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The individual-level, multimodal neural signature of face processing in the fusiform gyrus in autism
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Introduction: Face processing is among the most commonly reported social di"culties of autistic individuals1,2. While its 
neural underpinnings have been explored extensively across single neuroimaging modalities within key regions of the 
face processing network, such as the fusiform gyrus (FFG)3,4, there is still little knowledge about how di!erent structural 
and functional neurobiological markers are simultaneously implicated in face processing in autism and associated with 
social functioning. Extracting the joint, shared information across di!erent modalities is essential to better elucidate 
complex relationships between brain structure and function leading to a more comprehensive understanding of underlying 
mechanisms of autism.

Methods: Here, we leveraged the large multimodal EU-AIMS Longitudinal European Autism Project dataset5 to study the 
cross-modal signature of face processing within the FFG across structural magnetic resonance imaging (MRI), resting-state 
fMRI (rs-fMRI), task-fMRI (based on the Hariri emotional faces task) and electroencephalography (EEG) (recorded when 
observing facial stimuli) in a sample of 99 autistic and 105 non-autistic individuals between 6-30 years of age. After employing 
normative modelling6 using the PCNtoolkit on each imaging modality to derive individual-level deviations from a normative 
developmental trajectory, unimodal deviation scores were merged using linked independent component (IC) analysis7. We 
next tested whether ICs significantly di!ered between autistic and non-autistic individuals (NAI) using a general linear model 
and whether multimodal ICs would outperform unimodal ICs in discriminating autistic individuals from NAI using a support 
vector machine under 10-fold cross-validation. To test the association between multimodal ICs and cognitive, clinical features 
related to either social or non-social functioning in autism, canonical correlation analysis (CCA) was employed.

Results: In total, 50 independent components were derived, among which one IC showed a significant di!erence between 
autistic and non-autistic individuals (t=3.5, pFDR=0.03) (Figure 1). This IC was mostly driven by bilateral rs-fMRI, bilateral 
structure, right task-fMRI, and left EEG and implicated both face-selective and retinotopic regions of the FFG (Figure 2). 
Furthermore, comparing areas under the curve with a permutation test, multimodal ICs performed significantly better at 
di!erentiating between autistic individuals and NAI (p<0.001). Finally, there was a significant multivariate canonical correlation 
between multimodal ICs and a set of cognitive, clinical features associated with social function (r=0.65, pFDR=0.008). This was 
not the case for the association with a set of non-social features.
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Conclusions: Results suggest that the FFG is a central region di!erentially implicated in autistic and non-autistic individuals 
across a range of imaging modalities and these can simultaneously inform mechanisms associated with core social functioning 
in autism. These findings further suggest that the discerning signals in this specific brain region are reliably captured through 
components shared across modalities, emphasizing the multidimensional nature of e!ects associated with autism. Elucidating 
a more holistic picture of neural associations of core cognitive and clinical features in autism, will pave the way for the 
development of more personalised support.
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Atypical connectivity between the sensorimotor and salience networks for observed touch in autism
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Introduction: Autistic adults experience di"culties in recognizing social and emotional cues during social interactions. In the 
context of social touch, brain imaging studies have shown that these challenges may be linked to atypical somatosensory 
responses to a!ective cues displayed in touch gestures (Lee Masson et al., 2019). Neurotypical adults (NT) easily interpret 
the meaning of touch during mere observation (Lee Masson and Op de Beeck, 2018). The neural mechanism supporting this 
ability involves increased communication between brain networks involved in visual, somatosensory, and social processing 
(Lee Masson et al., 2020). In autism, it is unclear how functional communication between these networks is modulated in 
response to social vs. nonsocial touch. The current study aims to determine how brain networks involved in various cognitive 
functions work together to process complex social touch information in autism spectrum condition (ASC).

Methods: Forty-two adults watched 39 social (e.g., hugging a person) and 36 nonsocial video clips (e.g., carrying a box) 
during MRI scans in our previous study (Lee Masson et al., 2019). Independent component analysis (ICA) applied to this 
dataset yielded 28 brain networks. Nine networks were associated with noise (e.g., networks located in the ventricles). The 
temporal sorting method identified ten brain networks that showed temporally coherent BOLD signal fluctuations during touch 
observation. These task-relevant networks include visual, social perceptual, sensorimotor, executive control, four default 
mode, and two salience networks (Figure 1). A generalized psychophysiological interaction (gPPI) analysis was applied to 
these networks to examine changes in functional connectivity during social vs. nonsocial touch observation. Finally, subject-
level gPPI results were analyzed using a mixed-model repeated-measures analysis of variance (ANOVA) with one between-
subjects (group: NT vs. ASC) and one within-subjects factor (touch type: social vs. nonsocial).

Results: A mixed model ANOVA on gPPI results, with multiple comparisons correction, revealed a significant group x condition 
interaction in the strength of functional connectivity between the sensorimotor and salience networks (F (1, 40) = 15.1, P 
FDR = 0.02). The sensorimotor network encompasses the bilateral precentral and postcentral gyrus along with the parietal 
operculum. The salience network consists of bilateral insula, middle and superior temporal gyrus (MTG and STG). In NT adults, 
these networks demonstrated enhanced functional synchronization during the observation of social touch (T (20) = 2.73, P = 
0.01), whereas enhanced functional synchronization was observed in autistic adults during nonsocial condition (T (20) = -2.76, 
P = 0.01). No other network pairs showed significant di!erences in the strength of connectivity between the two groups.

Conclusions: The postcentral gyrus and insula, which are part of the sensorimotor and salience networks respectively, have 
previously been implicated in vicarious a!ective touch (Morrison et al., 2011; Bolognini et al., 2013). Salience network 1 includes 
mid to anterior MTG and STG implicated in social processing. The current findings suggest that, even though autistic adults 
exhibit a comparable functional network architecture during touch observation, the atypical communication patterns between 
the sensorimotor and salience networks may be associated with the ine"cient use of a!ective touch as a communicative 
tool during social interactions. Hyper-connectivity in the salience network has been linked to sensory over-responsivity in 
autism (Green et al., 2016). The challenges in recognizing social touch expressions in autism may be attributed to an atypical 
allocation of attention to nonsocial information rather than relevant social cues.
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Thalamic Functional Connectivity Gradients in Children with Temporal Lobe Epilepsy

Xiyu Feng1, Hua Xie2, Rory Piper1,3, Freya Prentice1, Priyanka Illapani2, Lauren Reppert2, Seok-Jun Hong4, Mohamad Koubeissi5, 
Torsten Baldeweg1, Leigh Sepeta2

1UCL Great Ormond Street Institute of Child Health, London, United Kingdom, 2Children’s National Hospital, Washington, D.C., 
USA, 3Great Ormond Street Hospital, London, United Kingdom, 4Sungkyunkwan University, Seoul, South Korea, 5The George 
Washington University Medical Faculty Associates, Washington, D.C., USA

Introduction: The thalamus can participate in spread of epileptic activity (Wu et al., 2023) and is a target for therapeutic 
neuromodulation (Piper et al., 2022). Thalamic functional connectivity alterations exist in adult patients with temporal lobe 
epilepsy (TLE) and may a!ect seizure freedom after surgery (He et al., 2017). Here we used data-driven ‘connectopic mapping’ 
(Haak et al., 2018) to investigate the spatial organization (gradients) of thalamic cortical and subcortical connections in 
pediatric TLE. We aimed to uncover the functional gradients within the thalamus and investigate di!erences in thalamus to 
whole brain connectivity between children with TLE and healthy controls.

Methods: 64 children with TLE (5-18 years, left TLE n=51, right n=13) and 61 healthy controls (6-20 years) underwent language 
fMRI using a covert verb generation task at Great Ormond Street Hospital, London, UK. For children with right TLE, images 
were flipped so the seizure focus is the left hemisphere for all patients. fMRI data were preprocessed using fMRIprep software. 
1) Connectopic mapping: We generated within-thalamus FC similarity matrices for each hemisphere and applied non-linear 
manifold learning to this matrix, yielding gradients for each side of the thalamus. We also created projection maps depicting 
changes in thalamic-to-whole brain connectivity along this gradient. 2) A SurfStat linear model (Worsley et al., 2009) assessed 
variations in projection maps related to disease status and duration, age and gender.

Results: The primary thalamic gradient followed an anterior-to-posterior axis (Fig. 1) for both children with TLE and controls. 
In the cortex, there were no di!erences in the projection maps between patients and controls (FDR-corrected p>0.05). The 
anterior thalamus displayed greater connectivity with prefrontal and orbitofrontal cortices, as well as the basal ganglia. 
The mid-thalamic gradient zone was preferentially connected to the somatosensory cortex and anterior hippocampus. The 
posterior thalamus was more connected with the visual cortex and posterior hippocampus. However, in the subcortex, 
projection maps exhibited di!erences between patients and controls (FDR-corrected p<0.05). Compared to controls, patients 
showed stronger connectivity of the anterior thalamus to subcortical areas (Fig. 2), including the ventral striatum, subthalamic 
nuclei, substantia nigra as well as amygdala and hippocampus in both ipsi- and contralesional hemispheres. Duration of 
epilepsy was not correlated with projection map variations in patients (FDR-corrected p>0.05). Age and gender did not a!ect 
the cortical or subcortical projection maps for patients or controls (FDR-corrected p>0.05).
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Conclusions: A primary anterior-to-posterior functional gradient was observed within the thalami in both children with TLE 
and their healthy peers, revealing a gradual shift of thalamic connectivity across the entire brain. While there were no group 
di!erences in connectivity between thalamus and cortical regions, there was heightened connectivity in children with TLE 
between the anterior thalamus and the basal ganglia, with a predominance for the ipsilesional side. It has been suggested that 
within the loop involving the limbic system and thalamus, the basal ganglia play a significant seizure modulating role (Bröer, 
2020; He et al., 2019). Further investigations are needed to explore the clinical potential of connectopic mapping.
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Dynamic Mode Analysis of Autism Spectrum Disorder
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Introduction: Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by challenges in 
social interaction and repetitive behaviors. Despite extensive research e!orts, our understanding of the functional alterations 
in ASD brain at a network level remains incomplete. This study introduces a novel approach to analyzing the functional 
aspects of ASD brain by employing Dynamic Mode (DM) decomposition of fMRI time series, where the brain activity is 
decomposed into synchronously evolving networks (Casorso, et al., 2019). That is, we investigated the functional variances 
in ASD brain networks using the DM framework to gain a deeper understanding of the unique neurofunctional dynamics in 
individuals with ASD.

Methods: The study utilized resting-state fMRI data preprocessed with the C-PAC pipeline and, parcellated with Craddock 
200 atlas from the Autism Brain Imaging Data Exchange I (ABIDE I), which includes data from 391 individuals diagnosed with 
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ASD and 458 typically developing (TD) controls. The BOLD activity dynamics (measured by fMRI) are approximated as a linear 
dynamic system (x(t+1)=Ax(t)+ε(t)), where the linear operator (A), which is also referred to as connectivity matrix, describes the 
causal relation between successive time points (i.e., how the previous BOLD signal x(t) determines subsequent signal x(t+1)). 
(ε(t): noise at time t). For each individual, the linear operator (or connectivity matrix) was estimated from the BOLD signal, and 
DMs were identified via eigen-decomposition of this matrix. Given the temporally synchronized nature across all brain regions 
within each DM (Casorso, et al., 2019), we speculated that each DM is associated with a particular cognitive or operational 
aspect of brain functions. Thus, the primary functional involvement of each DM was decoded from its spatial characteristics 
using NiMARE software (Salo, et al., 2022). Then, we compared the temporal characteristics (decaying time, oscillation 
frequency) of each DM between the ASD and TD groups and examined their correlations with age and clinical measures. This 
approach enabled us to infer the distinct functional dynamics of ASD brains. For a comprehensive overview, see Figure 1.

Results: Our finding highlighted significant di!erences in brain dynamics between ASD and TD individuals. Notably, we found 
faster decay in a pair of DMs associated with autobiographical memory in the ASD group, implicating diminished episodic 
memory performance in ASD. Additionally, we found slower oscillations in a pair of DMs linked to visual inhibition, suggesting 
the potential cause of the impaired inhibition in ASD. We also discovered that the damping time of the multisensory-
related DM correlated with the di"culty of communication, pointing to the importance of sensory function in developing 
communication abilities in ASD; meanwhile, the oscillation frequency of the social-related DM correlated with overall ASD 
severity. Interestingly, the two aforementioned DMs, which showed di!erences between ASD and TD, did not exhibit a 
correlation with ASD severity, highlighting the complexity of the relationship between brain functions and symptoms (e.g., 
non-linear transition between ASD and TD). Moreover, the age-dependent changes in DMs di!ered between the ASD and TD 
groups, suggesting di!erent developmental trajectories in attention and pain-related functions.

Conclusions: Our novel application of DM decomposition o!ers a distinctive way to understand functional di!erences in ASD 
brains using just resting-state data. Remarkably, the insights gained from DM analysis align with prior research on ASD brain 
functions (Crane, et al., 2008; Johnston, et al., 2011). The dynamic perspective o!ered by DM analysis not only deepens our 
understanding of the neural basis behind ASD’s atypical behaviors but also presents unique opportunities for evaluating 
intervention and therapeutic strategies in ASD, leveraging the convenience of acquiring resting-state data.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 579

ABSTRACTS

References
1. Casorso, J. (2019), ‘Dynamic mode decomposition of resting-state and task fMRI’, Neuroimage, vol. 194, pp. 42-54
2. Crane, L. (2008), ‘Episodic and Semantic Autobiographical Memory in Adults with Autism Spectrum Disorders’, Journal of Autism and 

Developmental Disorders, vol. 38, pp. 498-506
3. Johnston, K. (2011), ‘Response Inhibition in Adults with Autism Spectrum Disorder Compared to Attention Deficit/Hyperactivity Disorder’, 

Journal of Autism and Developmental Disorders, vol. 41, pp. 903-912
4. Salo, T. (2022), ‘Developing and Validating Open Source Tools for Advanced Neuroimaging Research’, FIU Electronic Theses and 

Dissertations. 5010.

Poster No 349

Pupillometric neuronal gain indicates the locus coeruleus to underlie predictive coding in autism

Nico Bast1, Luke Mason2, Emily Jones3, Tobias Banaschewski4, Christine Freitag5

1Goethe University Frankfurt, Frankfurt, Hessen, 2Institute of Psychiatry, Psychology and Neuroscience, King’s College, 
London, London, UK, London, United Kingdom, 3Centre for Brain and Cognitive Development, Birkbeck, University of London, 
London, UK, London, United Kingdom, 4Department of Child and Adolescent Psychiatry, Central Institute of Mental Health, 
Mannheim, Mannheim, Germany, 5Goethe University Frankfurt, Frankfurt, Germany

Introduction: Predictive coding describes sensory processing as an updating of acquired priors to minimize costly prediction 
errors. Prediction errors are weighted based on an expected precision of the sensory input. Di!erent sensory processing in 
autistic individuals has been suggested to include inflated prediction errors caused by increased precision weighting which 
(over-)emphasizes sensory input. This altered predictive coding might contribute to sensory phenomena reported by autistic 
individuals. The locus-coeruleus norepinephrine (LC-NE) system is a mechanism of arousal regulation that has recently been 
outlined to modulate neuronal gain in sensory processing.

Methods: We hypothesized that altered LC-NE functioning contributes to an increased precision weighting in autism. Matched 
groups of autistic (n=139) and non-autistic (n=88) individuals were assessed during an auditory oddball task (trials: k = 1400) 
with pupillometry and electroencephalography. The task was entirely passive and included trials of frequent standards 
(likelihood: 82%, tone duration: 50ms, tone pitch: 1000Hz), pitch oddballs (6%, 50ms, 1500Hz), length oddballs (5%, 100ms, 
1000Hz), and pitch+length oddballs (6%, 100ms, 1500Hz). Pupillometric measure of baseline pupil size (BPS) and stimulus-
evoked response (SEPR) were applied to index LC-NE tonic and phasic activity, respectively. Electroencephalography 
assessed amplitudes of mismatch negativity to assess an established index of prediction errors. Measures were modeled 
per trial to capture changes in precision weighting with task progression. A computational model assessed neuronal gain 
for standards. Linear mixed models were applied to investigate group di!erences and further confirmed by Bayesian 
posterior estimates.

Results: Higher LC-NE tonic activity was associated with increased mismatch-negativity-associated amplitudes (rs = -.20 - 
-.22). LC-NE tonic activity di!ered between groups. Autistic versus non-autistic individuals showed a higher initial increase 
(autistic: Δβ = 0.20 [0.17, 0.22], non-autistic: Δβ = 0.11 [0.08, 0.14]) and overall attenuated decrease (autistic: Δβ = 0.02 [-0.01, 
0.06], non-autistic: Δβ = -0.09 [-0.13, -0.05]) with task progression (trials: 1-1400). This was supported by Bayesian posteriors 
(autistic: b = 0.16 [0.13, 0.18], non-autistic: b = 0.00 [0.00, 0.00]). Higher LC-NE tonic activity was further supported by a higher 
computational estimate of neuronal gain for standards (group di!erence: d = 0.41 [0.09, 0.73]). Autistic versus non-autistic 
individuals were further characterized by increasing LC-NE phasic activity to pitch oddballs and decreasing mismatch-
negativity-associated amplitudes to standards and length oddballs with task progression.

Conclusions: We conclude that higher LC-NE tonic upregulation is a mechanism of increased precision weighting that 
contributes to a di!erent updating of priors in autistic individuals. This might reflect an arousal upregulation during sensory 
processing. The di!erent prior updating is characterized by increasing precision-weighted prediction errors to pitch oddballs 
(SEPR) and decreasing “unweighted” prediction errors to standard trials and length oddballs (MMN-amp), which reflects 
di!erent sensory processing. LC-NE functioning is outlined as a neurophysiological mechanism of predictive coding that might 
underlie sensory phenomena in autism.
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Do estimates of age based on functional connectivity di!er as a function of reading ability?
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Introduction: Previous work has shown that brain growth charts which predict age based on properties of the brain can 
inform scientists about neurodevelopmental trajectories, and may be used to obtain early markers for atypical development 
(Dosenbach et al., 2010; Kessler et al., 2016). In this study, we extended brain-age modeling based on functional connectivity 
(FC) data to developmental dyslexia (reading disorder, or RD). We hypothesized that (1) models trained to predict age 
are biased for poor and exceptional readers compared to controls, reflecting a developmental delay for the former and 
acceleration for the latter; (2) a model trained with whole-brain FC data better predicts age compared to a model trained only 
with FC data from regions of interest (ROIs) in the brain’s reading network; (3) models trained with FC data from the reading 
network have a greater prediction bias than the whole-brain model, i.e. they are more likely to underestimate the age of 
poor readers.

Methods: We used fMRI scans of N=742 participants aged 6-21 years (M=10.7, SD=3.0) from the public, de-identified CMI HBN 
database; IRB approval was not required. We used the Test of Word Reading E"ciency Total Word Reading E"ciency index 
score to classify participants as poor (PR, <=90), typical (TR, 91-109), or exceptional readers (ER, >=110). A support vector 
machine was trained on fMRI-FC data to predict age. An ROI correlation matrix was generated for each participant (each value 
is the correlation between two fMRI BOLD-signal time series). Principal component analysis (PCA) was applied to the training 
set of connectivity matrices to reduce the number of features. One thousand training permutations were done: for each, data 
was first split into the training and test sets; PCA was performed; and 5-fold cross-validation was done on the training set. 
A literature search for meta-analyses was performed to identify prominent brain regions associated with reading/RD. These 
were used to repeat the model-training procedure first using whole-brain FC data and then several more times using smaller 
sets of ROIs (reduced-ROI models).

Results: The ROIs present in the highest-ranked connections for the whole-brain model came from the right dorsal attention 
and somatosensory motor networks and bilateral visual and temporal regions (Fig 1). Interhemispheric connections were 
more heavily weighted than intrahemispheric ones. Of the most frequent ROIs in the top 10% of connections, 53.9% were 
from the right hemisphere; when top ROIs were restricted to a frequency >2 SDs above the median, 81.3% were from the right 
hemisphere-particularly right dorsal attention and somatosensory motor networks. The relationship between predicted age 
and true age was significant in all models (ps < .001). Comparing all models using Akaike’s information criteria showed that the 
whole-brain model performed better than all others as expected. There were no main e!ects of Group on model predictions, 
however the interaction of Group x Age was significant in all models (ps < .05), indicating di!erences in model fit based on 
group (Fig 2).
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Conclusions: The whole-brain model was the best predictor of age. Contrary to hypotheses, when trained with reading/
language ROIs, model bias based on group did not increase. Rather, model fit varied by group, being better for the ERs/PRs 
compared to TRs: this e!ect was largest in the whole-brain model. One possibility is that variability of FC patterns is larger 
in TRs, hindering the ability of our model to predict age for the TRs. Finally, the di!erence in explained variance between 
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the whole-brain model (R² = .343) and the most-reduced model (R² = .155) is small relative to the di!erence in data used for 
training. While training with whole-brain data results in more accurate age estimates, accuracy is not linearly proportional 
to the number of ROIs/connections used to generate features. Markers of age and reading ability are present in di!use 
connectivity patterns with sizable redundancy.
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Neurofeedback from the anterior prefrontal cortex for obsessive compulsive disorder
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Introduction: Obsessive-compulsive disorder (OCD) is characterized by hyperactivity in cortico-striatal circuitry. This 
hyperactivity is reduced in parallel with symptom improvement after both psychotherapy and pharmacotherapy,1 particularly 
in the ventral frontal cortex. Thus, we are exploring whether training this region via neurofeedback can provide therapeutic 
benefit. We developed a neurofeedback intervention2 that proved promising in a subclinical population,3 and here describe 
it’s application in an OCD clinical trial.

Methods: Participants: Individuals with OCD with primary symptom dimensions of checking or contamination (ages 18-65) 
were recruited through the Yale OCD Research Clinic (ocd.yale.edu). No treatment or a stable (>8 weeks) regimen of SSRIs or 
maintenance therapy were allowed. 36 participants were randomized (18 per group). Protocol: This randomized, double-blind 
trial (NCT02206945) followed methods previously described.2,3 The Yale-Brown Obsessive Compulsive Symptom Scale4,5 
was collected before training and half a week, two weeks and one month after training. The scanning protocol involved four 
sessions. First, a baseline session to assess resting connectivity patterns and control over the target region during exposure 
to provocative images, followed by two feedback training sessions (real or yoked sham, depending on group), and a post-
intervention assessment session to re-assess connectivity patterns and control over the target region after training.

Results: There were significant di!erences between groups in symptom change, with the neurofeedback group showing 
greater symptom improvement than the sham group, but the symptom changes induced by neurofeedback were too small to 
be clinically meaningful. Control over the brain area did not improve di!erentially for the two groups.

Conclusions: The improvement in symptoms in the neurofeedback relative to the sham group supports the promise of this 
intervention but e!ects must be amplified for clinical utility. Options for optimizing impact will be discussed. The measures of 
control over the brain area collected pre- and post-training were very noisy, possibly due to idiosyncratic levels of activation 
to the provocative imagery in participants. Standardized sets of provocative imagery will be replaced by personalized stimuli 
moving forward.
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Introduction: Many analyses have been developed to make use of the wealth of data that fMRI produces. Among these 
methods is gradient analysis, which uses dimensionality reduction to identify a macroscale organizational hierarchy from 
functional connectivity matrices1. In contrast, intersubject correlations (ISCs) compare BOLD signal time courses across 
individuals to describe how reliably a given brain region responds to the same stimulus2. Despite describing brain organization 
from di!erent perspectives, both measures appear to capture core features of functional architecture. In particular, ISCs and 
gradient scores both delineate default mode regions from task-positive brain regions1,2,3. Here, we leverage movie-fMRI to 
generate robust movie gradients that have previously been shown to enhance brain-behavior associations4. Movie-watching 
also synchronizes low-level brain activity which makes higher level individual di!erences in functional connectivity more 
identifiable5. We then use ISC to investigate how intersubject synchronization maps onto the functional hierarchy identified 
via the gradient analyses. We hypothesize that there will be a significant spatial correlation between gradient scores and 
ISCs, revealing a parallel organization between BOLD-signal responses to complex stimuli and the hierarchical organization of 
functional connectivity.

Methods: Data. These analyses use minimally preprocessed movie-watching data from the Human Connectome Project 
(HCP) 7T data release6,7. From the complete dataset, 95 participants (58 females, mean age 29.5 ± 3.3) from 64 families 
were selected based on head motion and data availability. One hour of movie data was collected over the course of four 
15-minute runs across two sessions. All analyses were first conducted in a discovery dataset of 45 subjects and replicated 
in the remaining 50 subjects. Gradient analysis. Gradient analyses were performed parcel-wise using the Schaefer-1000 
parcellation8. The mean time series for each parcel was correlated with the mean time course of all other parcels in the brain 
to create subject-level FC matrices. Di!usion map embedding was performed at the subject level using the BrainSpace 
toolbox9, and individual gradients were aligned to a group-mean template before being averaged to yield group-level 
gradients. Intersubject correlations. BOLD-signal timeseries data at the Schaefer-1000 level were used to compute 
intersubject correlations using a group mean approach. Each subjects’ time course at each parcel was correlated with the 
group average time course at that parcel to provide a single ISC score per region. Permutation testing. Spatial autocorrelation-
preserving null-models10 were used to assess the significance of correlations between ISCs and scores along the top three 
gradients. Spin permutation tests were used to generate 10,000 null-models for each comparison.

Results: ISCs and movie gradients followed trends in the literature. ISCs were high in superior temporal and occipital regions. 
The top three gradients had poles situated in the somatosensory, visual, and auditory cortices respectively and radiated 
towards heteromodal association systems such as the default mode network. There was a significant spatial correlation 
between ISC scores and Gradient 2 scores (r = 0.74, p < 0.05), such that regions with the highest and lowest ISC scores 
were situated at the poles of the second gradient (i.e., visual and default networks). This relationship was reproduced in the 
replication dataset (r = 0.75, p < 0.05).

Conclusions: These results provide further support for a macroscale processing hierarchy within the brain that is exemplified 
under naturalistic conditions. These findings also suggest that when the brain is active and processing complex and 
ecologically valid stimulus, there is a strong correspondence between functional connectivity patterns at a whole-brain level, 
and BOLD signal response reliability across subjects at a parcel-level.
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Introduction: Neural signatures of prediction errors elicited by unexpected stimuli have been extensively studied by mismatch 
negativity (MMN) and P300 responses in electroencephalography (EEG). These responses can be modulated by sequential 
contexts, such as attention allocation and sequence learning, and atypical modulations were found in autism spectrum 
disorder (ASD) and attention deficit hyperactivity disorder (ADHD). For attention allocation, the P300 response was more 
pronounced for unexpected tones that were attended to compared to those that were not, and the di!erence was observed in 
both healthy controls (HC) and ASD, but not in ADHD. Therefore, P300 reveals a lack of neural distinction between attended 
and unattended novel stimuli in ADHD, and could be an e!ective biomarker. For sequence learning, MMN reduced when an 
unexpected tone became predictable as multi-tone sequence structure is learned, but this reduction was weaker in ASD than 
in HC. However, it remains unclear how P300 is modulated by sequence learning and how such modulation may vary among 
HC, ASD, and ADHD.

Methods: In this study, we analyze EEG data from 13 HC (8 males; mean age: 11.6 ± 2.7 years old), 21 individuals with ASD (20 
males; mean age: 10 ± 2 years old), and 13 individuals with ADHD (10 males; mean age: 12 ± 3 years old) during a local-global 
oddball paradigm. In this paradigm, two 5-tone sequences were used: xxxxy and xxxxx. The tone “y” served as a local deviant 
tone within the sequence which is more predictable at the global level when xxxxy was presented frequently (the highPred 
condition) and less predictable when xxxxy sequence was presented infrequently (the lowPred condition). To examine how 
P300 evoked by the local deviant tone “y” is modulated by the global sequence predictability, we compare event-related 
potentials (ERPs) between the two sequences (xxxxy – xxxxx) in both conditions (Figure panel A).

Results: Using a clustered-wised statistical analysis on P300, we show that HC has a positive response in the central area in 
the lowPred condition but a negative response in the frontal areas in the highPred condition. In ASD and ADHD, the response 
is positive in the parietal-occipital area in the lowPred condition but is negative in the frontal area in the highPred condition. 
We further evaluate the di!erence in P300 between the lowPred and highPred conditions. For each individual, we first 
identify the peak P300 amplitude in each condition from all channels and time points where P300 is significantly di!erent 
from zero, and then evaluate its reduction from lowPred to highPred conditions in the three groups (Figure panel B). All three 
groups show a significant reduction in P300 when the sequence is predictable, and this reduction is significantly less in ASD, 
compared to HC and ADHD (Figure panel C).
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Conclusions: Our study, which builds upon prior research, demonstrates that P300 can be used to evaluate distinct 
predictive coding elements across disorders. Specifically, previous work showed that ADHD is associated with impairments in 
attention allocation, consistent with atypical prediction precision in predictive coding theory. On the other hand, the current 
investigation shows that ASD is linked to challenges in sequence learning, suggesting atypical prediction updates.
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Introduction: Brain iron plays an essential role in human brain development by influencing neurotransmitter function, 
supporting myelin formation and DNA synthesis (Rouault, 2013; Ward et al., 2014) and modulating metabolic energy production 
(Larsen & Luna, 2015). Preadolescence represents a critical period during which non-heme iron rapidly accumulates to 
meet the demands of brain maturation (Treit et al., 2021). Recent studies have started to reveal close associations between 
adolescent basal ganglia brain iron and cognitive function (Darki et al., 2016; Hect et al., 2018), and have shown that 
psychiatric disorders are more prevalent in youth with iron deficiency (Cortese et al., 2011), autism (Tang et al., 2021), and first-
episode psychosis (Xu et al., 2021). However, to date, no studies have addressed brain iron in the context of early adolescent 
brain development and its impact on internalizing, externalizing, and attention behaviors in a well-characterized, low-income, 
predominantly minority early adolescent sample. Assessing such behavior is particularly important as it allows for the 
detection of prodromal symptoms in advance, leading to early intervention and a better prognosis. We will test the hypothesis 
that decreased non-heme iron, indicative of delayed neurological development, will be associated with elevated behaviors in 
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both internalizing and externalizing domains. Furthermore, we expect specificity in which brain structures reflect di!erent iron 
levels across internalizing, externalizing, and attention domains.

Methods: Imaging data were acquired from 51 adolescents and children (34 females), aged 7 to 16 (M = 12.15, SD = 2.40), 
who were enrolled in the ongoing Perinatal Imaging of Neural Connectivity (PINC) study. This study initially conducted fetal 
MRI studies in pregnant women and now follows the developmental progress of these children. Non-heme iron levels in the 
substructures of basal ganglia and hippocampus were measured using susceptibility-weighted imaging on a Siemens Verio 
3 T scanner equipped with a 12-channel head coil. The iron content in substructures of the basal ganglia and hippocampus 
was estimated in vivo from an 11-echo multiple gradient-echo sequence with a voxel size of 0.5 × 0.5 × 2 mm, echo times (TE) 
= 5.68–31.38 ms with an inter-echo interval of 2.57 ms, repetition time = 37 ms, flip angle = 15°, bandwidth = 465 Hz/pixel, 
and field of view = 512 × 384. Internalizing (anxiety, depressive, and somatic symptoms), externalizing (disruptive conduct, 
impulsive, and addictive symptoms), and attention behaviors of children and adolescents were assessed using the Child 
Behavior Checklist (CBCL) (Achenbach, 1994).

Results: Lower brain iron in both the substantia nigra (Fig. 1a) and hippocampus (Fig. 1b) was correlated with poorer attention 
levels, as shown in Fig. 2a and Fig. 2b. Conversely, the higher brain iron content of the left red nucleus (Fig. 1c) was correlated 
with severe internalizing behavior, as shown in Fig. 2c.

Conclusions: In this study, we present results on how di!erent regional brain iron contents are associated with the behaviors 
of adolescents and children. While replicating previous studies that reported a correlation between lower brain regional 
iron contents and the decline in attention levels (Cortese et al., 2011), our results mark the first study to demonstrate a 
correlation between internalizing behavior and higher iron levels in the red nucleus. We speculate that this pattern indicates 
an overdevelopment of the red nucleus, responsible for managing the shift from one motor response to another. Our 
hypothesis is that individuals more vulnerable to anxiety, depressive, and somatic symptoms tend to undergo a process of 
overdeveloping the red nucleus as a compensatory mechanism. Our future work will explore whether overdevelopment 
is associated with heightened rumination, and whether youth with using di!erent coping strategies show varied brain 
iron loading.
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Introduction: FCD is a disease caused by abnormal proliferation and di!erentiation of focal cortical neurons, cortical 
architecture and migration, which is the most common cause of refractory secondary epilepsy in children.In epilepsy surgery, 
FCD accounts for about 40% to 50% of pediatric epilepsy surgery patients. Compared with adults, children’s brains are still 
in the developmental stage, and the morphological characteristics of lesions are more subtle and di"cult to distinguish. At 
the same time, there are few sample data for children with epilepsy, and traditional research methods based on regions or 
individuals are used. Therefore, for these patients, we propose a machine learning method based on brain surface vertices, 
which deeply utilizes the morphological characteristics of MRI-negative children with epilepsy and improves the Predictive 
accuracy in MRI-negative children with epilepsy and provides a theoretical basis. Provide assistance to doctors in clinical 
diagnosis and treatment.

Methods: A MRI-positive cohort of 72 patients from publicly available data(https://www.nature.com/articles/s41597-023-
02386-7). The other one MRI-positive cohort of 11 child patients and MRI-negative cohort of 8 child patients from Shenzhen 
Children’s Hospital following permission by the hospital ethical review board. Patients younger than 3 years of age or 
Prognosis is not standard (<Engel class II) were excluded. A control group of 32 participants with no history of any neurological 
diagnosis from publicly available data ABIDE.

All patients and controls were scanned on a 3-T MRI system. 3D structural T1w images using the following protocols [TR] 
= 2300 milliseconds,[TE] = 2.74 milliseconds,[FOV]= 256 × 256 mm,[FA] = 8°,voxel size=1×1×1 mm3.Cortical reconstructions 
were generated using FreeSurfer version 7.3(https://surfer.nmr.mgh.harvard.edu/) for all participants. Lesion masks were 
manually delineated for the all patients by an experienced pediatric neuroradiologist. The lesion masks were first mapped 
onto the individual surface reconstructions and then onto the bilaterally symmetric template(fsaverage_sym).Measures 
of morphological/intensity features. The following measures were calculated per vertex across the cortical surface in all 
participants: cortical thickness, intensity at the gray-white matter contrast, curvature, sulcal depth, intrinsic curvature and 
boundary sharpness coe"cient(BSC).We evaluated the discrimination of BSC. All features were smoothed with a 10mm 
Gaussian kernel and underwent two normalization procedures: within-subject z scoring and a between-subject z scoring. 
And then, all features were registered to fsaverage_sym : a bilaterally symmetrical template space. The Scikit-learn toolbox 
was used to create a linear classifier that classifies each vertex as diseased or non-diseased. The classifier is trained using 
data from MRI-positive cohort. And then input features from MRI-negative cohort per-vertex and output predictions. grouped 
into neighbor-connected clusters of vertices. If the predicted vertex cluster hits the manually outlined ROI, it is considered a 
successful detection.
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Results: The network was trained using a leave-one-out crossvalidation approach to assess the accuracy of the classifier on 
the MRI-positive cohort . And then trained on all 83 MRI-positive and tested on MRI-negative cohort. Of the 83 patients with 
visible FCD on MRI, the classifier was able to detect the lesion in 67 (sensitivity = 81%). In 5 of the 8 patients (sensitivity = 62%) 
with negative MRI, the predicted vertex cluster overlapped with the hand-delineated lesion mask.No clusters were detected In 
healthy controls(specificity = 100%).

Conclusions: We propose an automatic method for detecting FCD and test the feasibility of BSC in predicting FCD lesions. 
After adding BSC feature, the sensitivity of vertex classification is increased by 4%. Ultimately, there was 81% sensitivity in the 
positive MRI cohort and 62% sensitivity in the negative MRI cohort, with a specificity of 100%.
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Introduction: To better understand the shared also unique neural substrates underlying child psychopathology, we 
investigated the Child Behavior Checklist (CBCL) and decomposed CBCL into one general psychopathology factor and three 
specific symptom factors (Conduct Problems, ADHD and Internalizing Problems). Following the guideline of National Institute 
of Mental Health (NIMH) Research Domain Criteria (RDoC) that explores brain function through a dimensional perspective, we 
examined the relationship between the psychopathology factors and brain morphology measures using all children’s baseline 
data from Adolescent Brain Cognitive Development (ABCD) study regardless of their clinical diagnosis.

Methods: The tabulated baseline data for CBCL item scores, FreeSurfer-derived (Destrieux atlas) cortical regional brain 
volume, surface area, and thickness from the multisite ABCD study (release 5.0) was used in the analysis. The data included a 
total of 11693 subjects (9.48 ± 0.50 years old, 47.7% female). We performed factor analysis on the CBCL item scores following 
the methodology presented by Moore et al. (2020). Briefly, 8 items were removed due to low correlation with other items and 
3 pairs of items were combined due to high correlation with each other. Exploratory factor analysis was first performed on 
random half of the ABCD sample, revealing 3 specific symptom factors: Conduct Problems, ADHD and Internalizing Problems. 
Subsequent confirmatory factor analysis was conducted on the remaining half sample defining one general psychopathology 
factor and 3 previously found symptom factors. All four factors were orthogonal to each other. Separate multivariate linear 
mixed e!ects models were performed on cortical regional brain volume, surface area and thickness. All above obtained 
factors were included in the models with additional covariate of age, sex, race/ethnicity and scanner model to examine the 
relationship between each of the factors and brain morphology. Family id was included as random intercept. The resulting 
t-value was thresholded at p<0.05 (FDR-corrected). Both factor analysis and multivariate linear mixed e!ects models take into 
account of the clustering of site and family by utilizing imputed raked propensity weight (Heeringa et al., 2020).

Results: A wide-spread negative association was discovered between Conduct Problems and cortical regional volume. This 
negative association was mostly originated from surface area. In contrast, ADHD showed a negative correlation with cortical 
volume stemming from a combination of decreasing in surface area and cortical thickness. Finally, Internalizing Problems 
showed a pattern of positive association with cortical volume reflected in increases in surface area.

Conclusions: Our results showed distinct patterns of association between brain morphology and di!erent symptom factors, 
suggesting unique neurodevelopmental brain structure profiles associate with di!erent child psychopathology phenotypes. 
This unique structural abnormality may serve as potential biomarkers for predicting the emergence of psychopathology 
later in life.
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Introduction: Social deficit is a core symptom of autism spectrum disorder (ASD). Atypical brain function of people with ASD 
have been widely reported on the triple network model1, which is related to social communication and contains default mode 
network (DMN), executive and control network (ECN) and salience network (SN). However, it’s unclear what the transient 
states of these networks look like in people with ASD. Co-activation pattern (CAP) is a clustering-based method to study the 
transient network states (TNSs)2. Most CAP studies focused on temporal features, the spatial stability of TNSs hasn’t been 
well studied. In this work, we used CAP to study the spatial stability among TNSs related to triple network modal and the 
di!erences between people with ASD and healthy controls.

Methods: Data: Resting state fMRI data of 266 male subjects from 7 sites of ABIDE II dataset3(133 ASD, 133 healthy controls 
(CON)) were included in this work. All subjects had full IQ higher than 80. Within a site, the age and full IQ were matched for 
ASD and CON groups and each group had at least 10 subjects. There were 184 subjects (92 ASD, 92 CON) with records of 
Social Responsiveness Scale (SRS) T scores. CAP: After normal preprocessing pipeline, a 400-node atlas4 was used to extract 
time courses. The time courses of all subjects were concatenated by time and performed k-means clustering. Each frame 
was divided into one cluster and the cluster centers were defined as TNSs. The TNSs map were normalized by dividing the 
within-cluster standard deviation. After visual inspection, a threshold of 0.4 was defined as significant activation. The CAP was 
performed on all subjects and within each site, the TNSs of each site were matched with TNSs of all subjects based on spatial 
patterns. Spatial stability: The spatial stability was evaluated from three aspects: 1) Multisite spatial similarity was compared 
among TNSs. 2) Distance to cluster center of each frame was compared among TNSs and between ASD and CON groups 
using ANOVA and post hoc T tests. 3) Individual level significant activation rate (iSAR) was compared between ASD and CON 
groups. For one subject, the iSAR of a parcel in a TNS was defined as the n/N, n was the number of significantly activated 
frames with a threshold of 0.4 and N was the total number of frames in this TNS. T test was performed on iSAR of each TNS to 
study the group di!erences and canonical correlation analysis (CCA) was performed with iSAR and SRS T scores to study the 
relationship between them. CCA converted iSAR and SRS T scores into canonical variate (CV) pairs. The correlation between 
first CV pair represented relationship between iSAR and social deficits. The correlation of each raw feature and its first CV 
represented its contribution.

Results: We chose six as the optimized k number, which converted DMN, ECN and SN into three pairs of ‘mirror’ patterns. The 
TNSs were named according to the condition of the dominating network of it (Fig 1). The DMN TNSs showed highest spatial 
stability with higher multisite spatial similarity and shorter distance to center of each frame while the ECN TNSs showed lowest 
spatial stability. Comparing with CON, ASD group showed higher distance to center at every TNS representing the reduced 
spatial stability of them. Besides, ASD group showed significant lower iSAR on ECN-n and DMN-p (Fig 2A, B, E and F). The 
iSAR showed significant correlation with SRS T scores (Fig 2C and F). The reduced iSAR were related to severer social deficits 
since the iSAR values showed positive correlation while SRS T scores showed negative correlation with their first CV (Fig 
2D and H).
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Conclusions: We defined six TNSs which yielded DMN, ECN and SN into three pairs. The DMN TNS pair had highest spatial 
stability while ECN TNS pair had lowest spatial stability. Besides, people with ASD had lower spatial stability on every TNS and 
the reduced spatial stability of ECN-n and DMN-p was related to severer social deficits.
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Introduction: 22q11.2 Deletion Syndrome (22q11DS) is a genetic syndrome characterized by an increased risk of 
neurodevelopmental disorders including autism and schizophrenia (Gur et al., 2017; Niklasson et al., 2009; Tang et al., 2014). 
22q11DS has been consistently linked to alterations in large-scale functional connectivity (Mattiaccio et al., 2016; Scariati et 
al., 2016). However, the origin and biological determinants of such functional alterations remain largely unexplored. To bridge 
this knowledge gap, the current study leveraged a cross-species design to track the developmental trajectory of 22q11DS 
connectopathy and uncover its neurophysiological underpinnings.

Methods: Mouse studies We longitudinally mapped resting-state functional connectivity in wildtype (WT, n =22) and LgDel 
mice (n = 21), an established model of 22q11DS, at two developmental timepoints (juvenile, p33-37; adult, p105-120), using 
global connectivity (Cole et al., 2010). To assess the biological basis of functional connectivity alterations, we developmentally 
treated mice with the GSK3β inhibitor SB216763 and longitudinally mapped their functional connectivity (WT SB, n=22; 
LgDel SB, n=23). Spine density counting in prelimbic cortex and hippocampus was also performed in mice with and without 
GSK3β inhibition (Juvenile: WT n=4, WT SB n=4, LgDel n=6, LgDel SB n=7; Adult: WT n=4, WT SB n=4, LgDel n=4, LgDel SB 
n=4). Human studies To assess the relevance of our findings for human 22q11DS, we applied the same connectivity mapping 
methods to individuals with 22q11DS and healthy controls (HC) split into two age subgroups: childhood (6-11 years, 22q11DS 
n = 21, HC n = 31) and peri/post-puberty (12-30 years, 22q11DS n = 118, HC n = 86). Gene decoding analyses identified genes 
whose spatial expression matched that of significant age by genotype interaction. Gene enrichment analyses were used to 
test the overlap between these genes and interactors of GSK3β, or gene lists relevant for neurodevelopmental disorders. The 
relationship between 22q11DS dysconnectivity and Social Responsiveness Scale scores was assessed using a linear model.

