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A B S T R A C T

Introduction: Gamma-knife Ventral Capsulotomy (GVC) has been suggested as an efficacious treatment for a subset of patients with treatment refractory obsessive
compulsive disorder (OCD).
Research question: The goal of this study was to investigate neural correlates of GVC and investigate the predictive value of white matter tracts that are known to be
associated with clinical outcome to Deep Brain Stimulation (DBS).
Material and methods: MR images of 8 treatment-refractory OCD patients with a minimum follow-up of 3-years who underwent GVC were used to correlate lesion
characteristics with symptom improvement. This exploratory study investigated relations between differences in cortical grey matter structure and subcortical
structures before and after GVC for responding and non-responding patients (n ¼ 6). Normative diffusion MRI- based tractography was used to determine networks
associated with successful lesions.
Results: The mean total Y-BOCS reduction was 19.6 after three years, resulting in a response rate of 63%.The strongest correlation with symptom improvement was
found for a decrease of the left ventral diencephalon volume (r ¼ �0.83, p ¼ 0.039). Discriminative tractography suggest streamlines connecting the prefrontal cortex
with the subthalamic nucleus to be associated with clinical response. However, results could not be validated either implicating interpatient anatomical variability or
reflecting the relative small sample size as a limitation.
Discussion/Conclusion: Taken together, the present study highlights the efficacy of GVC in patients with treatment-refractory OCD. Our results are suggestive of GVC
treatment efficacy being mediated by the involvement of a subpart of the ALIC connecting the PFC and the STN.
1. Introduction

Obsessive-compulsive disorder (OCD) is characterized by recurrent,
unwanted, and disturbing obsessions (thoughts, urges or images) and/or
repetitive behaviors/mental acts (compulsions) aimed at reducing or
preventing anxiety or distress. OCD has an estimated lifetime prevalence
of 1.6% and is associatedwith a higher risk of suicide, an increased risk of
metabolic and cardiovascular disorders and increased rates of long-term
labor-market marginalization (De La Cruz et al., 2017; Isomura et al.,
2018; P �e rez-Vigil et al., 2019; Kessler et al., 2005). Most patients will
experience some symptom relief after receiving cognitive behavioral
therapy (CBT) and selective serotonin reuptake inhibitors (SSRIs) either
alone or in combination (Hirschtritt et al., 2017). However, an estimated
proportion of 40–60% responds insufficiently to treatment, prompting
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the investigation of alternative treatment augmentation strategies, i.e.
switching to a different SSRI or clomipramine, addition of neuroleptic
agents and ultimately, neuromodulation therapies or ablative surgery
(Hirschtritt et al., 2017).

Neurosurgical techniques, focused on lesioning or modulating com-
ponents of the neural circuitry implicated in OCD, have been used for
decades in the treatment of adults with severe, treatment-refractory
symptoms. Neurobiological models posit that dysfunction of
corticostriatal-basal ganglia-cortical circuits (CBGCs) connecting orbito-
frontal cortex, anterior cingulate, basal ganglia, and thalamus underlie
OCD pathophysiology as evidenced in neuroimaging studies (Whiteside
et al., 2004; Burgui �e re et al., 2015). Four main ablative procedures have
emerged for treatment-refractory OCD: anterior capsulotomy, anterior
cingulotomy, subcaudate tractotomy and limbic leucotomy (a
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combination of anterior cingulotomy and subcaudate tractotomy) (Lai
et al., 2020; Sinha et al., 2015). Among these ablative procedures,
anterior capsulotomy has been associated with the highest response rate
(Lai et al., 2020). Contemporary techniques for anterior capsulotomy
include Gamma Knife radiosurgery (GKRS), magnetic resonance-guided
ultrasonography (MRgFUS and laser interstitial thermal therapy (LITT)
(Lai et al., 2020; Satzer et al., 2021; Kim et al., 2018). Deep Brain
Stimulation (DBS), a nonablative and adjustable procedure was intro-
duced in 1999 as an alternative treatment to ablative surgery for
treatment-refractory OCD (Nuttin et al., 1999). The effectiveness of DBS,
aimed at different target structures for OCD, has subsequently been
established by several placebo controlled randomized controlled trials
(Mosley et al., 2021; Luyten et al., 2016; Mallet et al., 2008; Denys et al.,
2010). A recent meta-analysis showed an equal efficacy of ablative sur-
gery compared to DBS (Hageman et al., 2021). However, for DBS of the
nucleus accumbens (NA) a higher rate of mild and transient impulsivity
has been reported (Hageman et al., 2021). A significant body of literature
demonstrates that electrical stimulation is able to suppress abnormal
activity in frontolimbic circuits associated with OCD, thereby associating
specific white matter tracts with clinical response, Fig. 1 (Figee et al.,
2013; Fridgeirsson et al., 2020; Treu et al., 2021; Baldermann et al.,
2021). Similar functional and anatomical analyses for Gamma Knife
anterior capsulotomy remain scarce (Satzer et al., 2021).

