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Obsessive-compulsive disorder (OCD) is a psychiatric disorder characterized by the
performance of repetitive behaviors in response to an obsession, which currently ranks
as the tenth cause of disability in the world. Patients who are refractory to conventional
treatment are candidates for the neurosurgical treatment of deep brain stimulation
(DBS). In this procedure, electrodes are implanted in specific anatomical brain targets.
The present systematic literature review aimed to describe the main connectomes and
associate them with their respective targets involved in DBS for the treatment of OCD,
to understand the connectomes related to OCD and their contributions to DBS, and to
describe the main targets used in DBS surgery for OCD. Based on the present results,
the stimulated targets that showed better clinical outcomes were the anterior limb of
the internal capsule, the nucleus accumbens, the subthalamic nucleus, and the ventral
capsule/striatal capsule. The target associated with the worst clinical results was the
posterior limb of the anterior commissure. The variable stimulation of certain regions
of the brain determines different clinical results. However, an individualized investiga-
tion of the OCD patient is essential for choosing the best target for DBS.

O transtorno obsessivo-compulsivo (TOC) é uma doenca psiquiatrica caracterizada pela
realizacdo de comportamentos repetitivos em resposta a uma obsessdo, que atual-
mente se enquadra como a décima causa de incapacidade do mundo. Pacientes
refratdrios ao tratamento convencional sdo candidatos para o tratamento neurocirdr-
gico de estimulacdo cerebral profunda (ECP). Neste procedimento, eletrodos sao
implantados em alvos anatomicos especificos do cérebro. A presente revisao sistema-
tica da literatura teve como objetivo descrever os principais conectomas e associa-los
aos seus respectivos alvos envolvidos no ECP para o tratamento de TOC, compreender
os conectomas relacionados ao TOC e suas contribuicdes para o ECP e descrever os

DOI https://doi.org/ © 2023. Sociedade Brasileira de Neurocirurgia. All rights reserved.
10.1055/s-0042-1756143. This is an open access article published by Thieme under the terms of the
ISSN 0103-5355. Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Revinter Publicagbes Ltda., Rua do Matoso 170, Rio de
Janeiro, R], CEP 20270-135, Brazil


https://orcid.org/0000-0002-7404-8010
https://orcid.org/0000-0003-3842-0206
https://orcid.org/0000-0002-3551-2650
mailto:ledismarsilva@gmail.com
https://doi.org/10.1055/s-0042-1756143
https://doi.org/10.1055/s-0042-1756143

Connectomes in DBS for the Treatment of OCD Oliveira et al.

principais alvos utilizados na cirurgia de ECP para TOC. Com base nos nossos resultados,
os alvos estimulados que apresentaram melhores resultados clinicos foram o membro
anterior da cdpsula interna, o nicleo accumbens, o ntcleo subtalamico e capsula
ventral/capsula estriatal. O alvo associado aos piores resultados clinicos foi o membro
posterior da comissura anterior. A estimulacao variavel de determinadas regides do
cérebro determina resultados clinicos diferentes. No entanto, uma investigacao
individualizada do paciente com TOC é essencial para a escolha do melhor alvo para

ECP.

Introduction

Obsessive-compulsive disorder (OCD) is a chronic neuropsy-
chiatric condition characterized by performing repetitive
behaviors in response to an obsession or obeying rules that
have to be applied thoroughly.' Obsessions are mental events
such as thoughts, ideas, and images that generate discomfort.
Compulsions are repetitive behaviors or mental acts that
occur to reduce the discomfort and anxiety caused by
obsessions or a ritual to prevent some feared event or
situation.” These rituals are not manias and cause suffering
and damage, mainly because they consume the time of the
individuals.> According to the World Health Organization
(WHO), OCD is currently the tenth cause of disability in the
world.3

Among the most prevalent obsessions of OCD are afflic-
tions with dirt or contamination, somatic obsessions, aggres-
sive obsessions, and self-extermination. The most common
compulsions are: frequently washing objects and hands,
likely causing dermatitis; counting; obeying symmetry
such as the position of books, clothes on a clothesline, among
others; collecting and not getting rid of mostly unnecessary
objects; and several other rituals such as remembering,
touching, and praying.