Results: fMRI mapping in LgDel mice revealed patterns of age-specific fMRI dysconnectivity. Specifically, we found that 
widespread fMRI hyperconnectivity in juvenile mice reverted to focal hippocampal hypoconnectivity over puberty (Fig. 1a). 
Notably, fMRI connectivity changes were mirrored by co-occurring alterations in dendritic spine density (Fig. 1b), suggesting a 
synaptic origin for this phenomenon. Supporting this notion, we found that both synaptic and fMRI connectivity alterations in 
juvenile mice were normalized by developmental GSK3β inhibition (Fig. 1c-e). These results suggest that fMRI dysconnectivity 
in LgDel mice may be related to maladaptive synaptic homeostasis. In keeping with our mouse results, we identified a similar 
cortico-hippocampal hyper- to hypoconnectivity reconfiguration over puberty in human 22q11DS (Fig. 2a). Corroborating a 
synaptic origin of these changes, areas undergoing functional reconfiguration were transcriptionally enriched for synaptic 
proteins that interact with GSK3β (Fig. 2b, hypergeometric test: OR = 2.91, p= 0.00005). The same regions also exhibited a 
significant enrichment in autism-related genes (Fig. 2c), suggesting that dysconnectivity in these areas may be relevant to 
autism-related behavioral traits. In keeping with this notion, developmental dysconnectivity strength was strongly predictive of 
autism-relevant socio-behavioral symptoms (Fig. 2d).
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Conclusions: We document a previously unreported reconfiguration of fMRI dysconnectivity in 22q11DS over puberty. 
Mouse and human studies converge to suggest that the observed fMRI alterations are underpinned by synaptic-dependent 
mechanisms, and could be predictive of socio-behavioral alterations. These results shed light on the etiopathological 
significance and behavioral relevance of fMRI connectivity alterations in 22q11DS.
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Introduction: Autism spectrum disorder is a pervasive condition during development. Individuals with autism show deficits 
in sensory and social communication skills1. Recent neuroimaging studies based on magnetic resonance imaging (MRI) found 
alterations in large-scale functional brain networks using low-dimensional features2,3. Here, we aimed to assess network 
disorganization of the brain in individuals with autism by generating low-dimensional latent features of structural connectivity 
using an autoencoder.

Methods: We obtained di!usion MRI of 80 individuals with autism (mean ± standard deviation (SD) age = 12.1 ± 4.9 years) 
and 61 neurotypical controls (13.2 ± 4.0 years) from the Autism Brain Imaging Data Exchange-II (ABIDE-II) initiative4. The 
di!usion MRI was preprocessed using MRtrix35, and the structural connectivity matrix was constructed based on probabilistic 
tractography with 200 brain regions defined using the Schaefer atlas. After controlling for age, sex, and site from the structural 
connectivity, we trained the autoencoder, which consisted of the encoder and decoder layers. The encoder reduces high-
dimensional input data to generate low-dimensional latent features, and the decoder reconstructs the original data using 
the latent features. The model consisted of five encoder and decoder layers, and we used Averaged Stochastic Gradient 
Descent (ASGD) optimizer with a learning rate of 0.00008. The model was trained for the autism and neurotypical control 
groups, respectively. The performance of the model was assessed based on the linear correlations between the original and 
reconstructed data. We then calculated the integrated gradient values, which denote the attribution of each element of the 
input connectivity matrix for predicting the latent features6. After the z-normalization, we compared the integrated gradient 
values between autism and control groups using two-sample t-tests and 1,000 permutation tests. The multiple comparisons 
were corrected using a false discovery rate (FDR) < 0.05. We adopted canonical correlation analysis (CCA) to investigate the 
association between the integrated gradient values and the symptom severity of autism measured by the Autism Diagnostic 
Observation Schedule (ADOS). The optimal number of canonical components was determined using five-fold cross-validation, 
and the degrees of the associations were assessed using the explained variance.

Results: The autoencoder model revealed significant correlations between the original and reconstructed data for autism 
(mean ± SD; 100 bootstraps = 0.427 ± 0.165) and control groups (0.271 ± 0.133) (Fig.1A). Between-group comparison of 
the integrated gradient values showed the highest e!ects within the default-mode network and between the visual and 
frontoparietal/ventral networks, while the smallest e!ects were found within the visual network and between the somatomotor 
and dorsal attention networks (Fig.1B). The brain-behavior associations revealed that the three canonical components were 
significantly associated (1st: r = 0.726, p < 0.001; 2nd: r = 0.732, p < 0.001; 3rd: r = 0.647, p < 0.001; Fig. 2). In particular, the 
ADOS communication sub-score was strongly associated with the integrated gradient values within the default-mode network 
and between somatomotor-visual/limbic/frontoparietal networks.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 598

ABSTRACTS

Conclusions: We identified structural connectivity di!erences between individuals with autism and neurotypical control 
via low-dimensional latent features of the autoencoder. In particular, sensory and transmodal regions showed significant 
between-group di!erences. Additionally, the di!erences were related to the communication skills in autism. Our findings may 
improve the understanding of autism. 
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Introduction: Many mental health issues are neurodevelopmental in nature with childhood and adolescence being a 
particularly sensitive period for onset of symptoms, which a!ect a significant number of adolescents1. Given the rising 
prevalence of mental health issues among adolescents in recent years, understanding the development of these conditions 
has become a critical public health objective. Here, we applied two separate linear models to examine between-group 
di!erences at baseline and the changes at 2 year follow up compared to baseline to identify the development of brain during 
the onset of mental health problems.

Methods: We selected ABCD study2 participants with initial t-scores under 65 on the DSM-oriented CBCL scales, but who 
exceeded this threshold at two-year follow-up3. After excluding those without usable MRI data or a psychiatric history at 
baseline, our identified 55 individuals with ADHD, 94 with anxiety, 44 with conduct disorders, 105 with depression, 49 with 
oppositional defiant disorders, 144 with somatic symptoms, and 1679 controls. Our imaging data included 1876 image features 
from 6 modalities extracted: structural MRI, di!usion MRI, and functional MRI data (resting state MRI, task fMRI: Monetary 
Incentive Delay task (MID), task fMRI: stop signal task (SST), task fMRI: emotional n-back (EN-back))4. Then, we built two 
linear models including all controls: For baseline data: baseline data~ Group + Age +Sex +IQ + EA; For the changes from 
baseline to 2 year follow up: 2 year follow up data ~ Group+ baseline data + Age +Sex +IQ +EA in R for six disorders in six 
modalities to find if there any significant di!erences (p(FDR)<0.05/6) between healthy controls and patients with age, sex, IQ 
and educational level of parents (EA) as covariates. In addition, we also estimated correlation matrices of these six modalities 
based on the t values from above models to investigate the comparability of imaging e!ects across the disorders.

Results: We found significant development of brain from three disorders:1. the ADHD group showed higher correlation 
between ventral attention network (VAN) and right caudate, and a lower correlation between VAN and right putamen than HC 
from resting state fMRI in the changes model. 2. Individuals with conduct problems showed decreased mean beta weights 
for task fMRI: SST correct stop versus incorrect stop contrast in left pallidum compared to HC in the changes model. 3. 
Oppositional defiant group showed increased volume in left cerebral white matter from structure MRI, and increased fiber tract 
volume of all DTI atlas tract fiber tracts, of DTI atlas tract in the left superior longitudinal fasiculus, in the left hemisphere and 
left hemisphere without corpus callosum, in the left striatal inferior frontal cortex and left superior corticostriate-parietal cortex 
only, in the foreceps major, foreceps minor and corpus callosum, and in the left superior corticostriate. And all these features 
found from interaction models were not shown at baseline. However, there is no result from anxiety group, depression group 
and somatic group, compared to controls. From these three diseases, we can find some features close to the reading line 
(p=0.05/6). From the correlation matrices, the imaging data showed di!erent correlations between di!erent groups in both 
baseline and longitudinal models except for structural MRI.
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Conclusions: In conclusion, we have discovered some important brain imaging indicators and brain areas in the development 
of ADHD, conduct, and oppositional defiant problems. At the same time, complex relationships between six diseases were 
found in di!erent modalities. This will help to further understand the changes in the brain during the development of these 
diseases and can provide some new ideas for future intervention and treatment. Together, this has the potential to improve 
the treatment of children with mental health problems.
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Functional mapping of facial movements in Tourette Syndrome

Caitlin Smith1, Mairi Houlgreave1, Michael Asghar2, Susan Francis2, Stephen Jackson1

1School of Psychology, University of Nottingham, Nottingham, England, 2Sir Peter Mansfield Imaging Centre, School of Physics 
and Astronomy, University of Nottingham, Nottingham, England

Introduction: Key mechanisms implicated in the mediation of cortical activity and cortical representations are surround 
inhibition and the inhibitory neurotransmitter È-aminobutyric acid (GABA). For instance, animal research has shown GABA 
antagonist injected into the motor cortex results in the fusion of motor representations between adjacent muscles and 
weakens sensory map plasticity and receptive field tuning (Jacobs et al., 1991). Evidence from Focal Hand Dystonia, a 
movement disorder characterised by involuntary muscle contractions in the hands and arms, has supported this link 
with evidence of impaired sensorimotor GABAergic inhibition (Levy et al., 2002) and abnormal and disorganised cortical 
mapping of the hand and digits (Meunier et al., 2001). Similarly, Tourette Syndrome (TS) is a movement disorder thought to 
be characterised by altered inhibition (Jackson et al., 2015). TS is a neurodevelopmental, hyperkinetic movement disorder 
involving involuntary motor and vocal tics. However, it is unclear if functional mapping of body parts commonly involved in 
tics are a!ected in TS, as this has not yet been investigated. This study aimed to use task-fMRI to investigate the functional 
representations of di!erent facial movements, a region commonly a!ected by tics in TS, in the motor and sensory cortices of 
those with TS and in healthy controls (HC).

Methods: Task-fMRI acquisition: 3T fMRI data were acquired using a 32-channel head coil (Philips, Ingenia) in 19 participants 
with TS or chronic tic disorder (8F, mean age: 34.7, SD: 11.2) and 13 HC participants (6F, mean age: 27.3, SD: 5.2). BOLD fMRI 
parameters included single-shot 2D T2*-weighted GE-EPI sequence (2.5 mm thickness, 48 slices, MB = 4, TR/TE = 1000/30 
ms). Three fMRI task blocks were acquired with participants visually instructed to perform a facial movement at 1Hz (8s ON, 
24s OFF; 8 cycles). Each task block consisted of a di!erent facial movement; blinking, grimacing, and jaw clenching. These 
movements are very common tics experienced by those with TS (Baizabal-Carvallo et al., 2023). Video recordings were 
acquired during scans to obtain timings of movements. Analysis: fMRI data was distortion corrected using FSL-TOPUP and 
thermal noise was removed using NORDIC (Andersson et al., 2003; Vizioli et al., 2021). The resulting de-noised datasets 
were pre-processed and put through first-level analyses using FSL-FEAT (FMRI Expert Analysis Tool; Jenkinson et al., 2012), 
which included registration, high-pass temporal filtering, spatial smoothing, normalisation, and motion correction. A dataset 
was removed if absolute motion displacement was >2.5mm, leaving 9 TS and 12 HC datasets for the blink task, 9 TS and 10 
HC datasets for the grimace task, and 10 TS and 11 HC datasets for the jaw clench task. A mixed-e!ects analysis was used to 
average responses in TS and HC groups for each block (blink, grimace, or jaw clench). Results were masked to cover bilateral 
supplementary motor areas (SMA) and bilateral pre- and post-central gyri as defined by the Harvard-Oxford Cortical Structural 
atlas, before applying cluster correction determined by a Z-threshold of 2.3 (p = 0.05; Worsley, 2001).

Results: Significant cluster activations were identified across the bilateral SMA and pre- and post-central gyri for blink, 
grimace, and jaw clench blocks in both the HC and TS groups (Figure 1; Z=2.3, p<.05). However, these clusters did not 
significantly di!er between groups suggesting similar activations within the bilateral SMA and pre- and post-central gyri 
across groups.
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Conclusions: This data suggests that functional mapping of facial movements (blinking, grimacing and jaw clenching) are not 
altered in TS.
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Sensory Symptoms May Mediate Changes of Social Symptoms and Social Brain Development in Autism
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Introduction: Sensory symptoms are common in individuals with autism spectrum disorder (ASD) and are associated with 
social deficits in ASD. Sensory sensitivity can influence selective attention to social stimuli, decoding intentions, social 
reciprocity, and adherence to social norms of behavior. Whether and how sensory symptoms mediate social symptoms and 
social brain network during the development is unclear. This study aims to investigate how sensory symptoms mediate social 
deficits and the relationship between social brain network and social deficits in a longitudinal ASD sample.

Methods: This study recruited 248 individuals with ASD (mean age 10.7 years old, male 87%) and 120 typically developing 
controls (TDC, mean age 11.4 years, male 75%). The participants were followed for 7 years in ASD in average and 5 years in 
TDC. Social deficits were measured by the Social Responsiveness Scale (SRS), while sensory symptoms were evaluated by 
sensory items in the SRS and Short Sensory Profile. A subsample of the participants underwent head MRI at two time points. 
We used single and multiple mediation analysis to examine whether sensory symptoms can mediate social development. We 
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also examine whether sensory symptoms can mediate the prediction of the social brain structures towards social deficits at 
follow-up.

Results: We found that sensory symptoms were significantly correlated with social deficits at each cross-sectional time 
point. Besides, we found that sensory symptoms at either Time 1 or Time 2 significantly predict social deficits at Time 2, and 
significantly mediate social deficits from Time 1 to Time 2. In neuroimage analysis, we also found that sensory symptoms may 
mediate the relationship between some social brain structures at Time 1 and social deficits at Time 2, including the gray matter 
volume of the right posterior middle cingulate cortex, right lateral fissure (posterior part), left inferior parietal cortex (angular 
part and supramarginal part), left precuneus, right parieto-occipital cortex, and left superior occipital cortex.

Conclusions: Our findings suggested that sensory symptoms may mediate the changes in social deficits behaviorally and the 
relationship between gray matter volume of social brain structures and social deficits at follow-up. These findings suggest 
that clinical remediation on sensory symptoms might potentially help improvement on social functioning, that warrants 
further investigation.
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Potent DWI marker to predict the improvement of core language after pediatric epilepsy surgery
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Introduction: Subsets of children with drug-resistant focal epilepsy show improvement in language skills postoperatively, 
which may enhance the overall quality of life for these individuals1,2. This study seeks to explore a preoperative imaging 
marker specific to children with left-hemispheric seizure focus who had a short-term postoperative language enhancement. 
We hypothesized that the right hemisphere of such patients would have an increase in “local e"ciency of axonal connectivity” 
that facilitates information transfer between brain regions, especially associated with core language function.

Methods: 19 patients with drug-resistant epilepsy associated with left-hemispheric seizure focus and language dominance 
(11.9±4.3 years old) underwent both preoperative 3T DWI tractography scan using 55 encoding directions at b=1000 s/mm2 
and pre-/postoperative neuropsychological language tests (average interval: 2.5 months, 6 patients improved core language 
scores after surgery). 3T DWI tractography data of 28 age-matched healthy controls were also obtained at the same scanner. 
Whole-brain tractography was sorted to construct two whole-brain backbone DWI connectomes (DWIC), whose elements 
were total tract counts of pair-wise connections weighted by average fractional anisotropy (FA) values to account for the 
axonal integrity inferring alterations in the axonal diameter, fiber density or myelin structure, 1) raw DWIC with a total of 1477 
connections that may have false-positive tracts3 in each connection (i.e., wiggly tract and broken tract, etc.) and 2) clean 
DWIC with the 1477 connections, where deep convolutional neural network (DCNN) tract classification3 removes all potential 
false-positive tracts in each connection. From each DWIC of two DWIC data, left and right intra-hemispheric networks were 
extracted. In each network, local e"ciency analogue (LEA)4 related to the average resistance distance between a given node 
and the remaining nodes was calculated as a metric quantifying the e"ciency of local information flow from the given node. 
Lateralization index (i.e., LI = [right LEA–left LEA]/[right LEA+left LEA]) was extracted from individual nodes. The Kruskal-Wallis 
test was then used to identify key nodes showing significant di!erence of LI value between two groups: improvement vs. no 
improvement. The LI values of key nodes were fused using ranked supervised multivariate canonical correlation (SMVCCA)5 
and evaluated using a multi-layer perceptron (MLP) to predict patients with postsurgical language improvement via 3-fold 
cross validation.

Results: In contrast to the no improvement group, the improvement group exhibited higher LI values across multiple nodes of 
the intra-hemispheric network with significant group di!erences at p ≤ 0.05 (Fig. 1). Notably, the LI values in the improvement 
group surpassed even those of healthy controls. Clean DWIC demonstrated superior accuracy in predicting three classes, 
with a BA of 84±9% from MLP and BA of 93±3% from MLP with ranked sMVCCA, compared to raw DWIC (68±9% and 85±2%, 
left plot of Fig. 2). The LI values at multiple nodes, including thalamus (THA), superior temporal gyrus (STG), precentral gyrus 
(preCG), superior parietal gyrus (SPG), and superior occipital gyrus (SOC), were identified as crucial markers that exhibited 
atypical increases of LEA values (and FA values) in the right hemisphere, contributing significantly to the prediction of short-
term language improvement (right plot of Fig. 2).
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Conclusions: This study provided initial evidence in left-hemispheric epilepsy indicating an increase in local e"ciency and 
axonal integrity within the contralateral motor-language-visual network that could be a specific pattern of neural plasticity 
influencing the favorable likelihood of postoperative language improvement. More investigation with a larger study cohort is 
essential to identify who is likely to benefit from early surgery.
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Identification of sex di!erences in autism using class imbalance mitigated functional connectivity
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Introduction: Autism spectrum disorder (ASD) is a common psychiatric condition during development, and individuals with 
ASD show impaired social interaction skills and restricted/repetitive behaviors (Mottron et al. 2006). The natural characteristic 
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of ASD is that males tend to be diagnosed more frequently than females (Werling and Geschwind 2013). Due to the sex 
imbalance in ASD, we lack an understanding of the di!erences in connectome organization of the brain between male and 
female individuals with ASD. In this study, we matched the sex ratio using a Gaussian mixture model-based oversampling 
technique and investigated the di!erences in functional connectivity between male and female ASDs.

Methods: We obtained T1-weighted structural MRI and resting-state functional MRI (rs-fMRI) data of 507 individuals with ASD 
(mean ± SD age = 17.08 ± 8.50 years; 12.22 % female) and 553 typically developing controls (mean ± SD age = 17.10 ± 7.74 
years; 17.35 % female) from Autism Brain Imaging Data Exchange I initiative (ABIDE-I) (Di Martino et al. 2014), and the imaging 
data was preprocessed using micapipe (Cruces et al. 2022). The functional connectivity matrix was constructed by calculating 
linear correlations of time series between di!erent brain regions defined using the Schaefer atlas with 300 parcels (Schaefer 
et al. 2018). We applied di!usion map embedding to estimate low-dimensional representations of functional connectivity (i.e., 
gradients) (Margulies et al. 2016; Vos de Wael et al. 2020; Coifman and Lafon 2006) and summarized it according to seven 
intrinsic functional networks (Thomas Yeo et al. 2011). To adjust the class imbalance problem between sexes, we estimated 
the gradient distribution of the female group using the Gaussian mixture model and generated synthetic samples from the 
estimated distributions. Then, we assessed the interaction e!ects of sex and group to evaluate sex-related di!erences in 
functional gradients. The significance was assessed using 1,000 permutation tests, and multiple comparisons across brain 
networks were corrected using a false discovery rate (FDR) < 0.05 (Benjamini and Hochberg 1995).

Results: The generated functional gradient di!erentiated sensory regions and default mode areas (Fig. 1a). The oversampled 
gradients of females with ASD and control groups showed similar spatial patterns with the actual data. When we assessed 
the interaction e!ect between sex and group, the default mode network showed a significant e!ect (t = -5.63, p-perm-FDR < 
0.001; Fig. 1b). In addition, the visual (t = 2.22, p-perm-FDR = 0.098), somatomotor (t = 2.63, p-perm-FDR = 0.079), and dorsal 
attention networks (t = 2.73, p-perm-FDR = 0.079) showed moderate e!ects. Specifically, the gradient values decreased in 
females with ASD than controls in the default mode network, while those of male ASDs did not change. The gradient values of 
the sensory and attention networks showed opposite patterns.

Conclusions: In this study, we opted for the Gaussian mixture model-based oversampling approach to mitigate sex imbalance 
in the ASD dataset and observed significant sex-related di!erences in functional gradients in individuals with ASD. Our 
systematic analyses may provide insights for understanding the heterogeneity of ASD. Funding: National Research Foundation 
of Korea (NRF-2021R1F1A1052303; NRF-2022R1A5A7033499), Institute for Information and Communications Technology 
Planning and Evaluation (IITP) funded by the Korea Government (MSIT) (No. 2022-0-00448, Deep Total Recall: Continual 
Learning for Human-Like Recall of Artificial Neural Networks; No. RS-2022-00155915, Artificial Intelligence Convergence 
Innovation Human Resources Development (Inha University); No. 2021-0-02068, Artificial Intelligence Innovation Hub), 
Institute for Basic Science (IBS-R015-D1).
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In vivo mapping of cortical excitation-inhibition imbalance in temporal lobe epilepsy
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Introduction: Excitation-inhibition (E:I) imbalance is posited as a fundamental pathophysiological mechanism in temporal lobe 
epilepsy (TLE).1 However, previous evidence supporting this hypothesis has been primarily derived from experimental studies 
in non-human animals. This study aims to non-invasively elucidate the cortical pattern of E:I imbalance in TLE patients and 
explore its associations with disease severity and cognitive impairment.

Methods: We studied 40 pharmaco-resistant TLE patients (17 males; age = 35.80±11.04 years; 27/13 left/right focus) and 40 
age- and sex-matched healthy controls (19 males; 34.25±3.98 years). All participants underwent multimodal MRI at 3T, as 
well as global cognitive testing including the Montreal Cognitive Assessment (MoCA) and EpiTrack. A subset of participants 
underwent follow-up MRI scans and cognitive assessment. Node-wise Hurst exponent score, reflecting scale-free properties 
(i.e., 1/f slop) of fMRI signal and serving as a proxy for the overall E:I ratio within a given region,2 was estimated via the 
univariate maximum likelihood method and discrete wavelet transform, modeling the resting-state fMRI timeseries as 
multivariate fractionally integrated processes. Quantitative and surface-wide between-group di!erences in Hurst exponent 
were assessed, with P-values adjusted for false discovery rate (FDR). Subsequently, we explored the relationship between 
TLE-related regional changes in Hurst exponent and microcircuit parameters estimated by connectome-informed biophysically 
computational simulations via a parametric mean-field model.3 Finally, we examined associations with clinical and cognitive 
measures at baseline, as well as prospective cognitive decline after a 2-year follow-up.

Results: In both cohorts, Hurst exponent scores exhibited a sensory-fugal distribution, being highest in the visual cortex, 
intermediate in the frontoparietal and default mode networks, and lowest in the paralimbic network (Fig. 1a, 1c), aligning with 
the sensory–fugal gradient of cytoarchitectural di!erentiation (healthy controls/TLE: rho = -0.41/-0.46, Pspin = 0.044/0.026). 
TLE patients had a significantly lower Hurst exponent score across the whole brain than healthy controls (Cohen’s d = 
-0.75, P < 0.001), indicating an overall elevated E:I ratio. Surface-based analysis further revealed marked reductions in local 
Hurst exponent scores in bilateral temporal lobes, dorsolateral and dorsomedial prefrontal cortices, precuneus, fusiform, 
and occipital cortex in TLE compared to healthy controls (PFDR < 0.05, Fig 1b). When stratifying the topography into 
functional communities, pronounced e!ects were observed in the transmodal association system, such as the default mode, 
frontoparietal, and attention networks, as well as the visual system (Fig 1c). Computational models indicated that the degree of 
Hurst exponent changes was closely related to atypical increases in recurrent connection strength in TLE (rho = -0.22, Pspin = 
0.015; Fig 1d). Finally, lower Hurst exponent scores in TLE patients were associated with longer disease duration (whole-brain, 
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t = -1.91, P = 0.016; significant clusters, t = -2.02, P = 0.013) and poorer performance on both the MoCA (t = 2.33, P = 0.006; t = 
2.93, P = 0.001) and EpiTrack tests (t = 2.72, P = 0.002; t = 3.06, P < 0.001). Moreover, in TLE patients, Hurst exponent scores 
declined significantly at the 2-year follow-up time point (Cohen’s d = -0.84, P = 0.002; Cohen’s d = -0.68, P = 0.006), mirroring 
the prospective decline in MoCA scores (t = 1.58, P = 0.035; t = 1.67, P = 0.031; Fig. 2).
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Conclusions: In TLE, our finding of reduced Hurst exponent scores likely indicates widespread cortical excitation-inhibition 
changes, tilting the balance towards increased cortical excitability. These changes were found to increase with ongoing 
disease progression and more marked cognitive impairment, highlighting the potential of the Hurst exponent as a 
neuroimaging biomarker for TLE-related dysfunction.
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Introduction: Diagnosis of Autism Spectrum Disorder (ASD) based on sMRI is more objective than clinical scales due to the 
high heterogeneity in symptom severity. Existing studies in binary classification between ASD and control based on small 
sample reported remarkable classification accuracies. However, accuracies on large heterogeneous datasets were not high1,2. 
This may be due to insu"ciently specific feature selection, insu"ciently e!ective feature combination, and the presence of 
multi-site noise. In this paper, we applied DP-ICA method to remove the site e!ect, and then combined three kinds of age-
specific structural features including regional, interregional features and disease vulnerability index using multiple kernel 
learning (MKL) for binary classification task. Results showed that our procedure reached the accuracy of 85.63% when 
discriminating ASD children from control.

Methods: Structural MRI data of 660 subjects from public ABIDE II dataset3 were included in this study. We divided all 
people into three age groups (Age1: 340 children aged 6-12 years old; Age2: 170 adolescent aged 12-18 years old; Age3: 150 
adults over the age of 18), and ensured that ASD and control group in each age stage had the same number of people and 
matched age (no di!erence between two groups). Data preprocessing was conducted by FreeSurfer. Desikan-Killiany Atlas4 
was used here for extracting three types of characteristics. (1) Morphological features (MF) included cortical thickness (CT), 
pial surface area (PSA), grey matter volume (GMV), folding index (FI) and curvature (CURV) were calculated in native space. 
(2) We constructed individual morphological brain network (MBN)5 with each subject’s grey matter maps processed by FSL-
VBM. Next, DP-ICA method6 was used for correcting site e!ects on MF and MBN. (3) The third type of features - regional 
vulnerability index (RVI)7, which was quantified by the Pearson correlation between standardized individual brain values and 
the e!ect size from large sample meta-analysis. We performed the meta-analysis by calculating the e!ect size in each site 
separately (16 sites in our study), and then combing them (refer to8). After preparing these 3 features, we performed a two-
step feature selection separately in 3 age stages for obtaining optimal feature subsets. Firstly, we applied two sample t-test 
on two high-dimensional features (MF and MBN), and features with p>0.05 (uncorrected) were excluded. Then, SVM-based 
recursive feature elimination (SVM-RFE) was conducted to evaluate the importance of these features in classification. Finally, 
we utilized MKL9 with appropriate weight to combine selected and specific MF, MBN and RVI in 3 age stages. We calculated 
accuracy, sensitivity, specificity, area under receiver operating characteristic curve and F-score for assessment of classification 
performance in a five-fold cross validation. And we repeated this procedure for 100 times to evaluate the performance of MKL 
compared to others via a paired t-test.

Results: Fig.1 showed the superiority of MKL in combination of 3 di!erent kinds of features, and the advantage of age-specific 
features in classification. It’s obvious that age1-specific features performed better than that in all subjects. And RVI had the 
highest weight in each age stage. Fig.2 displayed the most discriminative and age-specific features in 3 age stages. We could 
observe the same and specific characteristics among them.
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Conclusions: We proposed a procedure that combined three kinds of age-specific structural features in each age stage using 
MKL to distinguish ASD and control. Results showed that the most identifiable features di!ered in three age stages, thus 
the method sub-grouped by age was e!ective, especially in children group, where the accuracy was highest, indicating that 
abnormalities in ASD may be more easily observed in childhood.
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Structural alterations associated with emotion regulation deficits in children with and without ADHD

Sikoya Ashburn1, Nicholas Fogleman1, Jessica Cohen1

1University of North Carolina at Chapel Hill, Chapel Hill, NC

Introduction: Emotion dysregulation (ED) is the inability to exercise any or all modulatory processes involved in emotion 
regulation to such a degree that it results in impaired emotional functioning (Bunford, Evans, and Wymbs 2015). ED is often 
associated with Attention Hyperactivity Deficit Disorder (ADHD), a neurodevelopmental disorder traditionally characterized by 
inattention, hyperactivity, and impulsivity (Wehmeier, Schacht, and Barkley 2010). As measured by grey matter volume (GMV), 
neuroimaging studies have identified altered brain structure in children with ADHD, including increased GMV in bilateral 
frontal regions (Wu et al. 2019) and reduced GMV in posterior cortical regions and the cerebellum (Stoodley 2014). However, 
studies have yet to examine the relationship between GMV, ED and ADHD. Thus, we examined: (i) behavioral measures of 
ED in children with ADHD relative to typically developing (TD) children; (ii) the relationship between cortical and cerebellar 
GMV and ED measures; and (iii) whether di!erences in GMV are associated with ED when comparing children with ADHD to 
TD children.

Methods: We included a total of 54 children (26 TD children and 28 children with ADHD) between the ages of 8 and 12 
years. Parents of all children completed the Diagnostic Interview Schedule for Children Version IV (Sha!er et al. 2000) and 
Conners 3rd Edition (Conners 2008) to assess ADHD and the Child Behavior Checklist (CBCL; Achenbach and Rescorla 2001) 
and Emotion Regulation Checklist (ERC; Shields and Cicchetti 1997) to assess ED. T1-weighted images were reoriented to 
the anterior commissure, co-registered, and segmented (grey matter, white matter, and CSF). We then normalized our study 
specific DARTEL template to MNI space. CAT12 was used to calculate total intracranial volume (TIV) and to check for noise 
outliers. For each ED measure, we performed a one-way t-test with ED as a covariate of interest and TIV as a covariate of 
no interest to test the influence of ED on GMV. Next, we performed a two-sample t-test, dummy coding for group to test for 
e!ects of ED with respect to between-group di!erences in GMV. Lastly, we repeated these analyses on data processed 
through SUIT for cerebellar optimization.

Results: Children with ADHD were rated as exhibiting significantly higher ED on both the CBCL and ERC, indicating greater 
ED relative to TD children. Across all children, whole-brain analysis revealed that increased GMV in left inferior temporal 
gyrus and left subcallosal cortex, and decreased GMV in left middle frontal cortex, was associated with greater ED; these 
regions were consistent across both the CBCL and ERC. Additionally, greater ED, as assessed by the CBCL, was associated 
with increased GMV in right supramarginal gyrus and decreased GMV in left superior parietal lobule, cingulate gyrus, and 
right middle temporal gyrus. ED, as assessed by the ERC, was associated with decreased GMV in left postcentral and right 
cuneal gyri. When comparing between groups (TD > ADHD), we observed decreased GMV in children with ADHD in the left 
supramarginal gyrus (CBCL) and left insular cortex (ERC). Significant findings were not observed in the opposite comparison 
(ADHD > TD) or between cerebellar GMV and ED for either the one-way or between-group analyses.

Conclusions: Our study reinforces extant literature indicating that children with ADHD exhibit greater di"culties regulating 
their emotions relative to TD children, and demonstrates that cortical GMV is associated with ED in children. Additionally, 
several regions identified have been implicated in the emotion regulation process (Laxton et al. 2013), and are known to have 
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connections with cortical regions important for positive emotion regulation strategies (Scharnowski et al. 2020). In total, our 
study provides evidence of structural alterations associated with ED in children with ADHD and TD children.
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Introduction: Personalized whole brain network modelling has been tested for estimating the epileptogenic network in 53 
retrospective patients and is used in 356 prospective patients on the ongoing clinical trail (EPINOV)1-2. In this study, we aim 
to use a personalized whole brain network model to aid clinicians in planning surgical interventions for patients with drug-
resistant focal epilepsy.

Methods: For each epilepsy patient, we built a patient’s specific whole brain network model. The structural sca!old of the 
patient-specific whole-brain network model is constructed from anatomical T1 and di!usion-weighted magnetic resonance 
imaging. Bayesian inference methods sample and optimize key parameters of the personalized model using functional 
stereoelectroencephalography recordings of patients’ seizures. These key parameters determine a given patient’s 
personalized model. We performed virtual resection on this patient’s personalized models based on the sampling results of 
Bayesian inference. We compared the results of virtual resection surgery with the outcome of the real surgery and introduced 
an optimization method for personalized surgical strategies. From methodologies, we compared both low-resolution of 
neural mass models, high-resolution neural field models and middle combination, low-resolution with high-resolution 
forward solutions.

Results: We give three patients examples of performing virtual surgery using di!erent resection strategies, including clinical 
hypotheses and real surgery as well. We performed the virtual surgery workflow retrospectively using 40 patients with drug-
resistant focal epilepsy. These 40 patients had epilepsy surgery with at least one-year follow-up outcome. The outcome 
predictions based on the real surgical scenario reproduced by virtual surgery, were consistent with patient’s surgical results. 
Based on the personalized whole brain network modelling, we estimate an optimal surgery strategy. For each patient, we rank 
the di!erent surgical strategies by the statistical metrics.

Conclusions: Personalized whole brain network modelling can make a prediction on the outcome of surgery and is able to 
suggest the surgical strategies by ranking the statistical metrics.
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Introduction: Hemispherotomy is an e!ective surgery for treating refractory epilepsy from di!use unihemispheric lesions1,2. To 
date, however, postsurgery neuroplastic changes following pediatric hemispherotomy remain unclear. In the present study, we 
aim to systematically investigate longitudinal changes in gray matter volume (GMV) before and after surgery in two groups of 
pediatric patients with left and right hemispherotomy.

Methods: Pediatric epilepsy patients undergoing left or right hemispherotomy at the pediatric epilepsy center and having 
high-quality pre- and postoperative structural MRI were included (29 left hemispherotomy patients, age of surgery: 3.5±2.5 
years; 28 right hemispherotomy patients, age of surgery: 4.6±2.5 years). Longitudinal voxel-based analyses were used to 
determine the voxelwise GMV within the una!ected brain regions. To control for the dramatic developmental e!ect, age-
adjusted GMV within una!ected brain regions was derived voxel by voxel using a normative modeling approach with an 
age-matched reference cohort of 2115 healthy children(Fig. 1).3 For each patient, we manually outlined the mask of the 
cerebral hemisphere that underwent surgery on both the pre- and postoperative T1-weighted images. We then carried out 
VBM analyses to ensure unbiased comparisons between the two hemispheres, a symmetric T1 template in MNI space was 
constructed using 2115 healthy children. To evaluate how GMV changes, we performed a voxelwise linear mixed-e!ects 
model (LMEM) analysis within the GM mask of the una!ected regions, with the onset of epilepsy, age at surgery, and etiology 
as covariates. Multiple comparisons were corrected using the random field theory (RFT) method (uncorrected p < .001), and 
clusters with a corrected p < .05/2 (2 patient groups) were considered significant.

Results: The age-adjusted GMV values represent the patient’s deviation from the age- and sex-matched norm: negative 
and positive values indicate a trend of GM shrinkage and expansion, respectively. In most patients in the two groups, 
both preoperative and postoperative age-adjusted GMV values were negative across the vast majority of the una!ected 
regions, suggesting an overall shrinking pattern and underdevelopment of GM compared with the healthy children. After 
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correcting for multiple comparisons, we observed 4 clusters showing significant age-adjusted GMV changes for the left 
hemispherotomy group (Fig. 2A) and 3 significant clusters for the right hemispherotomy group (Fig. 2B). In both groups, 
the largest cluster covered almost the entire contralateral cerebrum and exhibited significantly increased GMV (left 
hemispherotomy: t = 6.92, p < 0.001; right hemispherotomy: t = 7.44, p < 0.001). The second largest cluster was located around 
the entire ipsilateral cerebellum and exhibited significantly increased age-adjusted GMV (left hemispherotomy: t = 6.95, p < 
0.001; right hemispherotomy: t = 8.53, p < 0.001). In contrast to the two clusters, the cluster in the contralateral cerebellum 
consistently showed significantly decreased age-adjusted GMV in both groups (left hemispherotomy: t = -8.32, p < 0.001; right 
hemispherotomy: t = -7.73, p < 0.001). Finally, there was one significantly decreased age-adjusted GMV cluster around the 
contralateral cingulate gyrus in the left hemispherotomy group (t =-5.23, p < 0.001) but not in the right hemispherotomy group.
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Conclusions: Both left and right hemispherotomy patients showed widespread GMV increases in the contralateral 
cerebrum and ipsilateral cerebellum but GMV decreases in the contralateral cerebellum. With normative modeling, the 
neurodevelopment-induced and hemispherotomy-induced increases in GMV can be well di!erentiated. This widespread 
greater GM development could be considered a part of neuroplastic changes induced by the hemispherotomy.
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Introduction: Sickle cell anemia (SCA) is characterized by rigid sickle-shaped red blood cells with low oxygen a"nity. It 
a!ects all organs, including the brain. Children with SCA often su!er neurocognitive deficits1. Elevated cerebral blood flow 
(CBF) occurs in patients with SCA2, which may be a compensatory response to their chronic anemia through cerebrovascular 
dilatory reserve3. We have found that the BOLD response to visual stimulation decreased in children with SCA4 and speculated 
that their ability to increase CBF, and in turn their BOLD signal response, at the demand of neuronal activity, may be limited 
due to their elevated baseline CBF. Here, we report BOLD signal changes in visual, motor, and auditory cortices relative to 
resting CBF in pediatric patients with SCA. We also report results from a simultaneous measure of BOLD and CBF to visual 
stimulus in a subgroup of patients exposed to hydroxyurea5, a treatment known to lower CBF and improve cognitive function.

Methods: Written informed consent for this IRB-approved study was obtained from each participant. 35 SCA patients (12.2 
[7.8-17.8] years old) had fMRI with a 3T Siemens scanner. A pulsed ASL Q2TIPS sequence6 (TR=2270ms, TE=23ms, TI1=700ms, 
TI1s=1200ms, and TI2=1400ms) was used to measure resting CBF and simultaneous BOLD and CBF responses to visual 
stimulation (blocked-design paradigm:22.7s stimulus in a 44.5s block for 8 blocks). A T2* weighted EPI sequence (TR=2.0s, 
TE=30ms) was used with a sensory survey task: finger tapping during visual and auditory stimulation. The fMRI paradigm 
included 4 blocks of brief task (2s task in a 30s block) and 3 blocks of long task (20s task in a 40s block). The resting CBF 
map was calculated from the resting ASL images. The fMRI images were pre-processed and analyzed with SPM. From the EPI 
images with the sensory survey task, time courses from the peak activation cluster in the primary visual, auditory, and motor 
cortices were retrieved for each subject. The heights of BOLD signal changes were correlated with the resting gray matter 
CBF in the corresponding lobes. The fMRI ASL images were analyzed for 12 patients at 2 time points: before (TP1) and after 
(TP2) 12 months of hydroxyurea therapy. The ASL time course of the peak-activated clusters in the primary visual cortex from 
BOLD activation was retrieved for each subject. The BOLD and CBF time courses were then calculated from the average 
of or the di!erence between the control and the tag signals. The BOLD and CBF changes before and after hydroxyurea 
were compared.

Results: From the sensory survey task in the 35 patients, activations were detected in primary visual, auditory, and motor 
cortices. The peak BOLD signal changes in these three cortices were less than 5% and were negatively associated with lobar 
gray matter CBF values in the visual (p=0.01) and auditory (p=0.01) cortices, but not in the motor cortex (Fig 1). From the fMRI 
ASL images in the 12 treated patients, activations in the primary visual cortex were detected. The height of CBF change was 
similar before and after hydroxyurea, but the base was lower at TP2. The BOLD responses were significantly higher at TP2 
than at TP1 (p=0.05) (Fig 2).

Conclusions: The low BOLD signal in the SCA patients is consistent with our previous observation3,7. The parity in the height 
of CBF responses before and after hydroxyurea treatment suggests a ceiling e!ect for the CBF to increase in the patients. 
With a lowered baseline CBF, there is more room for CBF increase during neuronal activities, promoting a higher BOLD 
signal7. The negative association of the BOLD signal with gray matter CBF in the visual and auditory cortices also supports 
this assumption. Finally, the lack of association between BOLD and CBF in the motor cortex indicates variability in the neuro-
vascular coupling adaptation across brain regions in patients with SCA.
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Introduction: Repetitive transcranial magnetic stimulation (rTMS) emerges as a useful therapy for autism spectrum disorder 
(ASD) clinically. Whereas the neural mechanisms of rTMS therapy on ASD are not fully understood, and no biomarkers 
until now are available to reliably predict the follow-up rTMS e"cacy in clinical practice. Advancements in the analysis and 
processing of electroencephalogram (EEG) signals have transformed EEG into a convenient, accurate, and highly sensitive 
research tool for exploring the underlying mechanisms and identifying the relevant biomarkers. In the current work, we 
investigated the rhythmic fluctuating modes of resting-state networks over time to reveal the evidence accounting for the 
clinical improvement induced by rTMS for ASD patients. Afterwards, the potential relationships between the fluctuating 
properties and clinical scales were investigated, from which robust biomarkers were identified and models were further 
established to predict the longterm treatment response of rTMS intervention.

Methods: The time-resolved resting-state network within the delta (1–4 Hz), theta (4–8 Hz), alpha (8–13 Hz), and beta (13–30 
Hz) bands were first constructed for both ASDs and TDs, respectively. Specifically, using a 20 s sliding-window approach with 
an overlapping of 98%, we constructed the time-varying networks with a 400 ms temporal resolution. Thereinto, for each 
segment, the phase-locking value (PLV) that can estimate the inter-regional phase synchronization was adopted to assess the 
synchronized strengths (Li, et al 2015). Brain temporal variability was investigated in the resting-state EEG of ASD patients, 
and the nonlinear complexity of related time-varying networks was accordingly evaluated by fuzzy entropy. Based on related 
temporal variability indexes, a stepwise multiple linear regression model was established to predict the clinical scores at the 
four weeks after the rTMS treatment of ASD patients.