This study aims to contribute to the anatomical understanding of
anterior capsulotomy by morphometric analyses and incorporating
recent connectomic findings in DBS-OCD literature into imaging data of 8
treatment-refractory OCD patients treated with GKRS.

2. Methods

2.1. Patients/Gamma Ventral Capsulotomy procedure

In this retrospective cohort, 8 patients were selected for Gamma Knife
Ventral Capsulotomy (GVC) between the period of 2011–2016 according
to the inclusion criteria as previously described (Peker et al., 2020).
These patients were from a previously described cohort of treatment
refractory OCD patient treated with GVC and selected based on the
availability of post-GVC MRI data (Peker et al., 2020). These criteria
included the diagnosis of severe OCD on the basis of DSM-IV, with a
Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) score of at least 25.
This level of impairment should have persisted for a minimum of 5 years,
despite adequate trials or intolerance to two selective serotonin reuptake
inhibitors and clomipramine, augmentation strategies (i.e., antipsychotic
medications), and CBT. Patients with a reduction in Y-BOCS scores of
35% or more were considered responders.

GKRS was performed using Leksell Gamma Knife® model 4C
(2009–2012) or Perfexion™ (2012–2016). A Leksell stereotactic frame
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(Elekta Instrument, Stockholm, Sweden) was mounted on the skull under
local anesthesia, and a peri-operative contrast enhanced MRI-scan of the
head with frame was acquired. Treatment plans were performed using
the GammaPlan Software (Elekta Instruments, Stockholm, Sweden). The
bilateral target was themost ventral margin in the center of the ALIC. The
targets were irradiated by a maximum dose of 140–150 Gy with 1 or 2
shots using 4-mm collimators (Peker et al., 2020). For a more detailed
description of GVC procedures, we refer to earlier papers (Peker et al.,
2020; Akyoldas et al., 2021).

2.2. Imaging, GVC-lesion segmentation and normalization

All subjects had a 3-T MRI 1 year after GVC (Siemens, Erlangen,
Germany). The sequence used was a 3D T1 (voxel size 1� 1� 1mm)with
gadolinium. GVC volumes were segmented on T1 sequences in ITK-SNAP
V.3.8.0 (itksnap.org) as the contrast-enhancing volume including the
hypointense center (Yushkevich et al., 2006). Pre-GVC MR-images were
normalized into ICBM 2009b Non-linear Asymmetric (“MNI”) template
space using the SyN approach implemented in Advances Normalization
Tools (ANTs), with an additional subcortical refinement stage as pro-
vided in the Lead-DBS pipeline (Avants et al., 2014; Horn et al., 2019;
Treu et al., 2020). GVC volumes were then normalized into ICBM 2009b
Non-linear Asymmetric (“MNI”) template space using SPM12 (fil.i-
on.ucl.ac.uk/spm) as provided in Lead-DBS. In the absence of Pre-GVC
MR-images (n ¼ 2), GVC volumes were normalized into MNI template
space as implemented in LESYMAP, a package available in R (Pustina
et al., 2018). Ablation volumes were averaged to create heat maps and
subsequently binarized for normative tractography analysis (Satzer et al.,
2021; Jenkinson et al., 2012). Heatmaps were visualized in FSLeyes
5.0.10 (McCarthy, 2021).