The psychological changes of OCD are experienced as
obsessions and/or compulsions responsible for mental dis-
comfort such as anxiety. The disorder can affect the social
(isolation), affective (family overload), and professional areas
(unemployment), and this may lead to financial dependence
and personal dissatisfaction. In addition, a significant evolu-
tion to depression throughout life in patients with OCD has
been reported. Another aggravating factor is that, most often,
patients make the disorder a secret due to denial of the
disease, because of shame or fear of judgment, making the
diagnosis and treatment more difficult. This disorder has
significant epidemiological data associated with depression,
suicide, and anxiety.3

From the pathophysiological perspective, OCD occurs due
to the abnormal functioning of anatomical structures in the
brain, causing deficits in the neurocircuits and neurotrans-
mitters. Neuroimaging of patients with OCD detects hyper-
activity of the orbitofrontal cortex (OFC), both in resting and
active states. Thus, the corticostriatothalamocortical neuro-
circuitry is a good parameter to identify the pathophysiolog-
ical cause of OCD.?

Arquivos Brasileiros de Neurocirurgia

Based on the baseline model of OCD, the basal ganglia
would not select cortical impulses, affecting the thalamic
activity. Consequently, the excitatory impulses from the
thalamus would reach the OFC, intensifying certain cravings
that would be considered irrelevant in the absence of OCD.*

The individualized assessment of symptoms, the degree of

perception by the patient, and the extent of comorbidity are
equally important, since OCD is quite heterogeneous and
each type of neurobiological alteration has its specific brain
circuits.”

The diagnostic criteria for OCD, in general, are: presence of

obsessions, compulsions, or both; the obsessions or compul-
sions take time or cause relevant suffering or damage to
social development, professional performance, or in other
areas; the obsessive-compulsive symptoms are not physio-
logical effects of a substance or other medical condition and
the agitation is not best understood by symptoms of another
mental disorder.! The differential diagnosis should be made
by means of a general psychiatric evaluation to distinguish

OCD from other psychiatric conditions or the absence of

them. Intrusive thoughts and repetitive behaviors that are
time-consuming (> 1 hour per day), and that generate sub-
stantial distress or functional impairment are characteristic
of OCD.”

Patients with refractory OCD, who remain severely im-
paired despite having been exposed to first- and second-line
therapies, are candidates for the neurosurgery approach, a
procedure that changes the activity of the neural networks
involved in the illness. It is important to note that presenting
with severe symptoms is a necessary requirement, but not
sufficient to undergo this type of neurosurgery. The severity
of OCD is usually scored using the Yale-Brown Obsessive
Compulsive Scale (Y-BOCS), a 40-item scale encompassing 20
questions for obsessions and 20 for compulsions that
patients should answer. High Y-BOCS scores reveal more
severe OCD symptoms.6

It is known that 20 to 30% of OCD patients are refractory to
drug or cognitive behavioral therapies. Given this reality, a
possible treatment of choice is deep brain stimulation (DBS).

It consists of reversible stimulation for the treatment of

resistant neurological disorders by delivering electrical cur-
rents to the brain using electrodes connected to implanted
pulse generators. These electrodes are permanently applied to
specific anatomical targets.” The stimulation is defined with
focal, adjustable, and reversible neuromodulation.® The
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electric field generated by DBS is three-dimensionally sent
throughout the brain. The neurons directly affected by the
stimulation influence the activity of the network, and the
response of the network depends on the types of neurons
affected and their interconnections.” In general, the effects are
mild, transient, and reversible after shaping the stimulation
properties. An efficient programming of the electric current
that shapes the magnetic field of DBS aims to ensure a better
prognosis.8

This surgical procedure has been used for ~ 30 years to
regulate defective brain networks caused by various diseases
such as Parkinson disease and essential tremor.’ In 2009, the
United States Food and Drug Administration, the American
federal government agency that regulates food, drugs, cos-
metics, and medical products, approved DBS as a treatment
for severe OCD.'®

A 60% response rate has been reported in patients sub-
mitted to this neurosurgery. From a prognostic perspective,
the anterior limb of the internal capsule (ALIC), the nucleus
accumbens (NAcc), and the cingulum are targets that show
good postoperative responses. Studies of neuroimaging and
anatomical connectivity of OCD patients have pointed to
alterations in the frontostriatothalamocortical network. This
anatomical connectivity can be determined by diffusion-
weighted imaging, acquired by magnetic resonance imaging
(MRI), and followed by tractography reconstructions to
provide the trajectory and density of the white matter of
the brain. Additionally, functional connectivity, via function-
al MRI, has also been used to guide the implantation of
electrodes in DBS."!

