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Objective: Deep brain stimulation (DBS) is an effective

treatment option for patients with refractory obsessive-

compulsive disorder (OCD). However, clinical experience

with DBS for OCD remains limited. The authors examined

the tolerability and effectiveness of DBS in an open study

of patients with refractory OCD.

Methods:Seventy consecutivepatients, including 16patients

from a previous trial, received bilateral DBS of the ventral

anterior limb of the internal capsule (vALIC) between April

2005 and October 2017 and were followed for 12 months.

Primary effectiveness was assessed by the change in scores

on the Yale-Brown Obsessive Compulsive Scale (Y-BOCS)

from baseline until the 12-month follow-up. Response was

definedby a$35%decrease in Y-BOCS score, partial response

was defined by a 25%234% decrease, and nonresponse was

defined by a ,25% decrease. Secondary effectiveness mea-

sures were the Hamilton Anxiety Rating Scale (HAM-A) and

the Hamilton Depression Rating Scale (HAM-D).

Results: Y-BOCS, HAM-A, and HAM-D scores all decreased

significantly during the first 12 months of DBS. Twelve months

of DBS resulted in a mean Y-BOCS score decrease of 13.5

points (SD=9.4) (40% reduction; effect size=1.5). HAM-A

scores decreased by 13.4 points (SD=9.7) (55%; effect size=

1.4), and HAM-D scores decreased by 11.2 points (SD=

8.8) (54%; effect size=1.3). At the 12-month follow-up, 36

of the 70 patients were categorized as responders (52%),

12 patients as partial responders (17%), and 22 patients as

nonresponders (31%). Adverse events included transient

symptoms of hypomania, agitation, impulsivity, and sleeping

disorders.

Conclusions: These results confirm the effectiveness and

safety of DBS of the vALIC for patients with treatment-

refractory OCD in a regular clinical setting.

AmJPsychiatry 2020; 177:265–271; doi: 10.1176/appi.ajp.2019.19060656

Obsessive-compulsive disorder (OCD) is characterized by

persistent thoughts (obsessions) and repetitive, ritualistic

behaviors (compulsions) and has an estimated lifetime prev-

alence of 2%. If left untreated, OCD may have a profound

negative impact on a person’s capacity to function normally.

Regular treatment, such as pharmacotherapy and cognitive-

behavioral therapy (CBT), reduces symptoms by 40%260%

in half of patients with the disorder (1). Even with the best

available treatments, 10%ofpatients remain severely affected

and experience treatment-refractory OCD (1).

In the search for novel methods of treating refractory

OCD, pioneering studies have investigated deep brain stim-

ulation (DBS). DBS is a treatment involving implantation of

electrodes, which send electrical impulses to specific brain

locations with the aim of attenuating altered activity in af-

fected circuits. Stimulation targets for DBS in patients with

OCD include the ventral anterior limb of the internal capsule

(vALIC), ventral striatum, subthalamic nucleus, and nucleus

accumbens (NAcc) (2–4).

Despite the efficacy and tolerability of DBS and its po-

tential to improve the lives of many patients with refractory

OCD, evidence for the effectiveness of DBS in OCD remains

limited. Few studies examining the efficacy of DBS for OCD

have been published, and the total number of OCD patients

treated with DBS worldwide probably does not exceed 250.

In addition, themajority of studies on DBS in OCD are case or

pilot studies, andtheaveragesamplesizeofall studies is,5 (5).

Most studies have been executed in strict experimental
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settings,oftensponsoredbymedicalcompanies.Consequently,

there is an urgent need for large and company-independent

clinical studies examining the effectiveness of DBS for OCD.

Our objective in this study was to confirm results of our

previous study (N=16) (4) in our total sample of patients who

received DBS surgery for treatment-refractory OCD (N=70),

assessing the effectiveness and tolerability of DBS in patients

with OCD in a clinical setting.