2.3. Morphometry

All available pre-post GVC MR-images (n ¼ 6) were processed using
Freesurfer image analyses suite version 7.2, which automatically re-
constructs a three-dimensional model of the cortical surface for cortical
thickness measurement and provides a mean thickness and volume within
automatically defined cortical parcellations and subcortical segmentations
in each hemisphere and freely available for download online (http://surfer
.nmr.mgh.harvard.edu/). The technical details of these procedures are
described in prior publications (Fischl et al., 2004; Fischl and Dale, 2000;
Dale et al., 1999). Minor adjustments to the automated segmentation and
parcellation routines were made when necessary (e.g. adding control
points to facilitate grey/white matter classification), but no major alter-
ations were necessary. The left and right hemispheres were registered to
the fsaverage atlas (common surface space) templates included in Free-
Surfer, and smoothed with a Gaussian kernel of FWHM 10 mm.
Fig. 1. Reprinted from Baldermann et al, with
permission from Elsevier and the leading author
(Baldermann et al., 2021). A proposed mechanism of
action for ALIC DBS, hypothesized to be involved in
GVC. Displayed are areas implicated in the patho-
physiology of obsessive-compulsive disorder (upper
right) and their representation within the anterior
limb of the internal capsule (ALIC) (bottom left). The
right panel schematically illustrates connections with
the basal ganglia. The central ALIC serves as a hub for
various pathways associated with OCD; the vlPFC to
dACC and STN pathways as well as the thalamus to
vlPFC pathway. Abbreviations; dACC: dorsal anterior
cingulate cortex; vlPFC ventrolateral prefrontal cor-
tex; amSTN: anteromedial subthalamic nucleus; MD
thalamus: medial dorsal nucleus of the thalamus;
vmPFC ventro-medial PFC; OFC: orbitofrontal cortex;
dmPFC: dorsomedial prefrontal cortex; GPi: globus
pallidus internus.
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Separate General Linear Models (GLMs) were constructed to analyze
the effect of GVC on cortical volume and thickness (GMV, GMT; pre-vs.
post-GVC) and correlation with OCD symptom reduction. All vertex-
wise results were thresholded at an individual vertex level of p <

0.001, and cluster extent thresholds corrected for multiple comparisons
with a 5% (FDR) were calculated through Monte Carlo simulations of
white noise on the cortical surface. The model included Y-BOCS reduc-
tion and patient age. We did not include Total Intracranial Volume (TIV)
in the model as a covariate in the GLMs, as we were specifically con-
cerned with modelling correlations with individual differences in GMV
and GMT. For subcortical structure analyses, we included 10 subcortical
structures for each hemisphere. The subcortical volumes were not cor-
rected for TIV. Individual Y-BOCS reduction was correlated with the
difference of pre- and post-GVC subcortical structure volumes.

2.4. Normative tractography

In order to identify discriminating fiber bundles associated with
clinical response to GVC, we adapted the methodology of Li et al. (Bal-
dermann et al., 2021; van der Vlis et al., 2021; Li et al., 2020a)
Accordingly, based on a normative connectome, individual fibers were
assigned a ‘Fiber T-score’ by correlating the fiber tract's connectivity to
GVC volumes across patients with clinical outcome (Irmen et al., 2020;
Van Essen et al., 2013). Validation of the tracts was sought by performing
a k-fold cross prediction. Second, connectivity estimates were calculated
between the averaged (non-) responder ablation volumes and cortical
parcels of the PFC, as provided in Lead DBS. MNI cortical parcels of the
PFC were generated by combining Brodmann areas 8, 9, 10, 46 (dorso-
lateral PFC); 44, 45, 47 (ventrolateral PFC), and 12, 25, 32, 33, 34
(ventromedial PFC) as provided in the Brodmann Atlas of the WFU
PickAtlas v2.4 in SPM12 (Maldjian et al., 2003).

2.5. Gamma Ventral Capsulotomy vs. Deep brain stimulation for
intractable obsessive-compulsive disorder

To provide for a direct anatomical comparison between GVC lesion
volumes and DBS Volume of Tissue Activation (VTA), we combined data of
8 previously described OCD patients receiving ventral capsule/ventral
striatum VC/VS stimulation (van der Vlis et al., 2021). The Euclidean dis-
tance between ‘hottest’ voxel of the averaged GVC volumes and VTAs was
calculated using MATLAB (R2020a, Mathworks, Natick, Massachusetts).
Recent connectomicfindings inDBS forOCD,have identifieda connectivity
profile positively associated with clinical outcome (Baldermann et al.,
2021). Specifically, streamlines connecting dorsal anterior cinculate cortex
(dACC), the lateral andmedial prefrontal cortexwith the anteromedial STN
and medial dorsal nucleus of the thalamus were associated with successful
DBS (Baldermann et al., 2021). This tractographic profile was made pub-
licly and available within Lead-DBS (Horn et al., 2019). In order to identify
the positive predictive value of these ‘DBS’ tracts in GVC we adapted the
sum-scoremethodology as described inLi et al., by calculating howmanyof
the DBS associated fibers passed through the patients' GVC volume. Then,
for each patient a fiber score was calculated: a sum-score weighted by the
t-value of each tract passing through each GVC. As GVC volumes were
asymmetrical, we analyzed the left and right hemispheres separately.