Results: Here, Fig.1(a) presents the distinct topologies underlying network variability between pretreatment ASD patients 
and TDs within four concerned bands revealed by two-way repeated ANOVAs, where the green solid line presents stronger 
connectivity of ASDs than that of TDs. Specifically, in comparison with TDs, the stronger long-range variability connectivity 
spanning the distributed frontal and posterior lobes was found for pre-treatment ASDs, especially within the theta and alpha 
bands. Of note, in contrast to pre-treatment ASDs, after three week rTMS treatments, patients experienced reduced temporal 
variability in the longrange frontal-parietal and frontal-occipital linkages within the theta and alpha bands (Fig.1(b)). In short, 
Fig.1 demonstrated the hyper-variability in the resting-state networks of ASD patients, while three-week rTMS treatment 
alleviates the hyper fluctuations occurring in the frontal-parietal and frontal-occipital connectivity and further contributes 
to the ameliorative ASD symptoms. In addition, the changes in variability network properties are significantly correlated 
with clinical scores, which further serve as potential predictors to track the long-term rTMS e"cacy for ASD. As proved, the 
predicted and actual clinical scores of ASD patients at the follow-up stage were found to be significantly correlated in Fig.2, 
signifying a satisfactory prediction performance.
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Conclusions: The findings validated that the temporal variability of time-varying networks of ASD patients could be modulated 
by rTMS, and related variability properties also help predict follow-up rTMS e"cacy, which provides the potential for 
formulating individualized treatment strategies for ASD.
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Introduction: Traumatic brain injury (TBI) is a form of external acquired injury to the brain and is commonly associated with 
cognitive, emotional, social, and physical deficits (McDonald, 2013). A general deficit to the mild-to-moderate TBI (mmTBI) is 
balance injuries (Li et al., 2013). Translingual neural stimulation (TLNS), provided via the Portable Neuromodulation Stimulator, 
is a novel therapeutic intervention that combines the superficial electrical stimulation of facial and trigeminal nerves with 
physical therapy that focuses on reduction of balance and gait deficits (Danilov et al., 2015). A recent seed-based resting-state 
functional connectivity (RSFC) study demonstrated positive e!ects of TLNS on brain plasticity of somatosensory input, visual-
vestibular interaction, and balance control in mmTBI patients (Hou et al., 2022). However, the alterations within and between 
whole-brain functional networks a!ected by TLNS on mmTBI patients are still unclear. The current study aims to examine the 
network FC changes and its correlations to behavioral testings of gait and balance between pre- and post-TLNS intervention 
in mmTBI patients.

Methods: The current study included RS-fMRI dataset collected by 3T MRI scanner with nine mmTBI patients. An experimental 
PoNS device (V2.5) was utilized to deliver the TLNS. All participants received both Sensory Organization Test (SOT) and 
Dynamic Gait Index (DGI) testing pre- and post-intervention as part of the behavioral assessment. Preprocessing for RS-fMRI 
data (pr- and post-intervention, respectively, for each patient) was performed using the Data Processing and Analysis of Brain 
Imaging (DPABI) toolbox (V6.0, http://rfmri.org/dpabi) (Yan et al., 2016), which includes slice timing, realignment, regressing 
out head motion parameters, normalization and smoothing. The symmetric correlation matrices for a 160 x 160 (25,600 unique 
pariwise) network FC was generated by the Dosenbach atlas. Paired t-test between post- vs. pre- intervention was performed 
to compare network FC changes. False discovery rate (FDR) corrected p < .05 was used for multiple comparisons correction. 
Moreover, the correlation analysis between SOT change (or DGI; post- minus pre-) and network FC change (post- minus pre-) 
was corrected at p < .05 with SPSS V23.

Results: Compared to pre-intervention, the post-intervention induced significantly increased: (1) behavioral scores on SOT 
and DGI; (2) intra-network FC in the somatosensory network (SMN), default mode network (DMN), frontoparietal network 
(FPN), visual network (VN) and dorsal attention network (DAN); (3) inter-network FC between the SMN and FPN (see Figures 
1 and Table 1). Moreover, the behavioral SOT change had significantly negative correlation with the inter-network FC change 
between SMN and FPN, while the behavioral DGI change had significantly positive correlation with the intra-network FC 
change within SMN.
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Conclusions: The increased intra- and inter-network FC at SMN and FPN indicate that TLNS intervention is an e!ective 
in increasing somatosensory processing, vestibular-visual interaction, executive control and flexible shifting (Li et al., 
2021). The increased intra-network FC at VN, DAN and DMN refers to improved visual attention, motor perception, control 
monitoring, goal-directed tasks, visual-guided actions and cognitive control (Yan et al., 2019). Moreover, the positive 
correlation between intra-SMN change and behavioral DGI change illustrates the association with increased network FC 
and behavioral improvement that relates to gait and stability. However, the negative correlation between inter-FPN and SMN 
change and behavioral SOT change indicates the association with less FC alteration but greater cognitive e"ciency such 
as somatosensory, vision, or vestibular balance. In conclusion, the present study shows evidence that TLNS is an e!ective 
approach to improve balance and gait abilities, which also induce brain network plasticity, in mmTBI patients.
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Introduction: Crohn’s disease (CD), one of the main phenotypes of inflammatory bowel disease (IBD), can a!ect any part of 
the gastrointestinal tract (Godala et al., 2022; Fiorindi et al., 2022). It can impact the function of gastrointestinal secretions, 
as well as increasing the intestinal permeability leading to an aberrant immunological response and subsequent intestinal 
inflammation (Chichlowski and Hale, 2008). Studies have reported anatomical and functional brain changes in CD patients 
(CDs), possibly due to increased inflammatory markers and microglial cells that play key roles in communicating between the 
brain, gut, and systemic immune system (Sajadinejad et al., 2012; Hou et al., 2019). To date, no studies have demonstrated 
similarities between functional or morphological brain changes seen in CDs and brain morphometry observed in older 
healthy controls.

Methods: For the present study, twelve young CDs in remission (M = 26.08 years, SD = 4.9 years, 7 male) were recruited 
from an IBD Clinic. Data from 12 young age-matched healthy controls (HCs) (24.5 years, SD = 3.6 years, 8 male) and 12 older 
HCs (59 years, SD = 8 years, 8 male), previously collected for a di!erent study under a similar MR protocol, were analyzed 
as controls. T1 weighted images and structural image processing techniques were used to extract cortical thickness, fractal 
dimensionality, gyrification, and sulcal depth, to test our hypothesis that young CDs have di!erent brain surface morphometry 
than their age-matched young HCs and furthermore, appear more similar to older HCs. The phonemic verbal fluency (VF) 
task (the Controlled Oral Word Association Test, COWAT) (Benton, 1976) was administered to test verbal cognitive ability and 
executive control.

Results: Our results demonstrated that CDs had more brain regions with di!erences in brain morphometry measures when 
compared to the young HCs (Figure 1) as compared to the old HCs (Figure 2), suggesting that CD has an e!ect on the brain 
that makes it appear more similar to old HCs. Our study did not identify any group di!erences for VF task performance. 
However, our study demonstrated that the atypical brain morphometry of CDs is associated with function on a cognitive task, 
with more brain regions by morphometry comparisons associated with the VF task in CDs versus the young and old HCs.

Figure 1. Surface morphometry di!erences between young CDs and young healthy controls

Figure 2. Surface morphometry di!erences between young CDs and old healthy controls
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Conclusions: Our results suggest that even younger CDs may be showing some evidence of structural brain changes that 
demonstrate increased resemblance to older HC brains rather than their similarly aged healthy counterparts. While we 
didn’t find evidence of VF performance di!erences between groups, it appears CDs recruit more brain regions in order to 
perform the same VF task as compared to both young and old HCs. It is possible these di!erences are a result of the varying 
medications CDs require to combat the disease process or a result of the disease process itself, but a causal relationship is 
not assessable within the constraints of the present study.
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Introduction: Conduct disorder (CD) and elevated conduct problems (CP) are associated with various negative outcomes 
(e.g., poor mental and physical health, delinquency) and are a substantial economic burden (Erskine et al., 2014). The first 
case-control analysis focusing on CD by the ENIGMA-Antisocial Behavior working group provided robust evidence of brain 
structural alterations in this population. Relative to controls, youth with CD showed lower surface area across most of the 
cortex (Gao, Staginnus et al., in preparation). However, evidence that CP occur on a continuum highlights the importance of 
complementary studies that investigate CP as a dimensional construct, including in non-clinical samples. Therefore, leveraging 
the largest-ever multi-site neuroimaging database on youth CP compiled by the ENIGMA-Antisocial Behavior working group, 
we aimed to evaluate associations between CP and cortical thickness, surface area, and subcortical volumes.

Methods: This pre-registered mega-analysis (doi.org/10.17605/OSF.IO/NZJ3R) combines T1-weighted MRI data of children 
and adolescents from 18 international case-control and community-/population-based cohorts. Data were pre-processed 
with FreeSurfer and quality controlled according to the standardized ENIGMA protocols. CP were assessed using the Child 
Behavior Checklist or the Strengths and Di"culties Questionnaire, which were transformed into a common metric using 
the percentage of maximum possible score method (Cohen, 1999). We used linear models to examine associations of CP 
with measures of regional cortical thickness, surface area (34 regions, averaged across hemispheres, respectively), and 
subcortical volumes (7 regions, averaged across hemispheres), controlling for age, sex, and intracranial volume. We adjusted 
for site e!ects using the modified ComBat functions (Radua et al., 2020) and applied a False Discovery Rate correction per 
brain metric.

Results: Preliminary analyses including 13 of the 18 cohorts and 10,576 youths (aged 7-19 years, MAge=10.35 years, 46% 
girls) revealed significant negative associations between CP and cortical thickness (average thickness and 7 of the 34 
regions investigated), surface area (total surface area and 27 of 34 regions), subcortical volumes (3 of 7 regions, including the 
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amygdala), and intracranial volume (all pFDR < .05). Just one positive association between CP and caudal anterior cingulate 
thickness was observed (pFDR = .017). E!ect sizes expressed as standardized beta estimates ranged between 0.02 and 0.10 
(see Figure 1 for more details).

Conclusions: Preliminary findings indicate subtle yet widespread associations between youth CP and brain structure, 
especially for surface area, which largely overlap with alterations observed in the first case-control ENIGMA study of CD 
(Gao, Staginnus et al., in preparation; 15% participant overlap). Replicating these associations dimensionally provides robust 
evidence for quantitative associations between CP and brain structure across clinical and non-clinical samples. They further 
corroborate results from other ENIGMA disease working groups indicating that surface area is more a!ected than thickness 
in youth psychopathology (e.g., Hoogman et al., 2019; Schmaal et al., 2017). We will present findings obtained using the full 
sample including 18 cohorts, separate analyses of case-control and community-based samples, and interaction analyses 
testing whether associations between CP and brain structure di!er based on age, sex, level of callous-unemotional traits, or 
presence of conduct disorder.
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Introduction: Error monitoring involves detecting, processing, and signaling errors to prevent future mistakes. Perceiving the 
outcomes of our actions is vital for regulating behavior and learning (Ullsperger, Danielmeier, & Jocham, 2014). Accordingly, 
impaired error monitoring skills have been demonstrated in some conditions, such as Autism Spectrum Disorder (ASD) 
(Kim, Grammer, Benrey, Morrison, & Lord, 2018; Santesso et al., 2011). However, the alterations in the error monitoring neural 
circuitry in ASD remain to be fully understood. Here, we tested the hypothesis that the evolution of learning associated with 
error monitoring is altered in ASD.

Methods: In this study, 15 non-ASD (mean age 30.7 ± 6.1 years) and 15 ASD (mean age 29.1 ± 8.7 years) male participants 
performed a challenging 3T functional magnetic resonance imaging (fMRI) task based on Estiveira et al. (2022). The task had 
multiple concurrent cues, namely emotional facial expression and gaze cues, that signaled the appropriate action and needed 
to be integrated to make a correct response. To understand how neural learning processes progress in error monitoring, 
we conducted linear mixed-e!ects analyses to assess the impact of group, performance, learning, and their respective 
interactions on key error monitoring regions, such as the dorsal anterior cingulate cortex (dACC) and anterior insula (AI) (Dali 
et al., 2023; Neta et al., 2015). We also evaluated the influence of these variables on the putamen, a region linked to trial and 
error learning (Ashby, Turner, & Horvitz, 2010; Patterson & Knowlton, 2018). We controlled our analyses for age and Full-Scale 
Intelligence Quotient by including them as covariates in the linear mixed-e!ects models.

Results: Behaviorally, we found a significant e!ect of group (F(1, 29.02) = 20.59, p = 9.10 × 10-5) and learning stage (F(6,764.19) 
= 34.94, p = 2.05 × 10-37) on error rate. Both groups showed clear learning curves with decreasing error rates from the 
beginning to the end of the session. During the entire task, the ASD group had increased error rates compared to the non-
ASD group. The fMRI results revealed that activity in the dACC and AI was modulated by the interaction between group and 
performance (dACC: F(2,53.23) = 10.80, p = 1.16 × 10-4; AI: F(2,54.21) = 25.48, p = 1.58 × 10-8), and learning and performance 
(dACC: F(12,7809.34) = 5.38, p = 3.55 × 10-9; AI: F(6,7810.24) = 7.83, p = 2.03 × 10-8). The activity in these regions was similar 
for correct and erroneous responses in an initial learning stage but, as learning progressed, the di!erences became evident. 
This happened due to a simultaneous decrease in activity in correct responses and an increase following errors. Although 
this pattern did not di!er between groups, the di!erences between correct responses and errors were attenuated in ASD 
(di!erences being only significant in the non-ASD group). Moreover, for the ASD group, we found an inverse correlation 
between the di!erence in dACC activity between correct and erroneous responses and autistic traits (r(11) = -0.62, p = 0.023) 
measured by Autism Diagnostic Observation Schedule (ADOS) total scores (Lord et al., 1989). The putamen response was 
influenced by the interaction between group and learning (F(6, 7808.01) = 6.84, p = 2.99 × 10-7), and learning and performance 
(F(6, 7810.18) = 4.84, p = 6.10 × 10-5). In the non-ASD group, its activity increased both in correct responses and errors with 
learning. Nonetheless, in the ASD group, it only increased in response to errors: the activity associated with correct actions 
was approximately constant throughout learning.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 623

ABSTRACTS

Conclusions: These findings suggest that, in ASD, error monitoring mechanisms are impaired, and the learning process is 
altered, possibly leading to higher error rates when integrating social cues.
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Introduction: We investigated the development of baby brain functional networks from birth to 5 years old. Using over 1,200 
resting state functional MRI (rs-fMRI) scans from the Baby Connectome Project (BCP), we quantified functional development 
during early childhood, covering sensorimotor, visual, auditory, default mode, and cerebellar networks.

Methods: We used rs-fMRI data of 280 subjects scanned in the BCP1. Preprocessing of rs-fMRI data2 includes head motion 
correction, EPI distortion correction, fMRI to structural MRI registration guided by tissue segmentation maps, one-time 
resampling of fMRI data in subject native space, high-pass filtering, and ICA-AROMA denoising. We then independently 
performed group ICA (30 components) for each month (based on time windows defined in4) to obtain month-specific 
functional networks. For temporal consistency, we further performed group ICA (35 components) on these month-specific ICA 
components to obtain an overall template of functional networks, which were in turn used to compute the functional networks 
at each month via dual regression3. For each functional network, we fitted a Generalized Additive Mixed-e!ect Model (GAMM) 
to each voxel: Y ~ s(age) + (1|RID) + (1|site), where s(.) is a smooth function, and (1|.) represents site and subject random e!ects. 
The developmental trajectory for each network was plotted for a high-activation point. We compared the development 
patterns of 5 primary function networks (i.e., 2 sensorimotor, 1 auditory, and 2 visual networks) and 5 higher order association 
networks (i.e., cerebellar, 2 default-mode networks, and 2 executive control networks).

Results: The development of functional networks can be observed from the spatial maps and the activation trajectory curves. 
Generally, all functional networks emerge since birth and stabilize after month 6. The activation increases substantially 
from birth to month 6 and increases gradually through month 60. The activations of association networks are in general 
substantially lower than the primary function networks. Fig. 1: Month-specific functional atlases for major resting state 
functional networks: (a) sensorimotor networks (left to right) - motor networks (SMN-lateral, SMN-medial), auditory network, 
and visual networks (VIS-occipital, VIS-medial); (b) association networks (left to right) - cerebellar network, default mode 
networks (DMN-prefrontal, DMN-Precuneus), and executive control networks (ECN-L, ECN-R). The rows correspond (top to 
bottom) to di!erent months: 0, 1, 3, 9, 12, 24, and 60. Fig. 2. Developmental trajectories of functional networks. Shaded areas 
mark the standard errors.
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Conclusions: We constructed monthly functional atlases from birth to five years of age, capturing the spatiotemporal 
characteristics of early brain development.
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Subcortical volumes in middle-aged and older adults with and without autism spectrum disorder
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Introduction: Autism spectrum disorder (ASD) is a lifelong neurodevelopmental condition with known behavioral and 
neurobiological correlates. In youth, those with ASD show significant di!erences in subcortical volumes (caudate, putamen, 
nucleus accumbens, and thalamus) compared to their neurotypical (NT) peers. Such volume di!erences have been linked 
to ASD-related behaviors in children and younger adults, including atypical response to reward and social challenges. In 
the NT population, these volumes decrease after age 40, with associated declines in memory, attention, and processing 
speed. Together these findings suggest that middle-aged and older autistic adults may experience an interplay between 
long-standing reduced subcortical volume (at least since childhood) combined with normal age-related changes after 40+ 
years. This may place them at risk for accelerated volume changes, with important implications for overall function. In this 
study, we hypothesized steeper age-associated subcortical volume decline among middle-aged and older adults with ASD, in 
comparison to NT peers.

Methods: Data were collected on 40–70-year-old adults with ASD and NT participants enrolled in an ongoing longitudinal 
study on aging in autism. ASD diagnoses were confirmed by an expert clinician using DSM-5 criteria. NT participants had no 
family or personal history of ASD or serious mental illness. Magnetic resonance imaging (MRI) data (T1-weighted anatomical 
images: TR=8.78ms, TE=3.66ms, resolution=0.8mm3) were collected on a 3T GE Discovery MR750 scanner. The Human 
Connectome Project (HCP) pipeline version 5.3.0 was used for preprocessing and results were visually inspected for quality 
assurance. An automated subcortical segmentation approach (SynthSeg, Freesurfer 7.3.1) was then used to parcellate 
subcortical regions. Briefly, SynthSeg employs a convolutional neural network previously trained on randomized synthetic 
data, to segment regions of interest (ROIs) and estimate corresponding volumes. Bilateral thalamus, caudate, putamen, 
nucleus accumbens and pallidum were selected for analyses. Accuracy of SynthSeg parcellations was reviewed using a 
4-point scale (4=excellent, 1=unusable). Only ROIs rated 3 or 4 were included in analyses, with unusable data excluded on a 
per-subject, per-ROI basis. Groups were matched on age, sex, non-verbal IQ, ethnicity, and contrast-to-noise ratio. General 
linear models were applied to test for age-by-diagnosis interaction e!ects, as well as main e!ects of diagnostic group or age 
on each ROI volume, while controlling for the e!ects of total intracranial volume (TIV).

Results: Following SynthSeg QA, the following data were considered usable: caudate N=69, putamen N=68 (ASD=28, NT=40), 
nucleus accumbens N=69, thalamus N=53 (ASD=24, NT=29). The pallidum was excluded entirely due to low N (ASD=2, NT=4). 
There were no significant age-by-diagnosis interaction e!ects across all models. The ASD sample showed significantly lower 
volumes of the left putamen and left nucleus accumbens compared to their NT peers (Figure 1). There were significant age 
e!ects such that greater age was associated with lower subcortical volumes in the bilateral caudate and putamen (Figure 2).
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Conclusions: Subcortical nuclei play a role in many of the symptoms of ASD, and they are known to decrease in size 
during typical aging. Negative age e!ects found here are consistent with the previous literature. While our findings of 
lower subcortical volumes in the ASD than the NT group were also partially consistent with past reports, our hypothesis of 
accelerated volume decline was not supported. However, analysis of longitudinal measures (now being collected) and larger 
sample sizes will be more definitive. Neurobiological change during aging in ASD remains severely understudied but the 
current report, along with an increasing body of literature, has begun to make inroads.
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Microstructural alterations of association tracts in autism localized with along-tract mapping
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Introduction: Autism is a heterogeneous neurodevelopmental condition characterized by subtle and widespread changes 
in brain morphometry and white matter microstructure of both gray and white matter as revealed by previous neuroimaging 
studies1-7. While di!usion-weighted magnetic resonance imaging (dMRI) research has uncovered microstructural alterations 
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associated with autism, region of interest based approaches or tract-based spatial statistics lack the precision to o!er a 
fine-scale local mapping of microstructure4-7. In this pilot study, we used the advanced tractography-based approach, BUndle 
ANalytics (BUAN) to investigate white matter microstructure of association tracts in autism at a more refined anatomical scale.

Methods: We analyzed 3D dMRI brain scans from 172 participants (mean age: 24.3+15.2 years, 99.4% male) - 107 individuals 
with autism and 65 neurotypical subjects. Data was sourced from one NIMH Data Archive site and two Autism Brain Imaging 
Data Exchange sites and all three sites used 3T scanners (b=1000-2500s/mm²; voxel size=2-3mm). Preprocessing steps 
included denoising and correction for eddy currents, head motion, bias field, and gradient distortions. Standard DTI metrics 
- fractional anisotropy (FA), and mean, axial, and radial di!usivity (MD, AD, RD) - were computed at each voxel. Whole-brain 
tractograms were generated using a constrained spherical deconvolution model and local deterministic tractography. The 
tracking algorithm was set to start from voxels where FA>0.3, seed count=10, step size=0.5 and stopped tracking if FA <0.28. 
Each white matter tract was extracted using the auto-calibrated RecoBundles9 and a standard atlas of major white matter 
tracts10. We focused on 6 separate bilateral association tracts: arcuate fasciculus (AF), extreme capsule (EMC), inferior fronto-
occipital fasciculus (IFOF), inferior longitudinal fasciculus (ILF), middle longitudinal fasciculus (MdLF), uncinate fasciculus (UF). 
Using BUAN, each of the association tracts was divided into 100 segments per subject. Linear mixed models were used to 
compare microstructural metrics between the autism and neurotypical groups, adjusting for age and sex while accounting for 
subject and site variability. The false discovery rate was applied for multiple comparisons correction.

Results: We found significant tract segment di!erences for mean FA, MD, AD, and RD in association tracts (Table 1). Mean 
FA di!erences were detected in the left AF, left IFOF, left ILF, bilateral MdLF, and bilateral UF (Fig 1A-D). For mean MD, the 
following tracts showed significant di!erences between the autism and neurotypical groups: right EMC, bilateral IFOF, 
right ILF, left MdLF, and left UF (Fig 1E-F). Significant mean AD di!erences were observed in right EMC, left IFOF, left MdLF, 
and right UF. Finally, for mean RD the left AF, right EMC, left IFOF, right ILF, left MdLF and left UF tracts showed significant 
di!erences between groups. In sum, we found localized di!erences in association tracts in autism using BUAN.
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Conclusions: In this pilot study, we used BUAN - an advanced along-tract analysis method - to investigate the fine-grained 
microstructure of association tracts in autism. We found localized microstructural changes in the AF, EMC, IFOF, ILF, MdLF, 
and UF in autism compared to neurotypical controls. Microstructure was altered in localized regions, at a scale that may not 
be resolved with standard ROI analyses. Future work will include larger and more diverse samples, as well as associations 
with clinical and behavioral assessments. Whole-brain tractometry may also help to identify subgroups within autism cohorts, 
providing insights for interventional studies.
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Structural alterations of contralesional visual processing areas in children with perinatal stroke
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Introduction: Perinatal stroke (PS) results in motor, cognitive and visual impairments for millions worldwide. As the leading 
cause of hemiparetic cerebral palsy, most PS research has focused on the motor system where the development of the 
contralesional hemisphere is a key determinant of outcomes. Understanding of visual development following early life stroke 
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remains rudimentary. Arterial ischemic stroke (AIS) is the most common PS subtype, typically damaging visual pathways 
and visual association areas. Di!usion weighted-imaging has shown alterations in white matter microstructure of lesioned 
hemisphere optic radiations of children with AIS, but structural di!erences in the contralesional hemisphere that may 
underlie developmental plasticity and visual function preservation are unexplored. Here, we compare cortical thickness 
and regional brain volumes in children with AIS to their typically developing peers, and correlate these with performance on 
perceptual testing.

Methods: Twenty-three children ages 7-18 years with AIS were recruited from a population-based cohort (the Alberta Perinatal 
Stroke Project) along with 23 age and sex-matched typically developing children (TDCs). Participants underwent high-
resolution T1-weighted structural MRI (166 slices, 1mm isotropic voxels) and completed the Apples test, the Motor-Free Visual 
Perceptual Test 3rd edition (MVPT-3) and Jerry John’s basic reading inventory. A custom pediatric tissue probability map (TPM) 
was created with Template-o-Matic based on our sample’s age and sex. T1-weighted images were segmented in CAT12 using 
the custom TPM, and cortical thickness and region-based volumes (corrected using intracranial volume) of pre-determined 
visual processing areas in the contralesional hemisphere were extracted. Volumes and thicknesses were compared between 
groups using t-tests and associations with perceptual test results were explored using correlations.

Results: Children with AIS had greater cortical thickness of the contralesional inferior temporal lobe (p=0.026). Negative 
correlations were present between cortical thickness of the cuneus and performance on the MVPT-3 (r=-0.227), and between 
the inferior parietal lobe, pericalcarine and precuneus when compared with reading speed (r=-0.423, r=-0.207 and r=-0.342). 
Volumes of the lateral geniculate nucleus and the pulvinar showed negative correlations with the number of targets identified 
on the Apples test. There were no significant between group di!erences or correlations found in the fusiform gyrus, lingual or 
lateral occipital lobe.

Conclusions: Perinatal stroke may lead to developmental structural alterations in visual processing areas of the contralesional 
hemisphere. Thicker cortex in specific regions are associated with discrete functional deficits including decreased 
reading speed and perceptual function. This suggests that the visual system of the non-lesioned hemisphere may play 
a compensatory role after an injury in the contralateral hemisphere and reorganization may occur in the visual system. 
Understanding the structural di!erences of the visual system and associated impairments will support the advancement of 
diagnostic and prognostic tools, and contribute to validated therapies to reduce functional impairment.
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Neural processing of phonological information in autistic kindergarteners as a predictor of reading
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Introduction: Phonological processing is an important foundation of reading development; however, little is known about the 
neural substrates of phonological processing and reading development in children with autism spectrum disorder (ASD).

Methods: We investigate early auditory event-related potentials (ERPs) in a phonological processing task and their association 
with reading ability. At kindergarten-entry, 29 autistic children and 27 typically developing (TD) children completed an old/
new ERP paradigm with bisyllabic rhyming peudowords (/gibu/ & /bidu/), while electroencephalography (EEG) was recorded. 
Behavioral measures of reading ability were completed at kindergarten-entry and -exit.

Results: Results revealed a significant three-way interaction between ERP stimuli (“old” vs. “new”), diagnosis (ASD vs. TD) 
and reading ability. Autistic children with lower reading skills, showed greater P1 and P2 amplitude for “new” vs. “old” stimuli, 
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compared with TD children and those with higher reading ability. Old/new ERP di!erence scores significantly predicted later 
word decoding at kindergarten year-end, controlling for sex and nonverbal IQ.

Conclusions: Autistic children with lower reading ability may require more neural resources to process “new” auditory stimuli 
compared to peers with greater reading ability and TD children. Better understanding the neural basis of phonological 
processing may inform the development of individualized intervention approaches.
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White matter tracts associated with sensitivity to reward in ADHD and healthy adults
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Introduction: Patients with attention deficit hyperactivity disorder (ADHD) show neuropsychological impairments, including 
deficient executive functions and altered sensitivity to reward and punishment1,2. Sensitivity to reward (SR) and sensitivity to 
punishment (SP) vary in individuals and are believed to be regulated by the brain-behavioural systems3,4. White matter (WM) 
structure have been found to be associated with reward and punishment-related behaviour in healthy adults5,6. Previous 
studies have also suggested that alterations in WM integrity in ADHD may potentially contribute to di!erences in reward and 
punishment processing7,8. Hence, we aim to further investigate how the WM structure variations are associated with SR/SP 
in both ADHD and healthy adults. We collected di!usion images and took quantitative anisotropy (QA) to examine the WM 
axonal density. We hypothesize that WM structural variations in ADHD would show di!erent correlates with SR/SP comparing 
to healthy controls.

Methods: SR and SP scores of 20 ADHD adults (13 Male, age M=25.77, SD=4.28) and 27 healthy adults (14 Male, age 
M=25.56, SD=4.69) were assessed using sensitive to punishment and sensitive to reward questionnaire (SPSRQ). All MRI 
scans were performed on a 3T Siemens Prisma MR scanner with a 32-channel head coil. T1w images were acquired with a 
magnetization-prepared 2 rapid acquisition gradient echo (MP2RAGE) sequence (TR/TE =5000/2.98, 1mm isotropic). Di!usion 
Spectrum Imaging (DSI) was conducted using the following parameters: 54 slices, 2.97 × 2.97× 3 mm³, TR/TE = 4000/97.2 
ms; 258 directions, max b-val = 5005 s/mm². The reconstruction was done using DSI Studio in the MNI space with Q-space 
di!eomorphic reconstruction9 with a di!usion sampling length ratio of 1.25. Whole-brain di!usion MRI connectometry analysis 
was used to derive correlational tractography reflecting changes in QA correlated with SR/SP. A nonparametric Spearman 
partial correlation was used to derive the correlation, and the e!ect of age, sex, and education was removed using a multiple 
regression model. A T-score threshold of 2.5 and an FDR threshold of 0.05 were assigned and tracked using a deterministic 
fiber tracking to obtain correlational tractography. Finally, significant findings were manually segmented into bundles.

Results: A group di!erence was found in SR scores between control and ADHD groups (ADHD>CON, p<.05). There were no 
significant di!erences in age, gender, education and SP score between the groups. In the connectomery analysis, tracks with 
higher QA were found to be associated with lower SR in the right Corticospinal tract (CST) in the control group. In contrast, in 
ADHD, we observed a positive association between SR and QA in the right CST. In addition, QA negatively correlated with SR 
in the Corpus callosum, left and right cerebellum tracks in ADHD (Fig 1). Table 1 reported the details of each significant bundle 
with QA associated with SR. No significant tracks were found between QA and SP in both groups.
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Conclusions: The finding of ADHD displaying di!erent levels of SR compared to the control group aligns with previous 
studies2,7. The connectometry analysis further elucidated the relationship between WM integrity and SR. In ADHD, we found 
6 significant WM bundles associating with SR, all known to be related to ADHD’s deficits5. Moreover, SR in ADHD and healthy 
adults show opposite correlations with QA in the right CST. CST integrity has been associated with symptoms of impulsivity 
and inattention that were involved with certain alterations (e.g., prefer instant reward) in SR5,10. This suggested the potential 
di!erences in neural mechanisms underlying SR in individuals with ADHD compared to healthy adults. Our findings highlight 
the intricate interplay between WM integrity in specific tracts and SR, providing insight into the neural basis of reward 
processing in clinical populations. However, these findings warrant replications with a larger sample size.
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Introduction: Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by a wide 
range of symptoms and abilities, significantly a!ecting socio-cognitive behaviors. Despite the high biological and clinical 
heterogeneity observed among individuals with ASD, considerable e!orts have been made to understand this condition 
through neuroimaging biomarkers. Previous research has suggested that functional connectome gradients delineate the axis 
of connectivity variation between unimodal and transmodal networks and the phenotypical patterns in ASD are associated 
with a disruption in the macroscale cortical hierarchy. However, the persistent issue of heterogeneity in developing individuals 
remains and the maturational process of functional hierarchy is poorly understood. To address this gap, we utilized a 
normative modeling approach to analyze the biological trajectories in ASD, focusing on how cortical hierarchies mature across 
di!erent developmental stages in children.

Methods: We constructed cortex-wide functional connectomes using the Schaefer atlas with 200 parcels and estimated 
the low-dimensional eigenvectors (i.e., gradients). First, a parcellation-level normative model of functional gradients 
was developed using generalized additive models for location scale and shape (GAMLSS), employing samples from the 
independent human connectome project development (HCP-D, n = 652) cross-sectional database of typically developing (TD) 
individuals. We used multi-parameter Sinh-Arcsinh (SHASH) distribution modeling with age and sex as regressors. Second, 
we estimated individual functional gradients of 503 ASD and 527 TD using the autism brain imaging data exchange (ABIDE) 
dataset. We then calculated the functional hierarchy score for each individual, defined by the dot-product between the 
normative gradients curve and the individual gradients. This score reflects the maturity of individual hierarchical organization. 
The functional hierarchy score was compared between two groups and was used to analyze the groups’ developmental rates.
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Results: Our findings reveal that with increasing age during the developmental stages, the macroscale segregation of 
functional hierarchy gradually became evident. Notably, the sensorimotor and association areas at both ends became 
increasingly distinct with age. However, individuals with ASD demonstrated a less-segregated functional hierarchy compared 
to TD individuals, with a significant di!erence (p-value < 0.001). Furthermore, we observed that the cortical hierarchy evolves 
in synchrony with age in both groups.

Conclusions: Developmental changes drive the hierarchical organization of the cortex. Given the high heterogeneity 
among individuals with ASD, the brain development of individuals with ASD may deviate from standard developmental 
pathways. These findings support the notion that individuals with ASD possess distinct and individualized brain development 
trajectories. This research was supported by the National Research Foundation (NRF-2020M3E5D2A01084892), Institute for 
Basic Science (IBS-R015-D1), IITP grant funded by the AI Graduate School Support Program (2019-0-00421), and ICT Creative 
Consilience program (IITP-2020-0-01821).
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Introduction: Autism Spectrum Disorder (ASD) is a severe neurodevelopmental disorder, and the underlying neuroanatomy 
mechanism of ASD remains unclear. Many researches have used gray matter (GM) volume to investigate structural 
abnormalities in ASD. Until now, the majority of GM studies have applied univariate analysis approaches, including region-
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of-interest-wise and voxel-wise analysis (Riddle et al., 2017; Wang et al., 2022). The scaled subprofile model of principal 
component analysis (SSM-PCA) is a multivariate method for exploring the disease related pattern based on the spatial 
covariance across di!erent brain regions and able to identify subtle changes caused by the disease (Alexander, 1994; Yuan 
et al., 2018). This study aimed to obtain the ASD-related GM volume pattern with SSM-PCA to reveal the neuroanatomical 
mechanisms of ASD.

Methods: We utilized the Autism Brain Imaging Data Exchange (ABIDE), an open-access dataset for ASD, and performed 
preprocessing on the T1-weighted structural MRI images (sMRI). Anatomical segmentation was performed on sMRI from 
ABIDE II dataset to get the GM, and then the GM volume of each brain region defined by the automated anatomical labeling 
3 (Rolls et al., 2020) template was computed by Computational Anatomy Toolbox 12. The SSM-PCA algorithm was then 
used for the GM volume matrix of subject-brain region to obtain the spatial covariance GM patterns (Wang et al., 2022). The 
sign of ASD-related GM pattern is determined by keeping higher average expression in the ASD group compared to the 
typically developed (TD) group. Within the 15 patterns explaining the top higher proportion of variance, two sample t-test was 
conducted for the expression of each GM pattern to identify those displaying significant inter-group expression di!erences. 
Then, the ASD-related GM pattern was obtained by the linear combination of these patterns. We further investigated the 
relationship between the ASD-related GM pattern and clinical symptoms. Next, we verified the reproducibility of the ASD-
related pattern by projecting it on to ABIDE I dataset and checked the expression di!erence between ASD and TD and its 
relationship with clinical scores. In addition, we divided the cohort into three age groups, namely primary school students with 
[7, 12) years old, adolescents with [12, 18) years old, and adults with [18, 28) years old, to explore the influence of age on the 
ASD-related pattern.

Results: The expressions of the second and fourteenth pattern showed significant group di!erence between ASD and TD, 
which were linearly combined to form the ASD-related GM pattern. The pattern included thalamus, right parahippocampal 
gyrus, left locus coeruleus, basal ganglia, and cerebellum, which mainly concerned with cognitive functions of visual 
imagery, auditory, theory of mind, and Îperception. Furthermore, the expression of this patterns is correlated with scores of 
Social Response Scale (SRS, r = 0.18, p = 3.4×10-4) and Social Communication Questionnaire (SCQ, r = 0.17, p = 7×10-4). For 
reproducibility validation, the expression of the ASD-related pattern in ABIDE I revealed significantly di!erence in the ASD 
relative to the TD (Cohen’s d = 0.21, p = 0.016), which is also positively correlated with the scores of SRS (r = 0.20, p = 0.0015). 
For age e!ect, the primary school group (Cohen’s d = 0.37, p = 0.0013) and adult group (Cohen’s d = 0.44, p = 0.038) showed 
significant di!erences, while the adolescent group illustrated no significant di!erence (Cohen’s d = 0.21, p = 0.19) of the 
expression of the ASD-related pattern between the ASD and TD.

Conclusions: We captured a reproducible ASD-related GM pattern, which is related to the social deficit, and revealed its 
heterogeneity among di!erent age groups. Our findings facilitate the understanding of the underlying neural mechanisms of 
ASD and provide therapeutic targets for individuals with ASD.
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Introduction: Autism is a complex neurodevelopmental condition characterised by a wide range of symptoms. Understanding 
atypical connectivity patterns in autistic individuals is crucial for better understanding of the underlying mechanisms and 
personalised support for the individuals. Prior research has highlighted the potential of functional Magnetic Resonance 
Imaging (fMRI) data and especially functional connectivity metrics such as the degree centrality in revealing these patterns1. 
Our research extends these e!orts, aiming to refine autism subgroups through integration of functional connectivity 
metrics, personalised saliency maps (using Smoothgrad as a method of explainable artificial intelligence), and data-driven 
clustering techniques.
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Methods: We conducted a comprehensive fMRI analysis on 1450 participants from the Autism Brain Imaging Data Exchange2 
(ABIDE) I and II datasets using fMRIprep3 to ensure data consistency and quality. We focused on voxelwise weighted degree 
centrality, using DenseNet-1214 for autism classification, and SmoothGrad5 for creating personalised (per-participant) saliency 
activation maps (PSAMs) (Fig 1). These maps were used to identify key brain regions for classification (Fig. 2). Feature 
extraction was performed using Uniform Manifold Approximation and Projection (UMAP)6 for non-linear dimensionality 
reduction, followed by k-means7 clustering to identify distinct autistic subgroups within ABIDE (Fig 1d). This methodology was 
validated with the AIMS-2-TRIALS8 dataset, using the same UMAP and k-means approach for direct dataset comparison (Fig 2).

Results: Using DenseNet-121 and weighted degree centrality, our model achieved a classification accuracy of 70.16% (0.72 
ROC-AUC) in the ABIDE dataset. We identified four distinct autistic subgroups, each characterised by unique functional 
connectivity patterns as evidenced by their PSAM maps (Fig 2c). Notably, in Group 2, we observed elevated PSAM scores 
predominantly in the right frontal lobe regions. This contrasts with most groups, where scores in the precentral gyrus 
tended to be negative, while in Group 2, they were notably positive, suggesting distinct neurobiological profiles. We found 
a correlation between PSAM scores and age in the groups, as depicted in Figure 2c. This correlation suggests age-related 
variations in neural processing within these subgroups. Further validation with the blind AIMS-2-TRIALS dataset a"rmed the 
robustness of our approach, achieving an accuracy of 63.4%. Reprojection of this data onto the ABIDE-derived UMAP space 
corroborated the subgroup distinctions (Fig 2a).

Conclusions: Our findings provide a step towards better understanding the neurobiological diversity within the autism 
spectrum. By integrating neuroimaging, interpretable machine learning, and ample replication strategy, we identify distinct 
autism subgroups. These insights foster discussions on personalised support strategies and highlight the necessity for 
targeted research into autism’s heterogeneity. Future work will aim to enhance result interpretability, extend validation 
across various populations, and utilise diverse metrics to deepen the neurobiological understanding of the identified 
autistic subgroups.
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Prenatal Polydrug Exposure: E!ects of Timing on Functional Connectivity at Birth
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Introduction: Prenatal drug exposure (PDE) impacts infant brain development with documented long-term consequences 
(Ross 2015). Functional magnetic resonance imaging (fMRI) studies of infants and youth with PDE reveal aberrant brain 
functional connectivity (Salzwedel 2020). Animal models demonstrate that PDE timing significantly impacts o!spring outcome 
(Byrnes 2018), but most human fMRI studies use a binary categorization to assess drug exposure, limiting the ability to detect 
timing e!ects associated with PDE. Here, we use resting-state fMRI (rsfMRI) to characterize timing-related e!ects of PDE on 
the neonatal functional connectome. For the first time, we examine neural mechanisms associated with full PDE across all 
three trimesters (PDE-F) and partial PDE during only the first and/or second trimester (PDE-T1T2).

Methods: Subjects included drug-free controls (CTR; n=24) and neonates with PDE (n=85). The PDE group was separated 
into subgroups based on whether infants experienced full exposure to any drugs across all three trimesters (PDE-F; n=49) 
or partial exposure to any drugs during only the first and/or second trimester (PDE-T1T2; n=21). The Timeline Follow Back 
(TLFB; Robinson 2014) calendar/interview was conducted to assess prenatal frequency of drug use in each trimester across 
9 drug categories (alcohol, nicotine, marijuana, cocaine, opioids, medication for opioid use disorder, stimulants, depressants, 
other). RsfMRI scans were acquired during natural sleep at 2 weeks of age. Groups were matched on sex, race, gestational 
age at birth, gestational age at scan, area deprivation index, and motion. Birthweight, maternal education, and maternal 
depression were included as covariates of no interest in all analyses to control for group di!erences in these variables. 
Functional connectivity measures were derived using a neonate functional parcellation-based atlas (Shi 2018). For each seed 
region of interest (ROI; n=223), the average time series was extracted and correlated with every other ROI in the brain. Next, 
linear regression was conducted to detect significant functional connectivity di!erences between the groups. Two summary 
measures were used: 1) the percentage of connections showing di!erences at p<.05, and 2) the percentage of connections 
with at least a medium e!ect size (bias-corrected Hedge’s g>.5; Nakagawa 2007). These were calculated and assigned to the 
seed ROI. These processes were repeated for all ROIs to generate heatmaps indicating pairwise between-group di!erences 
in functional connectivity between each ROI and the whole brain.

Results: Compared to CTR, PDE infants showed di!erences in connectivity localized to visual, subcortical, parietal, 
and temporal areas. Compared with CTR, PDE-F infants showed di!erences mainly in parietal, subcortical, frontal, and 
sensorimotor regions, whereas PDE-T1T2 infants showed di!erences in visual frontal, temporal, and parietal areas. Direct 
comparison between PDE-F and PDE-T1T2 revealed widespread di!erences in temporal, subcortical, frontal, sensorimotor, 
and parietal regions. Consistent results were observed using the Hedge’s g e!ect size as a threshold, larger di!erences were 
observed between PDE-T1T2 and CTR than between PDE-F and CTR.
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Conclusions: At birth, the timing of PDE is associated with distinct e!ects, with PDE during the first and/or second trimester 
having the largest impact on early brain development. This result is surprising and may be related to the PDE-T1T2 mothers 
being more homogenous in their drug usage (predominantly alcohol and nicotine). By contrast, the PDE-F mothers had 
more heterogeneity in their drug usage, which may have resulted in smaller e!ects due to possible cancellation e!ects of 
di!erent drug exposures. However, widespread functional connectivity di!erences between PDE-F and PDE-T1T2 point 
toward potential interactions between di!erential timing of PDE and specific neurodevelopmental processes during the 
prenatal period.
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Introduction: Infantile spasms (IS) is a type of epilepsy that occurs in infants. Because IS causes developmental disabilities in 
infants, it is important to detect it e!ectively (Kim, 2023). Electroencephalography (EEG) microstate analysis is one of the most 
e!ective methods for diagnosing various brain disorders. This method can reflect the temporal dynamics of brain signals and 
the dynamic synchronization of brain neural networks (Khanna, 2015). EEG signals of IS patients tend to be accompanied by 
abnormal patterns in brain signals and networks (Kim, 2023). Therefore, EEG microstate analysis can be an e!ective method 
for identifying IS.
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Methods: A 19 channel interictal EEG recording was obtained from 21 normal control groups (NS) and 49 IS groups. The study 
was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of 
Asan Medical Center (2020-0992). Throughout visual inspection, a clean, five-minute segment free of muscle- or eye-related 
artifacts was manually selected for detailed analysis. The raw EEG data, sampled at a rate of 200Hz, underwent re-referencing 
to a common average reference and preprocessing steps involving a 60Hz notch filter, a 2Hz–20Hz band-pass filter, and 
Independent Component Analysis (ICA). Each subject’s EEG data was then divided into fixed-length epochs consisting of 
two-second windows without overlap. We obtain 5 microstate maps using modified-k-means clustering (Pascual-Marqui, 
1995) from GFP of each subject. This method ignores polarity in clustering. For extracting group-level microstate maps (i.e., 
normal group, and IS group), we concatenate microstate maps from each subject and use modified-k-means clustering. We 
fit 5 microstate maps to the EEG of each subject to obtain microstate segments. We label each segment by estimating spatial 
correlations with group-level microstate maps. We calculate microstate features from microstate segments of each subject’s 
EEG. We extract global explained variance (GEV), mean correlation, occurrences, time coverage, and mean time durations 
from 5 microstates. To demonstrate the usefulness of EEG microstate analysis, we apply statistical analysis. We use individual 
t-test between the normal group and the IS group to show statistical significance.