Given that OCD is a very heterogeneous psychiatric disor-
der that involves a dysfunction of the whole brain network,
there is not a single universal target for its modulation in
DBS. The importance of identifying these patient-specific
connectivity profiles suggests the feasibility of a personal-
ized DBS.'2 Hence, functional imaging supports the analysis
of these correlations with the detection of several directly
stimulated fibers and their corresponding cortical or subcor-
tical regions modified by DBS. Furthermore, diffusion tensor
imaging tractography facilitates the detection of axonal
trajectories around DBS electrodes.’

Therefore, the present systematic literature review aimed
to describe the main connectomes and associate them with
their respective targets involved in DBS for the treatment of
OCD, understand the OCD-related connectomes and their
contributions to DBS, and describe the main targets used in
DBS surgery for OCD.

Methods

The present systematic literature review was performed
searching on the Public/Publisher MEDLINE (PubMed), Sci-
entific Electronic Library Online (SciELO), Virtual Health
Library (VHL), Cochrane Library, and Portal de Periédicos
da Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior do Ministério da Educacdo (CAPES/MEC, in the
Portuguese acronym) databases applying the protocol of
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA)." The following descriptors
searched on the Descriptors of Health Sciences (DeCS) and
associated with the Boolean operators AND and OR were
employed: (obsessive compulsive disorder OR OCD) AND
connectome AND (deep brain stimulation OR DBS). For article
selection, five inclusion criteria were elected: 1. full-length
original articles; 2. studies performed in humans; 3. studies
that responded to the proposed objectives; 4. articles pub-
lished in the past 10 years (2011 to 2021); and 5. articles in
English, Portuguese, or Spanish. The exclusion criteria were:
1.review articles; 2. meta-analyses; and 3. duplicate articles.

Results

In total, 238 studies were found in the initial search. Before
screening, 124 articles were excluded after applying the
filters “full text,” “human,” “last 10 years,” and “English,
Portuguese, Spanish,” whereas 18 were excluded because
they were duplicates. Therefore, 96 records were selected for
careful reading of the titles and abstracts, 81 of which were
excluded for not meeting the inclusion criteria, and 15 were
assessed for eligibility. Finally, after the exclusion of 1 more
record, 14 articles were included in the qualitative analysis
(=Fig. 1 and ~Table 1).

Several studies have already demonstrated that DBS is a
promising procedure for the treatment of refractory OCD
with the reduction of symptoms.18 Based on the analysis of
the selected articles, the main targets used in DBS for the
treatment of OCD were the ALIC, the subthalamic nucleus
(STN), and the NAcc.

In aretrospective cohort with a sample of 50 patients who
underwent stimulation of different targets to control OCD,
namely ALIC, STN, NAcc, and ALIC-STN, similar results were
found for all of them. The best clinical result, however, was
observed with the stimulation of the hyperdirect pathway,
which was connected from the dorsal anterior cingulate
cortex (ACC) to the STN. Conversely, the posterior limb of
the anterior commissure showed the worst clinical results.
Although different targets were used, they all converged to
the same fiber bundle, called the ventral tegmental area
projection pathway, with modulation of both ALIC and STN.
This tract interacts with multiple brain areas, resulting in
clinical improvement of OCD symptoms over time.?> Another
study including this same cohort of patients showed that
different targets share the same network, that is, although
the targets of choice were ALIC, STN, NAcc, or STN-ALIC, they
connected to common brain areas, including the insula, the
superior frontal gyrus, the ACC, and the anterior thalamus.?*