2.6. Statistical analyses

Clinical outcome variables, fiber count estimates and GVC volumes
were compared between non-responders and responders using Mann-
Whitney U test. GVC-atlas intersection volumes and (sub)-cortical
structure volumes were correlated with treatment outcome using
Spearman's correlation and Bonferroni corrected. The Kolmogorov-
Smirnov was used to test for normality. P-values<0.05 were considered
statistically significant. Unless otherwise indicated, results will be dis-
played as a mean� SD. All statistical analyses were performed using IBM
SPSS Statistics, version 20 (IBM Corp., Armonk, N.Y., USA).
3

3. Results

3.1. Patient characteristics

We included 8 treatment-refractory OCD patients with a minimum
follow-up of 3-years after with GVC. Themean age of the participants was
35 � 7.5 years. For a detailed disease and treatment history we refer to
our previous publication (Peker et al., 2020). The steepest descent in
total Y-BOCS scores was observed between 6 months and 1 year �7.1 �
5.6. Further improvement was observed after one year. At three years
follow-up, five patients were considered a responder, while three
remained non-responsive, resulting in a response rate of 63%, Fig. 2a.
The mean total Y-BOCS reduction was 19.6 after three years, with an
equal reduction in YBOCS subscores for obsessions and compulsions.
Specified for responders, the mean total YBOCS reduction was 28.8.
There were no significant differences in age at surgery, gender or
follow-up time at baseline between responders.
3.2. Lesion geometry

The mean time between GVC and post-operative imaging was 229
days [89–370 days]. MNI coordinates of the ‘hottest’ voxels of the
averaged lesions of the responding patients were [�20, 18.5, �1.5] for
the left hemisphere and [16, 18.5, �1.5] for the right hemisphere,
whereas the ‘coldest’ voxels for non-responding patients was [�17, 16,
�8] vs. (Mallet et al., 2008; Denys et al., 2010), Fig. 3b. The mean total
GVC volume (left plus right) was 326.5 � 112.9 mm3, with
non-significant larger GVC volumes in the left hemisphere (193.6 �
165.7 mm3) when compared to the right hemisphere (112.9 � 112.9
mm3), Fig. 2c. No differences were observed for lesion volumes of re-
sponders vs. non-responders. Improvement in Y-BOCS was not correlated
with left (p ¼ 0.867) or right (p ¼ 0.469) GVC volume. Volumes of the
caudate (left p¼ 0.529, right p¼ 0.763), putamen (left p¼ 0.545, right p
¼ 0.736), nucleus accumbens (left p ¼ 0.505, right p ¼ 0.823), and
globus pallidus externus (left p ¼ 0.258, right p ¼ 0.555) ablated were
not correlated with total Y-BOCS reduction, Fig. 3a.

3.3. Morphometry

Our whole brain analysis revealed no differences of GMV or GMT in
both hemispheres following GVC, or correlations between Y-BOCS
reduction and cortical structures. Of the 10 ICV corrected subcortical
structures in each hemisphere, a negative correlation was found for the
left ventral diencephalon, including hypothalamus with mammillary
body, subthalamic, lateral geniculate, medial geniculate and red nuclei,
substantia nigra, and surrounding white matter (r ¼ �0.83, p ¼ 0.039)
and the right cerebellumwhite matter (r¼�0.78 p¼ 0.042). There were
no differences in pre-GVC subcortical volumes between responders and
non-responders.