Results: The 5 microstate maps of both the normal and IS groups account for 0.8248 and 0.7669 of the Generalized 
Eigenvalue (GEV). In Figure 1-(a), Microstates A and B in the normal group exhibit topographic map fields characterized by 
diagonal axis orientations, while Microstate C displays anterior–posterior orientations and Microstate D is characterized 
by fronto-central extreme locations, as detailed in (Michel, 2018). Additionally, Microstate E in the normal group shares a 
topography resembling that observed in a previous study (Nam, S, 2023). In contrast, the IS group lacks a canonical Microstate 
E matching the template topographic class of the normal group. In Figure 1, Significant di!erences are observed in the mean 
correlation between the normal and IS groups for Microstates A, B, C, D, and E (p<0.0001; p<0.01; p<0.0001; p<0.0001; p<0.01). 
The GEV significantly di!ers between the normal and IS groups in Microstates A, C, and D (p<0.0001; p<0.01; p<0.0001). 
Noteworthy distinctions are found in the occurrence of Microstates D and E between the normal and IS groups (p<0.01; 
p<0.01). Additionally, the mean duration exhibits significant di!erences for Microstates A, B, C, and D (p<0.05; p<0.05; p<0.01; 
p<0.05), while time coverage di!ers significantly for Microstates D and E between the normal and IS groups (p<0.05; p<0.05).
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Conclusions: We find a significant di!erence between the normal group and the IS group through EEG microstate analysis. We 
show that microstate features are useful biomarkers for identifying IS. In future works, we will apply machine learning to detect 
IS, automatically. It can be helpful to assist clinicians by reducing e!orts.
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Introduction: Attention-deficit/hyperactivity disorder (ADHD), a highly heritable developmental psychiatric disorder, primarily 
manifested the inattentive, hyperactive, and impulsive symptoms (Gallo and Posner, 2016; Lord et al., 2018; Posner et al., 
2020). The neuromorphic heterogeneity and how the correlated gene expression (CGE) connectome influences morphological 
change in ADHD have not been investigated.

Methods: Current study employed the neuroimaging dataset from a publicly available ADHD-200 dataset (http://fcon_1000.
projects.nitrc.org/indi/adhd200/), including 196 ADHD patients and 181 healthy controls (HCs). Adopting the neuroimaging 
subtype analysis based on W-score, we estimated the cortical thickness deviation, and further obtained the biotypes of ADHD 
using the density peak-based clustering analysis (Figure 1A). To construct the correlated gene expression (CGE) connectome 
matrix, we first obtained the regional matrix of transcriptional level (400 regions × 15,631 gene expression) in line with previous 
study on CGE (Arnatkeviciute et al., 2019), and then calculated the transcriptomic similarities between the distinct regional 
gene expressions, resulting in a symmetric CGE connectome matrix (400× 400) (Figure 1B). Partial least squares (PLS) gene 
list based on W-score map and WCGE-score map were put into Metascape for gene enrichment analysis (Figure 1C). Cortical 
epicenter regions were identified by putative epicenters if their deviation was high and their neighbors also experienced high 
deviation (Figure 1D).

Results: Findings from clustering analysis revealed that ADHD patients could be divided into two discriminative biotypes. The 
significant regions in biotype 1 primarily located in the visual peripheral network, control network and default mode network, 
while regions for biotype 2 mainly distributed in the salience ventral attention network. The CGE connectome exhibited 
modular organization with distinct robust pattern similar as previous study (Romero-Garcia et al., 2018; van den Heuvel et al., 
2019). We observed that the regional W-score values were significantly positive correlations with the CGE-informed W-score 
for both biotypes (Biotype 1: R = 0.4574, P < 0.0001; biotype2: R = 0.2720, P < 0.0001). In addition, patterns of epicenter 
likelihood revealed that biotype 1 was mainly associated with the lateral prefrontal lobe and temporo-parietal junction, while 
biotype 2 were relating to the lateral sulcus and medial prefrontal lobe (Figure 2A and 2B). More importantly, we found 6 
and 8 overlapped regions between epicenters and the top 5% regions from W-score in biotype 1 and biotype 2, respectively 
(Figure 2C).

Conclusions: The present study demonstrated that ADHD patients could be classified into two biotypes closely relating 
to CGE connectome by estimating the neighborhood cortical thickness based on regional W-score measures. Epicenter 
identification would promote understanding of the heterogeneity and distinct clinical manifestations in ADHD biotypes.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 644

ABSTRACTS



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 645

ABSTRACTS

References
1. Arnatkeviciute, A., Fulcher, B.D., Fornito, A., (2019), ‘A practical guide to linking brain-wide gene expression and neuroimaging data’, 

Neuroimage, vol. 189, pp. 353-367.
2. Gallo, E.F., Posner, J., (2016), ‘Moving towards causality in attention-deficit hyperactivity disorder: overview of neural and genetic 

mechanisms’, Lancet Psychiatry, vol 3, no. 6, pp. 555-567.
3. Lord, C., Elsabbagh, M., Baird, G., Veenstra-Vanderweele, J., (2018), ‘Autism spectrum disorder’, Lancet, vol 392, no. 10146, pp. 508-520.
4. Posner, J., Polanczyk, G.V., Sonuga-Barke, E., (2020), ‘Attention-deficit hyperactivity disorder’, Lancet, vol. 395, no. 10222, pp. 450-462.
5. Romero-Garcia, R., Whitaker, K.J., Vása, F., Seidlitz, J., Shinn, M., Fonagy, P., Dolan, R.J., Jones, P.B., Goodyer, I.M., Bullmore, E.T., Vértes, 

P.E., Consortium, N., (2018), ‘Structural covariance networks are coupled to expression of genes enriched in supragranular layers of the 
human cortex’, Neuroimage, vol. 171, pp. 256-267.

6. Van den Heuvel, M.P., Scholtens, L.H., Kahn, R.S., (2019), ‘Multiscale Neuroscience of Psychiatric Disorders’, Biological Psychiatry, vol. 
86, no. 7, pp. 512-522.

Poster No 389

Abnormal dynamic functional connectivity in childhood maltreatment based on the triple-
network model

Haiqi Wu1, Huiyuan Huang1, Bingqing Jiao1, Jiabao Lin1, Lijun Ma1

1School of Public Health and Management, Guangzhou University of Chinese medicine, Guangzhou, Guangdong Province

Introduction: Childhood maltreatment (CM) including physical abuse, emotional abuse, sexual abuse, physical neglect, 
and emotional neglect, has a long-term adverse e!ect on children and even though throughout adults (Teicher, Gordon 
et al. 2021, Cay, Gonzalez-Heydrich et al. 2022). Childhood maltreatment has been confirmed as one of high-risk factors 
for mental illness (e.g., major depressive disorder, post-traumatic stress disorder) (Cay, Gonzalez-Heydrich et al. 2022). A 
meta-analysis indicated that specific brain regions might change in people with childhood maltreatment, particularly in 
hippocampus, amygdala, middle temporal gyrus, prefrontal cortex (PFC), anterior cingulate cortex (Heany, Groenewold et al. 
2017). Moreover, previous study has implicated that most of the changes in these brain regions were associate with major 
depressive disorder and post-traumatic stress disorder (Cay, Gonzalez-Heydrich et al. 2022). Therefore, it is important to 
elucidate the neurophysiological mechanism of childhood trauma which may help for developing targeted preventive and 
treatment strategies. Triple network model is a core network associated with cognitive and a!ective dysfunction, including the 
default mode network (DMN), central executive network (CEN), and salience network (SN) (Menon 2011). Elton and van found 
di!erences in DMN and SN static functional connectivity between individuals with childhood trauma and healthy individuals 
(Elton, Tripathi et al. 2013, van der Wer!, Pannekoek et al. 2013). However, as far as we know, no studies have focused on 
di!erences in interaction in the triple-network model between subjects with childhood maltreatment (CM) and without 
childhood maltreatment (non-CM). Moreover, most previous studies of childhood trauma have focused on static properties 
of the brain (He, Fan et al. 2022), but few studies consider dynamic properties. In current study, we consider the sample of 
young healthy adults (18-40) with CM and hypothesized that the subjects with CM and non-CM may exhibit di!erences in the 
temporal properties of dynamic functional network connectivity (dFNC) states.

Methods: The fMRI and structure data were collected from 125 right-handed healthy young adults, including 55 CM subjects 
and 70 non-CM controls. The severity of childhood maltreatment was assessed using the Childhood Trauma Questionnaire-
Short Form (CTQ-SF) scale (Bernstein, Stein et al. 2003). The fMRI data were preprocessed using Data Processing Assistant 
for Resting-State fMRI (DPABI 3.0) (Yan et al. 2016). Group independent component analysis (ICA) was used to determine 
the spatially independent components of DMN, SN, and CEN in GIFT (version 3.0c) (Calhoun, V D et al.2001, Calhoun, V D 
et al.2004). We adopt the sliding window approach to construct dynamic functional network connectivity (dFNC). Finally, the 
dFNC states were estimated by k-means clustering and the between group di!erence in the temporal properties of dFNC 
states were evaluated using permutation test.

Results: The dFNC within the triple networks could be clustered into four states. State 1 was a more strongly and intensively 
interconnected state, with high positive correlation within and between DMN and CEN. While state 2 and state 3 are 
characterized as sparsely connected states. The RSFC pattern of State 4 resembled that of State 1 but had a reduced RSFC 
strength within and between DMN and CEN with moderate positive couplings. The results show that the CM spent longer 
mean dwell time than non-CM in state 4: MDT(CM)=16.23±14.68 > MDT (non-CM) =11.30±8.19.
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Conclusions: Individuals with childhood trauma spent more time than non-CM in state 4 of the triple networks with dense and 
positive correlation within and between default-mode network and central executive network. These networks are involved 
in functions related to working memory, executive function, and self-cognition. These findings may help us to understand the 
neural mechanisms that distinguish CM from non-CM.
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Prenatal alcohol exposure is associated with altered cortical structure and neurocognition at age 6

Chanelle Hendrikse1, Shantanu Joshi2, Jessica Ringshaw1, Layla Bradford1, Annerine Roos1, Catherine Wedderburn1, Nadia 
Ho!man1, Ti!any Burd1, Katherine Narr2, Roger Woods2, Heather Zar1, Dan Stein1, Kirsty Donald1
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Introduction: We previously reported widespread brain structural changes in 2-3-year-old children with prenatal alcohol 
exposure (PAE; Subramoney et al., 2022) in a South African birth cohort study, the Drakenstein Child Health Study (DCHS), 
which may underpin foetal alcohol spectrum disorders symptomatology. However, few studies have examined the 
associations between PAE-related brain structural changes and neurocognitive functions through middle childhood. We aimed 
to examine the potential associations between PAE and cortical and subcortical grey matter morphology and neurocognitive 
outcomes in 6-7-year-old children.

Methods: One hundred fifty-eight children (49 PAE, 109 controls; 46% female; mean age 76 ± 5 months) participating in a 
brain imaging substudy of the DCHS in Cape Town, South Africa, were included (Donald et al., 2018; Zar et al., 2015). Maternal 
alcohol use during pregnancy was prospectively assessed using the Alcohol, Smoking, and Substance Involvement Screening 
Test, with additional data on quantity and timing reported soon after birth. Using a 3T MRI scanner, high-resolution T1-
weighted brain structural scans were acquired on children at 6-7 years and processed using FreeSurfer 7.1.1. In SPSS, general 
linear models (GLMs) were used to test the associations between PAE (categorical variable) and global and regional cortical 
metrics (i.e., volume [CV], surface area [CSA], thickness [CT]) and subcortical volumes. Cortical regions of interest (ROIs) 
spanning the frontal, parietal, temporal, and occipital lobes were assessed in a lobe-wise manner. The Benjamini-Hochberg 
false discovery rate (FDR) method was applied to correct for multiple comparisons. Covariates were child age, sex, maternal 
education, prenatal tobacco exposure, and¬-in volumetric models only-total intracranial volume. Associations between PAE 
and neurocognitive outcomes, as assessed using the Early Learning Outcomes Measure (ELOM; n = 119) specifically designed 
for South African children, were examined. The potential mediating influence of significant PAE-related brain structural e!ects 
on associations between PAE and neurocognitive outcomes was assessed using the PROCESS macro for SPSS (Hayes, 2022) 
while adjusting for the same covariates.

Results: PAE was associated with lower total CSA (p = 0.044), as well as regional CV and CSA reductions in frontal, parietal, 
and temporal lobe ROIs, and CT increases in specific parietal and occipital lobe ROIs. PAE e!ects on CSA in the right superior 
parietal and precuneus cortices survived FDR correction. A main multivariate PAE e!ect on regional CSA of temporal ROIs 
was found which survived FDR correction, eliminating the need for further FDR corrections in post hoc univariate GLMs with 
individual ROIs in this lobe-PAE was associated with lower CSA in the left middle temporal and right inferior temporal, fusiform 
and parahippocampal gyri (Figure 1). Moreover, PAE was associated with poorer ELOM total (p = 0.002) and subscale scores 
for the numeracy/mathematics (p < 0.001), cognition/executive functioning (p = 0.029), and language/literacy subscales (p = 
0.012). CSA of the left middle temporal gyrus partially mediated the associations between PAE and ELOM total scale scores, as 
well as the numeracy/mathematics and cognition/executive functioning subscale scores (Figure 2).
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Conclusions: We found widespread PAE e!ects on cortical morphology at 6-7 years, expanding our earlier findings at 2-3 
years (Subramoney et al., 2022). While frontal and occipital e!ects were present, CSA of parietal and temporal ROIs appeared 
to be most a!ected by PAE. Smaller CSA suggests immature gyrification in these regions involved in numerous cognitive and 
sensorimotor functions. Increased e!orts to reduce maternal drinking during pregnancy and early interventions for children 
with PAE are needed to enhance school readiness.
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Relationship between EEG spectral power and dysglycemia with outcomes after 
neonatal encephalopathy
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Introduction: Identification of early markers of brain function is essential to aid in the prediction of neurodevelopmental 
outcomes following neonatal encephalopathy (NE) even with implementation of e!ective neuroprotective interventions 
like therapeutic hypothermia. Potentially modifiable risk factors such as dysglycemia are frequent in the first hours of life 
in neonates with encephalopathy and may contribute to impaired brain function and long-term adverse outcomes. The 
relationship between dysglycemia and brain function after therapeutic hypothermia and at follow-up in NE needs to be 
further investigated to improve prediction of outcomes. Therefore, we studied how dysglycemia and brain function on 
electroencephalography (EEG) following therapeutic hypothermia relate to neurodevelopmental outcomes in children with NE. 
We hypothesized that neonatal dysglycemia (hypo- or hyperglycemia in the first 0-48 hours of life) and EEG spectral power 
(measured during the post-rewarming period and the 2-month follow-up) in NE are related to neurodevelopmental outcomes 
at ≥18 months.

Methods: This retrospective study included 90 neonates with encephalopathy who received therapeutic hypothermia and 
underwent EEG monitoring according to the international 10–20 system, including electrodes Fp1\Fp2, C3\C4, T3\T4, and O1\
O2. Absolute spectral power was calculated from artifact-free EEG signals during the 6-hour post-rewarming period and the 
30-minute routine follow-up at 2-months, within all frequency bands (delta, theta, alpha, beta, total) and brain regions (frontal, 
central, temporal, occipital, and global average of all electrodes). Measures of dysglycemia (hypoglycemia, hyperglycemia, and 
glycemic lability) and glucose variability (mean absolute glucose change) were computed for the first 48 hours of life. Brain 
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magnetic resonance imaging (MRI) was also performed in neonates after the completion of therapeutic hypothermia (at 5 ± 2 
days of life). Neurodevelopmental outcomes included motor, language, or global developmental delays, visual impairments, 
auditory deficits, cerebral palsy, mortality, and a composite measure of normal/mild or moderate/severe outcome at ≥18 
months. Using logistic regression analyses with area under receiver operating characteristic (AUROC) curves, we evaluated 
EEG and glucose variables in separate and combined models to predict neurodevelopmental outcomes, adjusting for NE 
severity and MRI brain injury, and using Bonferroni correction for multiple comparisons.

Results: Global delta power during post-rewarming and dysglycemia (hyperglycemia and glycemic lability) during the first 
0-48 hours of life were the variables with the highest predictive values for moderate/severe neurodevelopmental outcome 
(AUROC=0.8, 95%CI 0.7;0.9 for both models). The combined model including global delta power post-rewarming and neonatal 
dysglycemia more accurately predicted moderate/severe neurodevelopmental outcome (AUROC=0.9, 95%CI [0.8,0.9], p<.001). 
After adjusting for NE severity and MRI brain injury, only higher global delta power post-rewarming remained significantly 
associated with lower odds of moderate/severe neurodevelopmental outcome (OR=0.9, 95%CI [0.8,1.0], p=.04), gross motor 
delay (OR=0.9, 95%CI [0.8,1.0], p=.04), global developmental delay (OR=0.9, 95%CI [0.8,1.0], p=.04), and auditory deficits 
(OR=0.9, 95%CI [0.8,1.0], p=.03).

Conclusions: This study identified quantitative EEG markers of brain function after therapeutic hypothermia that are 
associated with higher risks of unfavorable neurodevelopmental outcomes. Among neonates with encephalopathy, global 
delta power during post-rewarming and dysglycemia during the first 48 hours of life accurately predicted moderate/severe 
neurodevelopmental outcomes at ≥18 months, when measures were used separately, and even more so when combined. 
Global delta power post-rewarming predicted neurodevelopmental outcomes, even after adjusting for NE severity and MRI 
brain injury.

Poster No 392

Abnormality detection in white matter in utero, applied to fetuses with Congenital Heart Disease
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Introduction: Impaired volumetric development of transient fetal compartments underlying white matter (WM) has been 
observed in fetuses with congenital heart disease (CHD), suggesting impaired WM) development in utero (Rollins et al., 2021). 
However, microstructural WM development in CHD has not been investigated. We present an approach to identify individual 
deviations from the normal trajectory of di!usion contrast change, with high spatiotemporal specificity, within specific WM 
fibre bundles as they emerge from transient fetal compartments. We explore whether volumetric di!erences in these zones 
are accompanied by changes at the microstructural level, using multi-shell high angular resolution di!usion imaging (HARDI), 
comparing healthy control fetuses to a cohort with various types of CHD.

Methods: The study population included 235 healthy controls (22 – 37 weeks gestational age (GA), 129 male) and 26 fetuses 
with various forms of CHD (23 – 38 weeks GA, 19 male). T2 and HARDI volumes were acquired with the Developing Human 
Connectome Project acquisition protocol (Price et al., 2019) on a Philips Achieva 3T system, with a 32-channel cardiac coil. 
HARDI data was collected with a combined spin echo and field echo (SAFE) sequence at 2 mm isotropic resolution, using 
a multi-shell di!usion encoding that consists of 15 volumes at b=0 s/mm2, 46 volumes at b=400 s/mm2, and 80 volumes at 
b=1000 s/mm2 (Christiaens et al., 2019). HARDI datasets were reconstructed to 0.8 mm, using a data driven representation 
of the spherical harmonics and radial decomposition (SHARD). The SHARD pipeline caters to the motion corrupted fetal 
data, using dynamic distortion correction and slice-to-volume motion correction framework (Cordero-Grande et al., 2019, 
Christiaens et al., 2021). Subsequent di!usion processing and tractography to estimate thalamocortical pathways was 
performed using MRtrix3 (Wilson et al., 2023, Tournier et al., 2019). 30 cross-sections were taken along the tracts (Figure 
1A,B), and values of underlying di!usion metrics were sampled and averaged within each slice. We used Gaussian process 
regression (GPR) implemented in GPy, to predict and characterise the normative range of tissue fraction values within each 
cross-section (Figure 1C-F). We quantified the deviation from normal using a Z-score, computing the di!erence between 
predicted and observed values, normalised by prediction uncertainty (Marquand et al. 2016).

Results: We identified unique maturational trends within di!erent fetal tissue types across the second to third trimester 
(Figure 1). We quantified di!erent rates of change in tissue fraction maturation between deep grey matter and cortical plate 
compartments, and in the intermediate zone/white matter compartment, tissue fraction maturation follows a parabolic curve. 
We also observe fluctuations in the level of variability between individuals along the tract. When examining the z scores 
of fetuses with CHD, all fetuses showed a high proportion of normal z-scores along the white matter, with isolated regions 
deviating from the normal mean. Regions of abnormality appeared to be specific to each subject, and at this stage, we did not 
find consistent patterns across the cohort or for subjects with a specific diagnosis.
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Conclusions: The analysis framework highlights unique maturational trends for di!erent fetal tissue types across the second 
to third trimester. In fetuses with CHD we observed normal z scores along a large proportion of the WM, but identified specific 
regions of abnormality. Abnormal regions were unique to individuals, reflecting the highly dynamic development of the fetal 
brain and the heterogeneity of CHD subtypes within this cohort. Further post-hoc testing and clustering approaches will be 
required to investigate this further. This approach is tailored to detect di!erences within individuals, and we were statistically 
underpowered to draw conclusions about CHD at the group level.
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A cross-etiologic study: altered network integration and modularity in newborns with severe diseases
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Introduction: The human brain connectome is characterized by the duality of highly modular structure and e"cient 
integration, supporting information processing8. Newborns with congenital heart disease (CHD)5, prematurity3, or spina bifida 
(SB) aperta4 are at risk for altered brain development and developmental delay (DD), which refers to a deviation from expected 
developmental milestones6. We hypothesize that in cognitive DD, neural circuitry impairments are reflected by alterations of 
this connectomic organization. Our study aims to bridge this knowledge gap by using a multi-etiologic neonatal dataset to 
reveal potential commonalities and distinctions in the structural brain connectome and their associations with DD.

Methods: We used di!usion MRI (dMRI) on 187 neonates (42 controls, 51 CHDs, 51 preterms, 43 SB aperta). Axial dMRI data 
acquisition used a pulsed gradient spin-echo echo-planar imaging sequence (TR/TE 3950/90.5 ms, field of view=18 cm, 
matrix=128×128, slice thickness=3 mm) with 35 di!usion encoding gradient directions at a b-value of 700 s/mm2 and four 
b=0 images on a 3.0T MRI. The DTI sequence for preterms di!ered in the number of di!usion directions (21, b=1000 s/mm2). 
Structural connectomic analysis involved the following steps: denoising, eddy-current with slice-to-volume correction1 and 
B1 bias field inhomogeneity correction. Weighted networks were constructed using constrained spherical deconvolution-
based probabilistic anatomically constrained tractography from the MRtrix3 Software7 and the Edinburgh Neonatal Atlas2. The 
assessment of connectomic structure included measures of global e"ciency, modularity, and rich club coe"cient. To facilitate 
cross-dataset comparisons by normalization, null-network models were utilized by randomizing the network edges while 
preserving degree-, weight- and strength- distributions9. The Cognitive Composite Score of the Bayley Scales of Infant and 
Toddler Development-III was used as outcome measure at 2 years for children born premature and with SB, and at 1 year for 
the control and CHD children.

Results: We revealed di!erences in the connectomic structure of newborns across each of the four groups after visualizing 
the connectomes in a two-dimensional morphospace defined by network integration and segregation (Fig. 1). Further, 
ANCOVA analyses, after adjustment for postmenstrual age at scan and gestational age at birth, revealed di!erences in global 
e"ciency (F(3, 182)=7.66, p<0.0001), modularity (F(3, 182)=16.97, p<0.0001) and mean rich club coe"cient (F(3, 182)=3.50, 
p=0.017) between groups. Post hoc analysis was performed with a Bonferroni adjustment (Fig. 2). The normalized mean global 
e"ciency score was significantly greater in premature babies (-6.44+/-0.94) compared to CHDs (-10.1+/-0.50). Additionally, 
the mean global e"ciency score was higher in SB (-7.89+/-0.38) compared to controls (-9.82+/-0.46), and CHDs, p<0.001. 
Further, the normalized mean modularity score was significantly greater in CHDs (16.5+/-0.5) compared to SB (13.4+/-0.38) 
and controls (15.3+/-0.46). SB newborns showed lower mean modularity than controls, p<0.001. Lastly, the normalized mean 
rich club coe"cient was found to be significantly greater in SB (0.55+/-0.18) compared to controls (-0.13+/-0.21). However, in 
our analysis, we found no significant association between the identified neural connectivity patterns and cognitive outcome 
scores. This lack of association was true for both the overall study and specific for within group analysis.
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Conclusions: In this cross-etiologic study, we identified divergent profiles of the structural brain connectome characterized 
by a deviation from the optimal combination of network integration and segregation. Early cognitive developmental outcomes 
were not yet associated with alterations in the organization of the connectome. Further work is necessary to find out if longer 
term cognitive outcomes are determined by such connectomic alterations.
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Machine-Learning-based classification of Autism Spectrum Disorder using heterogeneous factors
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Introduction: Autism Spectrum Disorder (ASD) is characterized by a broad range of behavioral symptoms including atypical 
sensory responses, which reflects the etiologic heterogeneity of the disorder. There is increasing evidence on the e!ects of 
epigenetic modifications (e.g., DNA methylation; DNAm) on structure and function of the autistic human brain. Additionally, 
ASD is characterized by altered sensory response and altered thalamic-sensory hyperconnectivity. Integrating various 
features derived from epigenetic (i.e., DNAm values of oxytocin receptor (OXTR) and arginine vasopressin receptor (AVPR) 
genes), brain-related (i.e., volumes of cortical and subcortical regions, and values of resting-state functional connectivity (rs-
FC)), and sensory behavioral factors and applying a supervised machine learning (i.e., XGBoost), this study aims to identify 
core features of the disorder by building three di!erent models : 1) Full model includes the three factors, 2) Brain model has 
the brain-related and behavioral factors, and 3) Epigenetic model contains the epigenetic and behavioral factors.

Methods: This study includes 34 individuals with ASD (F = 12, mean [SD] age = 26.0 [4.24] years old) and 72 IQ-matched 
neurotypical individuals (F = 39, mean [SD] age = 32.0 [12.73] years old). We extracted DNAm values of OXTR and AVPR 
genes from the participants’ salivary samples. Using a 3-T MR scanner, structural and functional MRI data were collected. 
The participants completed Adolescent/Adult Sensory profile that allows us to assess the level of abnormality of sensory 
behavior. Considering a small sample size with high dimensionality, we initially selected 30 baseline predictive features 
(i.e., 9 epigenetic, 11 brain-related, 7 behavioral and 3 demographic features) showing group di!erence. We split data for 
training (80%) and testing (20%). For each iteration, 80% of training data was used for validation. Next, we built training 
model while applying an ensemble feature selection procedure (i.e., feature occurrence frequency method) and an automatic 
hyperparameter tuning in an iterative manner. Last, the top 19 features showing the most discriminative power and best 
tuned hyperparameters were fed into XGBoost for testing. We estimated the area under the curve for receiver operator 
characteristic curves (ROC-AUCs) 1000 times for testing model, and di!erences in estimated accuracies were tested: 1) 
between Full and Brain model, 2) between Full and Epigenetic model, and 3) between Brain and Epigenetic model. To prevent 
the risk of overfitting and to minimize the problems derived from data imbalance, we performed our analyses using stratified 
10-fold cross validation.

Results: We achieved average F1-score 0.832 (median = 0.83, interquartile range (IQR) = 0.88 – 0.79) and average ROC-AUC 
0.8395 (median = 0.8214; IQR = 0.8929–0.7857) for Full model. Brain model had average F1-score 0.809 (median = 0.82, IQR 
= 0.88 – 0.77) and average ROC-AUC 0.8119 (median = 0.8214, IQR = 0.8571–0.7500). Epigenetic model showed average F1-
score 0.771 (median = 0.77, IQR = 0.83 – 0.72) and average ROC-AUC 0.7689 (median = 0.7857, IQR = 0.8214–0.7143). The F1 
score of Full model was significantly di!erent than that of Brain model (U = 577147, p = 1.951x10-9) and that of Epigenetic model 
(U = 707230, p = 2.2 x10-16). The F1 score of Brain model was higher di!erent from that of Epigenetic model (U = 633078, p = 
2.2x10-16). The ROC-AUC of Full model was significantly di!erent than that of Brain model (U = 596070, p = 4.989x10-14) and 
that of Epigenetic model (U = 739199, p = 2.2x10-16). The ROC-AUC of Brain model was higher di!erent from that of Epigenetic 
model (U = 643998, p = 2.2x10-16).
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Conclusions: Full model showed higher performance in predicting ASD than Brain and Epigenetic model. Generalizable 
prediction of ASD can be achieved when considering interaction of epigenetic modification, brain function and structure, and 
sensory behaviors.
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Morphometry Longitudinal Study until Adolescence of Brain Growth after early lesion : Sex matters !
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Introduction: While plasticity of the immature brain is deemed critical for optimized neurodevelopmental outcome, early brain 
lesions may result in enduring neurocognitive impairments1, suggesting global dysfunction. However, the varied outcomes 
across individuals remain insu"ciently elucidated. Neonatal ischemic stroke (NAIS) serves as a model for exploring the pivotal 
role of post-lesional plasticity in the immature brain. Among other variables, males represent 2/3 of NAIS cases, suggesting a 
potential sex-related e!ect on long-term neuroplasticity after early brain lesions. We performed a longitudinal morphometric 
study until adolescence of the growth dynamics of brain compartments within both ipsilesional and contralesional 
hemispheres in patients (P) with NAIS compared to controls (C), with a focus on sex di!erences.
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Methods: The follow-up of the French AVCnn2 cohort of neonates with unilateral NAIS involved clinical assessments and 
multimodal MRI imaging at ages 7 and 16. - P : age 7y, N = 39 (23 M, 16 F) ; age 16y, N = 29 (18 M, 11 F). No M/F significant 
di!erences of lesion severity nor side (2/3 left). - C : age 7y, N = 35 (17 M,18 F); age 16y, N = 31 (16 M, 15 F) - 22 P and 16 C 
assessed at both ages 3T MRI morphometry : 3DTI, 1mm and 0.9mm isotropic resolution at age 7 and 16, respectively Volumes 
were computed in Regions of interest (ROIs) in both ipsi- (ILH) and contra-lesional (CLH) hemispheres, and compared to 
C. In the ILH, ROIs were restricted to non-lesioned areas, using a combination of clinical and imaging criteria, with careful 
QC at each step. - Hemispheric white matter (WM), cortical grey matter (CGM) and total hemisphere (H) (CAT12, Hammers 
atlas3,4) - Lobar CGM (CerebrA atlas5 registered from MNI to native space with ANTs6) - Sub-cortical GM structures (Vol2Brain7, 
manually corrected) A finer investigation of the CLH involved regional CGM volumes and thickness. (CAT12, Desikan-Killiany 
atlas8). Metrics were analysed using a Generalized Linear Mixed Model (GLMM), with Age, Sex, Status (P vs. C), side and lesion 
severity, as co-variables. Post-hoc tests further compared P with C by age and sex.

Results: Models Factors (Fig1) showed expected developmental trajectories of most volumes in both groups: - Smaller 
volumes in females than in males at both ages, in P and C - CGM decreases, WM increases between 7 and 16 In patients, 
growth trajectories di!ered between ILH and CLH, according to lesion severity and sex. Lesion side had no impact on the 
hemisphere/lobar results, but showed varied impacts on finer assessment with the DK40 atlas (not shown here). ILH volumes 
were consistently 15% lower on average in patients than in controls, irrespective of age or sex (Fig2). Lesion severity impacted 
most ILH volumes, but not CLH ones (except caudate nucleus). In the CLH, male patients exhibited significantly lower volumes 
than controls, in all regions except the occipital lobe (-8 to -12%, significant). By contrast, female patients volumes were 2 to 
5% larger than controls (not significant, except for the hippocampus and pallidum at age 16). These e!ects were similar at age 
7 and 16.
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Conclusions: Results show that the long-term impact of NAIS on ILH growth is mostly contingent on lesion severity. 
Conversely, the CLH is not a!ected by lesion severity, but shows sex-related di!erential e!ects, being more profoundly 
impacted in males, with females deviating minimally from the typical trajectory. This pattern is visible from childhood on, and 
puberty seems to exert minimal influence. Overall, these results are in line with the known perinatal vulnerability of male 
brains and their higher susceptibility to neurodevelopmental disorders. Preliminary clinical analyses suggest that sex-related 
variance of neurocognitive outcomes remains modest in comparison to other determinants, thus is often overlooked. Our 
results advocate for systematic di!erential analysis of sex e!ects when studying neurodevelopmental conditions.
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Braincharting autism and ADHD reveals age- and sex- specific e!ects
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Introduction: Autism and attention-deficit/hyperactivity disorder (ADHD) are heterogeneous neurodevelopmental conditions 
with complex underlying neurobiology, and neuroanatomical alterations have been reported in both1–3. Both conditions 
show significant sex and age modulations on neuroanatomy3,4, which are not yet fully understood. Normative modelling is an 
emerging technique that provides a unified framework for studying age- and sex-specific divergence in brain development in a 
common space5. We aimed to characterise regional cortical and global neuroanatomy in autism and ADHD, as well as sex and 
age di!erences, benchmarked against models of typical brain development based on a sample of over 75,000 individuals.

Methods: We combined T1-weighted MRIs from 49 sites across 7 datasets, for a total dataset of 4255 participants after quality 
control (1869 controls, 987 ADHD, 1399 autism; ages 2-64 years). Images were processed using FreeSurfer6 6.0.1, and regional 
cortical estimates extracted based on the Desikan-Killiany7 atlas, for cortical thickness (CT), volume (CV) and surface area 
(SA). We also examined total grey and white matter volume, subcortical grey matter volume, ventricular volume, mean CT and 
total SA. We used normative reference models8 previously generated by our group to map neuroanatomical developmental 
trajectories across the lifespan for global and regional neuroanatomical measures, accounting for age, sex and site/scanner. 
Out-of-sample normative centile scores for our study sample were generated based on these models, quantifying divergence 
from normative brain development in our sample. We examined diagnostic group di!erences in centile scores, and the 
interaction between diagnosis and sex, for all global volumes and regional cortical measures using multiple linear regressions. 
To examine age di!erences, we conducted a sliding-window age analysis to examine diagnostic group di!erences across 
development, in age intervals of 5 years, starting at 2 years and sliding by 1 year. We selected a random subset of 70 
participants per group, bootstrapped 1000 times, and examined diagnostic group di!erences at each age interval, averaged 
across the 1000 bootstraps. This allowed us to determine change in group di!erences across development, and the age 
window with the maximum diagnostic group di!erence.

Results: All results were significant at 5% false discovery rate. For global measures, individuals with ADHD had significantly 
lower total cortical and subcortical grey and white matter volumes, and total cortical SA centile scores (d = -0.13- -0.18), but 
greater mean CT centiles (d = 0.09) relative to controls. Autistic individuals had significantly larger ventricular volume centiles 
relative to controls (d = 0.15). Individuals with ADHD showed regional CT increases (d = 0.09-0.10) but lower CV and SA 
centiles (d = -0.07- -0.18) across much of the cortex. Autistic individuals showed greater regional CT and CV localised to the 
superior temporal cortex (STG; d = 0.13-0.15). There was a significant sex-by-diagnosis interaction, and distinct diagnostic 
di!erences by sex for autism, but not for ADHD, where autistic males had greater CV and CT in the STG, but autistic females 
had lower SA in the fusiform gyrus, relative to controls. For autism, diagnostic group di!erences for the STG were strongest in 
the youngest age windows, across all cortical measures. For SA, and to a slightly less extent CV, this was also the case in most 
frontal and parietal regions. For CT, most other regions had the strongest e!ects in later ages, around 15-20 years. Group 
di!erences in ADHD were typically strongest at the latest age windows, starting at 14-15 years of age. Some regions showed 
the strongest di!erences in the youngest windows, including the STG for SA, and some frontal and parietal areas.
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Conclusions: These results indicate distinct cortical di!erences in autism and ADHD that are di!erentially impacted by 
age and sex.
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Introduction: Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) are the two highly comorbid 
developmental conditions that are characterized by heterogeneous behavioral phenotypes1,2. Previous studies targeting 
both ASD and ADHD suggested that some of their behavioral symptoms are commonly linked to the altered function of the 
corticostriatal circuit-a core structure for executive function3-6. However, those studies frequently relied on comparisons 
between case-control groups informed by clinically diagnosed labels, which leaves space for further exploration into the true 
essence of ‘transdiagnostic research’. Here, we address this issue by performing a fully dimensional approach, where we pool 
the data of all individuals with ASD or/and ADHD and comprehensively phenotype the relationship between their behavioral 
spectrum and corticostriatal functional connectivity (FC), regardless of their labels.

Methods: We analyzed the male-only data of 23 ASD, 111 ADHD, 61 comorbid ASD+ADHD and 35 neurotypical (NT) individuals 
derived from Healthy Brain Network7 (age: 6-21 years). The two dimensionality reduction techniques were employed: First, 
we performed a factor analysis to identify the bases underlying common variance of behavioral symptoms across all subjects 
(Fig.1A). Second, the Partial least squares (PLS) analysis investigated the correlation between resting-state FC of corticostriatal 
circuits and behavior symptoms (Fig.1B). We employed a permutation test (1,000 iterations) for the significance of the PLS 
analysis. Moreover, the composite scores from PLS (for both FC and behavioral symptoms) were sorted out into three di!erent 
bins (bottom 20%, middle 60%, top 20%) to quantitatively assess the gradual changes on this brain-behavior axis (Fig.2A). 
After these analyses, we further performed ANOVA to identify the di!erences of factor scores and cognitive performance 
(assessed by NIH toolbox cognition battery)8 between the diagnostic labeled groups as well as between the three binned 
groups based on the PLS scores above.

Results: Factor analysis identified four behavioral bases (i.e., ‘social problems’, ‘impulsive behavior’, ‘emotional problems’, and 
‘repetitive behavior’; Fig.1A), each providing a component score across all individuals. The following PLS analysis revealed 
a significant association between these behavioral component scores and corticostriatal FC (permutation p = 0.05; Fig.1B,C) 
across individuals, regardless of the diagnostic groups. We also checked the e!ect of diagnosis by extracting the PLS 
component scores for both corticostriatal FC and behavior symptoms and comparing them between the clinically labeled 
groups including NT. In this analysis, the comorbid group (ASD+ADHD) showed the most negative PLS score, suggesting 
their severe symptoms and corticostriatal connectivity abnormalities (Fig.1D). In the one way ANOVA with clinical diagnosis 
as an independent variable, each behavior score in ASD and ADHD exhibited significant impairment compared to other 
groups (Fig.1E). In particular, the ASD group showed a significantly lower score for cognitive flexibility, corroborating previous 
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findings9 (Fig.1F). The same analysis based on the PLS-score based three binned groups revealed significant di!erences for 
the behavior scores (Fig.2B). In the assessment of cognitive performance, however, the score showed only a trend of positive 
correlation, except for the working memory (Fig.2C).
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Conclusions: In this study, we found compelling evidence of a common biological axis that transgresses the boundaries of 
clinically diagnosed ASD, ADHD and their comorbid groups. This axis revealed the spectrum of transdiagnostic pathogenicity 
on brain-behavior relationships as well as on cognitive performance, potentially indicating their shared developmental 
etiology and manifestation. Our findings can provide a novel insight to a neuroimaging-based disease modeling in the future 
RDoC research10.

References
1. Sinzig J et al (2009) ‘Attention deficit/hyperactivity disorder in children and adolescents with autism spectrum disorder’ Journal of 

Attention Disorders 13(2):117-2
2. Simono! E. et al., (2008) ‘Psychiatric disorders in children with autism spectrum disorders: prevalence, comorbidity, and associated 

factors in a population-derived sample’ Journal of the American Academy of Child and Adolescent Psychiatry 47, 921–929.
3. Di Martino A et al (2011) ‘Aberrant striatal functional connectivity in children with autism’ Biological Psychiatry 69(9): 847–56.
4. Tomasi D et al., (2012) ‘Abnormal functional connectivity in children with Attention-Deficit/Hyperactivity Disorder’ Biological Psychiatry 

71 (5): 443–50.
5. Uddin LQ, (2021) ‘Cognitive and behavioural flexibility: neural mechanisms and clinical considerations’ Nature Reviews Neuroscience 

22(3): 167–79.
6. Westbrook A et al.,(2021) ‘A mosaic of cost-benefit control over cortico-striatal circuitry’ Trends in Cognitive Sciences 25(8): 710–21.
7. Alexander LM et al., (2017) ‘An open resource for transdiagnostic research in pediatric mental health and learning disorders’ Scientific 

data 4, 170181
8. www.nihtoolbox.org
9. Cho HB et al., Transdiagnostic mapping of striatal connectivity and behavior-circuit modeling in autism and ADHD. Canada. 2023.07.22-

26. OHBM 2023.
10. RDoC Matrix. https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/constructs/rdoc-matrix

Poster No 398

Transdiagnostic interindividual di!erences in brain coactivation dynamics in autism and ADHD
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Introduction: Collectively, 10% of children worldwide are a!ected by autism spectrum disorder (ASD) or attention-deficit/
hyperactivity disorder (ADHD), and they often co-occur1–3. Current evidence points towards altered intrinsic brain functional 
connectivity with convergence on atypicalities in the default mode network (DMN) in both conditions. However, findings 
within and across diagnoses have been inconsistent4–5. Most prior work has focused on static connectivity and case-control 
comparisons that may obscure meaningful sources of heterogeneity. As such, dynamic connectivity and dimensional 
approaches are increasingly used to understand these neurodevelopmental conditions. Prior studies have revealed that 
greater time spent in a DMN dominant state is associated with fewer ASD symptoms6 and greater ADHD symptoms7. However, 
these studies have been conducted in ASD and ADHD youth separately, and have not accounted for co-occurring symptoms 
in a single transdiagnostic sample. This study uses coactivation pattern (CAP) analysis to examine interindividual di!erences in 
the associations between dynamic connectivity and symptom severity of ASD and/or ADHD in a transdiagnostic youth sample.

Methods: Data from 166 children (6–12 years old) with ASD and/or ADHD (75% male) completed T1w structural and 
6-minute resting state functional MRI (fMRI) scans on a 3T Prisma Siemens MRI scanner (fMRI: TR=800ms, TE=30ms, voxel 
size=2.4x2.4x2.4mm). Data with median framewise displacement (FD)<0.2 mm were preprocessed using the Configurable 
Pipeline for the Analysis of Connectomes (CPAC) version 1.7.2. CAP analysis was then run on fMRI timeseries (using the 
method from8) to derive 8 CAPs across the sample, and dwell times, occurrence rates, and incidence rates for each CAP and 
person. Pearson partial correlations tested for dimensional associations between CAP properties and ASD/ADHD symptom 
severity, covarying for age, sex and FD. Symptoms were measured using rigorous clinical measures, Autism Diagnostic 
Observation Schedule-2 (ADOS-2) total, Social A!ect (SA), Restricted and Repetitive Behaviors (RRB) scores for ASD9, and 
Kiddie Schedule for A!ective Disorders and Schizophrenia (KSADS) total, hyperactivity/impulsivity (HI) and inattention (IN) 
scores for ADHD10. A priori analyses focused on CAPs showing coactivation in the DMN; further analyses explored behavior 
associations with properties of other identified CAPs.