METHODS

Study Design and Patients

In this open study,we reportfindings froma clinical cohort of

70 patients who received treatment with bilateral DBS of the

vALIC for treatment-refractory OCD. We included all con-

secutive OCD patients who received DBS at our treatment

center between April 2005 and October 2017. The first

16 patients participated in the previously published efficacy

study (4) and were also included in this study. The sub-

sequent 54 patients received DBS in a regular clinical

setting. This study was assessed for evaluating clinical

outcome data by the ethical committee of the University of

Amsterdam, who concluded that no ethical approval was

needed.Written informed consent for the usage of data was

obtained.

Inclusion Criteria for DBS

Participantswere outpatientswhohad a primary diagnosis of

OCD according to DSM criteria and were ascertained with

the Structured Clinical Interview for DSM-IV Axis I Dis-

orders. To be included in the study, patients had to have a

score $28 on the Yale-Brown Obsessive Compulsive Scale

(Y-BOCS), have at least a 5-year history of OCD, and have

substantial functional impairment.

Treatment refractorinesswas defined as no or insufficient

response to at least two treatments with a selective serotonin

reuptake inhibitor (SSRI) at maximum dosage for at least

12 weeks, one treatment with clomipramine at maximum

dosage for at least 12 weeks, plus at least one augmentation

trial with an atypical antipsychotic for 8 weeks in combina-

tionwithanSSRI. Inaddition,patientshad tohaveundergone

at least one CBT trial at an OCD expert center, involving

individual sessions, group day treatment, or admission.

Exclusion Criteria for DBS

Absolute contraindications forDBSwerepresenceof psychotic

disorders, substance abuse within the past 3 months, and un-

stable neurological or coagulation disorders. In contrast to our

initial study (4), severe comorbid DSM diagnoses, such as bi-

polar disorder, autism, or personality disorder, were not ab-

solute but relative contraindications. After a standardized

screening procedure, the decision whether to treat a patient

with DBS was made by a multidisciplinary team comprising

psychiatrists, psychologists, specialized nurses, and neurosur-

geons. The process included consultation with an independent

psychiatrist not affiliated with our treatment center.

Surgical Procedure

Patients underwent bilateral implantation of DBS electrodes

under general anesthesia with frame-based MRI for target

determination.ThetargetareafortheelectrodeswasthevALIC,

whichcorresponds to theventral capsuleof theventral capsule/

ventral striatum,a target thathasFoodandDrugAdministration

approval in the United States. All patients were implanted bi-

laterally with four-contact electrodes (model 3389, Medtronic,

Minneapolis), with contact points measuring 1.5 mm long and

separated from adjacent contacts by 0.5 mm. Electrodes were

implanted in the anterior limb of the internal capsule, with an

anteriorangleof approximately75° to the intercommissural line

and the ventral end contact placed anterior to the anterior

commissure (Figure 1). In patients 1–28, the lower two contact

points targeted the NAcc and the upper two contact points

the vALIC. In patients 29–70, the lower contact point tar-

geted the NAcc and the upper three the vALIC. Because all

active contact points were positioned within the ventral

whitematter of the anterior limb of the internal capsule, the

vALIC is amore appropriate description of the target than the

NAcc (6). Postoperative frame-based computerized tomog-

raphy (CT) scans, fused with the preoperative MRI, were

used to verify the position of the implanted electrodes.

Electrodes were connected via subcutaneous extensions to

an implantablepulse generator (Soletra orActivaPrimaryCell,

Medtronic, Minneapolis). Initially, two Soletra implantable

pulse generators were implanted; however, because of tech-

nical developments, starting from 2010, one Activa Primary

Cell implantablepulse generatorwas placedunilaterally inside

the right infraclavicular pocket while the patient was under

general anesthesia. All patients received a nonrechargeable

implantable pulse generator during the initial surgery that

needed to be replaced approximately every 14 months (7).