3.4. Connectivity analyses

Fiber T-values to GVC volumes were assigned across patients with
clinical outcome as performed in, Baldermann et al. (2019) Tracts were
thresholded to be connected to 20% of GVC volumes. Fiber bundles
positively associated with the percentage Y-BOCS reduction originate
from the PFC of which a subset to the project to subthalamic nucleus
(STN), in accordance with identified tracts associated with DBS response
for OCD (Li et al., 2020a). Projections traversing through the superior
genu of the corpus callosum were negatively associated with GVC
response, Fig. 3b However, we were unable to validate the identified
tracts in a subsequent prediction analysis using k-fold (K ¼ 2) cross
validation (r¼ 0.13, p¼ 0.382). There were no differences in fiber count
estimates between (non-) responder GVC volumes and the dlPFC, vlPFC
or the vmPFC, Fig. 3c.



Fig. 2. A. Individual Yale-Brown Obsessive Compulsive Scale (Y-BOCS) scores for obsessive-compulsive disorder (OCD) patients treated with GVC (A) (*p ¼ 0.11; **p
¼ 0.014; ***p ¼ 0.011; ****p ¼ 0.007). B. Heatmap representing the averaged GVC volumes in ICBM 2009b Non-linear Asymmetric MNI template C. Individual GVC
volumes for the left and right hemisphere (C). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)

Fig. 3. A. Heatmap representing the averaged GVC volumes for responders (red-yellow) and non-responders (blue-light blue) in ICBM 2009b Non-linear Asymmetric
MNI template. B. Positive (A) and Negative (B) predicting fibers associated with clinical improvement are shown in red and blue. Dark red: concatenated GVC volumes.
Yellow: Subthalamic nucleus. C. Connectivity estimates between GVC volumes of (non-) responders and the dorsolateral, ventrolateral and ventromedial prefrontal
cortex. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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3.5. Gamma Ventral Capsulotomy vs. Deep brain stimulation for
intractable obsessive-compulsive disorder

In comparison to the volume of tissue activation of DBS, GVC volumes
were locatedmore anterolaterally, with an Euclidean distance of 16.5 and
16.8 between theMNI coordinates of the ‘hottest voxels’ of averagedVTAs
[�8.14, 2.13, �3.91; �17.5, 15.5, 0] and GVC volumes [9.99, 3.23,
�3.03; 16; 18.5;�1.5], Fig. 4a. In 4/8 patients GVC ablated bilaterally (a
part of) a subtract of the anterior limb of the internal capsule, connecting
the prefrontal cortex to the subthalamic nucleus and the mediodorsal
nucleus (MD)of the thalamuspositively associatedwithYBOCS reduction,
whereas in two patients unilateral involvement of this tract was found
(Baldermann et al., 2019). In one patient, GVC volumes did not affect this
tract Fig. 4b. We were unable to replicate the association with the previ-
ously implicated tractswith clinical response, (p one-tailed¼ 0.786, Fig. 4c).
Fig. 4. A. Location of GVC volumes (red) in relation to concatenated DBS VTAs (gre
nucleus (light blue) B. Positive (A) and Negative (B) predicting fibers previously assoc
between previously implicated white matter fibers and clinical response to OCD DBS.
referred to the Web version of this article.)
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4. Discussion

Our analysis of a subset of patients from a previously described cohort
of treatment refractory OCD patient treated with GVC supports its clinical
effectiveness. The responder rate of 63% and a mean Y-BOCS reduction
of 51% after three years of follow up compares favorably with previous
reports of GVC for OCD (Hageman et al., 2021). The current study was
unable to support claims that ablative surgery potentially provides im-
mediate relief of OCD symptoms as the maximum response rate was
reached after two years of follow-up (Zhan et al., 2014).