Results: Two CAP pairs were identified with strong coactivation in the DMN (states 1/2 and 5/6; see Figure 1). Dwell time of 
CAP 6 positively correlated with ADOS-2 total scores (r=.18, p=.019; Figure 2A) and negatively correlated with KSADS ADHD 
totals (r=-.20, p=.011; Figure 2D). When separated by symptom subdomain, these correlations were specific to ADOS SA (r=.16, 
p=.039; Figure 2B) and KSADS HI (r=-.21, p=.008; Figure 2E) symptoms. There were no other correlations between properties 
of DMN-related states and ASD/ADHD symptoms. Exploratory analysis of visual and dorsal attention dominant CAP properties 
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revealed that lower incidence rate of the visually dominant CAP (state 3) was associated with higher ADOS-2 total severity (r=-
.26, pFDR=.019) and SA (r=-.25, pFDR=.019) scores.
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Conclusions: Our findings show a double dissociation by diagnostic symptom domain involving the brain state characterized 
by simultaneous deactivation of DMN and frontoparietal network and activation of the somatomotor network. Children with 
higher ASD symptoms, particularly in the social a!ective domain, spent more time in this brain state, whereas shorter dwell 
time occurred in children with higher ADHD symptoms, particularly in the hyperactivity/impulsivity subdomain. Results clarify 
the role of the DMN in ASD and ADHD symptoms in a transdiagnostic and comorbid sample.
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Introduction: Autism Spectrum Disorder (ASD) is a diverse condition with social and behavioral variations, and whose origin 
involves complex interactions of genetic, cellular, and environmental factors, potentially linked to developmental excitation/
inhibition imbalances. Neurobiologically, ASD exhibits a great deal of heterogeneity in brain morphology and network 
patterns. Subtyping e!orts may o!er a solution to overcome such multiscale heterogeneity, which is the most significant 
challenge in the development of e!ective therapies. This study, combining functional connectivity profiles, consensus 
clustering and transcriptomics, aims to further understand ASD heterogeneity.

Methods: A subtyping approach based on consensus clustering of multi-study harmonized functional brain connectivity 
patterns was applied to a population of 657 ASD individuals with quality-assured neuroimaging data from the ABIDE 
consortium. Subsequently, by means of a Multivariate Distance Matrix Regression analysis, functional architecture alterations 
of each subtype relative to the typically developing control (TDC) group (884 subjects) were estimated. The resulting brain 
maps were associated with high-resolution gene transcriptomics while controlling for spatial autocorrelations. The subset 
of genes showing a significant spatial similarity in these associations were then submitted to an enrichment analysis and a 
protein interaction analysis to characterize the molecular mechanism behind each subtype.
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Results: Two major stable subtypes were found (panel A): subtype 1, comprising about 53% of ASD subjects and exhibiting 
hypoconnectivity (less average connectivity than TDC participants); and subtype 2, involving about 43% of ASD subjects 
and showing hyperconnectivity. Both subtypes did not di!er statistically in structural imaging metrics in any of the regions 
(68 cortical and 14 subcortical) or in any of the behavioral scores (IQ, Autism Diagnostic Interview, and Autism Diagnostic 
Observation Schedule) analyzed. Functional network alterations of subtype 1 relative to TDC mainly involved the superior 
temporal gyrus, posterior cingulate cortex, and the insula. For subtype 2, higher di!erences were found in the thalamus, 
putamen, and precentral gyrus. Thus, alterations a!ecting the default mode network were common to both subtypes, but 
one (subtype 1) also showed specific disruptions involving the salience network and the other (subtype 2) in the somatomotor 
network (panel B). Subsequently, an association analysis of such alterations with transcriptomic data found 195 significant 
negative-associated (NEG) genes and 364 positive-associated (POS) genes for subtype 1. Significant NEG genes, also present 
in the SFARI gene human database with a relevance score of 1, were GFAP, CHD7, SKI, SHANK3, ANK3, and CACNA1E, while 
POS genes were ASXL3, MAP1A, STXBP1, DPYSL2, KNCB1, SCN8A, RIMS1, and CDKL5. Similarly, for subtype 2, we found 
142 NEG genes, of which GRIA2, RFX3, SHANK2, GRIN2B, DLG4, LRRC4C, ARX, and GABRB3 were also present in the SFARI 
list, and 180 POS genes, including MAGEL2 and IQSEC2. Finally, a gene enrichment analysis showed (panel C) significant 
enrichments after multiple testing corrections only for subtype 2 (not even using instead the whole ASD group), and included 
GO biological processes and Reactome pathways related to glutamate signaling (a!ecting both AMPA and NMDA receptors) 
and synapse organization in relation to the E/I imbalance occurring during the development of brain circuits. Likewise, NEG 
genes participated in each biological process and pathway, mostly prominent by genes DLG4, GRIN2B, GRIA2, and SHANK2.
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Conclusions: Our results support a link between excitation/inhibition imbalance, a leading well-known primary mechanism in 
the pathophysiology of ASD, and functional connectivity alterations. This, however, a!ects only one subpart of ASD, overall 
characterized by brain hyperconnectivity and major alterations in somatomotor and default mode networks.
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Introduction: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that persists into adulthood with both social 
and cognitive disturbances. Asperger’s syndrome (AS) was a distinguished subcategory of autism in the DSM-IV-TR defined 
by specific symptoms including di"culties in social interactions, inflexible thinking patterns, and repetitive behaviour without 
any delay in language or cognitive development. Studying the functional brain organization of individuals with these specific 
symptoms may help to better understand Autism spectrum symptoms.

Methods: The aim of this study is therefore to investigate functional connectivity as well as functional network organization 
characteristics using graph-theory measures of the whole brain in male adults with AS compared to healthy controls (HC) (AS: 
n = 15, age range 21-55 (mean ± sd: 39.5 ± 11.6), HC: n = 15, age range 22-57 [mean ± sd: 33.5 ± 8.5]).

Results: No significant di!erences were found when comparing the region-by-region connectivity at the whole-brain level 
between the AS group and HC. However, measures of “transitivity,” which reflect local information processing and functional 
segregation, and “assortativity,” indicating network resilience, were reduced in the AS group compared to HC. On the other 
hand, global e"ciency, which represents the overall e!ectiveness and speed of information transfer across the entire brain 
network, was increased in the AS group.
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Conclusions: Our findings suggest that individuals with AS may have alterations in the organization and functioning of brain 
networks, which could contribute to the distinctive cognitive and behavioural features associated with this condition. We 
suggest further research to explore the association between these altered functional patterns in brain networks and specific 
behavioral traits observed in individuals with AS, which could provide valuable insights into the underlying mechanisms of 
its symptomatology.
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Introduction: It is widely accepted that the children with autism spectrum disorder (ASD) di!erently perceive the external 
world1. The two leading theories, namely Weak Central Coherence2 and Enhanced Perceptual Functioning3 theories, may 
provide a possible account for this phenomenon, given that both commonly indicate the detail-oriented sensory processing in 
ASD. Notably, this atypical cognitive style has been also associated with the failure of prototype-based categorical learning in 
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ASD4. However, how all these cognitive symptoms are mechanistically related and how the atypical perception is represented 
on the functional brain in ASD remain largely unknown. To address these questions, we implemented a novel analytical 
framework to probe whole-brain semantic representation based on movie-watching fMRI. By estimating low-dimensional 
bases and dimensionality of this semantic representation, we sought to reveal the underlying mechanism of atypical 
perceptual process and the neural correlates for altered categorical learning in ASD.

Methods: We analyzed movie-watching fMRI from 123 individuals with ASD and 79 with the typically developing brain (movie 
clip: ‘Despicable Me’ [600 secs; TR: 0.8s])5. We manually annotated the temporal events of entities and actions that appear 
in movie frames (Fig 1a) and used them as regressors for semantic representation. Notably, gaze patterns, decoded from fMRI 
signals of the eyeball6., were used to model the e!ect of visual attention, providing a continuous weight for each regressor 
(Fig 1b). All these regressors were then linearly modeled with whole-brain fMRI signals to derive a semantic coe"cient 
matrix (Fig 1c). To test the generalizability, we split the movie-fMRI into training and test datasets using 3-fold cross-validation 
and checked the correlation between actual and predicted fMRI signals (Fig 1d). Finally, the coe"cient matrix underwent 
dimensionality reduction (i.e., PCA), which resulted in multiple principal components (=PCs) summarizing the semantic 
representation (Fig 1e).

Results: Fig 1i shows the semantic axis of PC1, which strongly di!erentiates between social-vs.-non-social categories, which is 
validated by independent semantic ratings7 (Fig 1j). By projecting the coe"cient matrix onto this axis, the extent to which each 
brain region reflects the social-vs.-non-social axis was measured. The TPOJ, MT+ complex, and PCC are the brain regions 
that prominently align with one end of axis, while the early visual, superior parietal, and somatosensory areas are closely 
associated with the opposite end of axis (Fig 1k,l). Next, the group comparison analysis showed that ASD has significant 
alterations in PC1 scores mostly in DMN areas (Fig 1m-o). To identify a possible account for this group di!erences, we further 
estimated the representational dimensionality (=RD) of a semantic coe"cient matrix at each brain area8 (Fig 2a). The whole-
brain mean RD for each group is shown in Fig 2b. The RD of ASD showed an increased pattern (i.e., a lack of generalizability) 
in widespread brain areas, with notable e!ects primarily emerging from DMN (Fig 2c,d). While both groups showed higher 
RD in unimodal regions compared to transmodal regions, the RD in the ASD group was consistently higher in both modality 
systems (Fig 2e-g). Finally, the posthoc analysis revealed that the RD significantly mediates the autistic social behavior through 
altered PC1, suggesting the existence of their potential mechanistic links for the symptom manifestation (Fig 2h).

Conclusions: This study sheds light on how the unique perception of ASD a!ects their semantic processing, particularly 
along the social-vs.-nonsocial axis. Our experimental evidence supporting atypical neurocognitive pathway for social 
impairment in ASD may o!er a potential hint to improve the strategy of future behavioral treatments in this prevailing 
developmental condition.
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Introduction: Epilepsy is one of the most common brain diseases, a!ecting 1% of the world’s population. Drug-resistant 
epilepsy (DRE) in particular a!ects 1 in 3 epileptic people. Recurrent seizures which characterize the disorder, occur due to 
sudden abnormal activity in the brain. This activity is generated in the so-called epileptogenic zone (EZ) network. A precise 
detection of the epileptogenic zone is crucial to treat DRE. Seizure recordings are used by clinicians to estimate the EZ 
network. In addition, brain stimulation is used to induce seizures (George 2020). By varying stimulation parameters via trial 
and error, clinicians aim to pinpoint regions responsible for seizure activity. In this work, we built a virtual epileptic patient 
cohort and evaluated this modeling framework for capturing empirical SEEG data.

Methods: In our study, we collected brain imaging data from 30 DRE patients, consisting of T1-MRI, di!usion-weighted 
MRI (DW-MRI) and recordings from implanted stereoelectroencephalography (SEEG) electrodes. The SEEG recordings 
consist of spontaneous seizures, stimulated seizures and interictal spikes. For each patient, we built virtual brain copies 
based on personalized whole-brain models (Wang 2023). We combined T1-MRI and DW-MRI to build brain network models. 
Brain regions are parcellated according to a brain atlas and represented as nodes in the network. The white matter fiber 
connections are represented as edges in the network. Brain region activity is simulated using a model which captures 
spatiotemporal seizure dynamics (Jirsa 2014). This model is placed in each node of the brain network model. In particular, 
the model’s parameter x0 determines the node’s epileptogenicity. We set epileptogenic nodes based on the EZ clinical 
hypothesis. Epileptogenic nodes generate seizure dynamics autonomously which propagate following edge connections from 
white matter tracts. Simulations are performed on the whole-brain level. Implanted SEEG electrodes are reconstructed in 3D 
from the post-implantation CT scan. Using euclidean distances between brain network nodes and electrode contact locations, 
we map the simulated brain activity onto the SEEG electrodes.

Results: Based on this workflow, we built the virtual epileptic patient cohort in BIDS format (Appelho! et al. 2019). We set 
up metrics to compare patient-specific empirical and simulated SEEG seizures, such as binary overlap and correlation of the 
spatio-temporal time series. We built a control cohort where the EZ hypothesis was chosen randomly and show that patient-
specific EZ hypothesis captures empirical SEEG data features significantly better than a randomly chosen one. For stimulated 
seizures, we also interrogated the stimulation parameters used to generate seizures. We built control cohorts where the same 
virtual model is used and only stimulation parameters vary, such as stimulation amplitude and stimulation location. We showed 
that as we get further away from the empirical stimulation amplitude or location, the simulated SEEG time series fail to capture 
the empirical SEEG seizure dynamics. Finally, we compared interictal spike time series by measuring spike rate for each SEEG 
channel. We showed that patient-specific EZ hypothesis captures spike rate better than a randomly chosen one, however not 
to the same extent as seizure dynamics are captured. This result confirms previous works (Bartolomei 2016, Luders 2006), 
where the interictal spike network is not identical to the EZ network, but overlaps with it.

Conclusions: In conclusion, we provided a virtual epileptic cohort and demonstrated the capacity of personalized whole 
brain models in capturing empirical brain activity of drug-resistant epilepsy patients. In particular, our personalized modeling 
framework captures stimulated seizure dynamics, where patient-specific stimulation parameters reproduce the observed 
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seizures. This approach can be useful in estimating optimal stimulation parameters that induce habitual seizures to 
diagnose epilepsy.



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 673

ABSTRACTS

References
1. Appelho!, S. et al. (2019). MNE-BIDS: Organizing electrophysiological data into the BIDS format and facilitating their analysis. Journal of 

Open Source Software, 4(44).
2. Bartolomei, F. et al. (2016), ‘What is the concordance between the seizure onset zone and the irritative zone? A SEEG quantified study.’ 

Clinical Neurophysiology, 127(2), 1157-1162.
3. George, D. D. et al. (2020). Stimulation mapping using stereoelectroencephalography: current and future directions. Frontiers in 

Neurology, 11, 320.
4. Jirsa, V. K. et al. (2014), ‘On the nature of seizure dynamics’, Brain : a journal of neurology, 137(Pt 8), 2210–2230.
5. Lüders, H. O. et al. (2006), ‘The epileptogenic zone: general principles’, Epileptic disorders, 8, S1-S9.
6. Wang, H. E. et al. (2023), Delineating epileptogenic networks using brain imaging data and personalized modeling in drug-resistant 

epilepsy. Science Translational Medicine, 15(680), eabp8982.

Poster No 403

Lower neonatal brain volumes following prenatal exposure to maternal COVID

Julie Sigurdardottir1, Dafnis Batalle1, Ayesha Javed1, Molly Eddison1, Mary Rutherford1, Deena Gibbons1, Katie Doores1, Lucilla 
Poston1, A. Edwards1, Grainne McAlonan1

1King’s College London, London, United Kingdom

Introduction: Epidemiological and animals studies indicate that maternal immune activation (MIA) during pregnancy may alter 
fetal brain development and increase the likelihood of psychiatric and neurodevelopmental di"culties in the o!spring. The 
advent of COVID provided an opportunity and responsibility to directly examine the potential e!ect of prenatal exposure 
to maternal COVID infection on fetal brain development. In this preliminary prospective study, we examined brain regions 
previously implicated in psychiatric and neurodevelopmental conditions in neonates likely and unlikely to have been exposed 
in utero.

Methods: A UK sample of n=145 neonates (75 males) from the Brain Imaging in Babies Study born at mean(sd) 39.4(1.7) 
postmenstrual weeks of age and with no known family history of neuropsychiatric conditions, were scanned on a 3T MRI scan 
at mean(sd) 41.4 (2.1) weeks. Of those, 88 developed in utero during the COVID pandemic. From T2-weighted brain imaging 
data, volumes were calculated using the automated segmentation pipeline of the developing Human Connectome Project for 
the bilateral amygdala, hippocampus, caudate, insula, thalami, lentiform, cerebellum and for frontal lobe and anterior temporal 
lobe grey and white-matter [GM,WM] and total brain volume (TBV). Blood samples from mother and child were obtained at 
scan from the pandemic cohort. Prenatal exposure to maternal SARS-CoV-2 was defined as: positive Nucleocapsid-antibody 
response (>4 fold change above background) in either individual and/or a positive spike-antibody response if sampled prior 
to the vaccination roll-out. Multivariate multiple regressions were used to assess the e!ect of exposure on brain volumes, 
adjusted for sex and age at scan and age at birth.

Results: Likely COVID-MIA exposure was determined in 33 of the 145 neonates (37.5% of the pandemic cohort). Exposure 
was associated with lower TBV, total cortical GM, right anterior temporal GM, left amygdala and left thalamus (p-uncorrected 
<0.05). Excluding neonates born preterm <37 weeks attenuated the e!ect on the left thalamus only.
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Conclusions: Fetal brain development was altered in children exposed to COVID-MIA, specifically volumes in areas involved in 
neurodevelopmental psychiatric conditions and cortical GM were lower in those likely exposed. However, we emphasize that 
we cannot entirely exclude the e!ect of other important maternal and environmental factors (including antenatal stress). We 
also do not yet know if these brain alterations are functionally and clinically relevant and this is the focus of on-going study.
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Introduction: The third trimester of pregnancy is characterized by complex neurodevelopmental processes which shape the 
brain’s structural and functional networks1. In grey matter (GM) regions, micro-structural changes observed with di!usion MRI 
show distinct spatiotemporal profiles during this period2. While GM microstructural synchrony across regions belonging to 
the same developing functional networks is expected3, the grey matter microstructural covariance (MC) and its relationship to 
functional connectivity (FC) assessed with resting-state functional MRI (rs-fMRI) remains underexplored. Our study aimed to 
examine the developmental changes in these two modalities and the MC-FC relationships in the last pre-term weeks and their 
potential alterations in the context of prematurity.

Methods: We analysed anatomical, di!usion, and resting-state functional MRI data from the developing Human Connectome 
Project (dHCP) database4: 45 preterm (PT) infants without overt brain lesions (26 males, gestational age at birth – GA at birth – 
median 32.3 weeks, range [25.6w–36.0w]) scanned close to birth at median postmenstrual age – PMA at scan – 34.9 weeks, 
range [28.3w–36.9w](PT:ses1) and near term equivalent age (TEA) (median PMA at scan 41.3 weeks, range [38.4w–44.9w]) 
(PT:ses2) and a control group of 45 full-term (FT) infants matched to preterms on sex and PMA at TEA scan (Figure1a). Median 
cortical microstructure for cortical and subcortical regions (ROIs) was evaluated with di!usion tensor imaging (DTI)5 and neurite 
orientation dispersion and density imaging (NODDI)6 models before computing a MC for each pair of ROI within each group 
(Figure1b,c). Average FC for each group between the same set of ROIs was derived as a Pearson’s correlation. Connectivity 
matrices were compared for di!erent conditions (PT:ses 1 vs ses2; PT:ses2 vs FT, within or between MC and FC modalities) 
using Wilcoxon signed-rank test and correlation analyses with FDR correction. Overlap of the MC and FC in terms of network 
structure described with hierarchical clustering over all possible cluster sizes was evaluated with average mutual information.
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Results: Both MC and FC showed a global strengthening of regional connectivity between birth and TEA in preterms. 
Initially weaker and widespread at birth (PT:ses1), MC covariance selectively strengthened, particularly between lobes, with 
development (PT:ses2, FT). Di!erences in FC between preterm sessions indicated concurrent functional development. 
Additionally, both MC and FC showed significant di!erences between PT infants at TEA and FT, implying substantial 
microstructural and functional alterations in prematurity (MC – PT:ses2 > FT, p<0.001; FC – PT:ses2 < FT, p<0.001). Despite 
these di!erences, both MC and FC remained highly correlated between these two groups, indicating that while prematurity 
impacted regional covariance strengths, overall connectivity profiles were not drastically modified (Figure 2a). Direct 
comparisons between MC and FC revealed a significant relationship that decreased during development (Z=17.39, p<0.001) 
(Figure 2b). On the network level, analyses revealed an initially low but increasing overlap between MC and FC-derived 
networks, suggesting the emergence of a shared underlying network architecture between grey matter microstructural 
covariance and functional connectivity (Figure 2c).
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Conclusions: Our results bring new insights into the early development of grey matter microstructural covariance and 
functional connectivity in the context of prematurity. This study emphasizes the value of integrating descriptors of MC 
in addition to more commonly used white matter structural connectivity to better understand early structure-function 
relationships. In the future, it will be crucial to investigate potential alterations of the MC-FC relationships within individual 
subjects8 and their ability to serve as neuroimaging markers for the diagnosis and prognosis of neurodevelopmental 
disorders frequently observed in preterm-born children.
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Introduction: Prenatal drug exposure (PDE) and socioeconomic status (SES) are known to independently a!ect newborn brain 
functional network development (Gao 2015, Salzwedel 2015, Liu 2022). Resting-state functional magnetic resonance imaging 
(rsfMRI) studies in infants and children with PDE show connectivity disruptions in limbic regions involved in reward processing 
and emotion regulation (Morie 2019, Ross 2015, Salzwedel 2015, Liu 2022). SES has also been linked with infant functional 
connectivity development in the default-mode network (Gao 2015). However, little is known about the combined e!ect of PDE 
and SES on early neurodevelopment. In this study, we used rsfMRI to examine both the unique and potentially interactive 
e!ects of PDE and SES (i.e., indexed by maternal education (MEdu)) on functional connectivity at birth.

Methods: Participants were enrolled as part of two projects examining the impact of PDE on early brain development. 
Subjects in both datasets included drug-free control neonates (CTR; Dataset 1: n=54; Dataset 2: n=28) and neonates with 
PDE (Dataset 1: n=61; Dataset 2: n=81), including: alcohol, nicotine, marijuana, cocaine, and opioids. Data from 100 drug-free 
control neonates from the University of North Carolina Early Brain Development Study (reference dataset; Gao 2017; Gilmore 
2018) were also used. For all datasets, rsfMRI scans were acquired during natural sleep at 2 weeks of age. Participants were 
matched on sex, race, age at birth, age at scan, and motion. Birthweight and maternal depression were included as covariates 
of no interest in all analyses. Functional connectivity measures were derived using a neonate functional parcellation-based 
atlas (Shi 2018). For each seed region of interest (ROI; n=223), the average time series was extracted and correlated with every 
other ROI in the brain to compute a correlation matrix for each subject. Linear regression was used to identify main e!ects 
(PDE, MEdu) as well as interactive e!ects (PDExMEdu) on each neonate functional connection. A p-value thresholding strategy 
(p<.05) was used to generate heatmaps revealing main e!ects of PDE, main e!ects of MEdu, and interactive e!ects between 
PDE and MEdu on functional connectivity between each ROI and the whole brain.

Results: In Dataset 1, main e!ects of PDE and MEdu were concentrated in similar regions, including temporal, frontal, 
and occipital areas. Additionally, there was a main e!ect of PDE, but not MEdu, in the left mid-cingulate gyrus. Significant 
interaction e!ects were observed in frontal, temporal, occipital, and mid-cingulate regions. A di!erent distribution of e!ects 
was observed in Dataset 2. Main e!ects of PDE were observed in the left mid-cingulate gyrus, right anterior cingulate gyrus, 
orbitofrontal cortex, and fusiform gyrus. Widespread e!ects were observed for MEdu, concentrated in the anterior cingulate 
gyrus as well as frontal, parietal, and occipital areas. Significant interaction e!ects were observed in Dataset 2, driven by PDE. 
Across both datasets, the main e!ect of PDE on mid-cingulate gyrus was highly consistent.
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Conclusions: At birth, distinct e!ects on functional connectivity are observed for both PDE and MEdu. In line with prior studies 
in children and youth with PDE demonstrating altered structure and function of the cingulate cortex (Morie 2019, Ross 2015), 
we observed a significant e!ect of PDE on mid-cingulate functional connectivity across both datasets. Importantly, wide-
spread interactive e!ects were also observed, indicating that the two risk factors may combine and interact with each other 
to have di!erential impacts on pre-/perinatal functional connectivity development depending on the situation. Between the 
two datasets, we observed markedly di!erent distributions of the e!ects of PDE and MEdu as well as the interactive e!ects 
between PDE and MEdu, which may be due to the heterogeneous polydrug profiles in this population.
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Cortical atrophy before and after surgery map to distinct brain networks in temporal lobe epilepsy
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Introduction: Surgery is the most e!ective treatment to control seizures in pharmaco-resistant temporal lobe epilepsy 
(TLE)1-3. Although this approach focuses on the hippocampus and nearby temporal lobe structures, most patients also show 
widespread cortical atrophy beyond this disease epicenter. How these alterations elsewhere in the brain are a!ected by a 
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surgical lesion, however, remains a debate. Here, we assessed whether functional connectivity from surgical lesion locations 
map to brain networks that are associated with cortical atrophy before and after surgery.

Methods: We studied adults with pharmaco-resistant TLE (n=37) who underwent anterior temporal lobectomy as a treatment 
of their seizures. All patients underwent longitudinal MRI before and after surgery. We segmented patient-specific surgical 
lesions using the postoperative T1-weighted MRIs (Figure 1A). Using an atlas of normative connectivity (n=1000), we 
identified the brain networks that were functionally connected to each patient’s surgical lesion (Figure 1B)4,5. We then tested 
whether these brain networks could di!erentiate cortical regions that are atrophied before surgery, after surgery, or at both 
time points.

Results: Surgical lesions in all patients were negatively correlated to fronto-parietal regions (henceforth, “anticorrelated 
lesion network”) and positively correlated to the temporo-limbic, medial prefrontal, precuneus, and inferior parietal cortices 
(henceforth, “positive lesion network”; Figure 1B). Individualized pre- and postoperative cortical atrophy maps were then 
obtained by comparing cortical thickness in each patient with TLE versus a group of age- and sex-matched healthy controls 
(n=31). Preoperative cortical atrophy across individual patients peaked in bilateral fronto-central regions (maximum overlap 
of 51.3%), whereas postoperative atrophy peaked in ipsilateral temporo-insular regions (maximum overlap of 100%; Figure 
2A). Testing for morphological associations with the anticorrelated and positive lesion networks revealed significantly more 
preoperative cortical atrophy in the anticorrelated, relative to the positive, network (t=–4.16, p=1.90×10–4). In contrast, more 
postoperative cortical atrophy was observed in the positive, relative to anticorrelated, network (t=10.10, p=4.79×10–12; Figure 
2B). Cortical atrophy that was observed in the same regions before and after surgery showed no network preference (t=1.95, 
p=0.059).
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Conclusions: Brain networks functionally connected to surgical lesions in TLE di!erentiate pre- from postoperative cortical 
atrophy patterns. Our findings suggest that atrophy before and after surgery may serve di!erent functions (e.g., compensation 
vs. disconnection).
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Decreased BOLD signal variability in middle-aged and older adults with autism
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Introduction: Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder. Preliminary evidence suggests 
an increased risk for accelerated or early-onset cognitive and neurological decline5,8,9. While it is well established that brain 
development in children, adolescents and young adults with ASD diverges from neurotypical (NT) peers, it is unknown how 
brain function is impacted in older adults with ASD and what consequences this may have for cognition and behavioral 
abilities. Better understanding of age-related changes of brain function in ASD is crucial to establish best practices for 
cognitive and health screenings in adults with ASD and develop preventions that might reduce the risk of accelerated decline. 
Decreases in blood-oxygenation-level-dependent (BOLD) signal variability in typical aging have been shown across multiple 
studies2,3,10, likely reflecting declining Gamma-Aminobutyric Acid (GABA) activity4,7, and are associated with poorer cognitive 
performance1,3. We hypothesized that adults with ASD would show reduced BOLD signal variability compared to the NT group 
with steeper negative age associations in the ASD than NT group, potentially reflecting accelerated aging in this cross-
sectional sample.

Methods: This study assessed BOLD signal variability in a cohort of adults (40-70 years), 26 with ASD and 37 age-matched 
typical controls, who participated in a multimodal longitudinal study of aging in ASD. All participants completed two eyes-open 
6-minute resting-state fMRI scans acquired on a 3T GE MRI using a fast multiband EPI sequence (TR=0.8s, 2mm iso. voxel 
size). There were no significant di!erences between the ASD and NT groups on age, gender, non-verbal IQ, body mass index, 
co-occurring hypertension, or head motion (RMSD) during the scan. fMRI data underwent standard pre-processing using 
SPM12 and the CONN toolbox, including rigid-body realignment, normalization to the MNI template, bandpass filtering, and 
nuisance regression to remove physiological and motion confounds. Average BOLD signal time series were extracted from the 
Harvard-Oxford anatomical parcellation and BOLD signal variability calculated as the standard deviation of the timeseries for 
each region of interest (ROI). ROIs were those identified by Lalwani et al.4 to show significant age-related reductions in BOLD 
signal variability and included frontal, temporal, parietal, occipital and insular cortical areas. General linear models tested for 
main e!ects of diagnostic group (ASD, NT), age and group-by-age interactions (controlling for RMSD) in each region. Multiple-
comparison corrected statistical significance was defined as Benjamini-Hochberg FDR-adjusted p<0.1.

Results: For all ROIs, BOLD signal variability decreased with age across groups (Figure 1A) with right insular cortex and 
bilateral IFG showing significant age e!ects when adjusted for multiple comparisons. Significant group-by-age interactions 
were observed for right insular, left temporal occipital fusiform and right inferior lateral occipital cortex (Figure 1B) with BOLD 
signal variability showing strong negative associations with age in the ASD but not NT group (Figure 1C).

Conclusions: The only previous study assessing BOLD signal variability in ASD was conducted in children and adolescents 
and found no significant group di!erences6. When examining older adults with ASD we found cross-sectional age-related 
changes in BOLD signal variability. Together, these two findings may indicate that decreased BOLD signal variability arises 
only later in adulthood in ASD, potentially as a result of accelerated aging. However, given limited prior research and evidence 
from postmortem and animal studies as well as MRI spectroscopy of altered GABA activity across the lifespan in ASD, 
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additional longitudinal analyses will be necessary to determine if the results presented truly reflect accelerated aging or arise 
from lifelong persistent di!erences in brain function.
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Introduction: A major risk factor for newborns with congenital heart disease (CHD) is delayed brain development, enduring 
long-term neuromotor and neurocognitive deficits1,2. Previous studies have suggested neurobehavioral dysfunction in CHD is 
already evident in the neonatal period3,4. Our previous work has suggested that newborns with CHD showed aberrant brain 
circuitry5. Up to now, however, it remains unknown which large-scale brain networks corresponding to di!erent neurocognitive 
functions, e.g., visual, somatosensory, auditory, or attention, are vulnerable in CHD. In this work, by leveraging two population-
scale datasets acquired from independent sites, we investigated atypical development of brain networks in high-risk CHD 
prior to open heart surgery compared to healthy controls.

Methods: We analyzed two resting-state functional MRI (rsfMRI) datasets; one public dataset (dHCP dataset) from developing 
Human Connectome Project consisting of 167 good quality rsfMRI scans of healthy neonates (postmenstrual age, PMA≥41wks; 
PMA=42.46±1.10wks)6 and another dataset, acquired at our institute, consisting of 137 healthy neonates (PMA=41.71±1.78wks) 
and 74 neonates with CHD (PMA=39.96±1.83wks). The dHCP dataset was utilized to define the normative set of functional 
brain networks (FBNs) with melodic ICA7. The number of FBNs was set to 15 heuristically while consistency over varying # of 
FBNs (=10, 20, and 30) was observed. Our dataset was used for investigating the di!erence in FBNs between healthy control 
and CHD. The reconstruction degree was measured by averaging squared correlation between original- and reconstructed 
cortical patterns using entire or individual FBN(s) over whole timepoints. The occurrence frequency of each FBN per scan was 
calculated by assigning volume to one of 15 FBNs given minimal cosign distance and dividing by the total volumes. Finally, the 
group-specific FBN maps were derived by using dual regression.

Results: Fifteen FBNs defined from the healthy newborn population represented various brain networks spanning sensory-
related regions (Figure 1A, sensorimotor: FBN1, 2, 3, and 5; visual: 9 and 13, auditory: 7 and 10). Some FBNs covered trans-
modal regions, e.g., 6, 7, 8, 11, 12, 14, and 15. We observed the reconstruction degree increased over aging in healthy controls 
(Figure 1B; r=0.47, p<10-7), but this was not observed in the CHD (r=0.18, p=0.12). CHD showed worse reconstruction level than 
control when considering age as a covariate (top row, Figure 1C). Interestingly, the association of reconstruction level to age 
and CHD was distinct across di!erent FBNs (Figure 1D). For example, FBN1 covering sensorimotor regions varied significantly 
by CHD but not by age. Conversely, the reconstruction degree of FBN7 spanning auditory-associated regions was associated 
with age but not with CHD. Next, we further investigated group-wise di!erence in FBN1 (CHD vs. age-matched control; n=45, 
PMA<41wks). We found that the occurrence of FBN1 was greater in controls than CHD group (Figure 2B, control; 11.55±3.36% 
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vs. CHD; 8.03±5.21%, p<10-4) while both groups shared similar patterns compared to the normative FBN pattern (Figure 2A; 
pattern similarity in CHD, r=0.83 vs. in control, r=0.84).

Conclusions: We report that newborns with CHD exhibit atypical brain activity patterns compared to healthy newborns prior 
to open heart surgery. Notably, unimodal brain networks, specifically related to sensorimotor system, were less represented 
in the CHD group. Interestingly, while both CHD and healthy controls share similar patterns of sensorimotor network, the 
occurrence of this network was less frequent in CHD. Our findings provide novel insights into the adverse e!ect of CHD on 
functional brain networks. In future works, we plan 1) to investigate the diversity of FBNs across subtypes of CHD and 2) to 
relate the variations of FBNs in CHD with neurodevelopmental outcomes.
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Introduction: Autism spectrum disorder (ASD) is a complex, multifaceted condition involving a number of behavioral and 
cognitive components and diagnosed via behavioral and cognitive tests administered by a trained clinician1,2. A recent paper3 
demonstrated that changes in two di!usion MRI cellular microstructural metrics of neuronal capacity, termed aggregate g-ratio 
and aggregate conduction velocity, are significantly di!erent in autistic individuals compared to non-autistic individuals. 
If di!erences in these metrics are representative of genuine neurological di!erences contributing to ASD, then similar 
relationships should be observed in validated behavioral tests used to evaluate ASD.

Methods: Participants: 273 subjects (mean age = 154.3 months ±35.21 S.D., 133 female [49%]) were included in this study. 
148 were diagnosed with ASD (mean age = 150.8 months ±34.31 S.D., 70 female [47%]) and 124 non-autistic participants 
(mean age = 154.3 months ±35.21 S.D., 62 female [50%]). Behavioral and Cognitive Metrics: All subjects were evaluated using 
several widely utilized neuropsychiatric metrics: Clinical Evaluation of language Fundamentals (CLEF-4), Behavior Rating 
Inventory of Executive Function (BRIEF), Repetitive Behavior Scale (RBS-R), Child Behavior Checklist (CBCL), Adolescent/Adult 
Sensory Profile, Di!erential Ability Scales (DAS-School Age), Vineland adaptive behavior scales, and individuals with ASD 
were further evaluated using the Autism Diagnostic Observation Schedule (ADOS-2), age at language acquisition, and the 
Autism Diagnostic Interview-Revised for a total of 94 di!erent metrics when subscales from each evaluation were included. 
Image Acquisition: Di!usion, T1-weighted, and T2-weighted images were acquired from each subject. Di!usion images were 
acquired with an isotropic voxel size of 2×2×2mm, 64 non-colinear gradient directions at b=1000 s/mm2, and 1 b=0. T1-
weighted MPRAGE images with a FOV of 176×256×256mm and an isotropic voxel size of 1×1×1mm, TE=3.3; T2-weighted images 
were acquired with a FOV of 128×128×34 with a voxel size of 1.5×1.5×4mm, TE=35. Image Processing: As described in more 
detail in previous work3 images were preprocessed with MRtrix34, FSL5, and Freesurfer6 to calculate voxel-wise aggregate 
g-ratio and aggregate conduction velocity. The mean value of these metrics was measured within each of the 164 regions of 
the Destrieux Cortical Atlas and 48 regions of the JHU WM Atlas. Linear models tested the association between the score 
on each component of each behavioral test and the mean microstructural value in each ROI while controlling for age, sex, 
scanning site, total brain volume, and IQ with a Benjamini and Hochberg multiple comparison correction.

Results: When examined using data from all subjects, conduction velocity was associated with 47 di!erent subscales in at 
least 1 ROI (Fig. 1a). The BRIEF, RBS-R, CELF-4, CBCL, SRS-2 and Vineland-II were significantly associated with conduction 
velocity measured across a wide variety of cortical ROIs but particularly in the superior and frontal cortex, and subcortical gray 
matter (Fig. 2a). G-ratio was not as widely nor strongly associated across ROIs with the behavioral metrics, with the largest 
associations found in the deep WM in the BRIEF and DAS. However this pattern was reversed when the associations were 
considered exclusively within the autistic participants (Fig. 1b). G-ratio was more strongly associated with metrics across a 
number of ROIs, particularly the CBCL, than conduction velocity. G-ratio relationships were largely located in the motor cortex 
and WM (Fig. 2b).
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Conclusions: Despite di!erences in evaluations there was a great deal of overlap in brain regions associated with the various 
metrics, particularly when non-autistic subjects are included. However the switch to more significant g-ratio measurements 
when evaluating exclusively autistic subjects suggests that behavioral severity in autism may not follow the same neurological 
mechanism as diagnosis.
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Tourette and Chronic Tic disorders: Results from multimodal Brain Imaging Studies in Korea

Jae Hyun Yoo1, In-Hyang Kim2, Soo-Min Jang3, Woo-Seok Choi4, Yu-Bin Lim4, Bung-Nyun Kim4
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Introduction: Tic and tourette disorders are neurodevelopmental disorders that develop in early childhood. Literature 
suggested tic symptoms are associated with widespread structural changes including cortico–striatal–thalamocortical 
pathway and ascending cortical inputs. Still, methods and sample size have varied widely across imaging studies, findings 
from stuructural imaging have not been converged yet in tic disorder. In the current study, we aimed to find neural correlates 
of tic disorder by exploring subcortical morphologic changes and associated anatomical connectivity findings.

Methods: Current study recruited 62 subjects with chronic tic disorder and 62 age-matched controls. To reveal collective 
alterations alongside subcortical structures and white matter, we sequentially analyzed multimodal imaging data. Using FIRST 
of FSL, comparison of morphologic alteration has been conducted using high-resolution T1-weighted images. Hence, regions 
with significant change inputted as seed mask for di!usion tractography by mrtrix3.

Results: The shape ofsubcortical structure among participant with tic disorder showed significant shrinkage in posterodorsal 
facet of right amygdala (p=0.017), ventromedial facet of right putamen (corrected p=0.029), posterior and lateral facet right 
pallidum (corrected p=0.041), inferior and lateral facet of right thalamus (corrected p=0.030) and posterodorsal facet of left 
thalamus (corrected p =0.029). Seed based tractography revealed that tic group showed reduced connectivity between right 
thalamus-right inferior insula (p=0.001), right thalamus-right posterior lateral fissure (p=0.043), and right putamen-right inferior 
insula (p=0.037). In contrast, connectivity between right putamen-right orbital area (p=0.028), and right pallidum-right caudate 
(p=0.013) was stronger in tic group than that of control group.
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Comparison of the subcortical shape di!erences between patients with Tourette’s and chronic tic disorders and typically 
developing children.

Subcortical-to-cortical network connectivity alterations in patients with Tourette’s and chronic tic disorders estimated from 
current fiber tractography findings.

Conclusions: Current study highlighted that children with chronic tic disorder had morphological changes across several 
subcortical regions including thalamus, putamen, pallidum and amygdala. In addition, cortical connectivity network from such 
regions are also well corresponded to neural correlates of genesis, premonitory urge, and suppression of tic.
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Machine Learning Analysis of Infant Brain Odor Responses in an fMRI Study

Dahyeon Kang1, Sarah Reeser1, Allegra Johnson1, Stephen Dager1, Mary Larimer1, Natalia Kleinhans1

1University of Washington, Seattle, WA

Introduction: With the legalization of cannabis, pregnant women have increasingly turned to cannabis products to alleviate 
symptoms such as nausea, anxiety, and pain during pregnancy.¹ Yet, there remains a significant gap in research regarding 
the impact of prenatal cannabis exposure on infant brain development. Infant brains pose unique challenges for study due to 
their rapid developmental trajectories.² While functional Magnetic Resonance Imaging (fMRI) has provided a means to study 
infant brain development, traditional fMRI statistical methods (e.g., general linear models) encounter limitations in precisely 
identifying task-dependent brain activation. This is due to the heterochronicity in the maturation process across brain regions, 
potentially influencing the hemodynamic response function. Therefore, integrating models capable of handling multiple 
variables, i.e., machine learning, becomes crucial in understanding these complexities. Our study, using fMRI data from infants 
aged 6 to 9 months with prenatal cannabis exposure (PCE) and a control group (CON), aims to uncover nuanced insights into 
how such exposure might a!ect neural processing and responses to olfactory stimuli during this early developmental period.

Methods: Twenty-eight infants (14 PCE, 14 CON) provided valid fMRI data (57.1% male) under natural sleep. Olfactometer 
tubes were positioned toward the infant’s nose to present phenylethyl alcohol, a rose-like odorant which was presented 
in a block-design, with ‘odor+air’ for 9s and ‘air only’ for 18s, repeated 4 times. Olfactometer equipment setup was as 
previously described.³ Quiet BOLD fMRI scans were obtained on a Philips Ingenia Elition 3T with a 32-channel head coil 
(TR/TE=1500/30ms, 2.5 mm³ isotropic, MB 3, SENSE factor=2, 72 dynamics). Preprocessing was performed using FMRIB’s 
Software Library and included motion correction, brain extraction, detrending, band pass filtering, and registration to the 7.5 
month infant template.² The regions of interest (ROIs) included in the analyses covered both primary and secondary olfactory 
cortex (Fig. 1).⁴ Python with Scikit-Learn was used for data analysis. A Random Forest Regression was chosen for its capability 
in handling high-dimensional data and managing multicollinearity among features. SHAP (SHapley Additive exPlanations) 
values were computed for interpreting feature importance within the defined ROIs.

Results: The Random Forest model demonstrated strong performance in distinguishing between odor and air sensory 
processing, accounting for 43% of the observed response variance, R²=0.43, MSE=0.125. SHAP analysis highlighted specific 
ROIs, such as the pars orbitalis, entorhinal, pallidum, and insula, among others, showing substantial influence in predicting 
hemodynamic responses to odor (Fig. 1). Further, using multi-level modeling, group- and individual-level di!erences in time 
to peak activation and SHAP-values were examined. A significant main e!ect of Group (b=-0.004, t=-2.131, p=0.03) and an 
interaction between time-to-peak-activation and Group (b=0.002, t=5.685, p<0.01) were found in the medial orbitofrontal 
cortex (Med OFC). Specifically, PCE infants exhibited lower SHAP values and longer time-to-peak-activation (10.5s vs. 6s 
post-stimulus in CON) in the Med OFC (Fig. 3). Lastly, among PCE infants, significant associations were discovered between 
tetrahydrocannabinol (THC) exposure levels and SHAP values in the left pallidum (b=0.0001, t=2.334, p=.04), such that higher 
levels of THC correlated with lower SHAP values.