In a study conducted in Germany, 22 patients, all with
severe OCD refractory to treatment according to Y-BOCS,
underwent DBS in the ALIC/NAcc. These targets were chosen
from a normative and patient-specific connectome. A fiber
bundle was evidenced within the ventral ALIC, which crosses
the ventral striatum (VS), next to the stria terminalis bed,
which connects the medial prefrontal cortex (PFC) to the
thalamus. In a volume of activated tissue, this bundle of
fibers reached apical and posterior white matter areas of the
NAcc, leading to a significant improvement in the clinical
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Fig.1 Flow diagram showing the study design following to the protocol of Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)."3 CAPES/MEC, Portal de Periédicos da Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior do Ministério da Educacdo; DBS,
deep brain stimulation; OCD, obsessive-compulsive disorder; PubMed, Public/Publisher MEDLINE; SciELO, Scientific Electronic Library Online;

VHL, Virtual Health Library.

symptoms analyzed, with the participation of both medial
and lateral PFC in positive results. Nevertheless, the tract in
flux to the medial prosencephalic bundle, to the posterior
limb of the anterior commissure, and to the fibers within the
inferior lateral fascicle were associated with negative results.
After 1 year, an improvement in the symptoms associated
with OCD was observed after DBS in the ALIC/NAcc with the
insertion of electrodes in the frontostriatothalamic path-
way."? From a physiological point of view, another study also
admitted abnormalities in the frontostriatal circuitry linked
to OCD."”

In another retrospective cohort, including eight patients
diagnosed with severe OCD based on the Diagnostic and
Statistical Manual of Mental Disorders: Fifth Edition (DSM-5)
1 and a Y-BOCS score of at least 30/40, the ventral capsule
(VQ)/VS target was chosen. The inclusion criteria were per-
sistence of symptoms for a minimum of 5 years, accompa-
nied by intolerance to 2 selective serotonin reuptake
inhibitors, clomipramine, antipsychotic medications, and
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cognitive behavioral therapy. At the end of the study, 5
patients responded to surgery, with a mean drop of 16.6 in
total Y-BOCS, whereas 3 patients continued nonresponsive;
that is, a 63% response rate was achieved. In this sample that
underwent stimulation in the VC/VS, it was observed that an

ALIC subpart, which connects the PFC with the STN in front of

the medial nucleus of the thalamus, is associated with a
favorable clinical response to refractory OCD. The fibers
unfavorable to a decrease in Y-BOCS were those in the
posterior limb of the anterior commissure that connect
with the bilateral temporal cortices and the cingulum fiber
bundles.2®

In a diffusion MRI analysis of 29 healthy patients, 29 human
connectomes were constructed. Among these patients, the
case of a 30-year-old individual with OCD symptoms since
adolescence caught the attention of the researchers. Therefore,
DBS surgery was proposed due to the fact that, previously, the
patient had responded neither to medication such as clomip-
ramine and serotonergic agents, nor to cognitive behavioral
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therapy. The surgery included bilateral VC/VS implantation
and, after 6 months, following proper adjustments, a decrease
by 35% in Y-BOCS was noted, as well as improvements in
quality of life. It is known that DBS in this region establishes
reciprocal excitation between the OFC and the thalamus, and
consequently weakens abnormal activity within the OFC-
caudate-pallidal-thalamic circuit. Therefore, the orbitofron-
tal-thalamic connections are important in the pathophysiolo-
gy and clinic of OCD, since these fibers connect to several
thalamic nuclei, primarily the dorsal medial, intralaminar
midline, medial pulvinar, and anterior medial nuclei. None-
theless, these fibers that cross the VC/VS region display high
variability between individuals, so their most precise and
individual localization determines a better post-surgical
outcome.'*

In a normative cohort encompassing 200 patients, with
data collected from the Human Connectome Project (HCP), 4
networks associated with OCD were described, namely af-
fect, reward, cognitive control, and default. Patients diag-
nosed with OCD exhibit cognitive inflexibilities related to the
cognitive control network. Furthermore, the target regions in
OCD have fibers confluent to the subcortical parts that
belong to the reward network, since this interacts with the
affect system in dynamic equilibrium. Another important
point of the study was the analysis of eight projection points,
all of which pass through the anterior branch of the internal
capsule and reach the frontal cortex. In parallel, the reward
and affect network tracts are also located in the ALIC, in a
ventral/inferior position, while the cognitive control net-
work tract is positioned more dorsally.?!