Only a few studies report on lesion volume after ablative surgery for
OCD with respect to outcome, where results are contradictory as lesion
volume can be positively and negatively associated with outcome (Satzer
et al., 2021; R ü ck et al., 2008; Lippitz et al., 1999). There is a note-
worthy degree of both intra- and inter-modality variability of lesion
en), caudate nucleus (dark blue), nucleus accumbens (yellow) and subthalamic
iated with clinical improvement to DBS are shown in red and blue. C. Association
(For interpretation of the references to colour in this figure legend, the reader is
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volumes with a mean total lesion volume following LITT 2400 � 600
mm3 versus GVC 1737 � 924 mm3 and lesion volume after MRgFUS
lesioning of 362 � 290 mm3. Further, hemispherical lesion asymmetry is
a common finding following bilateral GVC, as was observed in this case
series (R ü ck et al., 2008; Lippitz et al., 1999). Recent advances highlight
the importance of the anatomical location of the lesion (Satzer et al.,
2021; Germann et al., 2021). Probabilistic voxel wise efficacy maps of
magnetic resonance-guided focused ultrasound MRgFUS treated OCD
patients show the region associated with the highest symptom
improvement located in the anterodorsal aspect of the ALIC, with an
identified region associated with clinical efficacy centred around x ¼ (�)
15.5 (�1 mm), y ¼ 10 (�2 mm), z ¼ 4 (�1 m). When compared, GVC
lesions associated with symptom improvement in this study were also
located in the anterodorsal aspect of the ALIC. However, we were unable
to identify an overall difference in Euclidean distance between the
‘hottest’ voxel of lesions of responders versus non-responders to GVC and
the identified MRgFUS sweetspot (Germann et al., 2021).

Different regions of the ALIC carry fibers from different prefrontal
regions with a ventral–dorsal, medial–lateral, and anterior–posterior
organisational topography (Safadi et al., 2018). Converging evidence
from pre-operative DTI and normative connectivity studies identified
specific tracts and fibers associated with clinical outcome. Following
both ALIC and STN DBS the most clinical effective contacts stimulated
thalamocortical ALIC streamlines to the dorsolateral and medial PFC and
the rostral anterior cingulate (dACC) (Baldermann et al., 2019; Li et al.,
2020b). Furthermore, normative resting-state functional MRI analyses
showed that lesion engagement following MRgFUS of the dACC and left
dlPFC was correlated with symptom engagement. In our sample, we were
not able to replicate the association between ALIC tracts implicated in
DBS and clinical response, finding responder and non-responder fiber
scores were not different. Further, we were not able to highlight the
functional lesional connectivity with the dACC and the dlPFC (data not
shown). The inability to replicate both findings could reflect the small
sample size as the principal limitation of this study. Using the same
methodology our group and others were able to validate and replicate the
thalamocortical ALIC streamlines associated with clinical outcome in
DBS in relatively small sample sizes (n ¼ 8, n ¼ 10) (van der Vlis et al.,
2021; Smith et al., 2021). Implicating that clinical response to OCD-GVC
moves beyond a unified connectomic target as response to OCD-GVC was
found independent of centroid coordinates and lesion volume in a large
cohort of radiofrequency anterior capsulotomy, suggested to be caused
by nontrivial intersubject variability of ALIC fiber organization (Lv et al.,
2021a; Nanda et al., 2017). Moreover, structural predictors of good
clinical response to capsulotomy include a decreased grey matter volume
of the right inferior frontal gyrus, fiber integrity of the superior longi-
tudinal fasciculus, and lower connectivity of the dorsal caudate with the
dACC and an increased streamline counts of the dlPFC – thalamic tracts
(Lv et al., 2021a; Zhang et al., 2021; Yin et al., 2018).

Our analysis revealed a negative correlation of symptom improve-
ment with the subcortical volume of the left ventral diencephalon
including the hypothalamus with mammillary body, subthalamic, lateral
geniculate, medial geniculate and red nuclei, substantia nigra and sur-
rounding white matter and right cerebellar white matter. A post-hoc
analysis revealed no differences of the volumes of the left ventral dien-
cephalon area or the cerebellum pre-surgery, indicating that variability
in response is more likely to be a therapeutic effect. Cerebellar volume
alterations were previously shown following thermo-capsulotomy, sug-
gested to be secondary to thalamic atrophy (Lv et al., 2021b). The
structures involved in the ventral diencephalon are part of frontostriatal
networks identified to be functionally restored by DBS or GVC (Figee
et al., 2013; Lv et al., 2021b). Taken together, the left ventral dien-
cephalon might contribute to the effects of GVC.

Taken together, the present study highlights the efficacy of GVC in
patients with treatment-refractory OCD. We were not able to identify
discriminative fiber tracts associated with GVC clinical response, nor
predict clinical outcome using previously identified tracts in DBS,
5

implicating interpatient variability i.e. ALIC fiber organization explana-
tory for treatment variability. Future research should focus on eluci-
dating neuroanatomical substrates of OCD symptom dimensions and
ideally identify the optimal for structural profile relevant to treatment
targets for both ablative and invasive neuromodulation for treatment
refractory OCD.
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