Conclusions: This study o!ers initial evidence supporting the potential of machine learning in delineating precise 
neural responses to sensory stimuli in infant brains. By revealing key contributors and their temporal dynamics, it 
highlights the intricate interplay within the developing brain during sensory processing tasks, thereby opening avenues 
to develop more precise models of the hemodynamic response that will allow for deeper investigations into early 
neurodevelopmental processes.
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Abnormal imaging neuroanatomy in childhood autism spectrum disorder and schizophrenia

Bin Lu1, Chaogan Yan2

1Institute of Psychology, Beijing, Beijing, 2Chinese Academy of Sciences, Beijing, China

Introduction: Autism spectrum disorder (ASD) and schizophrenia (SCZ) are neurodevelopmental disorders with high morbidity. 
They share some genetic risks, clinical symptoms and neuroanatomical architectures but also show divergence in these 
aspects. In the current study, we aim to disclose the consistent and inconsistent atypical imaging-based neuroanatomy 
of pediatric and adolescent ASD and SCZ patients. The former morphological studies on SCZ consistently reported 
comprehensively decreased cortical grey matter. For ASD, a study based on large-scale data exchange project - ABIDE 
- announced lower cortical thickness in a wide-range age group of ASD participants (Haar et al., 2016), but the conflicted 
results are also frequently reported (see (Baribeau and Anagnostou, 2013) for review). In addition to structural neuroanatomy, 
resting-state fMRI can illustrate the in vivo functional organization of the brain using connection-based methods including 
connectome, functional gradient (Margulies et al., 2016), and graph-theoretical indices (Bullmore and Sporns, 2009), which 
are collectively termed as connectomic anatomy. However, a direct comparison of imaging-based neuroanatomy between 
pediatric ASD and SCZ was lacking.

Methods: For our multi-center dataset, 229 high-functioning autism individuals, 186 schizophrenia individuals in acute phase 
under 18 years old, meeting DSM-IV criteria and 128 typical development participants were enrolled through the outpatient 
clinic and accepted T1-weighted and R-fMRI scans at 5 scanning sites. The procedure was approved by the Ethics Committee 
of Peking University Sixth Hospital. The MR images were preprocessed and quality controlled using DPABISurf (Yan et al., 
2021). After that, surface-based metrics including cortical thickness, subcortical volume, connectome, functional gradient and 
graph-theoretical indices to depict the abnormal structural and connectomic neuroanatomy of ASD and SCZ.

Results: In general, noteworthy di!erences exist in the direction and extent of the abnormal structural and connectomic 
neuroanatomy in ASD and SCZ. For structural neuroanatomy, both ASD and SCZ showed decreased cortical thickness and 
subcortical volume. However, compared to ASD, SCZ has a thinner bilateral intra-parietal sulcus, right temporo-parieto-
occipital junction, and smaller hippocampal volume. For connectomic neuroanatomy, only ASD exhibits a decrease at the 
network-level in connectome and e"ciency, which SCZ does not. Importantly, the decrease in brain network e"ciency in ASD 
may be related to its gradient compression (e.g. decreased gradient range). Almost all (92.3%) brain regions with decreased 
nodal e"ciency show a decline in the primary-to-transmodal gradient or the sensorimotor-to-visual gradient, and all (100%) 
nodes that decline on both gradients show a significant decrease in e"ciency.
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Conclusions: In sum, SCZ has greater structural variations, while ASD has more pronounced functional abnormalities. The 
structural and connectomic neuroanatomical profile of ASD and SCZ showed both shared and distinct brain characteristics.
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EEG Microstates Reveal Altered Default-mode Network Dynamics Related to Attention in Narcolepsy

Xiao Han1, Feiyan Chen1
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Introduction: Narcolepsy is a chronic neurological disorder characterized by the dysfunction of hypocretin system. In 
addition to cataplexy and excessive daytime sleepiness, patients always exhibit cognitive disturbances, such as di"culty in 
attention sustaining and decision making, accompanied by depression, anxiety(Bassetti et al., 2019). Previous neuroimaging 
studies in narcolepsy have reported the functional abnormalities of default-mode network (DMN) in resting-state functional 
magnetic resonance imaging (fMRI) (Fulong et al., 2020). In this study, we aim to investigate abnormalities of DMN by the 
electroencephalographic microstates. Moreover, we seek to explore the relationship between the anomalous DMN and the 
sustaining attention disturbances, neuropsychological assessment, clinical data in narcolepsy.

Methods: Narcolepsy type 1 patients (NT1, n=40) and control group (Control, n=40) were recruited to collect their resting-
state EEG data before and after their participations in Sustained Attention to Response Task (SART) (each lasting three 
minutes). Before EEG recordings, neuropsychological assessment was applied. We used resting-state EEG data before the 
task for data analysis, and the data after the task as the validation set. EEG data was filtered with a 0.5-30 Hz band-pass for 
further microstates analysis. EEG microstates were analyzed by the k-means clustering, which yielded seven prototypes for 
group comparisons (Figure 1.A). Four of the prototypes correspond to the classic microstate prototypes used in other brain 
disease studies (da Cruz et al., 2020; Lei et al., 2022). Previous studies suggested that microstate C and microstate F mainly 
contributed to the posterior cingulate cortex (PCC) and the dorsal anterior cingulate cortex (ACC) which belong to DMN. 
Microstate E also involves DMN and Microstate G might be associated with the sensorimotor network (Custo et al., 2017). 
the relationship between microstates properties and the sustaining attention disturbances, neuropsychological assessment, 
clinical data was analyzed with correlation analyses.

Results: At the group level, the NT1 exhibits a significant decrease in microstate C properties, including time coverage and 
occurrence (Figure 1). It is also accompanied by an increase in microstates E and F properties significantly, indicating that the 
disrupted temporal dynamics of DMN. In correlation analyses, the occurrence of MS C in the NT1 was negatively correlated 
with the reaction time variability in the SART task (r = 0.65, p < 0.001). It revealed that the decline of PCC activity in DMN might 
impair the stability of sustained attention. The coverage and duration of MS F in the NT1 was positively associated with Patient 
Health Questionnaire-9 (PHQ-9) (r = 0.42, p = 0.010) and Barratt Impulsiveness Scale Version 11 (BIS11) (r = 0.49, p = 0.002). 
This result suggested the abnormal activity in the ACC, which might result in patients more prone to impulsivity and emotional 
dysregulation. Furthermore, the occurrences of microstates E and G showed significantly positive correlations with N3 sleep 
latency (r = 0.45, =0.011) and REM latency (r = 0.56, p < 0.001) respectively. These results encouraged future study to pay more 
attention to the relationship between microstates and sleep indicators for clinical treatment in the narcolepsy.
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Conclusions: Our study utilized the property of EEG MS as a biomarker for narcolepsy. We demonstrated that narcolepsy 
presented anomalous temporal dynamics of DMN. Further, the di!erential characteristics of microstates suggest that distinct 
regions of DMN exhibit divergent abnormalities, implying a complex pathological landscape within DMN in NT1. Additionally, 
the DMN may play an essential role in the sustained attention, emotional regulation, sleep rhythms. It suggests that 
abnormalities in DMN may cause patients poorer sustained attention ability and more prone to impulsivity and depression, 
along with abnormalities of sleep.
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Characterizing neuroinflammation in human patients with temporal lobe epilepsy using 
[18F]FEPPA PET
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Introduction: Drug resistance in epilepsy is associated with increased mortality, poor quality of life, and cognitive, a!ective, 
and social disabilities. Epilepsy is also characterized by widespread neuroinflammation, a potential causative factor and 
consequence of seizures. Pathology from temporal lobe epilepsy (TLE) patients and mouse models of epilepsy have 
found elevated levels of interleukins, toll-like receptors, microglial/monocyte activation, and Tumor Necrosis Factors 
(TNFs), underscoring the inflammatory nature of the condition. Translocator Protein (TSPO) serves as a biomarker for 
neuroinflammation in humans and animals, predominantly reflecting microglial activation. [18F]FEPPA, a third generation TSPO 
radioligand, has demonstrated success in human positron emission tomography (PET) studies, o!ering favorable binding 
kinetics for e!ective imaging of neuroinflammation in humans. Despite its potential, application of FEPPA for understanding 
brain inflammation in humans, particularly in epilepsy, is in its early stages. This study employs [18F]FEPPA PET/MR to 
characterize neuroinflammation in TLE patients to better understand the interplay between seizures and neuroinflammation 
in humans.

Methods: Clinical data, T1-weighted MR and FEPPA PET images were acquired from 15 patients (age=35+/-12.4, 10 male) and 12 
controls (age=39.5+/-12.0, 6 male) on a GE HealthCare Signa simultaneous 3T PET/MR system. T1-weighted MR images were 
processed using FreeSurfer (v7) to skull-strip, register and derive anatomical parcellations of reconstructed PET images using 
the Destrieux atlas for region of interest (ROI) analysis of the PET data. Participants were classified as high, low, or mixed-
a"nity binders based on TSPO polymorphism (rs6971). Preliminary analysis excluded participants with a low allele and those 
missing clinical or imaging data, resulting in 10 patients (age=38.7+/-12.9, 6 high allele, 6 males) and 7 controls (age=33.3+/-8.3; 
5 high allele, 5 males). FEPPA binding was quantified with standard uptake values (SUVs) for motion-corrected PET images 
reconstructed between 50-70 minutes post injection. Mean SUV was computed for each ROI and group di!erences were 
tested for significance using linear modeling via the lm package in R by regressing mean SUV on group for each allele type. 
ROI analyses were corrected for false discovery rate (FDR) using the Benjamini-Hochberg procedure.

Results: As shown in Fig. 1, FEPPA uptake is greater in TLE patients compared to controls when grouped over both alleles 
(t(15)=2.45, p=.027) and within the high allele group (t(9)=2.75, p=.023). Group di!erences in the mixed allele group were 
not significant (t(4)=0.58, p=.595). Increased FEPPA SUV (p<.05, FDR corrected) was observed in TLE patients compared to 
controls across at least 25% of brain regions within all lobes of participants with the high allele (Fig. 2).
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Conclusions: This study provides promising preliminary insights into neuroinflammation in human patients with epilepsy. 
Elevated FEPPA uptake across brain regions in humans with TLE aligns with the established link between epilepsy and 
heightened levels of interleukins, toll-like receptors, and microglial/monocyte activation in animal models and underscores 
the pervasive nature of neuroinflammation in the disorder. These results show promise for future analysis investigating 
relationships between FEPPA uptake, seizure occurrence, and other clinical variables, highlight the importance of targeting 
inflammation as a potential avenue for therapeutic interventions, and the potential of FEPPA as a sensitive neuroinflammatory 
biomarker for monitoring disease progression and treatment responses in humans with epilepsy. 
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Introduction: Attention deficit hyperactivity disorder (ADHD) is one prevalent neurodevelopmental disorder with childhood 
onset, however, there is no clear correspondence established between clinical ADHD subtypes and primary medications. 
Identifying objective and reliable neuroimaging markers for categorizing ADHD biotypes may lead to more individualized, 
biotype-guided treatment.

Methods: A population graph was first constructed based on functional network connectivity (Fig. 1a) and phenotypic 
information (age, gender) to build individual mappings; where FNCs serve as the feature of the nodes and the similarities 
between two subjects, which were abstracted from gender and age serve as edges. Then we applied GCN-BSD to learn 
embeddings that are both group-discriminative between ADHD and controls, as well as adapted to the clustering constraint 
through K-Means loss (Fig. 1b). We selected 1069 ADHD patients from the ABCD study as the discovery dataset, identified K=2 
for biotype division via the cluster sum of square (CSS) using the elbow method31, and evaluated the clustering performance 
of 4 popular algorithms, including (1) agglomerative clustering, (2) conventional K-Means, (3) DNN with deep K-Means, and (4) 
autoencoder GCN with K-Means with GCN-BSD based on Davies-Bouldin Index (DBI) and Calinski-Harabasz Index (CHI)32 
(Fig. 1c). As a result, two ADHD biotypes were identified, manifesting with di!erent FNC patterns and distinguishing cognitive 
abilities. Then we used 130 ADHD and 105 controls collected from Peking University Sixth Hospital as validation dataset 
to test the generalizability and potential clinical use of the identified biotypes. Interestingly, we found that ADHD biotypes 
identified in ABCD and PKU showed high similarity and replicability in FNC patterns(Fig. 1d). The most contributing FNCs and 
clinical records were compared dedicatedly between two biotypes. Specifically, biotype 1 presented milder symptoms while 
biotype 2 manifested more severe hyperactivity/impulsivity symptoms and worse cognitive levels. Finally, we compared the 
symptom relief and treatment outcome of two biotypes from 44 out of 130 ADHD patients either treated by MPH or ATX at 
PKU6 according to our division (Fig. 1e).

Results: Biotype 1 contained more patients, presented milder symptoms, and overrepresented several wildly recognized 
brain aberrations including frontal gyrus and cerebellum. In contrast, biotype 2 included fewer patients, presented more 
severe symptoms especially hyperactive/impulsive, and showed greater degrees in regions from DM to SM, as well as the 
connectivity between the cerebellum and fusiform gyrus. Interestingly, in addition to di!erences in cognitive performance and 
hyperactivity/impulsivity symptoms, biotype 1 treated with methylphenidate demonstrated significantly better recovery than 
biotype 2 treated with atomoxetine (p<0.05, FDR corrected).

Conclusions: Collectively, in this study, we proposed a novel framework, GCN-BSD, that can jointly characterize brain 
imaging data and phenotypic association and further use this knowledge to guide disease biotype detection. Importantly, 
the identified two ADHD biotypes exhibit significant group di!erences in functional networks and multiple cognitive abilities 
and symptoms, especially in fluid intelligence and hyperactive/impulsive. All the above findings indicate the validation of 
the frontoparietal circuits to serve as a key signature to ADHD and provide the first evidence for the connection from the 
cerebellum to the fusiform gyrus to be used as a biomarker in the uncommon subgroup. This study helps move forward from a 
conventional biotype detection approach to the use of a more flexible deep learning-based analysis.
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Di!erentiating Autism Spectrum Disorder from Schizophrenia Based on Grey Matter Alteration

Wei-ting Ko1, Chih-Min Liu1, Susan Shur-Fen Gau1

1Department of Psychiatry, National Taiwan University Hospital, Taipei, Taiwan

Introduction: Autism spectrum disorder (ASD) and schizophrenia spectrum disorder (SCZ) were heritable and polygenetic 
neuropsychiatric disorders. Shared genetic factors between ASD and SCZ modulated grey matter volume. Previous studies 
reported that adults with ASD have greater regional gray matter volume (rGMV) in the middle and superior temporal gyrus, 
postcentral gyrus, and parahippocampal gyrus and reduced rGMV in the anterior cingulate cortex and cerebellum oppositely. 
In SCZ, rGMV loss in left insula, amygdala, and parahippocampus happened at the beginning oThe aim of our study was to 
compare rGMV between SCZ, ASD, and HC in a single MRI and analyzed the correlation between rGMV and symptomatology.

Methods: SCZ, ASD, and HC were aged 18-28. SCZ group included schizophrenia, schizophreniform disorder, and first-
episode psychosis according Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). The inclusive criteria of ASD 
based on the DSM-IV and DSM-5 diagnostic criteria for ASD. We used the Positive and Negative Syndrome Scale to measure 
the symptoms of SCZ and the Social Responsiveness Scale to assess the social deficit and autistic traits of ASD. We applied 
a three-dimensional magnetization-prepared rapid gradient-echo sequence in a 3T MRI system (Trio, Siemens, Erlangen, 
Germany) to acquire high-resolution T1-weighted image. Cat12 toolbox (http://dbm.neuro.uni-jena.de/cat/) implemented 
in SPM12 (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) were used to extract individual’s regional rGMV according to 
neuromorphometrics atlas (https://www.neuromorphometrics.com/). One-way analysis of covariance (covariate variables were 
age, sex, and total intracranial volume) performed on the SAS 9.4 software (SAS Institute Inc., Cary, NC). We also applied post-
hoc pairwise comparison and multiple-comparison correction. We calculated the Pearson’s correlation coe"cient between 
rGMVs and symptomology.

Results: We finally included 64 SCZ (57 males), 75 ASD (64 males), and 107 HC (92 males). The mean age (SD) of SCZ was 
22.85 (2.57), ASD was 21.22 (2.33) and HC was 22.31 (2.86). SCZ has extensive rGMV loss apart from bilateral pallidum, 
which was larger than ASD and HC. The direction of post-hoc analyses were (1) ASD> SCZ: right (R) precuneus gyrus, R 
parahippocampal gyrus (PHG), and left (L) parahippocampal gyrus. (2) HC, ASD >SSD: R Amygdala, bilateral hippocampus, 
R ventral diencephalon, bilateral anterior cingulate gyrus (ACG), bilateral anterior insula (AIN), R angular gyrus, L central 
operculum (CO), bilateral frontal operculum (FO), bilateral fusiform gyrus (FG), R inferior occipital gyrus, L inferior temporal 
gyrus, R lingual gyrus, bilateral middle cingulate gyrus, R superior frontal gyrus (SFG) medial segment, bilateral middle 
temporal gyrus, bilateral occipital fusiform gyrus, R posterior cingulate gyrus, bilateral posterior insula, L parietal operculum, 
R superior frontal gyrus, R supplementary motor cortex, bilateral supramarginal gyrus (SPMG), and bilateral superior temporal 
gyrus (STG). (3) HC>SSD: L amygdala, L middle frontal gyrus, and R temporal pole. SCZ’s rGMVs were statistically significant 
low to moderate negative correlations with psychiatric symptoms (disorganization symptoms: bilateral AIN and FO; positive 
symptoms: bilateral FG, R SFG, L SPMG, R STG, and R PHG; excitement symptoms: bilateral pallidum; emotional distress: L 
posterior insula). ASD’s rGMV were statistically significant low negative correlations with autistic symptoms (social emotions: R 
STG, R amygdala, R precuneus; social awareness: R ACG and L CO; social communication deficits: R SPMG).

Conclusions: First, we found that SCZ has di!use grey matter reduction in multiple brain regions comparing with healthy 
controls and ASD. Second, the rGMVs between ASD and HC were not significantly di!erent. Third, the rGMVs in ASD and SSD 
have associations with their symptomology, respectively.
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Accessing Brain Network in ADHD Using Relative Phase Analysis

Younghwa Cha1,2, Joon-Young Moon1,2

1Center for Neuroscience Imaging Research, Institute for Basic Science, Suwon, Republic of Korea, 2Sungkyunkwan University, 
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Introduction: Attention-deficit hyperactivity disorder (ADHD) is a psychological disorder that produces di"culties in focusing 
and controlling attention and behavior in a daily life of the a!ected individuals. To address the challenges caused by 
ADHD, it is crucial to receive an accurate diagnosis and appropriate treatment at their respective stages. However, despite 
many studies on the disorder, developing accessible and accurate quantitative diagnostic methods presents significant 
challenges1. Furthermore, the underlying causes of the disorder remain relatively unknown. As an attempt to develop e!ective 
diagnostic tools and understand the mechanism of the disorder, we analyzed the relative phase patterns of brain waves 
across the whole brain network to examine the unique properties of the ADHD groups against the control group using their 
electroencephalography (EEG) data.

Methods: To e!ectively capture the di!erences in brain information processing between the ADHD group and the control 
group, we focused on the phase relationship. In a system, the phase of each signal refers to the specific timing or position 
of the signal within a periodic waveform. We hypothesized that di!erences in the phase directionality during resting states 
between the two groups can assist in diagnosing ADHD and uncovering its characteristics. To examine phase directionality, 
we calculated the relative phase by subtracting the global mean phase from each electrode’s phase within the whole brain 
area. Relative phase demonstrates the phase-lead and -lag relationships of EEG signals at each time point, thus revealing 
temporal dynamics in the brain2,3. We applied relative phase analysis to eyes closed and eyes open resting state EEG data 
from the Healthy Brain Network Biobank from the Child Mind Institute, constituting a total of 44 ADHD inattentive patients and 
66 control individuals aged 11 and above4.

Results: we observe a robust switching pattern in the brain networks of both groups between top-down mode (where the 
higher-order hub regions phase-lead the peripheral sensory regions) and bottom-up mode (where the peripheral regions 
phase-lead hub regions). To compare the switching patterns between the two groups, we conducted k-means clustering. 
Based on our analysis, we found significant di!erences between the ADHD and the control group in mode 4 (the higher-
order hub regions phase-lead), both in the eyes closed and eyes open states, at the p-value level of 0.001 from the student-t 
test (see Fig 1). In the ADHD group, the ratio of mode 4 is 7.98% higher and the dwelling time of mode 4 is 24.30% longer 
during the eyes closed state compared to the control group. To examine the transition frequency of each mode, we created 
a transition matrix illustrating the average transition frequency (Hz) between modes (see Fig 2). In both the eyes-open and 
eyes-closed states, the ADHD group exhibited 57.92% and 32.05% more transitions from mode 4 to mode 4 (staying at mode 
4), respectively, compared to the control group. Furthermore, the ADHD group showed fewer instances of staying in mode 
2 and mode 3, which serve as pathways connecting mode 1 (the peripheral regions phase-leading) and mode 4 (the higher-
order hub regions phase-leading). Our findings suggest that inattentive characteristics of the group may arise from the slower 
information processing represented by lower switching frequency between the modes.
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Conclusions: When considering the di!erences in ratio, dwelling time, and transition frequency between the two groups 
in mode 4, we can identify the potential utility of relative phase analysis as a physiological diagnostic tool for the ADHD 
inattentive subtype. In addition, it can be postulated that the prolonged stay at mode 4 is linked with the underlying 
mechanisms of ADHD-inattentive type. For future studies, the phase-lead/lag relationship across di!erent brain areas for 
children under 10 years old and di!erent ADHD subtypes will be completed.
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Oxygen-carrying Capacity Impacts Gross Motor in Congenital Heart Disease by Altering 
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Introduction: Congenital Heart Disease (CHD), as the most prevalent congenital anomaly, profoundly a!ects numerous 
newborns1. While advanced medical interventions have substantially enhanced the survival rates of infants with CHD, a 
significant proportion of these patients, especially those with complex conditions, experience persistent neurodevelopmental 
disorders2. These disorders detrimentally a!ect both their physical and mental health. Recent research e!orts have thus 
been focused on elucidating the neurological underpinnings of these disorders, aiming to improve early intervention and 
treatment strategies. Prior studies in the realm of CHD neurodevelopment have identified a correlation between cortical 
structural anomalies and adverse neurodevelopmental outcomes3. Additionally, many studies has underscored the critical role 
of abnormal oxygen supply in contributing to brain injuries in CHD patients45. Nevertheless, the association between oxygen 
supply capacity and neurodevelopmental levels remains inadequately investigated. This study, therefore, seeks to integrate 
multimodal data, including clinical biology, neuroimaging, and neurodevelopmental evaluations, to investigate the relationship 
between blood oxygen-carrying capacity and gross motor skills in CHD infants.

Methods: In this study, 83 infants with complex CHD and 86 age-matched healthy controls (HCs), aged 1 to 2 years, were 
enrolled from the Children’s Hospital of Nanjing Medical University. We assessed the HB and HCT scores as surrogate 
markers of blood oxygen-carrying capacity for each participant. Additionally, T1-weighted imaging data were acquired to 
evaluate cortical developmental levels, and the Gesell Scale was utilized for gross motor performance assessment. Initially, 
a linear regression model was applied to ascertain the direct correlation between blood oxygen-carrying capacity and gross 
motor performance. Thereafter, a mediation analysis was conducted to examine the potential indirect relationship between 
these two variables with the cortical surface area of abnormal brain regions in CHDs serving as the mediator. Specifically, 
T1-weighted data underwent preprocessing using a specialized infant pipeline6. The cerebral cortex was then parcellated into 
68 regions using the Desikan-Killiany atlas7, and cortical surface area of each region was calculated. Abnormal brain regions 
were identified through group-level two-sample t-tests and Gaussian Process Regression (GPR), as depicted in Fig. 1. The GPR 
model employed a multi-kernel, multi-output strategy to enhance its e!ectiveness, trained on 60% of the HCs and tested on 
the remaining 40% to identify abnormal developmental brain regions in CHDs.

Results: The linear regression analysis revealed no significant correlation between gross motor skills and either HB or HCT 
scores (HB: normalized β = 0.068, p = 0.568; HCT: normalized β = 0.042, p = 0.725). This suggests the absence of a direct 
relationship between blood oxygen-carrying capacity and gross motor performance. The results of the mediation analysis 
were depicted in Fig. 2, underwent bootstrapping validation for each pathway. We discovered multiple significant indirect 
relationships between gross motor performance and both HB and HCT, mediated by cortical surface area. The patterns 
of mediation e!ects for HB and HCT were similar, predominantly observed in the temporal, inferior parietal, orbitofrontal, 
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and primary motor regions. Notably, the left middle temporal area, left inferior temporal area, and left precentral area 
demonstrated the strongest mediation e!ects among these regions.
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Conclusions: This study reveals an indirect association, mediated by cortical surface area, between blood oxygen-carrying 
capacity and gross motor abilities in infants with complex CHD. This discovery is crucial in deciphering the complex 
neurodevelopmental disorders associated with CHD.
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Introduction: One of the most influential theories of the underlying mechanisms of autism suggests that an imbalance 
between excitation and inhibition (E/I) in the brain causes behavioral di!erences in autism. However, how these E/I di!erences 
arise, and how these relationships link to brain function and di!er across behavioral characteristics is not well understood. 
Understanding these relationships is important for developing more targeted support options. Using large multimodal 
datasets we aimed to infer probable causal relationships between the genetic underpinnings of glutamate (excitation) and 
GABA (inhibition) communication pathways in the brain, functional activity during inhibitory control, and several behavioral 
measures of autism. We further examined whether these links were mediated by other variables.

Methods: We used two samples. First, the discovery sample was the Longitudinal European Autism Project (LEAP) cohort, 
part of the AIMS-2-TRIALS clinical research programme (https://www.aims-2-trials.eu/)1 consisting of 638 participants (autistic 
= 359, non-autistic = 279), aged 6-30 years old. Second, the replication sample was the TACTICS cohort (www.tactics-project.
eu), including 164 participants (autistic = 60, non-autistic = 104), aged 8-13 years old. We selected gene-sets of glutamate and 
GABA communication pathways in the brain using Ingenuity Pathway Analysis software (http://www.ingenuity.com/). With 
these, we calculated individual’s polygenic score for autism based on the glutamate and GABA gene-sets, using PRSet in 
PRSice2. In both cohorts, functional MRI during inhibitory control was measured, and successful and failed inhibitory control 
contrasts created. In TACTICS, MR Spectroscopy measures of glutamate concentrations in striatum and ACC were also 
available. We used the placement of the MRS voxels in ACC and striatum to extract beta values of the successful and failed 
inhibitory control contrasts in these specific regions of interest using MarsBar3. We included behavioral measures capturing 
what is typically called ‘core characteristics’ of autism; repetitive behaviors, social behaviors and sensory processing, which 
were measured through questionnaires4-6. In the autistic participants the diagnostic interviews ADI-R7 and ADOS-28 were 
also included as measures of autistic traits. Additionally, to account for potential influence of the most common co-occurring 
conditions (ADHD, anxiety, depression), questionnaire measures of these were included. To investigate direct and indirect 
causal relationships between all these observational measures we used Bayesian Constraint-based Causal Discovery (BCCD) 
algorithms9. This method combines the strengths of constraint-based methods giving clear causal relationships, and of score-
based methods estimating confidence measures of the inferred causal relationships. The output is a graphically presented 
model of the causal structure, reporting on estimated reliability of inferred causal relationships.

Results: In our discovery sample we found likely, direct, causal interactions with Bayesian statistical reliability of at least 
80% probability between glutamate polygenic scores and ADI-R (see Figure 1), which was subsequently replicated in the 
TACTICS replication sample. The fMRI derived beta contrasts were causally linked to each other, but not to other behavioral or 
genetic measures.
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Conclusions: Our results suggest a direct link between glutamate communication pathways in the brain and autistic 
characteristics measured in the ADI-R. This was replicated in an independent cohort, further strengthening the confidence of 
these results. This gives strong evidence for di!erences in the balance between excitation and inhibition in the brain causing 
autism characteristics. This is one of the first in vivo human studies suggesting causal links between the genetics of E/I 
(glutamate and GABA) to di!erentially underlie autism phenotypes.
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Automated detection of lesions from MRI in children with focal epilepsy: a pilot study
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Introduction: Drug-resistant focal epilepsy can be caused by a broad range of structural brain abnormalities, from large 
tumours to subtle cortical malformations (Eriksson et al. 2023). It can be cured with resective epilepsy surgery provided that 
the abnormality is detected on MRI scans. AI models have recently been developed to aid the detection of specific epilepsy 
pathologies, such as focal cortical dysplasia (FCD) (Spitzer, Ripart et al. 2022). However, FCD represents less than half of the 
subtle epilepsy pathologies that can be missed on clinical review of MRI scans and there is an urgent clinical need to develop 
models capable of detecting a broader range of epilepsy pathologies. In this study, we investigate whether a single classifier 
can segment multiple pathological causes of focal epilepsy.

Methods: This study was performed on 111 paediatric patients with a histologically confirmed cause of focal epilepsy 
and 90 paediatric healthy controls acquired for research purposes, from Great Ormond Street Hospital in London, UK. 
Patients’ histopathologies included FCD, hippocampal sclerosis (HS), low-grade epilepsy-associated tumours (LEAT) – 
including dysembryoplastic neuroepithelial tumours (DNET), ganglioglioma – and other pathologies such as ganglioglioma, 
hypothalamic hamartoma, cavernoma non-diagnostic histopathologies. All participants had a 3D T1w scan acquired on a 1.5T 
or 3T MRI scanner, which was acquired preoperatively in patients and used to draw manual lesion masks by one of two expert 
radiologists. The cohort was split into training/validation (89 patients, 71 controls) and test datasets (22 patients, 19 controls) 
(Table 1). We used nnU-Net (Isensee et al. 2021), an open-source deep learning model specialised for robust performance in 
biomedical image segmentation, to segment focal epilepsy abnormalities from the T1w MRI scans using the manual lesion 
mask as ground truth. The nnU-Net was trained on the training/validation dataset for 1000 epochs with the ‘3d_lowres’ 
configuration. It was evaluated on the test dataset for its sensitivity in detecting lesions (i.e. overlap between the prediction 
and the manual lesion mask) and specificity in controls (i.e. no prediction).

Results: The model detected 14 out of the 22 focal epilepsy abnormalities in patients (64% sensitivity). It accurately detected 
67% of FCD (n=6/9), 75% of HS (n=3/4), 80% of LEAT (n=4/5) and 25% of the other pathologies (n=1/4). Notably, the model 
accurately detected two out of the four abnormalities previously reported MRI-negative (one FCD and one LEAT). Patients 
had no more than one false-positive clustered prediction, and the model accurately predicted no putative lesions in 18 out 
of 19 healthy controls (95% specificity). Figure 1 depicts examples of three accurate predictions in patients with di!erent 
pathologies: FCD 2B, HS and DNET. The radiological characteristics visibly di!er between the three pathologies (Panel A). 
Nonetheless, the model was able to segment these three pathologies with a good overlap with the manual lesion masks 
(Panel B).
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Conclusions: We demonstrate that a single deep-learning model can segment multiple focal epilepsy pathologies on T1w 
MRI scans using a modest cohort of paediatric patients for training. This work paves the way for a larger, multi-centre study, 
aiming to develop a robust automated lesion segmentation tool that could help in the presurgical planning of patients with 
focal epilepsy.
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Longitudinal Associations of Autistic Traits with Brain Structure during Adolescence
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Introduction: Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder which is characterized as 
impairment in reciprocal social interaction and communication, as well as restricted, repetitive, and stereotyped patterns of 
behavior, interests, and activities (American Psychiatric Association, 2013). In addition, the characteristics in ASD have been 
extended to a continuum of autistic traits in the general population (Baron-Cohen S, J Autism Dev Disord 2001), since some 
typically developing individuals would also display autistic traits. MRI studies have revealed morphometric brain di!erences 
in patients with ASD. Longitudinal and cross-sectional studies have also demonstrated early brain overgrowth during infancy 
in ASD, followed by a plateau and an accelerated rate of decline, introduced as “pseudo-normalization”, or decrease into 
adulthood (Brandan et al., Brian 2014). Therefore, adolescence appears to be a key period of brain maturation in ASD, but 
whether this longitudinal trajectory would extend into the general population is still unclear. Our present study aims to 
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highlight adolescent brain structure trajectories and investigate autistic trait-related morphometric di!erences and changes in 
the general population.

Methods: The study includes 479 participants, who took part in the population neuroscience Tokyo Teen Cohort (pnTTC) 
study (Okada et al., Psychiatry Clin. Neurosci 2019) every two years. Autistic traits were measured using Autism Spectrum 
Quotient (AQ) (Baron-Cohen S, J Autism Dev Disord 2001) in two waves (age-11 and age-17) from their main caregivers. 
Freesurfer image analysis software (Fischl, NeuroImage 2012) was used to parcellate and extract the cortical thickness and 
cortical surface area in 34 regions of interest per hemisphere and 7 subcortical volumes. Then, a general additive mixed 
model (GAMM) (Wood, Generalized Additive Models 2017) was used to evaluate adolescent non-linear brain trajectory 
patterns and explored the relationships between brain features and autistic traits. Multiple testing was corrected using a false 
discovery rate (FDR) method.

Results: Autistic traits showed good intraindividual stability and exhibited no significant changes with age. Cross-sectionally, 
we did not observe strong evidence supporting an association between autistic traits and brain structures in this adolescent 
sample. However, longitudinal findings revealed that di!erent domains of autistic traits had diverse e!ects on the trends of 
brain regions, particularly between males and females. For example, high scores on autistic traits in males were associated 
with age-related increases in the nucleus accumbens (NAc), whereas males with low autistic trait scores and females exhibited 
an on-going decrease in NAcc volumes. These results were replicated in the social (SC) domain. Conversely, females with high 
scores in the Restricted and Repetitive Behaviors (RRB) domain displayed an acceleration of normative thickness decrease in 
frontotemporal cortical thickness and surface area.

Conclusions: The results suggest unique non-linear brain structural changes during adolescence, which were partly explained 
by autistic traits, supporting the neurobiology of autistic traits should be extended into the general population. It also revealed 
that the SC and RRB domains of autistic traits may be fractionable, underpinned by di!erent brain structures.
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Working Memory Related Functional Connectivity in Adults with ADHD and Associated Training E!ects
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Introduction: Working memory (WM) deficits are amongst the most prominent cognitive impairments in attention deficit 
hyperactivity disorder (ADHD; Alderson et al. 2013). While functional connectivity is a prevailing approach in brain imaging of 
ADHD, the network level alterations in synchronized activation between brain areas and their malleability by cognitive training 
are not well known. Here, we studied WM related di!erences in whole brain functional connectivity between adults with and 
without ADHD. In addition, we conducted a randomized controlled trial examining the e!ects of WM training on functional 
connectivity patterns in a trained and an untrained task in adults with ADHD. This study extends our previous findings with the 
same sample, showing reduced structural connectivity (Tolonen et al. 2023) and a training-related restoration of regional brain 
activity (Salmi et al. 2020) in adults with ADHD.

Methods: 41 adults with ADHD and 36 neurotypical (NT) controls matched in age, gender, handedness, and education level 
performed visuospatial and digit n-back WM tasks (levels from 0-back to 3-back) during functional magnetic resonance 
imaging (fMRI). The adults with ADHD continued to a 5-week randomized controlled WM training trial with 20 participants 
practicing a dual n-back task and 18 adults performing an active control task, after which the fMRI measurement was repeated. 
Functional connectivity of the whole brain was measured by calculating pairwise correlations of mean brain activity in 164 pre-
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defined parcels (Destrieux et al. 2010; Patenaude et al. 2011). Subnetworks indicating group di!erences and training e!ects 
(on a trained visuospatial task and an untrained digit task) on functional connectivity were identified with Network-Based 
Statistic (Zalesky et al. 2010), a data-driven method for clustering single connected components. A post-hoc analysis further 
examined whether the subnetworks di!erentiating adults with and without ADHD respond to training.

Results: Adults with ADHD had decreased functional connectivity in wide-spread networks compared with the NT controls 
during both visuospatial and digit n-back tasks (p = .03 and p < .01, respectively, FWE-corrected; Figure 1). The networks 
encompassed prefrontal, temporal, parietal and occipital cortices, the insula, the cingulate cortex, the cerebellum, and 
subcortical structures such as the thalamus and the striatum, areas consistently associated with WM (Yaple et al. 2019). The 
network related to digit (verbal) n-back task was overall larger and especially included areas related to language processing. 
We found no group × time interaction e!ects of WM training surviving correction for multiple comparisons.

Conclusions: Our results indicate that large-scale abnormalities in functional networks underlie deficits in verbal and 
visuospatial WM commonly faced in ADHD. However, their plasticity by WM training may be restricted to regional level.
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Age-related e!ects on the association between alcohol use severity and resting-state fMRI
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Introduction: Adolescence marks a period of neurodevelopmental and cognitive change, encompassing normative increases 
in reward sensitivity and risk-taking behaviour, alongside challenges in behavioural control. This is suggested to increase the 
risk of the initiation of alcohol use as well as later dependence1,2. One explanation for this increased risk, is suggested to be 
due to the impact of alcohol on neurodevelopment, particularly on the maturation of brain networks during this timeframe. 
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There is currently limited evidence directly testing the di!erential impact of alcohol use during adolescence versus adulthood, 
as well as exploring the e!ects of low versus heavy alcohol consumption. The purpose of the present study was to investigate 
age-related di!erences on the association between resting-state functional connectivity (RSFC) and alcohol use severity in a 
sample of rodents that initiated low or heavy alcohol use during adolescence or adulthood.

Methods: Lister hooded rats were allowed to consume alcohol according to an intermittent alcohol access schedule across 
a two-month period starting from postnatal day 42 (adolescent-onset) or postnatal day 77 (adult-onset). In total 42 rats were 
selected: adolescent-onset low (N = 12) and high drinking (N= 7) rats, and adult-onset low (N = 11) and high drinking (N = 12) 
rats. Rats were anaesthetized with 2.0-3.0% isoflurane induction and isoflurane was continuously delivered. Once positioned, 
a bolus injection of 0.020 mg/kg dexmedetomidine was administered, followed with a maintenance dose of 0.040 mg/kg/h. 
Importantly, this allowed the rats to remain conscious during the MRI scans. Resting-state fMRI was measured at a resolution 
of 6002 × 20 slices with a FOV of 32.4, slice thickness of 1.0mm, and voxel size of 3 x 10 x 3mm. The preprocessing of fMRI 
images was conducted using RABIES software3 which included highpass filtering (0.01Hz), and spatial Gaussian smoothing 
filtering (0.3mm FWHM). As part of the RABIES pipeline, the timeseries of all scans were concatenated to compute a group-
ICA decomposition. Dual regression was performed using FSL to model the individualised connectivity of brain networks first 
identified through group-ICA. Permutation tests (N =5000) using FSL randomise were conducted with threshold-free cluster 
enhancement and family-wise error correction (=.05), to test for main e!ects of age of onset of alcohol use, severity of use, 
and interactive e!ects.

Results: There was significantly higher RSFC in regions of the sensorimotor network (SMN), namely the globus pallidus, in 
high alcohol drinking rats compared to low alcohol drinking rats. Additionally, there was higher RSFC in the caudoputamen 
and motor area of the SMN, as well as the salience network (SN), of low alcohol drinking rats compared to high alcohol 
drinking rats. No significant di!erences in RSFC were found between adolescent and adult-onset rats. There were significant 
interactions e!ects; adult-onset high drinking rats compared to adolescent-onset high drinking rats showed higher RSFC in 
the SMN. Whereas adolescent-onset high drinking rats compared to adult-onset high drinking rats showed higher RSFC in the 
SN. No di!erences were found when comparing adolescent-onset low drinking to adult-onset low drinking rats and vice versa.

Conclusions: As expected, heavy alcohol use was found to be associated with higher RSFC in the SMN, a network associated 
with habitual formation. However, contrary to expectations, higher RSFC was found in the SN of low alcohol drinking rats. 
The higher RSFC in the SN of adolescent-onset high drinking rats likely reflects heightened reward sensitivity in adolescents 
compared to adults. And the higher RSFC in the SMN of high drinking adult rats likely reflects the shift to habitual responding 
in adults compared to adolescents. These findings highlight the importance of considering age when investigating processes 
associated with the development and maintenance of Alcohol Use Disorder.
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Predicting 2-year neurodevelopmental outcomes in preterm infants using MRI and machine learning
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Introduction: There are ongoing reports of developmental disorders, school failure, and psychiatric problems in extremely 
preterm infants (EP; < 28 weeks’ gestation) and very-to-late preterm infants (V-LP; 28 ≥ and < 37 weeks’ gestation) without 
brain injuries1. Despite advances in artificial intelligence improving the predictive power of later neurodevelopmental 
outcomes in preterm children, there are limitations in ignoring potential associations between perinatal variables and failing 
to account for non-linear relationships or interactions between variables2. We aim to develop a model for predicting 2-year 
neurodevelopmental scores that combines perinatal clinical characteristics and brain white matter predictors to provide 
quantitative and qualitative information about preterm infants in need of early intervention.

Methods: This study used a retrospective database of 62 extremely preterm and 131 very-to-late preterm infants recruited 
between 2017-2021. We performed volumetric segmentation on T2-weighted images using MANTiS protocol. Brain white 
matter fibers were reconstructed using probabilistic tractography on di!usion tensor images, and global and local connectivity 
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metrics were calculated based on graph theory. We used graphical network analysis (GNA) to identify local connectivity 
predictors that were significantly associated with each subset of Bayley Scales of Infant and Toddler Development Third 
Edition (BSID-III) after accounting for postmenstrual age and other local connectivity variables. We tested the training 
and performance of predicting developmental scores with linear (ElasticNet) and nonlinear (Random Forest; XGBoost) 
regression models across preterm, very early, and late preterm birth groups, and compared performance across models and 
modalities using root mean square error and r-squared. Finally, we identified the most contributing predictors of the best 
performing model.

Results: Neonatal and maternal data, clinical information derived during follow-up, and BSID-III subscale results are presented 
in Table 1. In the GNA, various local connectivity features showed significant net correlations with the BSID-III subscale 
across the whole brain (p<.05 with 95% confidence interval). Language prediction results for all groups showed improved 
performance for models including local connectivity predictors. For cognition, local connectivity predictors performed high 
in the overall preterm group, and for motor, they performed high in preterm and V-LP group. Cortical regions with feature 
importance frequencies of 5 or 4 were found in left middle frontal gyrus, left precuneus, right calcarine cortex, and right 
hippocampus, and white matter regions included left cingulate gyrus and uncinate fasciculus, which connect to the frontal 
lobe (Figure 1).
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Conclusions: A machine learning method to predict BSID-III score using multi-modal white matter features could provide 
practical guidance for infants who benefit from early intervention.
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Predicting brain age using functional connectivity in attention-deficit/hyperactivity disorder
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Introduction: Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with apparent roots in 
atypical brain development. The concept of ‘brain age’ derived from neuroimaging data holds the potential for a quantitative 
biomarker, reflecting the level of brain maturation along with neural development. Previous studies of brain age prediction all 
used structural MRI measures and found either older (Kaufmann et al., 2019) or younger appearing brains in individuals with 
ADHD (Kurth et al., 2022). But functional connectivity patterns are also crucial in characterizing brain maturity (Dosenbach 
et al., 2010) and exhibit abnormalities in ADHD (Gao et al., 2019). Therefore, in this study, we quantified the brain age using 
functional connectivity of brain resting-state networks (RSN) and a well-validated machine learning algorithm to enhance our 
understanding in abnormal developmental mechanism of ADHD.

