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polar DBS at Contact 0 of the DBS electrode is associated 
with increased activity in the dACC (Fig. 2), which was 
correlated with reductions in depressive symptom severity 
(Fig. 4). Monopolar DBS at Contact 3 was associated with 
increased thalamus, striatum, and globus pallidus perfu-
sion (Fig. 3).

Our study partially replicates and extends the findings 
by Rauch et al.17 We also found that DBS of the VC/VS 
increases perfusion across multiple regions in the cortico-
striatal-thalamic-cortical circuit. However, we extended 
this initial work (which only explored the effects of DBS 
at ventral contacts) by showing that perfusion specifically 

Fig. 2. Increased perfusion in the dorsal anterior cingulate cortex after DBS at Contact 0. Regional cerebral blood flow increased 
in the dACC after DBS was turned on at contact 0 (MNI coordinates 10, 32, and 18; paired t(4) = -3.438, p = 0.026).

Fig. 3. Increased perfusion after DBS at Contact 3. Regional cerebral blood flow increased in the thalamus (MNI coordinates -2, 
-12, and 0; paired t(5) = -2.679; p < 0.044), striatum (MNI coordinates 24, 12, and 4; paired t(5) = -3.684; p = 0.014), and globus 
pallidus (MNI coordinates 16, 6, and 4; paired t(5) = -4.070; p = 0.010) after DBS was turned on at contact 3.
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in the dACC increased during monopolar DBS at the most 
ventral contact, whereas perfusion in the thalamus, stria-
tum, and globus pallidus specifically increased when DBS 
was turned on at the most dorsal contact.

We did not replicate the finding of significantly in-
creased perfusion in the frontal regions, such as the OFC 
and vmPFC, following DBS to the ventral contacts. rCBF 
in the vmPFC and OFC increased when DBS was bipo-
lar between Contacts 0 (+) and 1 (-), rCBF increased in 
the vmPFC for monopolar DBS at Contact 0, and rCBF 
increased in the OFC for monopolar DBS at Contact 1. 
However, these findings were not statistically significant 
increases (all p values > 0.244). We further found that 
DBS at the dorsal contacts did not cause changes in fron-
tal rCBF.

The initial treatment data suggest that stimulation at the 
2 ventral contacts (Contacts 0 and 1) of the DBS electrode, 
which correspond to locations in the VS and VC, respec-
tively, are associated with optimal behavioral responses. 
We found that DBS at ventral Contact 0 caused increased 
perfusion in the dACC, which was correlated with reduc-
tions in depressive symptom severity. We did not find 
significant correlations between changes in obsessive-
compulsive symptom severity and significant DBS-related 
changes in our a priori regions. However, we did find that 
changes in obsessive symptom severity were positively 
correlated with increased (but not significant) perfusion 
in the thalamus (Pearson’s r(5) = 0.922; p < 0.05) when 
bipolar DBS was turned on in the bipolar configuration 
between Contacts 0 (+) and 1 (-).

The present investigation was a cross-sectional study 
and not designed to assess chronic versus acute stimula-
tion. However, anecdotally, patients have universally ex-
perienced the dramatic worsening of symptoms after the 
device has been turned off (e.g., battery depletions). This 
could suggest that stimulation has more acute rather than 
chronic effects. This study was also not designed to specif-
ically investigate functional changes due to chronic stimu-
lation at the patients’ therapeutic settings (Table 1). Future 
imaging protocols that include the patients’ active clinical 
settings would be valuable and important.

One limitation that should be noted is the small sample 
size. DBS studies with psychiatric patients are inherently 
small, and only a subset of individuals from the clinical 
trial on DBS at the VC/VS for OCD was interested in par-
ticipating in this add-on imaging study. Therefore, these 
findings should be considered preliminary in nature.

Conclusions
We partially replicated previous findings that DBS of 

the VC/VS increases rCBF in the cortico-striatal-tha-
lamic-cortical circuit. We further specified that different 
regions in the cortico-striatal-thalamic-cortical circuit 
showed increased perfusion based on whether the stimula-
tion was more ventral or dorsal along the lead axis in the 
VC/VS. That is, DBS of the ventral contacts specifically 
increased perfusion in the dACC, whereas DBS of the dor-
sal contacts specifically increased perfusion in the thala-
mus, striatum, and globus pallidus. We found some initial 
evidence that DBS of the more ventral Contact 0 was as-
sociated with clinical changes in depressive symptom se-
verity. Future work needs to be done to identify changes in 
brain activity that correspond more specifically to changes 
in obsessive-compulsive symptom severity.
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