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Despite years of neuroimaging 
research in OCD we have yet 
to identify definitive 
neuroimaging biomarkers to 
guide clinical care:

➢Diagnosis
➢Treatment selection
➢Precision medicine





Neuroimaging of Symptom Dimensions in OCD

• Surprisingly, only a small number of functional neuroimaging studies 
(only 8 out of ~120 studies) have examined dimension-specific neural 
correlates in OCD

• Those that have, are limited by:
• Small samples (most included 20 or less subjects)

• Primarily examined washers vs. checkers

• Used a categorical approach dividing subjects into mutually exclusive symptom 
groups rather than a dimensional approach examining neural correlates of all 
subgroups in the same subjects. This makes more sense as OCD patients who 
experience only one symptom subtype are extremely rare.

• Used group level analyses employing population-based brain templates (more on 
this later!)



Neuroimaging Research 
at the Obsessive-
Compulsive Disorder 
Institute at McLean 
Hospital (OCDI)
Advantages:

• Patients with severe OCD

• Diverse OCD population – patients experience 
wide variety of symptoms covering all the 
widely accepted symptom dimensions

• Extended length of stay allows for longitudinal 
follow-up and MRI scanning at multiple time 
points

• Patient population generally interested in 
participating in research and advancing the 
field

Disadvantages:

• Heterogeneous OCD population – comorbid 
disorders are common and varied making it 
difficult to control for non-OCD effects

• Multimodal treatment makes treatment-
specific analyses difficult

• Unexpected discharges due to insurance, 
patient willingness, etc.

• Symptom severity (particularly at admission) 
makes recruitment challenging



Fox et al., PNAS 2005

Resting-State Functional 

Connectivity MRI (rs-fcMRI)

• Takes advantage of spontaneous low-
frequency MRI signal present during 
rest (in the absence of a task or 
stimulus).

• rs-fcMRI examines the correlation in 
activity between brain regions –
identifying collections (“networks”) of 
functionally connected brain regions.

• Scans can be performed in relatively 
short period of time (~30 min)

• Can be done at rest (while awake) –
No need for subjects to do cognitive 
tasks inside the scanner
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Cortical parcellation based 

on resting-state functional 

connectivity MRI



A Major limitation of previous neuroimaging studies is 
the lack of an individual-level approach to analysis

• The conventional approach to fMRI 
analysis uses anatomy or population-
based atlases (“average brain”) to define 
regions of interest in the brain. 

• This is problematic as there is significant 
variability in the structural and functional 
organization of the brain within the 
population.

• The lack of an individual-level approach 
may have obscured biologically important 
differences in previous between-group 
studies
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Dimensional Obsessive Compulsive Scale (DOCS)

Abramowitz et al., Psychological Assessment 2010 
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Brain connections predicting 
contamination/washing (DOCS1)

Brain connections predicting responsibility 
for harm/checking (DOCS2)
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Brain connections most 

heavily weighted in 

prediction of 

contamination/washing 

symptoms



Brennan et al., Biological Psychiatry:CNNI 2018

Post-treatment change in connectivity 
between the 13 identified connections is 
associated with change in 
contamination/washing symptoms

Change in connectivity between right medial 
frontal gyrus connections is significantly 
associated with reduction in 
contamination/washing symptoms



Connections strongly 

implicated in 

contamination/washing 

severity and 

improvement overlap 

with regions within the 

Ventral Attention Network

Ventral Attention Network (VAN)

Fox et al., PNAS 2006



Two brain 

networks 

govern attention 

to external 

stimuli:

Dorsal Attention Network (DAN) 
important for voluntary 
maintenance of attention in the 
service of achieving goals (“goal-
driven attention”)

Ventral Attention Network (VAN)
important for the detection of 
unexpected behaviorally relevant 
stimuli (“stimulus-driven 
attention”)

Fox et al., PNAS 2006



VAN is critical in “stimulus-driven reorienting”

• VAN acts like a circuit-breaker to 

interrupt DAN-supported goal-

directed attention when an 

unexpected and salient stimulus 

is detected, requiring a shift in 

attention.

• To optimize task performance, 

the VAN is typically not activated 

by unexpected, irrelevant stimuli. 

This may involve suppression of 

the VAN by a sustained top-down 

signal originating in DAN that 

filters out irrelevant distractors 

and prevents reorienting to 

unimportant stimuli.



Dorsal Attention Network (DAN)

Ventral Attention Network (VAN)

Corbetta and Shulman, Neuron 2008



Transcranial Magnetic 
Stimulation (TMS)

• Insulated coil placed over the scalp 
generates brief magnetic pulses that 
penetrate brain tissue resulting in 
changes in brain activity.

• TMS pulses administered in rapid 
succession (called repetitive TMS or 
rTMS) can result in more lasting 
changes in brain activity and function.

• FDA-approved TMS treatment protocols 
for depression and OCD. Current OCD 
protocols are symptom non-specific.

• One significant limitation is accuracy of 
targeting – current approaches use 
anatomical landmarks, which are 
inexact and do not account for variation 
in brain structure and organization.



Individually-targeted TMS 
using rs-fcMRI with 
neuronavigation

• Use each individual’s rs-fcMRI scan 
to identify the brain coordinates for 
TMS targeting. 

• In our case, we will target the TMS 
stimulation to the area of right 
medial frontal gyrus that is most 
strongly connected to VAN in each 
individual



Study 

Design



Rapid Serial Visual 

Presentation (RSVP) task

• Sets of 3 images (2 Distractors + 1 Target 
or 3 Distractors)

• Participants press button when they see 
the Target

• Neutral and contamination images 
allowing for three different 
combinations:
➢ Contamination targets and neutral 

distractors
➢ Neutral targets and contamination 

distractors
➢ Neutral targets and neutral 

distractors
Search-related activations (warm colors)

and deactivations (cool colors) in a

representative subject using our RSVP task.



Aims of R61 Study

• Primary Aim: Demonstrate decreased functional connectivity between 
right medial frontal gyrus and brain regions within VAN following active 
TMS (cTBS and/or iTBS) but not sham

• Secondary Aims: 
• Demonstrate fewer “false alarms” to RSVP distractors, relative to pre-treatment
• Demonstrate decreased right medial frontal gyrus and VAN activation during visual 

search in the RSVP, relative to pre-treatment. 

• Exploratory Aim: Demonstrate reduction in total score on Category 4 
(Contamination) of the Dimensional YBOCS after active TMS (cTBS and/or 
iTBS) but not sham

• Successfully achieving our Primary Aim will lead to R33 study – a larger 
double-blind, sham-controlled trial of cTBS or iTBS (whichever is most 
effective) primarily investigating clinical efficacy 
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