Methods: We recruited 360 male participants aged 7 to 18 years old [187 patients with ADHD and 173 typically developing 
controls (TDC)] from three sites. Resting-state fMRI and T1-weighted images were obtained on 3T MRI scanner and were 
preprocessed using the standardized pipeline in DPARSF. We used the Power atlas with 231 spherical ROIs that assigned 
to 11 large-scale RSN to construct functional connectivity matrices. The connectivity matrices were harmonized using Block-
ComBat (Chen et al., 2022). Then, the within- and between-network connectivity were estimated for each subject. The 
brain age prediction model was constructed using the linear support vector regression (SVR) based on obtained network 
connectivity features (Figure 1). The model was trained on TDC using a nested cross-validation (leave-one-out cross-validation 
for outer loop and 10-fold cross-validation for inner loop). Data from ADHD patients were used for testing using the model 
trained in all TDC subjects. We used the mean squared error (MSE), mean absolute error (MAE) and Pearson correlation 
coe"cient (r) between the predicted and actual age to assess the prediction performance. We calculated the brain age gap 
to represent the di!erence between the predicted age and the chronological age for each subject. A covariance analysis was 
applied to compare the di!erence in brain age gap between ADHD patients and TDC with chronological age as covariates.
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Results: The mean brain age gap for the TDC was 0.04 years (MSE = 5.14 years, MSE = 1.77 years, r = 0.370, p < 0.0001). 
Application of the brain age model to the patients with ADHD yielded a mean brain age gap of -0.06 years (MSE = 7.03 
years, MSE = 2.23 years, r = 0.228, p = 0.0017). The top 10 features contributing the most to the brain age prediction model 
were shown in Figure 2B. There was no significant di!erence in the brain age gap between patients with ADHD and TDC (p 
= 0.869). However, when we divided the participants into child and adolescent groups, we found that the brain age gap of 
adolescents with ADHD (-2.06 years) was significantly lower than that of healthy adolescents (-1.24 years) (p = 0.021), but it did 
not significantly di!er in children (p = 0.084, Figure 2D).

Conclusions: This study represents the first attempt to predict brain age in patients with ADHD using functional network 
connectivity. We found that the brain age was significantly lower than chronological age in adolescents with ADHD, while 
no significant di!erence was observed in brain age gap between children with ADHD and TDC. This suggests that apparent 
developmental delays in brain functional networks of ADHD boys may not manifest until adolescence, providing new insights 
into the neurodevelopment mechanisms of ADHD.
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Introduction: Thalamocortical connectivity is crucial for sensory information processing and cognitive integration. Evidence 
from our work and others indicate that thalamocortical connections with the salience network plays a pivotal role in 
distinguishing between internally and externally oriented functional networks.1,2 Extending this framework, we hypothesized 
that atypical thalamocortical connectivity may underlie the atypical sensory processing and social communication often 
observed in autism spectrum disorder (ASD). The aim of this study is to examine thalamocortical functional connectivity 
maps (CMAP) and their neocortical projections (NEOMAP) in ASD compared to age- and sex-matched neurotypicals (NT) and 
analyze their association with clinical symptoms.

Methods: Utilizing the Autism Brain Imaging Data Exchange-I (ABIDE-I)3 dataset from 3 di!erent sites (i.e., NYU, PITT, USM), 
our study involved 107 ASD and 113 NT individuals, all male, aged 6.4 – 50 years. We used the Brainspace toolbox4 to derive 
the CMAPs using di!usion map embedding with a normalized angle kernel, and Procrustes alignment for aligning individual 
CMAPs to the group mean average of all participants. Next, the NEOMAPs were extracted by multiplying the CMAPs 
(thalamus voxels x n maps) to the thalamus-cortex correlation matrix (thalamus voxels x cortex vertices). Thus, NEOMAPs 
can be interpreted as the projections of the CMAPs onto the neocortical surface. CMAPs and NEOMAPs were statistically 
tested for significant group di!erence e!ects, controlling for age and head motion (mean framewise displacement) using 
surface-based linear models implemented in a MATLAB toolbox, SurfStat.5 Potential site e!ects were controlled using ComBat 
harmonization.6 To interpret these maps, we profiled them using theYeo-Krienan 7 network parcellation.7 Finally, we examined 
associations with the calibrated severity total scores of the Autism Diagnostic Observation Schedule (ADOS CSS).8

Results: Across groups, CMAP patterns resulting from our analyses were consistent with those observed in our prior study of 
neurotypical thalamocortical connectivity. Group comparisons revealed significant di!erences between ASD and NT groups in 
the first CMAP (pFDR<0.05, Figure 1A, 1B). These di!erences were localized to specific thalamic nuclei: the pulvinar associated 
with visual processing, the ventral lateral posterior nucleus linked to somatosensory functions, the medial geniculate nucleus 
integral to auditory processing, and the centromedian nucleus, known for its role in ‘gate control’ of salient features. The 
second CMAP did not show significant group di!erences (Figure 1C). Based on these results, follow up analyses focusing 
on the first NEOMAP, ranging from salience/somatosensory to default mode networks showed a more compressed gradient 
in ASD compared to NT (Figure 2A, 2B). A vertexwise analysis revealed significant di!erences in regions of the right insula, 
superior temporal, and visual cortices (PRFT-Cluster<0.05; Figure 2C), where ASD showed lower values compared to NT. 
Network profiling of these regions based on Yeo-Krienan 7 networks,7 revealed that these di!erences were most pronounced 
in the visual, somatosensory, salience, and default mode networks (Figure 2D). Notably, among the regions showing significant 
group di!erences (ASD<NT), the right insula, within the salience and somatomotor networks, showed a significant negative 
correlation with autism symptom severity (r = -0.30, p = 0.002; Figure 2E).
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Conclusions: Our study demonstrates that atypical thalamocortical connectivity, particularly involving the insula, a key node of 
the salience network, may underlie ASD symptom severity. Further research, however, is necessary to understand the impact 
of these atypical thalamo-insular connections in ASD, particularly in terms of how they influence the interaction between 
regions processing internally and externally oriented information.
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Introduction: Attention-deficit/Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental conditions, 
however achieving conclusive evidence on neural correlates of ADHD has proven challenging. Additionally, the disorder 
disproportionally a!ects boys compared to girls, and there exist sex di!erences in their symptom profile, behavioral 
expression, and risk of comorbidities. However, it is unclear whether sex-specific neural correlates underlie sex di!erences 
in the disorder presentation. Here, the associations between functional brain activity dynamics and energy landscapes and 
ADHD symptoms across boys and girls were assessed in a population-based sample of children using network control theory 
(NCT) tools and multimodal imaging data. Finally, we studied whether comorbid internalizing and/or externalizing symptoms 
alter the energy landscape.

Methods: We used data from a subset of individuals (N = 2226, 1200 girls, age = 10-11 years) from the Adolescent Brain 
Cognitive Development (ABCD) study. Pre-processed resting-state fMRI time-series were parcellated into 86 regions by 
combining the Desikan-Killiany gyral atlas (68 regions; Desikan et al., 2006) and 18 subcortical structures (Fischl et al., 
2002). K-means clustering was applied to identify four distinct recurring patterns of brain activity in the time series (called 
brain states). An average 86-region structural connectome was reconstructed based on di!usion-weighted imaging through 
probabilistic tractography. We used NCT to calculate the minimum transition energy (TE) required to transition between the 
four states as described previously (Cornblath et al. (2020) and Singleton et al. (2022)). Average TEs across all state transitions 
were computed at regional and functional network (Yeo et al., 2011) levels. Network TEs were computed by averaging the 
regional TEs of all the regions assigned to that network. We used scores on the attention-deficit/ hyperactivity problems 
DSM-oriented scale from the child behavior checklist completed by parents or guardians to assess ADHD symptoms. The 
associations between TEs, ADHD symptoms, and sex were analyzed by general linear models (GLMs) with sex, ADHD scores, 
and their interaction as outcome predictors and age, stimulant use, handedness, family socioeconomic status, scanner 
type, and frame-wise displacement as covariates. False discovery rate correction was applied to all p-values. We grouped 
the participants into high and low ADHD (cuto! score of 5) and conducted a principal component analysis (PCA) on all six 
DSM-oriented problem scales to assess comorbid symptomology profiles and their e!ect on energy demands. Associations 
between the principal component (PC) scores of behavior and TE were analyzed by additional GLMs.

Results: The GLM for network-level TE revealed that girls had higher TEs in the dorsal attention, ventral attention, and limbic 
network. ADHD was not associated with di!erences in TEs in any of the networks. However, a positive association with ADHD 
was found in the left banks of the superior temporal sulcus in the regional TE analysis. The PCA of behavioral scores resulted 
in three components, summarized as both high externalizing and internalizing symptoms (PC1), high externalizing symptoms 
(PC2), and high internalizing symptoms (PC3). PC3 was positively associated with TE in default mode network (DMN) regions. 
No associations between PC1 and PC2 and network, or regional TE were observed.
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Conclusions: The control energy required to move through the brain’s state space di!ers at a network level between girls and 
boys and highlights the importance of sex-specific analysis. Additionally, ADHD symptomatology is associated with region-
specific increases in control energy. Only the internalizing symptoms in children with high ADHD scores were associated with 
an increase in TE in the DMN, indicating that the general psychopathology symptom profile has some implications in brain 
dynamics and energetic needs.
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Introduction: Social motivational theories (SMT) suggest a lack of interest in attending to and processing of social stimuli as 
a basic problem in Autism Spectrum Disorder (ASD)1-2 . The SMT can be tested by examining how the brain reward circuitry 
is processing social and non-social reward stimuli, and whether this di!ers between ASD and non-ASD participants2. The 
monetary and social incentive delay task (MID and SID) consisting of a reward anticipation and a reward delivery phase, 
are common tasks that can be used for this purpose3-4. The EU-AIMS Longitudinal European Autism Project (LEAP) aimed 
at identifying biomarkers for ASD and includes the MID and SID tasks. The analysis of the MID/SID task data in the baseline 
assessment of LEAP (LEAP-1) showed lower activation in the ventral striatum (VS) in ASD compared to the typical developing 
control (TD) group during the anticipation of both monetary and social reward, but not during reward delivery5, hereby not 
providing evidence for SMT but suggesting a general reward deficit in ASD. The main aim of this study was to repeat and 
extend the analyses of the MID and SID in the 2-year follow-up assessment of LEAP (LEAP-2) in a replication e!ort.

Methods: We included 150 ASD and 123 TD participants who completed the SID and MID tasks (see Figure 1) in both LEAP-1 
and LEAP-2. We employed identical methods for preprocessing, quality control, whole-brain analysis, and region of interest 
(ROI) analysis across the two timepoints. After quality control and preprocessing, the SID and MID tasks were combined as 
two sessions in a general linear model (GLM) at the first level. To quantify di!erential reward-specific responses between 
tasks, we generated a contrast image for the interaction between condition (win, neutral) and task (SID, MID), for both the 
anticipation and delivery of reward. Contrast images were subjected to second-level GLMs with group (ASD vs TD) as 
between-subject factor and covariates for age, (biological) sex, and scan site. We additionally performed region of interest 
(ROI) analyses (repeated measures ANOVAs) to increase sensitivity for putative diagnostic di!erences within a-priori defined 
ROIs including the VS (comprising the caudate head and Nucleus Accumbens (NAcc)), insula, and putamen.

Results: Whole-brain analysis In line with previous work, we observed a widespread increase in activation during the 
anticipation of reward vs neutral cues across both ASD and TD (Figure 2A). Similarly we observed a main e!ect of condition 
during delivery (Figure 2D; F(1,269)=36.18, pFWE<.001, k=19). Furthermore, we observed lower activation in ASD compared 
to TD in the striatum during anticipation of both monetary and social rewards (F(1,271)=56.31, pFWE<.001, k=132; Figure 2B), 
hereby replicating the results from LEAP-1. Additionally, we found lower activation in the thalamus, ACC, precentral gyrus, 
postcentral gyrus and cerebellum in ASD during reward anticipation. There was no diagnosis-by-task interaction e!ect. 
During reward delivery, the ASD group also showed significant lower activation in the striatum (F(1,269)=34.03, pFWE<.001, 
k=29) compared to TD group, which is in line with findings in LEAP-1. ROI analysis We observed a significant e!ect of 
diagnosis during reward anticipation (ASD < TD) for all investigated ROIs, see figure 2G (left VS: F(1,271)=5.375, p=.021; right 
VS: F(1,271)=6.172, p=.014; left insula: F(1,271)=8.942, p=.003; right insula: F(1,271)=6.915, p=.009; left putamen: F(1,271)=6.324, 
p=.012; right putamen F(1,271)=5.650, p=.018). There was no interaction e!ect of reward type by diagnosis. For reward delivery, 
no significant e!ects were observed at all.
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Conclusions: We replicate the results from LEAP-1 and demonstrate that the lower activation during reward anticipation 
observed in the ASD group, is not specific to social reward. Our findings do thus not support the SMT, but suggest a general 
reward-processing deficit in ASD.
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Disruptions of Fractional Amplitude of Low-Frequency Fluctuations in Autism Spectrum Disorder
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Introduction: Whole-brain connectome-wide data-driven studies have reported disruptions in cerebrocerebellar intrinsic 
functional connectivity (FC) in young adults with high-functioning autism spectrum disorder (ASD)1. Detecting the fractional 
amplitude of low-frequency fluctuations (fALFF)2 of the BOLD signal in the frequency window of interest can provide insights 
complementary to FC measures. To test this, we examined fALFF in a highly sampled (temporal resolution < 0.5s) resting-state 
fMRI dataset obtained from the Autism Brain Imaging Data Exchange (ABIDE II).

Methods: Data Acquisition: We used the public dataset on ABIDE II (n=51; 16 ASD, 35 healthy controls) contributed by Michal 
Assaf, MD (Olin Neuropsychiatry Research Center), collected on 3T Siemens Skyra. Functional data (3mm voxels) had TR/
TE/flip angle of 475ms/30ms/60°, multi-band factor 8, and 947 time-points. Anatomical data (0.8 mm voxels) had TR/TE/TI/
flip angle of 2200ms/2.88ms/794ms/13°. Data Analyses: CONN 22.a3 and SPM124. Preprocessing: A flexible pipeline5 was 
used for realignment with correction of susceptibility distortion interactions, outlier detection, direct segmentation and 
MNI-space normalization, and smoothing (5 mm Gaussian kernel). Outlier scans were identified using ART6 as acquisitions 
with framewise displacement above 0.5 mm or global BOLD signal changes above 3 standard deviations7. Functional and 
anatomical data were normalized into standard MNI space, segmented into grey matter, white matter, and CSF tissue classes, 
and resampled to 2 mm isotropic voxels following a direct normalization procedure using SPM unified segmentation and 
normalization8 with the default IXI-549 tissue probability map template. Denoising: This pipeline includes the regression of 
potential confounding e!ects characterized by white matter and CSF timeseries, motion parameters and their first order 
derivatives, outlier scans, session e!ects and their first order derivatives, and linear trends within each functional run, 
followed by bandpass filtering (0.008-0.09 Hz) of the BOLD timeseries. CompCor9 noise components within white matter and 
CSF were estimated by computing the average BOLD signal as well as the largest principal components orthogonal to the 
BOLD average, motion parameters, and outlier scans within each subject’s eroded segmentation masks. First-level analysis: 
fALFF maps characterizing low-frequency BOLD signal variability at each voxel were estimated as the ratio between the root 
mean square of the BOLD signal after denoising and band-pass filtering, divided by the same measure computed before 
band-pass filtering2. Group-level analyses: For each individual voxel a separate General Linear Model was estimated, with 
first-level connectivity measures at this voxel as dependent variables (one independent sample per subject), and groups as 
independent variables. Voxel-level hypotheses were evaluated using multivariate parametric statistics with random-e!ects 
across subjects and sample covariance estimation across multiple measurements. Results for the between group analyses 
(ASD vs. healthy controls) were thresholded using a cluster-forming p < 0.005 (two-sided) voxel-level threshold, and a false 
discovery rate corrected p < 0.05 cluster-size threshold.

Results: Results from fALFF analyses in ASD vs. healthy controls are shown in Fig. 1/Table 1. The two cerebellar clusters 
(bilateral Crus I and II), visualized on a flat map, and the cerebral cluster (left frontal pole) overlaid on a surface representation, 
overlap with the regions attributed to social cognition. There was no statistically significant di!erence in head-motion between 
the two groups.
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Conclusions: By leveraging a high-temporal resolution public dataset, and by using fALFF, a metric complementary to FC 
measures, we add to the growing body of evidence highlighting the role of cerebellum in autism10. Overall, our findings 
support the role of cerebrocebellar circuitry in brain function and dysfunction.
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New Insights into Atypical Corticospinal Tract Microstructure in Children with Cerebral Palsy
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Introduction: Unilateral brain injuries in early childhood can result in hemiplegic cerebral palsy (CP), characterized by deficits 
such as weakness in the hand1,2 and loss of independent motor control between hands, known as mirroring3,4. Since previous 
studies in CP have not focused on quantitative measurement of these hand impairments, the objective of this di!usion MRI 
(dMRI) study is to investigate the relationships between atypical development in each hemisphere and quantitative measures 
of hand impairment severities of weakness and mirroring.

Methods: Structural scans were acquired using an MPRAGE sequence (TR=2.3s, TE=2.94ms, TI=900ms, FOV 256x256mm2 
with a voxel resolution of 1 mm3) and used to identify anatomical regions of interest (ROIs) using a standardized atlas5-7. Five 
cortical areas with typical or potential corticospinal tract connectivity -- precentral gyrus, postcentral gyrus, superior frontal 
gyrus, middle frontal gyrus, and superior parietal gyrus -- were masked with the CST (Fig. 1) to determine the overlap volume, 
which was then normalized by the total volume of the ROI. dMRI data were acquired using a spin-echo EPI sequence (TR=5s, 
TE=85ms, matrix size=150x150, FOV=225x225mm, slice thickness = 1.5mm, interslice gap = 0.1 mm, number of slices = 90) with 
di!usion weighting at b=1000 s/mm2 in 60 di!erent directions and 8 scans without di!usion weighting (b=0 s/mm2). dMRI 
data were pre-processed as previously described to estimate di!usion metrics (FA, MD, RD, AD)8,9. Anatomical landmarks 
were used to guide probabilistic tractography of the corticospinal tract (CST) to calculate the mean and standard deviation 
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of di!usivity metrics. Hand grip strength and mirroring were measured using simultaneous recording of two handheld digital 
dynamometers in the non-a!ected and a!ected hands (Fig. 2)10. Spearman correlation analyses were performed between 
di!usivity metrics and hand impairment measures with age and sex as covariates. A Mann-Whitney U test was performed to 
determine if there was a significant di!erence in tract termination ratios between participants with early-onset hemiplegic CP 
and controls. Statistical significance was set at p<0.05.

Results: Preliminary results include 9 children with early-onset hemiplegic CP (5M, 13.6±6.8y) and 8 controls (2M, 13.4±5.5y). 
There was a significant negative correlation between FA in the ipsilesional CST and grasp weakness severity (rho=-0.60, 
p=0.017) that was primarily driven by a significant positive correlation between RD in the ipsilesional CST and grasp weakness 
severity (rho=0.60, p=0.017). There was also a significant negative correlation between FA in the contralesional CST and 
hand mirroring severity (rho=-0.52, p= 0.049) that was primarily driven by a significant positive correlation between RD in 
the contralesional CST and hand mirroring severity (rho=0.56, p=0.030). There were no significant group di!erences in tract 
termination ratios for the cortical ROIs in the a!ected hemisphere. In the una!ected hemisphere, there was a significant 
decreased density of tract termination in the precentral gyrus for early-onset hemiplegic CP participants in comparison to 
controls (p=0.035). Conversely, there was an increased density of tract termination in the una!ected superior parietal gyrus for 
early-onset hemiplegic CP participants in comparison to controls (p=0.048).

Conclusions: Here, we show that there is a significant relationship between supraspinal neural microstructure and 
impairments in normal hand function in individuals with early-onset hemiplegic CP. Hemiplegic CP presents with unilateral 
motor deficits; however, these results show an injury early in development can have detrimental e!ects on the una!ected 
hemisphere, specifically the motor pathways and association areas, and involvement of the una!ected hand. Characterization 
of the changes in the una!ected hemisphere may reveal a basis for new therapy and treatment approaches for hand 
motor impairments.
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Decoding di!erences between neural responses to sustained and transient auditory sounds in dyslexia
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Introduction: The magnocellular system theory of developmental dyslexia suggests a pervasive dysfunction of the 
magnocellular system, specialized for temporal processing, throughout the brain (Stein, 2019). However, this has only been 
extensively investigated in the visual system (Livingston et al.,1991). Here, we measure the contributions of the magnocellular 
system in the auditory cortex in people with dyslexia compared to normal readers.

Methods: Using fMRI at 3T, we imaged whole-brain responses in 10 subjects with dyslexia and 11 normal readers as they 
passively listened to sustained and transient non-linguistic sounds in a block of ~8 s during 8– 40 functional ~5 min runs. Trial-
wise estimates for individual subjects were used to perform multi-voxel pattern analyses (MVPA) to discriminate between the 
sustained and transient responses in localized regions (searchlight) in the whole brain. The results were compared to contrasts 
between the stimuli obtained with a general linear model (FSL FEAT).

Results: MVPA group results showed that in the normal readers, regions surrounding Heschl’s gyrus (primary auditory 
cortex) were able to consistently (FWE, p < .05, TFCE) discriminate between the sustained and transient stimuli. In contrast, 
the subjects with dyslexia exhibited no regions that discriminated above the threshold, although there was consistent 
subthreshold discriminability in the auditory cortex. However, there were no significant di!erences between the groups. The 
GLM contrasts did not exhibit any significant di!erences between the sustained and transient stimuli or between groups, but 
there were large areas in the auditory cortex with subthreshold activity within groups.

Conclusions: Our findings indicate that in normal readers, MVPA but not GLM analyses revealed significant discrimination 
in the auditory cortex between transient and sustained auditory stimuli, whereas no discrimination exceeded the statistical 
threshold in the dyslexia group. However, the discrimination di!erences between groups were not reliable in our small sample.
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Altered brain connectivity in Autistic-Like behaviors of SHANK3 mutant beagle dogs

Xueru Liu1, Rui Tian2, Hui Zhao2, Yong Q. Zhang2, Yan Zhuo1, Zhentao Zuo1,3

1State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, CAS, Beijing, China, 2Institute of Genetics and 
Developmental Biology, CAS, Beijing, China, 3University of Chinese Academy of Sciences, Beijing, China

Introduction: Autism spectrum disorder (ASD) is a childhood-onset neurodevelopmental psychiatric disorder characterized by 
profound deficits in social interaction and communication, as well as repetitive stereotyped behaviors or restricted interests1. 
Previous MRI studies showed varied structural and functional brain abnormalities in ASD patients, but there is still no 
definitive conclusion2,3. Several studies have identified the genetic defects that cause ASD, and with advances in gene-editing 
technology, it has become feasible to establish non-human primate models in ASD4. Given that dogs show stronger social 
bonds with humans through reading human social communicative cues5,6, our team developed and characterized multiple 
lines of Beagle SHANK3 (bShank3) mutants7. We performed neuroimaging analysis on the mutants to explore whether there 
are abnormalities in brain functional connectivity between generations of mutant dogs.

Methods: All animals (wild types, WT: 2.40 ± 0.18 years, N=17; F0 mutants, F0: 1.40 ± 0.07 years, N=4; F1 mutants, F1: 0.90 
± 0.01 years, N=10)7 were scanned at a Siemens Prisma 3.0T MR scanner with the same protocol of anesthesia and MRI 
parameters following we previously described8. Resting-state functional MRI data were acquired using a T2-weighted 
gradient echo echo-planar imaging sequence (TR/TE = 2.2 s/29 ms, flip angle = 90°, 1.8 × 1.8 mm in plane resolution and slice 
thickness of 1.8 mm), with contiguous and interleaved 240 volumes. fMRI data were motion-corrected, realigned, normalized to 
structural scans of the Beagle brain template8 and spatially smoothed with a 4-mm full-width at half maximum Gaussian kernel. 
An unbiased data-driven approach was applied for resting-state global (between a seed voxel and all other voxels in the brain) 
and local (between a seed voxel and its neighboring voxels within 15 mm radius) functional connectivity analysis by CONN 
toolbox in Matlab9.

Results: These abnormalities include hyper-connectivity in two loci of ESR 1 and 2 within the temporal cortex of F0 mutants 
(Figure 1). We also found reduced global- and local-range functional connectivity in the two loci of gPC (loci 2 & 4), and local 
hypo-connectivity in the gPCC (locus 7) of F0 mutants. Loci gPC and gPCC are located in the anterior and posterior gyrus of 
the central sulcus, respectively, and are homologous to the sensorimotor cortex in the human brain10. We further revealed 
global hypo-connectivity in the gCR (locus 3), a homologous region to the dorsolateral PFC in humans10; and local hyper-
connectivity in the SSR (locus 6), a region involved in auditory processing in F0 mutants In F1 mutants, altered connectivity 
patterns were observed in four of the seven brain regions identified in F0 mutants with abnormal connectivity pattern (loci 
2 and 4–6). We found no correlation between connection abnormalities with the elevated shuttle in mutants (Figure 2A). 
However, a significant negative correlation was observed between stress tails and local connectivity in the ESR2 (locus 5; 
Figure 2B), between withdrawal and global connectivity in the gPC (locus 2; Figure 2C), and between social approach and 
local connectivity in the SSR (locus 6; Figure 2D). The coordinates and full names of the various loci were listed in Figure 2E.
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Conclusions: In the present study, we found mutants revealed altered connectivity in the cortex of the left-brain hemisphere 
through voxel-based analysis of global and local functional connectivity. The aberrant patterns in both global and local 
functional connectivity in the mutant dogs were not only present in the F0 generation but were also inherited in the F1 
generation. Our findings demonstrate the validity and unique value of genetically modified dogs to model ASD and possibly 
other psychiatric diseases. Acknowledgement: This work was supported by 2019YFA0707103, 2020AAA010560, CAS-
2021091, and YSBR-068.
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Characterising structural similarity networks in the marmoset using Morphometric Inverse Divergence
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Introduction: Many psychiatric disorders are in part neurodevelopmental, motivating the need to characterise healthy brain 
development. MRI provides a non-invasive, non-ionising, and high detail way to track brain development. MRI has been used 
with network approaches, such as graph theory, which models regions as nodes and connections as edges1. Graph theoretic 
properties, such as hubs and modules, are thought to play specific roles in information processing and have been implicated 
in various mental disorders1. Structural similarity has increasingly been used to generate networks from structural MRI images, 
in which edges reflect genetic similarity as well as axonal connectivity2. Regions with high structural covariance (a type of 
similarity) tend to develop together as coordinated units, and disturbances in this coordination may play a role in the aetiology 
of psychiatric disorders3. This technique generates group level networks, and later approaches have aimed to generate 
networks within individuals. One such approach is Morphometric Inverse Divergence (MIND), which has been biologically 
validated in humans and macaques4. Understanding how structural similarity in early life relates to brain morphology and 
behaviour across development of individuals requires longitudinal imaging. We turned to the common marmoset as an animal 
model due to their short life history yet cortical and behavioural complexity5. As a preliminary analysis, we generated MIND 
networks from a mean MTsat image (a measure of myelin6) to assess biological validity and characterise network properties.

Methods: N=119 marmosets were scanned longitudinally (Fig 1A) using a 9.4T system. Three 3D multi-gradient echo 
sequences (PDw/MTw/T1w) were acquired. Estimation of MTsat parameter maps followed previously published methods6. 
Preprocessing was performed using SPM12 in Matlab. The SPMMouse toolbox7 was used with DARTEL to generate population 
templates. These were warped to create a mean MTsat map across all animals, and a cortical parcellation consisting of 232 
regions was applied8. MIND networks were generated using code from4.

Results: Building and validating the network Highest edge weights were found between homotypic interhemispheric regions 
(Fig. 1B, D). To assess the extent to which similarity was driven by distance between regions, we correlated the raw MIND 
matrix with a matrix formed from Euclidian distance between region centroids (Fig. 1C). There was a small negative correlation 
(r = -0.16, p = 1.022e-5), indicating a slight decay in similarity with distance. Network analysis Node strength distribution of 
the raw matrix was negatively skewed (Fig 2A). Hubs of the network (top 20 node strengths) concentrated in frontal and 
paracentral areas (Fig 2B). Lowest node strengths were found in the occipital lobe, with a decreasing gradient from V3 to 
V1. We clustered the network to see if we could identify modules with distinct myeloarchitecture. Optimal Louvain clustering 
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found two modules (modularity = 0.0603), containing mainly superior temporal cortex (Fig. 2C). Hierarchical clustering found a 
smaller cluster, containing only visual and auditory parabelt regions (Fig. 2D). We performed a principal component analysis on 
edge weights. The first principal component explained 40% of the total variation in edge weights (Fig. 2E) separating auditory 
and visual regions from frontal and temporo-parietal association areas.

Conclusions: MTsat MIND networks show strong interhemispheric similarity and decay with distance, suggesting they are 
biologically valid4. Principal component analysis identified a primary sensory to association gradient anchored in visual 
and auditory cortex at one end and fronto-temporal cortex at the other, accounting for 40% of variance in edge weights. 
This finding echoes the sensory-association gradient of myeloarchitecture found in human9 and may suggest conserved 
organisational principals between species.
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Thalamic connectivity and sleep-onset problems in infants at high likelihood for autism

Emily Chiem1, Lauren Wagner1, Kate de Guillenchmidt1, Mirella Dapretto1

1UCLA, Los Angeles, CA

Introduction: Sleep disruption is pervasive in autism spectrum disorder (ASD)1 and one of the first concerns raised by 
parents before diagnosis2. While proper sleep is critical for neurodevelopment, it is unclear how sleep problems may impact 
brain development in infancy and later developmental outcomes. Studying infant siblings of autistic children can o!er 
insights into the relationship between sleep and neurodevelopment because 20% of infant siblings will receive a diagnosis3. 
Thalamocortical connectivity plays an important role in mediating sleep states4 and is altered in infants with a family history of 
ASD5-6 as well as in older autistic individuals where it has been associated with both sleep7 and sensory sensitivities8. In this 
study, we examined how early thalamocortical connectivity might relate to sleep-onset problems in 6-month-old infants at 
high familial likelihood for ASD.

Methods: Data were collected as part of the Infant Brain Imaging Study (R01HD055741). Infants with an older sibling with 
ASD were deemed high likelihood (HL), while those with no first or second-degree relatives with ASD were deemed 
typical likelihood (TL). Resting-state fMRI scans were collected during natural sleep at 6 months of age (N=60). Scans were 
preprocessed and analyzed using FSL, including linear registration to an infant brain template (10), spatial smoothing, motion 
correction using ICA-AROMA, bandpass filtering, and CSF, white matter, and global signal regression. Five items from the 
Infant Behavior Questionnaire were used to create an Infant Sleep-Onset Problems (ISOP) score. Between-group comparisons 
were conducted using left and right thalamus seeds, masked by joint group-level functional connectivity maps. Similar 
connectivity patterns were observed from both seeds; thus, the bilateral thalamus was used in subsequent analyses (Z > 2.3, 
cluster-corrected at P < 0.05). Due to limited variability in ISOP scores in TL infants, parameter estimates of global thalamic 
connectivity were correlated with ISOP scores only for HL infants. A region-of-interest (ROI) analysis in HL infants correlated 
ISOP scores with connectivity between thalamus and bilateral somatosensory cortices.

Results: HL infants had weaker thalamic connectivity with the right orbitofrontal cortex and left cerebellum compared to TL 
infants. Additionally, in HL infants, stronger thalamic connectivity with both cortical and subcortical regions related to higher 
ISOP scores (P=0.05). Subsequent ROI analysis showed that thalamic connectivity with bilateral somatosensory cortex was 
positively correlated with ISOP scores in HL infants (P=0.03).

Conclusions: Our finding that HL infants displayed thalamic hypoconnectivity with right orbitofrontal cortex is consistent 
with prior reports of weaker thalamic connectivity with right prefrontal cortex in 1.5-month-old HL infants5, indicating a stable 
pattern of thalamic-prefrontal underconnectivity in HL infants across the first 6 months of life. Similarly, our finding of weaker 
thalamic-cerebellar connectivity in HL infants shows that the underconnectivity between thalamus and cerebellum previously 
observed in 9-month-old HL infants10 is already present at 6 months of age. We also found that worse sleep-onset problems 
in HL infants were associated with heightened thalamic connectivity with both cortical and subcortical regions, suggesting 
a link between global thalamic overconnectivity and longer sleep latencies. Our result that stronger thalamic connectivity 
with somatosensory cortices is associated with worse sleep-onset problems in HL infants is line with previous evidence that 
thalamic hyperconnectivity with the somatosensory cortex is also associated with sensory over-responsivity6. Altogether, 
these results revealed consistent atypicalities in thalamic connectivity in HL infants in the first 9 months of life and indicated a 
relationship between altered thalamocortical connectivity and sleep-onset problems in HL infants.
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Altered brain state dynamics in children with a family history of substance use disorder vary by sex
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Introduction: Identifying factors that elevate an individual’s risk of substance use disorder (SUD) is vital to public health. 
An individual’s risk of SUD is shaped by a complex interplay of biosocial factors, with genetics being a particularly potent 
factor. As such, family history of SUD is a strong predictor of an individual’s susceptibility (Bogdan et al., 2023). Current 
developmental models describe individual vulnerability to SUD as being due to an aberrant reward system, reduced inhibitory 
control, or a combination of these (Heitzeg et al., 2015). Yet, few studies have explored how family history a!ects brain 
function and structure prior to substance use. Herein, we used a network control theory approach (NCT) to quantify sex-
specific di!erences in brain state dynamics in youth with (FHP) and without (FHN) a family history of SUD.

Methods: We analyzed a subset of 1244 youth (675 females, aged 9-11) from the baseline visit of the Adolescent Brain 
Cognitive Development (ABCD) study who were scanned on a Siemens MRI (Casey et al., 2018). Parent-reported family 
history of SUD was used to categorize subjects as FHP (1+ parent and/or 2+ grandparents with SUD) or FHN (no parental nor 
grandparental SUD). We analyzed pre-processed rsfMRI and structural connectivity data – as described in Chen et al. (2022) – 
parcellated into a FreeSurfer-based atlas of 86 cortical and subcortical regions. Following previous work (Singleton et al., 2022 
& Cornblath et al., 2020), we performed k-means clustering (k=4) of brain activity into recurring brain states. For all transitions 
between states, we calculated the transition probability (TP; i.e., likelihood of transition) and the NCT-derived transition 
energy (TE) required to drive the brain towards a given transition (Gu et al., 2015). All p-values were Benjamini–Hochberg (BH) 
corrected.

Results: For each state (k=4), we calculated the cosine similarity of its high and low-amplitude activity to a priori resting-
state networks (Figs 1A-B; Yeo et al., 2011). States were identified as 2 pairs of anti-correlated states: default mode (DMN+/-) 
and visual (VIS+/-). First, to assess whole-brain energetics, we averaged across all pairwise TEs to calculate a global TE for 
each subject. Two-sample t-tests revealed lower global TE in FHP males (M-FHP) compared to M-FHN (pFDR= 0.049; Fig 1C). 
In contrast, FHP females (F-FHP) exhibited a trend towards higher global TE compared to F-FHN, although not statistically 
significant (pFDR= 0.14). An ANOVA conducted on global TE, controlling for variables including sex, age, family history of SUD, 
motion (mean framewise displacement), study site, and sex*family history of SUD, revealed significant e!ects for sex (pFDR < 
0.0001), motion (pFDR=0.04), study site (pFDR < 0.0001), and sex*family history of SUD (pFDR=0.013). For pairwise transitions, 
M-FHP individuals had significantly decreased TE for all transitions to DMN+/- (Fig 2A & F), lower TP from DMN- to DMN+, and 
increased TP from VIS+ to DMN+ (Fig 2C) compared to M-FHN. F-FHP youth had significantly increased TE when persisting in 
VIS+/-states (Figs 2B & E) but no significant di!erences in TP (Fig 2D) compared to F-FHN.

Conclusions: The e!ect of family history of SUD on brain function and structure is modulated by biological sex. M-FHP youth 
exhibit lower TE, particularly when transitioning to or persisting in DMN. This suggests, given that transitions from VIS to 



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 729

ABSTRACTS

DMN reflect bottom-up processing, there is a decreased energy barrier for bottom-up transitions in M-FHP. Indeed, M-FHP 
youth exhibit an increased probability of transitioning from VIS+ to DMN+. F-FHP, on the other hand, exhibit increased TE 
when persisting in VIS. This may reflect a higher energy barrier to persist in the VIS state and thus a tendency to shift bottom-
up. Together, these results indicate a sex-specific mechanism by which FHP individuals may be biased towards bottom-up 
transitions and therefore more prone to heightened reward sensitivity and reduced inhibitory control.
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Metabolite-Autism Symptom Associations Mediated by Amygdala-Frontal Resting State Connectivity
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Introduction: The gut microbiome modulates sensory processing, socio-emotional behavior, and cognition through a 
bidirectional relationship with the brain, known as the brain-gut-microbiome (BGM) system (Zhu et al., 2017). As cognitive, 
sensory, social, and gastrointestinal issues are highly prevalent in Autism Spectrum Disorder (ASD), attention has been paid to 
the role of the BGM system in ASD symptomatology, with many studies reporting abnormal gut profiles compared to healthy 
controls (Kang et al., 2018; Needham et al., 2021). Preclinical studies have shown that gut metabolites in the tryptophan 
pathway are associated with sensory, socio-emotional, and cognitive di!erences characteristic of ASD thus the BGM system, 
may be related to outcomes in autistic children, such as school performance (Chen et al., 2022; Chernikova et al., 2021; 
Needham et al., 2022). As sensory processing has a greater impact on academic performance in autistic children than level of 
intelligence, we posit that gut metabolites are influencing neural activity, subsequently impacting school performance (Butera 
et al., 2020). Here we focus on resting state functional magnetic resonance imaging (rs-fMRI) in typically developing (TD) and 
autistic children as established connectivity di!erences between the groups has been linked to ASD symptom severity which 
may be linked to school performance (Christian et al., 2022; Khandan Khadem-Reza et al., 2023).

Methods: Data Collection: 37 TD (M age=12.02 years, 18 males) and 29 autistic children (M age=12.4 years, 22 male) collected 
a stool sample at home within 24 hours prior to completing a rs-fMRI. Parents completed the Child Behavior Checklist/6-18 to 
assess school performance (Achenbach & Edelbrock, 1991). Data Analysis: Resting state connectivity between brain regions 
based on the Detstrieux, Harvard Oxford subcortical and Harvard Ascending Arousal Network Atlases was computed using 
the functional connectivity toolbox. Untargeted metabolomic profiling on the stool samples were performed by Metabolon Inc. 
General linear models (GLM) were used to determine if the groups di!erences and associations between school performance 
and med-adjusted tryptophan metabolites and functional connectivity, tryptophan metabolite levels, age, sex, body mass 
index and IQ scores. The R library, mediation, was applied to test whether neural activity mediated the association between 
metabolite levels and school performance in ASD with age as a covariate.

Results: There was a significant di!erence between the groups on school performance (ASD<TD, q<0.01, 5% FDR). GLMs 
demonstrated a significant di!erence in functional connectivity between the right orbital sulcus and the left amygdala 
(ASD<TD, q<0.001) that was associated with abundance of the tryptophan metabolite, oxindolylalanine (q<0.05). In ASD, 
connectivity in the right orbital sulcus and the left amygdala was negatively correlated with school performance (q<0.05). The 
right orbital sulcus-the left amygdala connectivity significantly mediated the relationship between oxindolylalanine and school 
performance (B=1.11, 95% CI:0.10-2.54).
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Conclusions: Previous rs-fMRI research in ASD suggests that decreased connectivity between the amygdala and frontal lobe 
regions may underlie emotion regulation and sensory sensitivities (Khandan Khadem-Reza et al., 2023). Here we show that 
this decreased connectivity is also related to lower gut levels of oxindolylalanine and lower school performance. Specifically, 
our data support the hypothesis that the metabolites in the tryptophan pathway modulate the brain, which in turn a!ects 
behavior in ASD. This is the first study to explore the complex interplay between gut metabolites, resting state functional 
connectivity, and behavioral outcomes in autistic children.
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Introduction: Abnormal cortical auditory processing has been documented across a wide range of stimuli in individuals 
with autism spectrum disorder (ASD) (Emre et al., 2018; O’Connor et al.,2012). However, spatial auditory processing(Shinn-
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Cunningham et al, 2017; Soskey et al., 2017; ElMoazen et al., 2020), i.e., our ability to perceive and track changes in sound 
source location, which is critical for social interactions, remains understudied despite evidence of malformed binaural 
brainstem structures in ASD (Kulesza et al., 2011).

Methods: To study spatial auditory processing in ASD, we collected magnetoencephalography (MEG) data from 22 ASD 
(mean age = 13.56, SD = 2.69) and 31 TD (mean age = 13.07, SD = 3.42) individuals as they listened to 1000ms-long auditory 
stimuli where at 550ms after the onset, 400 microsecond discontinuities in opposite directions were introduced between the 
ears creating an interaural time delay (ITD)-change and a percept of a spatial jump (jump condition). Responses were also 
collected for control stimuli where the 400 microsecond discontinuities were introduced in the same direction in each ear, 
leaving the ITD unchanged and the percept stationary (stay condition). Structural T1 MRI images were used to obtain individual 
cortical surfaces and to compute BEM head models. sLORETA-MNE source modeling was then used to extract responses 
from subject-specific labels (see figure 1b inset for examples) within temporal regions corresponding to the peak activation to 
jump events in left (TD mean latency = 744ms, SD = 0.045ms; ASD mean latency = 731ms, SD = 0.040ms) and right (TD mean 
latency = 729ms, SD = 0.059ms; ASD mean latency = 734ms, SD = 0.061ms) hemispheres.

Results: Results showed cortical responses time locked to the onset of jump events in both ASD and TD groups (figure 1a). 
Subject-specific peak latency windows were visually identified for each subject in response to jump events, and the area 
under the curve was obtained for both jump (TD: mean AUC left = 377.24, SD = 268.26; mean AUC right = 412.03, SD = 271.41; 
ASD: mean AUC left = 236.18, SD = 154.35, mean AUC right = 271.27, SD = 142.23) and stay (TD left = 109.57, SD = 54.21; TD 
right = 137.76, SD = 95.80; ASD left = 105.21, SD = 71.13, ASD right = 126.27, SD = 60.11) conditions. A linear mixed e!ect model 
for the interaction of group, condition and hemisphere as fixed e!ects and random intercepts for subject outperformed a null 
model (Χ2(9) = 121.02, p = 2.2e-16). Adding a random slope for group significantly increased model fit (Χ2(2) = 19.44, p = 6.0e-
05). The best fitting model (R2 conditional = 0.55, R2 marginal = 0.33) showed a statistically significant e!ect of group (TD: β = 
144.40, SE = 44.24, p = 0.001) and condition (stay: β = -130.97, SE = 45.51, p = 0.002), and for the interaction between condition 
and group. No e!ect for hemisphere was observed. A post-hoc pairwise test showed that the ASD diagnosis significantly 
predicts decreased AUC values for jump events compared to TD individuals (β = -143.9, SE = 34.5, p = 0.0001, figure 1c).