Treatment Protocol

Two weeks after surgery, the DBS was activated. Effectiveness

and tolerability were evaluated every 2 weeks in order to op-

timize DBS parameter settings. A flowchart of the optimization

process is presented in Figure 2. The primary aim of parameter

optimizationwas to achieve a stable reduction of obsessions and

compulsions while minimizing side effects. In patients 1–28,

the two lower contact points were activated first and, in case

of nonresponse, switched to the two upper contact points. In

patients 29–70, the two middle contact points were activated

first. For the initial 16 patients, 24 individual CBT sessionswere

provided by a trained cognitive-behavioral therapist in cases in

which the patient’sY-BOCS score decreasedby at least 6 points,

there was no further decrease in the patient’s symptoms, and it

was observed that the patient avoided resistance of his or her

compulsions.Overtime, theinitiationofCBTshiftedgraduallyto

occurearlier in thetreatment,overlappingwiththeoptimization

phase. CBT was added to decrease compulsive behavior and

avoidanceaswell as to testwhetherDBSsettingsweresufficient.

In total, 13 patients did not receive additional CBT because they

had good response to DBS (N=8), had insufficient response to

DBS (N=4), or had physical complaints (N=1).
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Outcome Measures

The primary outcome measure was the Y-BOCS, a clinician-

rated scale with scores ranging from 0 to 40 designed to

measure symptoms of OCD (8). Patients were considered to

be responders if they had a score decrease of at least 35% and

partial responders if they had a score decrease between 25%

and 34%. Patients were considered to be nonresponders if

they had a score decrease less than 25%. Secondary outcome

measures were symptoms of anxiety, assessed with the

Hamilton Anxiety Rating Scale (HAM-A), and symptoms of

depression, assessed with the 17-item Hamilton Depression

Rating Scale (HAM-D) (9, 10). Scales were completed by

nurses or physicians trained in administration of these in-

struments before DBS implantation surgery, 2 weeks after

implantation, and then monthly up to 6 months after sur-

gery. The last measurement was 12 months after DBS im-

plantation. Data on adverse events were acquired during

each visit from spontaneous reports by the patient, by

questioning the patient, or by observation of the patient.

Adverse events were categorized as transient when they

disappeared spontaneously or after adjustments in stimu-

lation or medication and as permanent if they were still

present at the end of the study.

Statistical Analyses

Demographic and clinical characteristics of the study sample

were tabulated by using means and standard deviations for

continuous variables and frequency distributions for cate-

gorical variables. Changes inY-BOCS scores between baseline

and the 12-month follow-up were analyzed with linear mixed

models, with repeatedmeasurements of Y-BOCS scores being

nestedwithinpatients (11).Weestimated a linearmixedmodel

with Y-BOCS scores as the criterion and fixed effects of time

(in months) since DBS surgery and stimulation (on compared

with off ) on subject-specific slopes. Similar models were es-

timated for HAM-A and HAM-D scores. Selection of the co-

variance structure was based on the Akaike information

criterion.Data arepresentedasmeansandstandarddeviations

at a two-tailed 5% confidence level of significance. We used

SPSS, version 24.0 (IBM, Armonk, N.Y.) to analyze our data.

RESULTS

Demographic and Clinical Characteristics

Demographic and clinical characteristics of the 70 study

participants (male, N=22; female, N=48) are presented in

Table 1. At DBS implantation, the average age of the par-

ticipants was 42 years (SD=11), and the average duration of

illness was 25 years (SD=11). The most common OCD sub-

types were fear of contamination and cleaning (43%) and

perfectionism, symmetry, and rituals (27%). The average

baseline scores on the Y-BOCS and HAM-D were 34 (SD=3)

and 21 (SD=6), respectively. The most prevalent comorbid

disorders included major depressive disorder (43%) and

obsessive-compulsive personality disorder (10%). At base-

line, 86% of patients were receiving pharmacotherapy.

Clinical Outcome

The 12months ofDBS resulted in ameandecrease inY-BOCS

scores of 13.5 points (SD=9.4) (40% reduction; Cohen’s

d=1.5).Wefounda significanteffect of stimulationonY-BOCS

scores (b=29.54, 95% CI=211.98, 27.11, p,0.001) and time

on Y-BOCS scores (b=20.34, 95% CI=20.57, 20.11,

p=0.004), showing that OCD symptoms decreased after ac-

tive stimulation and further decreased over time.