The precision functional mapping of 10 individuals evi-
denced that regions of the subcortex are connected to
multiple cortex networks. The subcortical structures have
several functions, one of which is acting in the reward
network. The most commonly affected subcortical fiber
bundles among individuals may explain the different psy-
chiatric disorders involved and are targets for improving
subcortical interventions in DBS.?2

In one analysis using diffusion imaging, a sample of eight
patients presenting with OCD underwent DBS in the VC/VS
region. The average improvement in Y-BOCS was 46.6%. The
targets with positive responses were the cingulate and lateral
OFC, whereas the ones that caused negative responses were
the medial OFC and the ventrolateral PFC. The authors reaf-
firmed the relevance of the relationship between the circuits
connecting the ACC to the thalamus and the basal ganglia to the
response of electrode deployment in the VC/VS in DBS. Indi-
vidual variability of fiber passage in the internal capsule was
supported, ratifying that patient-specific imaging plays a
crucial role in the accuracy of surgical target choice.?’

In a randomized, double-blind, sham-controlled study
conducted with nine Australian participants diagnosed
with refractory OCD based on criteria defined by the DSM-
5' and severity based on Y-BOCS and preoperative neuroim-
aging by structural MR, the effects of DBS on the bed nucleus
of the stria terminalis (BNST) was analyzed. Thus, from
stimulation of this target, a 49.6% reduction in the Y-BOCS
of the participants was noted.>
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In a study with 842 HCP controls, portions of the ALIC
were compared using diffusion tensor tractography to ana-
lyze structural patterns of frontal connectivity, in addition to
the prefrontal-subcortical tracts. From these, 40 individuals
in which the subdivisions of the ALIC diverged were ran-
domly selected. However, there were sites of compatibility,
mainly in the region connected to Brodmann's area 11
located in the OFC, which is a target widely used in DBS
for OCD. Furthermore, the presence of a tract that crosses the
ALIC and connects the prefrontal and subcortical regions was
observed. The involvement of the ALIC in the pathophysiolo-
gy of neuropsychiatric conditions is notorious, and dysfunc-
tions in this portion produce cognitive and limbic feedback.
Multiple diffusion imaging has evidenced that fractional
anisotropy is abnormal in the ALIC of patients with OCD.
Functional imaging studies have also shown that metabolic
activity is increased in OCD patients at rest in nodes of the
frontal subcortical circuits spanning the OFC, the PFC, and the
thalamus.'®

Aiming to identify connectome architecture more pre-
cisely, one study used a novel tract learning algorithm named
Hierarchical Harmonic Filters for Learning Tracts from Dif-
fusion Magnetic Resonance Imaging. This device tracks com-
plex fiber bundles more finely than tractography. To better
understand the region of the superolateral medial forebrain
bundle in DBS for OCD and major depression, the technique
was able to refine surgical planning discarding excess fibers,
thus improving the accuracy of targeting in psychiatric
disorders.?°

Another study identified that variable stimulation of
certain regions of the brain determines different clinical
results. Thus, the specific regional stimulation of each indi-
vidual can determine better prognoses.'”

Discussion

The main focus of the present study was to analyze the main
targets used in DBS in individuals presenting with OCD. In
accordance with this systematic literature review, the ALIC
connected to its different subparts is a promising region to
achieve clinical response in patients affected by this neuro-
psychiatric condition.’®?® As already elucidated in previous
studies, the corticostriatothalamic networks cross the ALIC
and its abnormalities are, therefore, involved in the patho-
physiology of OCD.%® In contrast, the posterior limb of the
anterior commissure, the medial prosencephalic bundle, and
the fibers of the inferior lateral fascicle were the targets most
related to unsatisfactory results in DBS for OCD.'-19-24.26
Regarding its pathophysiology, OCD is associated with the
basal ganglia, the caudate nucleus and putamen, the STN, the
globus pallidus, and the substantia nigra. Alterations in the
frontocorticostriatothalamocortical circuitry are the main ev-
idence of the behavioral aspects of OCD, already confirmed in
other research.?'7-1° The excitatory impulses from the thala-
mus would be activated, since the caudate nucleus would not
be able to stop the cortical impulses correctly, reaching the
OFC. Therefore, the OFC would present an excitatory overload,
which would make it impossible for the patient with OCD to
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defocus attention from insignificant concerns.? This circuit is
essential for behavioral or cognitive responses inasmuch as it
processes information in the cortex.>