Conclusions: These results support the hypothesis that spatial auditory processing is altered in ASD. Our findings highlight 
the need to further investigate whether and how such atypical sensory processes may impact goal-directed and social 
behaviors among ASD individuals.
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Introduction: The advent of high-resolution neuroimaging has revolutionized how epilepsy is understood, diagnosed, and 
treated1. In particular, magnetic resonance imaging (MRI) methods have enabled previously unparalleled precision in localizing 
tissue responsible for epileptic seizures and assessing seizure etiology2. Localizing epileptogenic tissue is especially critical 
to delivering care to patients with pharmaco-resistant seizures, for whom resective surgery is often the most e!ective 
treatment3-5. Research has also revealed global changes in the properties of the cortex in epilepsy patients relative to 
controls6. However, there is a clear need to advance precise and non-invasive methods of localizing the origin of seizure 
activity and uncovering alterations beyond the seizure focus. This will ultimately allow more pharmaco-resistant patients 
to benefit from targeted resection that maximally spares surrounding tissue, with fewer risks than invasive pre-surgical 
investigations7-9.

Methods: Patients were a consecutive cohort of 22 adults (17F, mean±SD age = 34.55±11.44 years) with pharmaco-resistant 
focal epilepsy who underwent pre-operative MRI at the Montreal Neurological Institute and Hospital, a resective neurosurgical 
procedure (14 temporal, 4 parietal, 2 occipital, and 2 frontal), and post-operative MRI. Of the 21 Engel outcomes available, 
12 were IA, 4 were IB, 1 was IIA, 1 was IIIa, and 3 were IVC. The healthy control cohort comprised 100 adults (46F, mean±SD 
age = 31.62± 9.30 years) who underwent the same MRI protocol as patients did pre-surgery. This high-resolution 3T MRI 
protocol included di!usion-weighted imaging (DWI, 1.6mm isovoxels), T1-weighted scans (T1w, 0.8mm isovoxels), quantitative 
T1 relaxometry (0.8mm isovoxels), and resting-state functional MRI (rsfMRI, 3mm isovoxels). We preprocessed this data using 
micapipe10. Maps of mean di!usivity (MD) and fractional anisotropy (FA) were derived from DWI, maps of cortical thickness (CT) 
were derived from T1w scans, and maps of quantitative T1 relaxation time (qT1) were derived from quantitative T1 relaxometry; 
we normalized these features vertex-wise in each patient relative to controls (Fig. 1A). For each patient, we generated a 
functional connectivity matrix from rsfMRI, a structural connectivity matrix from DWI, and a geodesic distance matrix from 
T1w imaging. We segmented the resection site semi-automatically in each patient’s post-operative T1w scan, co-registered 
with pre-operative T1w scans. We mapped the resection site to the surface and determined the 0-5%, 5-10%, 10-15%, 15-20%, 
20-25%, 25-30%, 30-35%, 35-40%, 40-45%, and 45-50% of vertices most functionally coupled, structurally connected, and 
geodesically close to this site (Fig. 1B). We quantified relative alterations in MD, FA, CT, and qT1 in the surgical target and as a 
function of functional, structural, and geodesic distance from the target.
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Results: Alterations were significantly increased within the surgical target relative to the rest of the brain for MD in 19/22 
patients (86.36%), FA in 19/22 patients (86.36%), CT in 18/22 patients (82.82%), and qT1 in 18/22 patients (82.82%), z-tests, 
FDR-adjusted p < 0.01. Group mean MD, FA, CT, and qT1 alterations decreased with increasing functional connectivity distance 
from the target (Fig. 2A), as well as with structural connectivity distance (Fig. 2B) and geodesic distance (Fig. 2C). For each 
cortical feature and across all three distance metrics, alterations were significantly higher in the surgical target than in vertices 
at the fifth nearest level of distance to the target, paired t-tests, p < 0.01.
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Conclusions: Mapping the epicenter of alterations in cortical microstructure and morphology in individual patients carries 
potential to assist in localizing the surgical target non-invasively. Functional, structural, and geodesic relationships to the 
epileptic focus may impact the magnitude of microstructural and morphological changes in cortical regions beyond the focus 
of seizures.
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Beta Frontal Lobe Entropy and Infant Sadness Associated with Attention Deficit in Toddlerhood
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Introduction: Attention-deficit/hyperactivity disorder (ADHD) is a common childhood disorder characterized by impairments 
in attention, working memory, and inhibitory control. In infants, di!erences in temperament (a baby’s behavioral style in 
regards to situational reactivity, emotion regulation and expression), are associated with ADHD in later childhood1. Attentional 
di!erences in ADHD are also linked to an increase in neural variability – moment-to-moment electrical fluctuations intrinsic 
within neuronal networks4. This project aims to identify associations between infant temperament, neural variability, and 
ADHD symptoms in early childhood to characterize early markers of attention deficit.

Methods: 122 infants (F = 57, M = 66) initially underwent EEG and parent reported behavioral ratings at 4, 8, and 12 months 
of age. Participants were re-invited as toddlers at 3-5 years-of-age (M = 38, F = 27), to assess ADHD symptomology. Infant 
temperament was assessed via the Infant Behavioral Questionnaire (IBQ-R), and ADHD symptomatology was assessed 
using the ADHD Rating Scale IV. The EEG paradigm consisted of four conditions, resulting in a 2 × 2 design of social or non-
social, visual or auditory stimuli. This project utilizes the social visual condition, which consisted of women turning their heads 
and smiling. Several studies have reported greater reactivity to visual stimuli in children with ADHD, including larger initial 
reactions and a lack of habituation6,9. Neural noise was computed via multiscale entropy, a measure of temperodynamic neural 
variability, using the automated preprocessing pipe-line for the estimation of scale-wise entropy from EEG data (APPLESEED) 
at a scaling rate of 250 Hz8. Entropy measures irregularity by determining the frequency of a pattern m repeating relative to a 
pattern of m+1 using the formula [m+1: ln(m/m+1)]. Low entropy designates higher regularity, and high entropy values designate 
higher irregularity in signal8. The ROI is the frontal lobe, as infant EEG attention studies have shown sources of brain activity in 
attentional tasks are scattered in the prefrontal cortex10.

Results: Exploratory Graph Analysis (EGA) was used to reduce data dimensionality before performing regression analyses. 
EGA utilizes the Triangulated Maximally Filtered Graph (TMFG) method which builds a triangulation maximizing a score 
function associated with the amount of information retained by the network and nodes with the highest sum of correlations7. 
It arranges data into a meaningful network structure that can be used for clustering, community detection, and modeling. The 
Walktrap algorithm utilizes distance metrics based on the strength of the association between nodes, and organizes the nodes 
into communities3. Together, TMFG and the Walktrap algorithm identifies latent clusters of variables. EGA identified infant 
sadness and 13-29 Hz frequency band (beta) as the variables of interest for multivariable regression (Figure 1). Multivariable 
regression revealed a significant relationship between infant sadness (β = 1.6477, p < .01), beta frontal lobe entropy (β = -1.7892, 
p < .05), and ADHD symptomology (F(2, 50) = 7.02, p = 0.002, adjusted R2 = 0.19). An interaction e!ect emerged between 
the variables suggesting infant sadness could act a moderator in the relationship between entropy in infancy and ADHD 
symptomatology (Figure 2b).
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Conclusions: Results revealed a significant relationship between Beta Frontal Lobe Entropy, IBQ Sadness, and ADHD 
symptoms. Newer research implicates higher amounts neural variability as a typical feature of social development in infancy, 
and a necessary component of neural development2. The results also corroborated the findings in a 2021 paper that infant 
sadness was the earliest behavioral predictor of ADHD at 3 months of age5. Overall this work can help provide insight into the 
infant’s developing brain and identify signatures reflective of di!erent developmental trajectories.
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Introduction: Mechanisms of social adaptive action are disrupted during the first postnatal months in infants later diagnosed 
with autism spectrum disorder (ASD) (Sarrett and Rommelfanger, 2015), suggesting that alterations in brain development 
may already be present during early infancy (Kanner, 1968). Characterizing the trajectory of functional connectivity (FC) to 
examine brain changes from birth might o!er new insight into sensitive periods during which interventions are likely to have 
the greatest impact on infant brain growth (Johnson and Karmilo!-Smith, 2008). In this study, we implemented a data-driven 
group independent component analysis (ICA) on longitudinal resting-state fMRI data collected from typically developing 
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infants and infants later diagnosed with ASD from birth to 8 months. We hypothesize that ASD infants show di!erent 
longitudinal trajectories in FC from birth, with between-group di!erences becoming more pronounced over time.

Methods: Participants were infants with a low likelihood of ASD (LL; no family history of ASD) or elevated likelihood of ASD. 
All infants were enrolled at birth, and the diagnostic outcome was confirmed at 2 years old using the standard assessment for 
ASD. We applied a group ICA (Fu et al., 2018) to all high-quality infant data, identifying reliable functional brain networks that 
are active during infancy. Further analysis was performed on the ASD group (includes 40 scans from 21 infants later diagnosed 
with ASD) and healthy control (HC) group (includes 112 scans from 45 LL infants), including the trajectory analysis and group 
comparison. Correlation was calculated between time courses of brain networks to measure the static functional network 
connectivity (sFNC). A linear mixed-e!ect model (Cheng et al., 2021) was implemented to estimate the associations between 
sFNC and age. Finally, we performed a group comparison on sFNC between HC and ASD infants at di!erent phases of infancy 
to explore when between-group di!erences are present and which sFNC are disrupted.

Results: Fig. 1 shows the flowchart to explore FC abnormalities in infancy ASD. Group ICA identified 71 ICNs that were 
arranged into 9 domains according to their prior functional information (Allen et al., 2014). Fig. 2 displays the correlations 
between sFNC and age from birth to the 8th month for each group. Despite many similar sFNC trajectories shared by both 
groups, infants with ASD show markedly di!erent trajectories, especially for sFNC involved in the sensory domains (Fig. 
2A). HC infants show significantly positive correlations between age and the sFNC within the auditory (AUD) and visual (VS) 
domains. Instead of showing widespread positive correlations between age and the sFNC within the VS domain, ASD infants 
show stronger positive correlations between age and the sFNC within the AUD domain (Fig. 2B). For the group comparison, 
we separated the data into early (birth~4th month) and the later (5th~8th month) infancy. In early infancy, sFNC between the 
right superior temporal gyrus (STG) and left temporal pole, and sFNC between the right STG and middle temporal gyrus is 
significantly lower in infants with ASD (p < 0.05. FDR corrected, Fig. 2C). In later infancy, sFNC between the AUD and VS 
domains is significantly lower in ASD infants, suggesting continuous incoordination between sensory cortices (Fig. 2D).
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Conclusions: This study investigated the developmental trajectories of infants during the first 8 postnatal months to identify 
early di!erences in ASD using resting-state sFNC, the network analog of FC. Preliminary findings reveal alterations in sFNC 
trajectories in infants with ASD relative to their HC counterparts, providing compelling evidence that tracking sFNC across 
resting-state networks can enhance our understanding of ASD traits in early infancy. Altered FC trajectories in infants later 
diagnosed with ASD are potential brain markers of the developmental unfolding of ASD, signs of the unraveling of typical 
mechanisms of social adaptive action.
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Brain dynamics in toddlers with and without autism spectrum disorder
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Introduction: Autism spectrum disorder (ASD) a!ects one in 36 children.1 Early diagnosis is critical for optimizing outcomes, 
yet children are not typically diagnosed until 4 years of age.2 In concert with early behavioral signs, early neural markers could 
identify toddlers at risk of developing ASD to aid earlier diagnosis and targeted interventions. Neuroimaging studies have 
primarily examined structural brain alterations in toddlers at high risk of developing ASD.3 While innovative dynamic functional 
magnetic resonance imaging (fMRI) methods reveal candidate brain networks of dysfunction in older children with ASD (7-12 
years of age),4–6 little work has been done to examine brain network dynamics in toddlers with ASD. The goal of this project is 
to identify early functional brain biomarkers of ASD.

Methods: Participants were enrolled through community referrals and a screening approach in collaboration with 
pediatricians. All toddlers underwent clinical assessments, including the Autism Diagnostic Observation Schedule (ADOS), and 
received an o"cial diagnosis at 36 months. The clinical testing took place at the University of California, San Diego Autism 
Center of Excellence. Clinical scores and fMRI scans were collected from 9 ASD and 9 TD toddlers (age-matched (ASD =27.9 
mos; TD = 23.2 mols; p>.05). The small sample size is due to the di"culty of collecting sleep fMRI scans, inclusion criteria (a 
full rest fMRI scan, a diagnosis of ASD or TD at 36 months of age, a MRI scan prior to their o"cial diagnosis, head motion < 
.5 mean FD). More participants are planned to be included in the completed study. All toddlers underwent a 10-minute sleep 
fMRI scan. The fMRI data underwent preprocessing using the multi-echo independent component analysis pipeline ‘meica.
py’ implemented in AFNI and Python. Motion correction parameters were determined based on the first TE images (TE 15 ms) 
using a rigid-body alignment procedure. Both principal and independent component analyses were used to denoise the data. 
Data were subsequently smoothed with an 6 mm full-width at half-maximum Gaussian kernel. Head motion was assessed 
using framewise displacement (FD). There were no significant di!erences in head motion between the ASD and TD groups 
(p =.37). Next a group ICA was conducted to identify large-scale brain networks in the sample and the network a"liation 
of each component was determined based on the brain region. Finally, a dynamic functional connectivity (dFC) analysis 
was performed using only non-noise ICA components (Figure 1). DFC steps included using a window size of 20 TRs and L1 
regularization. Next, an elbow criterion was determined for all participants followed by k means clustering. Lastly, dynamic 
metrics were computed including transitions, dwell time, and frequency of the states for each participant. This was followed by 
group comparisons (t-tests) for each dynamic metric and between the groups (ASD, TD).



30TH ANNUAL MEETING OF THE ORGANIZATION FOR HUMAN BRAIN MAPPING • SEOUL • 741

ABSTRACTS

Results: The elbow criterion indicated 3 states were optimal for the groups included in the study. The networks involved in 
each state are depicted in Figure 1. There were no significant di!erences between the groups for dwell time and frequency 
of occurrence of brain states (p’s > .05). However, TD toddlers exhibited more transitions between states compared with 
ASD toddlers (TD = .6 transitions; ASD = 0 transitions on average; p<.05). Thus, ASD toddlers stayed in one state (either 2 or 
3) throughout the scan, whereas TD toddlers transitioned between two of the three states throughout the scan. Across all 
groups, toddlers spent significantly more time in state 2 compared with states 1 and 3. State 2 also occurred more frequently 
in all participants (See Figure 2).

Conclusions: This is one of the first studies to assess brain network dynamics in toddlers later diagnosed with and 
without ASD and provides a better understanding of early brain network development in this increasingly prevalent 
neurodevelopmental disorder.
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Introduction: Trauma exposure across the lifespan is associated with an increased risk for post-traumatic stress disorder 
(PTSD) and mood disorders. During the transition to parenthood, exposure to trauma was also associated with altered brain 
responses to infant cues, which can lead to suboptimal parenting. However, how trauma-related brain adaptations a!ect 
functional connectivity (FC) associated with infant cues remains largely unknown. In this study, we aimed to assess the impact 
of trauma during childhood on maternal functional brain connectivity in response to infant crying sounds. Using connectome-
based predictive modeling (CPM), we identified brain network connectivity patterns associated with trauma (Shen et al., 2017). 
Analyzing traumatic events in distinct childhood intervals and adulthood enhances our understanding of which developmental 
periods are more susceptible to lasting functional brain changes related to infant cry responses. Past research suggests that 
heightened plasticity in early childhood makes individuals more prone to long-term neurological alterations due to various 
types of events, including trauma (Kim, 2021). Our hypothesis posited that early childhood trauma would have a more robust 
association with task-related connectivity.

Methods: Birthing parents (N=80) had early postpartum fMRI scans (M = 1.33 months, SD = 1.01) for an infant cry task involving 
their own infant crying, another infant’s cry, or pattern-matched white noise (Olsavsky et al., 2021). Trauma was assessed 
by combining Life Events Checklist (LEC) and Adverse Childhood Experiences (ACEs) scores in early and middle childhood, 
adolescence, and adulthood. The LEC and ACEs data were combined for a more comprehensive evaluation of the subject’s 
past trauma. fMRI data underwent preprocessing with fMRIPrep and XCPD (Esteban et al., 2019, Mehta et al., 2023), followed 
by calculating functional connectivity matrices (268x268) using the Shen atlas (Shen et al., 2013). These matrices informed a 
Connectome-based Predictive model examining brain-wide task-related FC and combined LEC/ACEs scores via leave-one-out 
cross-validation with a feature selection threshold of p < 0.01 (Shen et al., 2017).

Results: The CPM analysis suggests that only early childhood (defined as 0-5 years of age) traumatic events were significantly 
associated with the infant cry task functional connectivity (p = 0.007, r = 0.2983, MSE = 31.86). The combined LEC/ACEs 
scores measured in our sample had a mean (M) of 3.44 and a standard deviation (SD) of 5.84. The data represent the number 
of traumatic experiences (scored 0-30) that occurred at each developmental period. The significant edges for the model 
indicated that FC between the salience and frontoparietal network was positively associated with more frequent early 
childhood trauma. Conversely, the default mode network (DMN) FC was negatively associated with increased early childhood 
trauma. The FC results indicate that with increased traumatic events in early childhood, there is more functional connectivity 
between the salience and frontoparietal networks and less functional connectivity between the DMN and the motor, visual 
association, and subcortical networks. Reduced FC within the DMN was also indicative of a higher number of traumatic events 
in early childhood.
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Conclusions: While studies have examined the activation patterns associated with the infant cry task, we examined how 
task-related functional connectivity during the task was associated with traumatic events in childhood. Greater traumatic 
events were associated with reductions in DMN connectivity and decreased insula-to-limbic network connectivity. Elucidating 
the brain-wide functional connectivity patterns associated with childhood trauma is a critical step forward in understanding 
potential neural mechanisms underlying the intergenerational transmission of childhood trauma.
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Introduction: Recently, prenatal cannabis exposure (PCE) has been linked to psychotic-like experiences (PLEs) in early 
childhood along with growing evidence for associations between early cannabis use and elevated psychosis risk. However, 
underlying neural mechanisms and the relationship between PCE and PLEs in early adolescent development are not well 
understood. The neurocognitive and neurochemical substrates involved in reward processing may be implicated in this 
association. Prenatal cannabis exposure may modify reward circuitry implicated in psychosis risk (Fig.1). Task-based functional 
neuroimaging during a reward incentive task provides an informative way to study these neurobiological relationships.

Methods: We analyzed functional magnetic resonance imaging (fMRI) and behavioral data collected during performance of 
the Monetary Incentive Delay (MID) Task from 11,876 participants in the Adolescent Brain and Cognitive Development (ABCD) 
study (exposed youth N=655 at baseline, and unexposed N=11,221 at baseline). We examined three waves of data: baseline 
(Mage=9.91±0.63 years, 47.61% females), two-year follow-up (N=11,862), and four-year follow-up (N =3,062). We tested cross-
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sectional relationships between activation in reward-related brain regions during reward anticipation and PLEs (total score and 
distress) at baseline assessed by the Prodromal Questionnaire – Brief Child Version (PQ-BC). Group (unexposed vs. exposed)-
by-region interactions were tested on each region of interest, including the striatum and ventromedial prefrontal cortex 
(vmPFC). Covariates included site, family membership, age, sex, and socioeconomic status. False discovery rate correction 
was applied. Behavioral performance measures on the MID task (response accuracy and reaction time) were analyzed across 
the three waves of data with mixed-level analyses of variance. Factors included trial type (6 levels: -$5, -$.20, +$0, +$.20, +$5; 
within-subjects) and group (2 levels: exposed to cannabis prenatally; between-subject).

Results: PCE was positively associated with PLE scores (std. β =1.350, q<.001) and distress (std. β =1.340, q <.001), 
longitudinally across three waves of data. Across groups, PLEs were inversely associated with reward anticipation-related 
activation in the striatum (std. β = -.030, q< .001), and vmPFC (std. β =-.026, q=.010) at baseline. Significant group-by-ROI 
interactions indicated that activation was more blunted in both striatum (q<.001) and vmPFC (q<.001) in PCE youth (see Table 
1 for full results). PCE youth displayed faster reaction time in the MID task, regardless of trial type, compared to unexposed 
youth (main e!ect of group on RTs: p<.001). Despite faster reaction times, PCE youth were less accurate when responding to 
large loss, neutral, and small reward trials (p’s<.001) in comparison to unexposed youth; however, there were no statistically 
significant group di!erences in accuracy for small loss or large reward trials. Greater PLEs were associated with higher 
accuracy for large reward trials (std. β = .194, q=.023) in the PCE group. Greater PLEs were also associated with slower reaction 
times across trial types in the PCE group (std. β = .004, q<.001).

Conclusions: Our findings indicate that the association between prenatal cannabis exposure and psychotic-like experiences 
persists into early adolescence. Neurobehavioral response to reward anticipation is altered in youth exposed to cannabis 
prenatally and is associated with the severity of psychotic-like symptoms. PLEs are associated with blunted neural responses 
to reward-related cues, with stronger e!ects for those exposed to cannabis prenatally. This dampened activation in reward-
related regions may represent a biomarker of disrupted reward processing during development. Faster reaction times across 
trials and trial-type accuracy di!erences in youth exposed to cannabis may reflect heightened reward-related motivation.
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Developmental trajectories in functional brain network properties of preterm and at-term neonates
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Introduction: The human brain undergoes rapid growth during the first years of life. Premature infants, born before 37 weeks 
of gestation can have consequences on development, even when no anatomical lesions are evident (Rogers et al.,2018). 
Resting state functional (MRI) naturally sleeping babies allows the characterization of the brain functional connectome, 
showing decreased long range connectivity (Smyser et al., 2010). Preterm infants have shown alterations in connectivity 
measures globally and in specific networks (Gozdas et al., 2018). In this work, we characterize the developmental trajectories 
in the functional brain network in preterm and term neonates.

Methods: We included 454 preprocessed structural-functional datasets from the developing Human Connectome Project 
(Hughes et al., 2017), acquired between 26 -44 weeks of postmenstrual age (PMA) and with no radiological signs of white 
matter lesions. For each subject, we estimated the connectivity matrix as the correlation of the BOLD time series between all 
possible pairs of the 90 regions within the neonate AAL atlas (Shi et al., 2011). Subsequently, these matrices were thresholded 
to keep only the ten percent of the highest connections. From these thresholded matrices, we computed graph theory 
measures as clustering coe"cient, node strength, global e"ciency and shortest path length, using the Brain Connectivity 
Toolbox. To characterize the developmental trajectories of the graph theory properties here explored, linear, quadratic, and 
log-linear mixed models were constructed with gestational age at scan as an independent fixed-e!ect variable. Random 
e!ects were added for the intercept and subject ID. Significance was defined as p <0.05, and the model with the lowest 
Akaike Information Criterion (AIC) was selected as the best model to describe the data.

Results: The best-fitting models showed non-linear trajectories for all the properties in preterm neonates and two of them in 
at-term neonates (Figure 1 and Figure 2). When compared by sex, at-term infants showed no significant di!erences between 
males and females; females preterm showed increased connectivity in clustering coe"cient (p < 0.02), node strength (p < 0.01) 
and global e"ciency (p < 0.01).
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Conclusions: Overall, our results confirm that the functional connectivity, integration and segregation properties of the 
preterm brain follow nonlinear trajectories with a clear sexual dimorphism for these brain network properties.
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Introduction: Autism Spectrum Disorder (ASD) is characterized by deficits in social communication and enhanced presentation 
of restricted interests and repetitive behaviors. The perception of biological motion (BM) plays a crucial role in recognizing 
emotions and intentions, representing a deeply ingrained and early developing mechanism. Investigating disruptions in 
the neural systems responsible for BM perception in autistic children may enhance early diagnosis and the creation of 
targeted interventions. However, mapping brain function in young children with ASD has proven challenging using traditional 
neuroimaging modalities, i.e., functional magnetic resonance imaging (fMRI)that requires participants to recline and maintain 
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still within a noisy and confined environment. To overcome these challenges while maintaining fMRI-comparable data, 
we use high-density di!use optical tomography (HD-DOT), a wearable and minimally constraining neuroimaging modality 
that can map brain function in an open, silent, naturalistic environment more amenable to studies on children with ASD1-3. 
Herein, we aimed to establish the feasibility of HD-DOT in school-age children with ASD using a passive paradigm of BM 
perception, previously shown with fMRI to reveal di!erences in brain activity in autistic children as compared to non-autistic 
controls (NAC)4.

Methods: We recruited 95 school-age children (Fig. 1A), age 9 to 17 years, including 46 autistic individuals and 49 NAC 
children. Informed consent was obtained from legal guardians for all participants and the research was approved by the 
Human Research Protection O"ce at Washington University. Each participant was assessed with HD-DOT while watching 6 
blocks of alternating 24-second-long movies of coherent and scrambled point-light animations of biological motion (Fig. 1B) 
4. The HD-DOT instrument contains a dense array of 96 sources and 92 detectors that provides a smooth sensitivity profile 
on the cortical surface (Fig. 1C). The Social Responsiveness Scale (SRS), a parent report measure of social reciprocity, was 
collected in all participants. Data were processed in MATLAB using the NeuroDOT toolbox (https://www.nitrc.org/projects/
neurodot), with motion artifact quantified using the global variance of the temporal derivative (GVTD)5, and registered to 
the MNI atlas for group analyses. Standard GLM analyses were used with an HD-DOT-derived adult hemodynamic response 
function2 and contrast maps were assessed within and across groups. Cluster-extent based thresholding was performed 
in SPM12.

Results: No statistically significant di!erences in head motion were observed between the two groups (p = 0.32, t = 0.48), 
indicating both ASD and NAC groups tolerated the HD-DOT scan. In response to the biological motion perception task, the 
NAC group exhibited greater activity during coherent than scrambled BM in bilateral frontal gyrus (IFG), right middle occipital 
gyrus (MOG), left inferior occipital gyrus (IOG), right superior temporal sulcus, and right precentral gyrus (PCG) (Fig. 1E). In 
contrast, the ASD group exhibited stronger activity in the right hemisphere, including middle frontal gyrus, MOG, PCG, and 
middle temporal gyrus. Furthermore, the NAC exhibited a significantly greater activity than with the ASD group in bilateral IFG, 
left IOG, left fusiform gyrus, left TMG, left PCG, right IOG, and right PCG.
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Conclusions: This study validates the feasibility of using HD-DOT to map brain function in both school-age ASD and NAC 
children. Ongoing investigations are exploring the association between variations in brain function and behavioral metrics (i.e., 
sex, age, IQ, and motion). Also, we are leveraging the open scanning environment of HD-DOT to investigate simultaneous eye 
gaze and brain function during naturalistic motor imitation.
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Large scale brain network level excitation and inhibition imbalance in patients with epilepsy
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Introduction: Epilepsy is a neurological disorder characterized by an enduring predisposition to generate epileptic seizures, 
which are abnormal neural discharges arising from disrupted excitation and inhibition (E:I) balance of the brain. Evidence from 
both surface and intracranial EEG support the notion that epilepsy is associated with E:I imbalance in epileptogenic regions1. 
Nonetheless, due to the known limits of both EEG techniques, whether and how large scale brain network level E:I balance 
are disrupted in patients with epilepsy remains largely unknown. A previous study has provided evidence that the E:I ratio 
can also be e!ectively evaluated through the resting-state BOLD signals, as the inverse of the time series’ Hurst exponent 
(H)2. Such measure of E:I ratio is also associated with myelination and shapes the structure-function coupling of the brain, 
supporting its biological relevance3. Accordingly, here we employ resting-state fMRI (rsfMRI) to evaluate the E:I ratio of large 
scale brain networks among di!erent types of epilepsy, encompassing both focal epilepsy such as temporal lobe epilepsy 
(TLE) and idiopathic generalized epilepsy (IGE).

Methods: We enrolled 209 patients with epilepsy and 100 demographically matched healthy controls (HC) in this study. Prior 
to any surgery, all subjects underwent rsfMRI and T1 scans using a 3T MRI scanner. The patient group was subsequently 
devided into 3 subgroups: (1) patients with TLE with left-sided hippocampal sclerosis (LHS, 80 in total); (2) patients with 
TLE with right sided HS (RHS, 80 in total); and (3) patients wtih IGE (49 in total). RsfMRI data were preprocessed using 
fMRIPrep4 and XCP-D5, including slice-timing correction, head-motion correction, segmentation, coregistration, normalization, 
despiking, nuisance regression, interpolation, temporal filtering (0.01-0.08 Hz), and smoothing. We used the 200 parcel 
version of 7 network Schaefer atlas6 and the 32 parcel version of the Melbourne subcortex atlas7 to extract BOLD time-series 
for each subject. Each time series was modeled as multivariate fractionally integrated processes, and the corresponding 
Hurst exponent was estimated via the univariate maximum likelihood method and a discrete wavelet transform2. We then 
summarized the Hurst exponent by each functional network by hemisphere. We also summarized the subcortical regions 
into a subcortical network for each hemisphere, except for amygdala and hippocampus which were grouped into the limbic 
network8. Statistical inferences were made with permutation-based independent t-tests with FWE correction for multiple 
comparisions9. We applied 1000000 permutations for each test.

Results: We found significant but yet selective di!erences between patients with epilepsy and HC. In specific, patients with 
LHS presented bilateral reduction of Hurst exponent in the limbic network (left: t=-3.15, p=0.022; right: t=-3.65, p=0.004) 
(Fig 1A, Fig 2A), while patients with RHS exhibits unilateral reduction of Hurst exponent in the right limbic network (t=-
3.47, p=0.008), right control network (t=-3.25, p=0.017), and right default mode network (t=-4.04, p=0.001) (Fig 1B, Fig 2B). 
Interestingly, after correction for multiple comparison, we did not observe any significant di!erence between patients with IGE 
and HC (|t|<1.62, p>0.661).

Conclusions: At large scale brain network level, we found significant E:I imbalance in patients with focal epilepsy, but not 
in patients with generalized epilepsy. Such di!erence may be attributed to the more prominent structural abnormalites (i.e., 
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HS) in the former cohort. Regardless, the revealed E:I imbalance largerly overlaps with known epileptogenic networks. There 
results may further our understanding of the neural mechanisms underlying the diagnosis and prognosis of epilepsy.
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Introduction: Tourette syndrome (TS) is a neurodevelopmental disorder characterised by chronic involuntary motor and vocal 
tics. TS is linked to sensory hypersensitivity (Isaacs & Riordan, 2020) which could reflect the reduced sensorimotor gating 
and the altered perceptual processing. Moreover, prior research has suggested that tics could reflect motor noise, resulting 
in uncertainty of the voluntary movement and the occurrence of tics. This enhanced neuronal noise may reflect the imprecise 
forward model of action planning, inherent in TS (Münchau et al., 2021; Albin & Mink, 2006). Experimental data has confirmed 
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increased 1/f or pink noise in the TS population during a sensorimotor task (Adelhöfer et al., 2021). Hence in this study, we 
aimed to quantify the di!erence in the neuronal noise between TS participants and age and gender-matched controls (HC). 
We defined neuronal noise as the variability of the cortical oscillations during median nerve stimulation (MNS).

Methods: Data were collected from a group of 19 right-handed participants, who were diagnosed with TS or other tic 
disorders (10F, mean age (± SD): 30.8 ±10.9). Additionally, 19 right-handed HC participants with no prior neuropsychological 
diagnosis were included (10 F, mean age (± SD): 28.3, ± 6.7). Cortical measurements were conducted utilizing a 64-channel 
system to record Somatosensory Evoked Potentials (SEPs) elicited by a single pulse of MNS. MNS electrodes were placed on 
the dominant hand over the median nerve with the anode proximal to the hand. A total of 75 single pulses were delivered, 
interspersed with an inter-trial interval of 11 s (±2 s). The MNS motor threshold (MT) was individually determined for each 
participant as the minimum intensity necessary to evoke a visible thumb twitch. We focused our analysis on small time 
windows around the well-defined SEP component; N20 (20ms ±10), N60 (60 ms±20), P100(100ms ±20) and P260 (260ms ±50). 
We assessed the variability in the latency and amplitude of SEPs across and between the two groups.

Results: The component analysis revealed enhanced variability in SEPs within the TS group compared to the HC. Specifically, 
Figure 1 llustrates the grand average TS and HC SEPs, revealing increased amplitude in the former across all onset 
components. Significant di!erences in RMS of SEP amplitude were observed between the two groups (N20: TS 2.13 HP:2.27, 
N60: TS 3.9 HP 4.7, P100: TS: 9.06 HP: 5.6, P260: TS 10.28 HC 9.5). Similarly, figure 2 shows the average time onset of each 
SEP component between the two groups. The temporal RMS was significantly di!erent between the TS (blue) and the HC (red) 
groups for the N20, N60, and P100 components but not for the P260 (N20: TS 20 HP:19.06, N60: TS 60.8 HP 60.1 P100: TS: 
100.55 HP: 99.17).
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Conclusions: The significantly enhanced variability in TS amplitude and latency could reflect the increased asynchronous 
neuronal activity, i.e. neuronal noise. These findings contribute to our comprehension of the mechanisms underlying tic 
generation in Tourette Syndrome. Innovative interventions seeking to synchronize specific neuronal oscillations may mitigate 
neuronal noise, o!ering therapeutic benefits.
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Multimodal Patterns Associated with Social Interaction Through Gray and White Matter in Autism
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Introduction: Autism spectrum disorder (ASD) patients are characterized by deficits in various aspects of social interaction. 
Based magnetic resonance imaging (MRI) data, multimodal fusion methods1,2 are widely applied to explore brain regions 
related to social impairment in ASD but the role of white matter in brain function has always been underestimated. Using gray 
and white matter data can help to understand how ASD patients di!er from healthy control (HC) in information processing and 
transmission. So, we have improved the data preparation step to extract purer gray and white matter information and explore 
multimodal neuroimaging patterns associated with social impairment.

Methods: 699 male participants (ASD/HC: 343/356) from Autism Brain Imaging Data Exchange(ABIDE)Ԏ&ԏ were included, 
who have total social responsiveness scale (SRS) scores, T1-weighted structural-MRI (sMRI) and resting-state functional MRI 
(rs-fMRI). sMRI and rs-fMRI data were preprocessed by pipeline tools CAT123 and DPARSF4 respectively. More specifically, 
white matter signals were not regressed out and controlled maximum head motion less than 5mm or 5° during the rs-fMRI 
preprocessing stage. All participants calculated gray matter volume (GMV) map from sMRI and fractional amplitude of low-
frequency fluctuations retaining white matter signals (WM-fALFF) map from rs-fMRI. Then, overlaid the white matter mask 
file onto all processed WM-fALFF maps to save the white matter tissue data only. Finally, we converted all kinds of maps into 
Z-score maps and obtained two matrices by reshaping each subject’s map into a row of vectors and stacked sequentially for 
each modality. Meanwhile, we concatenated total SRS scores into one-dimensional vectors according to the same sequence. 
After data preparation, a supervisory data-driven analysis method called “multi-site canonical correlation analysis with 
reference + joint independent component analysis” (MCCAR +jICA)5 was used, which can identify joint multimodal component 
more relevanted to the social interactions by setting total SRS scores as reference data based on two modal matrices 
(Figure 1).
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Results: Figure 2A showed the spatial maps of identified independent component(ICs)for two modality. For GMV, the 
identified brain regions mainly located in bilateral insula, bilateral caudate and bilateral hippocampus, accompanied with WM-
fALFF mainly located in bilateral corpus callosum, right internal capsule, left inferior longitudinal fasciculus and fornix. Figure 
2B indicated that ICs were significantly(p < 0.0005) positive correlations with total SRS scores on all modalities (GMV: r = 0.127, 
p = 7.33x10-6; WM-fALFF: r = 0.164, p = 1.32x10-5). The higher loadings, the worse social function. We conducted two sample 
t-test on IC loadings between ASD and HC to explore the group di!erence (as shown in Figure 2C). The ICs di!ers significantly 
across all modalities, and ASD had higher means (GMV: t= 3.52,p = 0.0005; WM-fALFF t= 4.60,p = 4.92x10-6).

Conclusions: Our study found a significant gray and white matter function pattern associated with social impairment in ASD, 
whose brain regions related to information integration, emotional control, language expression, physical movement and 
external stimuli response. These foundings might provide potential insights to study the causes of social behavior disorders in 
ASD patients.
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Introduction: Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by alterations in social 
communication and by repetitive behaviors. ASD is three to four times more prevalent in boys compared to girls and has 
a widespread impact on individuals, including diminished overall quality of life. A recent large-scale study examined gross 
cortical morphometry and subcortical structures in ASD (Van Rooij, 2018). Here we examined whole-brain voxel-wise 
volumetric di!erences in ASD versus neurotypical controls in an unbiased manner as a knowledge of the specific brain 
structural changes associated with ASD may aid in diagnosis and therapy for ASD. We investigated voxel-wise brain correlates 
of ASD, including subgroups stratified by sex. We used a mega-analysis approach based on voxel-based morphometry (VBM) 
across multiple independent publicly available databases.

Methods: We analyzed 3D T1-weighted structural brain MRI data from 3,407 participants (1,730 with autism, 1,677 neurotypical 
controls; 76% male; age: 4-64 years) across 47 publicly available datasets from the Autism Brain Imaging Data Exchange 
(ABIDE), NIMH Data Archive (NDA) and Healthy Brain Network (HBN). Regional gray and white matter morphometry was 
quantified voxelwise using the CAT12 segmentation and analysis toolbox. A regression analysis was carried out at each voxel 
across the brain, to assess gray and white matter volume di!erences between the ASD and neurotypical groups, using the 
multiple regression equation: y=β0+βdxdx+ βageage+βagesquaredagesquared+βsexsex+βICVICV+βSiteSite+ε Here the 
dependent variable ‘y’ is a vector representing voxel-wise gray and white matter volumes, dx denotes diagnosis of ASD, 
agesquared is the squared variable for de-meaned age as recommended in prior studies, ICV denotes intracranial volume and 
S denotes site. The error term ε accounts for unobserved factors and measurement error.

Results: Relative to neurotypical controls, the ASD group showed significantly lower gray matter volumes in the frontal lobes, 
bilateral putamen, amygdala, thalami and cerebellum. White matter volumes were also lower in the forceps minor, forceps 
major, genu and splenium of corpus callosum, and the brain stem in the ASD group. Within the stratified group of females 
(smaller in number than the males), we detected no significant di!erences in gray matter between ASD and controls. However, 
we found minimally lower white matter volume (standard-FDR critical P-value=0.001; q=0.05) in the brainstem. Within the 
larger male cohort, significantly smaller gray matter volumes in frontal lobes, amygdala, thalami and cerebellum were noted 
in ASD compared to neurotypicals (standard-FDR critical P-value=0.004; q=0.05). Males with ASD also exhibited significantly 
smaller white matter volumes than neurotypical males (standard-FDR critical P-value=0.02; q=0.05) in the forceps minor, 
forceps major, genu and splenium of the corpus callosum, and the brain stem.
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Conclusions: Our big-data mega-analysis demonstrates voxel-wise brain structural associations of ASD. The smaller sample 
size likely contributed to less significant associations within the female cohort. Lower gray matter volumes include key 
regions previously implicated in ASD, including the amygdala (Van Rooij, 2018), cerebellum (Wang et al., 2016) and white 
matter alterations within the corpus callosum (Loomba et al., 2021) and brainstem (Hanaie et al., 2016), align with findings 
in the ASD literature. Although limited by a cross-sectional design, our findings o!er insight into regional brain di!erences 
in ASD. Our study underscores the need to recruit more female participants and evaluation of sex-specific neurobiological 
characteristics in ASD.

References
1. Hanaie R., et al., (2016), “White matter volume in the brainstem and inferior parietal lobule is related to motor performance in children 

with autism spectrum disorder: A voxel-based morphometry study,” Autism Research, vol. 9, no. 9, pp. 981–992.
2. Loomba, N., et al., (2021), ‘Corpus callosum size and homotopic connectivity in Autism spectrum disorder,’ Psychiatry Research: 

Neuroimaging, vol. 313, p. 111301.
3. Van Rooij, D., et al. (2018), ‘Cortical and Subcortical Brain Morphometry Di!erences Between Patients With Autism Spectrum Disorder 

and Healthy Individuals Across the Lifespan: Results from the ENIGMA ASD Working Group,’ AJP, vol. 175, no. 4, pp. 359–369.
4. Wang, S.S., et al., (2016), ‘The cerebellum, sensitive periods, and autism,’ Neuron, vol. 83, no. 3, pp. 518-532.

Poster No 450

Development of microstructural correlations of white matter in ASD between 6-24 months
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Introduction: Neuroimaging studies suggest that autism spectrum disorder (ASD) is associated with altered white matter 
microstructure. Evidence from prospective studies demonstrated that infants later diagnosed with ASD had higher fractional 
anisotropy (FA) values at 6 months, but lower FA values at 24 months compared to infants not diagnosed with ASD. Most 
studies, however, focus on group di!erences in the mean values of DTI parameters rather than inter-tract correlations. Some 
previous studies have shown that the network ine"ciency and less coherent white matter microstructure linkage pattern are 
observed in ASD participants. This study examined the development of white matter correlations in infants diagnosed with 
ASD later (ASD+) compared to infants not diagnosed with ASD (ASD-) based on FA as quantified using di!usion MRI (dMRI).

Methods: The data was collected as part of the Infant Behavior Imaging Study (IBIS), an ongoing longitudinal study 
investigating brain and behavioral development in infants at high and low familial likelihood for developing ASD. The total 
sample included 324 (276 ASD-, 48 ASD+), 340 (296 ASD-, 44 ASD+) and 311 (261 ASD-, 50 ASD+) participants at 6, 12, and 
24 months, respectively. Diagnostic classification of ASD was determined at 24 months using DSM-IV-TR criteria. Di!usion 
MRI was collected at four US sites using Siemens 3T TIM Trio MR scanners using a 12-channel head coil. The dMRI sequence 
was acquired as an ep2d_di! pulse sequence (TR=12,800–13,300ms, TE=102ms, b=0 - 1,000 s/mm2, 25 gradient directions, 
2mm res). Tracts were traced as previously described. Tracts are shown in Figure 1. First, the mean FA value of each tract 
was compared between the ASD- and ASD+ groups at each time point using pair-wise t-test. Second, correlation coe"cient 
between each tract and every other tract was calculated for the ASD- and ASD+ groups and the equality of two correlation 
matrices were tested by Jennrich’s test at each time point. Lastly, each correlation coe"cient was transformed to z-score using 
Fisher’s r-to-z transformation and the di!erences of the pairwise inter-tract correlations between the ASD- and ASD+ groups 
were tested using z-test at each time point.

Results: The mean FA value of each tract did not significantly di!er between the ASD- and ASD+ groups at any time point 
(the lowest p = 0.18 FDR corrected). The examination of correlation coe"cient matrices showed overall significant di!erences 
in the inter-tract correlation matrices between the ASD- and ASD+ groups at all time points (ps < .000). (Figure 2) Compared 
to the ASD- group, the ASD+ group had stronger inter-tract correlations at 6 months but had weaker inter-tract correlations 
at 24 months. Finally, the examination of discrete entries of the correlation matrices using z-test showed di!erences between 
the ASD- and ASD+ groups at 24 months. The inter-tract relatedness of left cingulum to bilateral arcuate and uncinate was 
decreased in the ASD+ group at 24 months (ps < .05 uncorrected). The inter-tract relatedness of the body of the corpus 
callosum to bilateral CST, ALIC, and ATR was also decreased in the ASD+ group at 24 months (ps < .05 uncorrected). (Figure 2)

Conclusions: The results support the importance of investigating inter-tract relatedness given that the di!erences in white 
matter development between the ASD- and ASD+ group were observed in the inter-tract correlations rather than in the 
mean values of the DTI parameter. The decreased in inter-tract correlations in the ASD+ group at 24 months is consistent 
with previous findings that showed decreased network e"ciency in ASD group. The decreased correlations observed in 
the cingulum, arcuate, and uncinate and the corpus callosum, CST, ALIC, and ATR are particularly interesting because those 
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tracts have been related to the symptom of ASD. In future studies, the relation of the decreased correlations to ASD symptom 
severity can be examined.
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