Categorical analysis revealed that after 12 months of DBS,

36 patients were categorized as responders (52%), with a

mean Y-BOCS decrease of 20.9 points (SD=6.4) (62%).

Twelve patients were partial responders (17%), with a mean

Y-BOCS decrease of 9.9 points (SD=1.5) (29%), and 22 pa-

tients were nonresponders (31%), with a mean Y-BOCS de-

crease of 3.3 points (SD=3.0) (10%).

Between baseline and the 12-month follow-up, the mean

HAM-A score decreased by 13.4 points (SD=9.7) (55%;

Cohen’s d=1.4), and the mean HAM-D score decreased by

11.2 points (SD=8.8) (54%; Cohen’s d=1.3). We found a signifi-

cant effect of stimulation on HAM-A scores (b=212.94,

95% CI=215.27,210.61, p,0.001) and on HAM-D scores (b=

29.23, 95% CI=211.13, 27.33, p,0.001). However, we found

no significant effect of time on HAM-A and HAM-D

scores, showing that stimulation had an immediate effect on

affective symptoms. The course of Y-BOCS, HAM-A, and

HAM-D scores during the first year of DBS is presented in

Figure 3.

Tolerability and Adverse Events

The DBS system was explanted in two patients as a result of

postsurgical infection of the electrodes (implantable pulse

FIGURE 1. Bilateral implanted deep brain stimulation electrodes

targeting the ventral anterior limb of the internal capsule (vALIC)

with the tips of the electrodes in the nucleus accumbens (NAcc)a

aCd=caudate; GPe=external globus pallidus.
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generator, N=1; implantable pulse generator and extension

cables, N=1). Both patients underwent reimplantation of the

electrodes or implantable pulse generator and extension

cables 3 months later. Six patients had to undergo reim-

plantation or retraction of the electrodes within 8 months

after the initial surgery, because a postoperative CT scan

fusedwith the preoperativeMRI revealed that the electrodes

were not well rooted in the

vALIC (bilaterally, N=3; uni-

laterally, N=1) or were

implanted too deeply into the

NAcc (bilaterally, N=1; uni-

laterally, N=1) or that there

was significant upward mi-

gration along the trajectory

after accurate initial implan-

tation (N=1). Two patients

were treated with oral anti-

biotics as a result of superfi-

cial infection of one of the

cranial incisions.

The main stimulation-

related adverse events were

transient hypomanic symp-

toms (39%), including rest-

lessness (33%), agitation (30%;

3% permanent), impulsivity

(19%), and sleeping disorders

(46%; 7% permanent) (see

Table S1 in the online supple-

ment). Most of these symp-

toms were related to changes

in stimulation and lasted be-

tween several days and several

weeks. Other adverse events

were headache (36%), pain

around the burr holes (17%),

feeling the implantable pulse

generator in the chest (16%),

pulling of the extension leads

(30%), and paresthesia (20%)

(e.g., at thescalp).Weobserved

that temporary disruptions of

the stimulation led to severe

anxiety and depression.

Three of the 70 patients in

the study sample attempted

suicide, all by overdose. One

attempt was classified as a

serious stimulation-related

adverse event because the

attempt occurred 1 day after a

DBS voltage increase of 0.5 V.

The patient reported that she

attempted suicide because

she was disappointed in her

symptom response to DBS. The patient’s suicidal ideation

resolved without changes to the stimulation settings. The

other two suicide attempts were related to comorbid bipolar

disorder and borderline personality disorder. These attempts

occurred at least 3months after the last change in stimulation

settings. All of the suicide attempts were without any lasting

adverse consequences and did not reoccur during follow-up.

FIGURE 2. Flow chart of the optimization of deep brain stimulation (DBS) parameters in patients with

obsessive-compulsive disorder
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DISCUSSION

To the best of our knowledge, our study comprising 70 pa-

tients is the largest cohort study to examine the outcome of

patients receivingDBS for refractoryOCD.Wedemonstrated

that DBS of the vALIC is effective for treatment-refractory

OCD and well tolerated overall, confirming the results of our

previous study (4).