In healthy individuals, the direct pathway is constituted
by striatal activation, through the glutamatergic output of
the OFC and ACC, consequently increasing the excitatory
glutamatergic output of the thalamus to the frontal cortex.
This pathway, in turn, is recontroled by the indirect pathway,
which does not happen satisfactorily in OCD patients. Con-
sequently, the STN excites the globus pallidus interna and the
substantia nigra reticulata, which inhibit the thalamus.
Furthermore, when the STN receives projections from the
cortex, it forms the hyperdirect pathway. With the hyper-
activation of the orbitofrontal-subcortical pathway come
excessive preoccupations with a threatening content, char-
acterizing the obsessions and later the compulsions, com-
patible with the neutralization of the supposed threat.!’ As
results have shown, the stimulation of this hyperdirect
pathway has been promising in DBS for OCD.?3

Patients with intractable OCD must meet the following
eligibility criteria to be candidates for DBS: have OCD as the
main diagnosis, have Y-BOCS > 28 (or > 14 if only obsessions
or only compulsions are present), have made adequate use of
at least 3 serotonin reuptake inhibitors (at least 1 with
clomipramine), present with severe OCD symptoms even if
they have already received psychomedical treatment for at
least 5 years, have had at least 2 escalation strategies, present
with refractoriness to treatment, have completed 20 hours of
OCD-specific cognitive behavioral therapy, be between 18
and 75 years old, provide informed consent and awareness of
surgical outcomes.’

From a neuroimaging perspective, HCP presented the
architecture, organization, topography, and connectivity of
the brain in MRI. Among its contributions to the scientific
community, HCP has enhanced neuroimaging data, improv-
ing the understanding of various neuropsychiatric disor-
ders.? The use of DBS for the treatment of both OCD and
other brain disorders has benefited from these connectomic
discoveries, since the high definition of specific networks
provided by these neuroimaging and tractography data for
each patient allows the refinement of surgical targeting and,
as a consequence, a better therapeutic response.’'

Searching for neurosurgical refinement, the individualiza-
tion of DBS, possible because of the precision of neural net-
works among the various targets, enables the acquisition of a
circuit that is more suitable for each patient according to their
profile and symptom development. In parallel, the excitation
of various portions of the involved tract excels over a fixed
anatomical locus for a more favorable clinical response. Neuro-
modulation procedures must also target underlying dysfunc-
tional neural networks that cause other behavioral effects.
Hence, consideration of individual characteristics is critical for
the most accurate choice of the common neuronal network.!

Conclusion

The main targets that provided the post-DBS clinical improve-
ments found in the reviewed literature were the ALIC, the STN,
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the NAcc, the VC/VS, and the BNST. In addition to the presur-
gical choice of a target, insight into the common neural
network and the underlying networks to which the various
targets of choice relate is critical. Consequently, the modula-
tion of this common tract from the different DBS stimulation
sites is able to reduce OCD symptoms.

Furthermore, the variability of both the symptoms and the
anatomical portion of the structures involved among indi-
viduals with OCD, as verified by neuroimaging, results in
different profiles of specific connectivity. Therefore, the
connectomic science, along with the advances in neuroim-
aging, play a fundamental role in the understanding of the
affected neuronal networks. Because of this, before perform-
ing DBS, it is fundamental to do an individualized analysis of
the neural connections in the brain for a more precise
procedure. Given the facts presented herein, the combina-
tion of normative and patient-specific connectomes can
result in a more personalized, and therefore more effective,
DBS procedure for the treatment of refractory OCD patients,
less susceptible to readjustments and side effects.
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