In 12 months, obsessive-compulsive symptoms decreased

on average by 40%, and more than half of patients were

categorized as responders. Both anxiety and depression

symptomsdecreased rapidlybymore than50%.These results

are comparable to the outcomes of our initial randomized

controlled trial, in which 56% of patients were DBS re-

sponders and OCD symptoms decreased on average by 52%

over the 21-month treatment period (4). In their meta-

analysis, Alonso et al. (12) reported an average Y-BOCS

score decrease of 45% (95% CI=29, 61; N=66 from 13 studies)

and a responder ratio of 60% (95% CI=49, 69; N=105 from

16 studies). The symptomdecrease and responder ratio in the

present study were slightly lower than the estimated meta-

analytic average but were well within the range reported in

Alonso and colleagues’ meta-analysis. Outcomes of DBS

when integrated in clinical care thus seem comparable to

outcomes incontrolledexperimental studies,which indicates

the applicability of DBS in regular clinical care. The small

numerical differences may be explained by sample bias in

earlier controlled experimental studies, given that our in-

clusion criteria were more wide-ranging; patients with

comorbidities, such as bipolar disorder, autism, and severe

personality disorders, were included in our study. However,

to our knowledge, it has not yet been examined whether

comorbidities, or other baseline patient and illness charac-

teristics, are predictors of clinical outcome afterDBS. Results

fromthis studyarealso comparable tooutcomesafter surgical

interventions, such as anterior cingulotomy (13) and anterior

capsulotomy (14), in OCD patients.

Replicating our previous study, we found that DBS of the

vALIC had a strong and immediate anxiolytic and antide-

pressant effect. Affective symptoms decreased rapidly after

TABLE 1. Baseline demographic and clinical characteristics

of participants in a study of deep brain stimulation for

obsessive-compulsive disorder (OCD) (N=70)a

Characteristic Mean SD

Age (years) 41.7 11.2

Age at onset of OCD (years) 16.8 8.7

Duration of illness (years) 25.0 11.0

Symptom severity

Yale-Brown Obsessive

Compulsive Scale

33.7 3.2

Hamilton Anxiety Rating

Scale

25.4 8.5

Hamilton Depression Rating

Scale

20.7 6.4

Global Assessment of

Functioning scale

43.1 6.0

N %

Gender

Male 22 31.0

Female 48 69.0

Type of OCD symptoms

Fear of contamination and

cleaning

30 42.9

Aggressive, sexual, and

religious obsessions

6 8.6

Somatic obsessions and

checking

1 1.4

Perfectionism, symmetry,

and rituals

19 27.1

High-risk assessment and

checking

13 18.6

Comorbidity

Major depressive disorder 30 42.9

Dysthymic disorder 2 2.9

Panic disorder, with or

without agoraphobia

4 5.7

Social phobia 2 2.9

Posttraumatic stress

disorder

1 1.4

Eating disorder 3 4.2

Bipolar I disorder 3 4.2

Bipolar II disorder 1 1.4

Hoarding disorder 2 2.9

Somatization disorder 1 1.4

Attention deficit

hyperactivity disorder

1 1.4

Autism spectrum disorder 4 5.7

Obsessive-compulsive

personality disorder

7 10.0

Borderline personality

disorder

1 1.4

Avoidant personality

disorder

3 4.3

Unspecified personality

disorder

3 4.3

Psychotropic medication

No medication 10 14.3

SSRI 14 20.0

SSRI plus antipsychotic 17 24.3

Clomipramine 7 10.0

Clomipramine plus

antipsychotic

19 27.1

Other 3 4.3

continued

TABLE 1, continued

Characteristic Mean SD

Functioning

Civil status

Single 25 35.7

Married 25 35.7

Living together 7 10.0

In a relationship living

apart

9 12.9

Unknown 4 5.7

Employment status 4 5.7

Full-time 4 5.7

Part-time 57 81.5

Unemployed 5 7.1

a SSRI=selective serotonin reuptake inhibitor.
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DBS and remained stable over time. Anxiolytic and antide-

pressant effects were observed in all responders and even

in some nonresponders. This may be the reason why no

patient requested that stimulation be discontinued during

the follow-up, despite lack of response with obsessive-

compulsive symptoms in some cases. Previous studies

targeting the vALIC and ventral capsule/ventral striatum

found similar effects of DBS on affective symptoms (4, 15, 16).

This effect seems to be restricted to DBS of the internal cap-

sule, because stimulation of the subthalamic nucleus does not

produce an antidepressant effect (17). For patients with OCD

and comorbidmajor depression,we argue that capsularDBS

is recommended.

The overall treatment was generally well tolerated. There

were eight surgery-related serious adverse events requiring a

second surgery, including malpositioned electrodes (N=6)

and postsurgical infection (N=2). However, none of these

events induced lasting adverse consequences. For the ma-

jority of patients, the surgical procedure was without com-

plications. Three suicide attempts were reported; of these,

two were likely linked with comorbid bipolar disorder or

borderline personality disorder. One attempt may have been

related to DBS, although suicidal ideations resolved spon-

taneously in this patient without adjustment of stimulation

settings. Nevertheless, it appears to be important to monitor

for suicidality during DBS optimization, and research in-

vestigating suicidality in patients with vALIC DBS is needed.

Overall, adverse events were comparable to what was re-

ported in our previous study and in other trials (4, 12). Hy-

pomanic symptoms, however, were more prevalent in this

study than in the meta-analysis by Alonso et al. (12), but the

prevalence rate was similar to that reported by Widge et al.

(18), with hypomanic symptoms observed in 45% of pa-

tients. Patients with hypomanic symptoms did not require

hospitalization, and these symptoms were without lasting

consequences. The prevalence of hypomanic symptoms may

be explained either by our specific target or by the lack of

specificity in other studies. Because DBS of the vALIC also

has a strong antidepressant effect, it seems probable that

hypomanic symptoms are not solely an adverse effect of DBS

but are part of what makes DBS effective for OCD. However,

hypomanic symptoms occurred approximately equally in

both responders and nonresponders (42% of responders and

35% of nonresponders).

Our findings should be interpreted in the context of the

strengths and limitations of the study. Our study population

reflects the population referred to a tertiary referral center,

and over time we had more wide-ranging inclusion criteria

than we did previously, with the inclusion of patients with

more severe comorbidities. This resulted in a sample re-

sembling patients in routine clinical practice in a tertiary

referral center. In addition, the study was completely in-

dependent and not sponsored by a medical company. To

minimize selection bias, we included all of the consecutive

patients who received DBS for OCD at our center. To min-

imize measurement bias, we reviewed the data from our

prospectively collected database, and the symptom scales

were administered by clinicians trained on use of the scales.

Because the study was an open study, absence of a sham

control group and lack of blinding may have resulted in

systematic bias in our findings. A recent individual patient-

data meta-analysis by Schruers et al. (19) showed that sham

stimulation induces a significant change in Y-BOCS scores.

Nevertheless, the sham score reported by Schruers et al. (19)

is considerably smaller than the effect observed in our study

(4.52 points compared with 13.5 points on the Y-BOCS). In

addition, Schruers et al. acknowledged that sham effects are

not likely to be sustained long-term, and in a subsample of the

patients in the present study, we previously included a

double-blind phase and still observed significant and large

effects compared with a sham control condition (4).

Transient recurrence of obsessive-compulsive symptoms

was observed in patients whose batteries reached end of life.

However, these transientdeteriorationswerenot capturedby

our study design, which included only follow-up data at fixed

time points until 1 year after implantation. Future sham-

controlled trials should provide further evidence that the

effects of DBS for OCD extend beyond placebo effect. An-

other limitation is that we included 16 patients who partic-

ipated in a clinical trial, to increase power, but as a result, the

sample was not purely naturalistic. In addition, we did not

report the long-term (.1 year) beneficial and adverse effects

of DBS for OCD. Moreover, selection regarding baseline

demographic and symptom typology could improve the ef-

fectiveness of DBS. Given the extensiveness of these data, we

will present the relationship between baseline factors and

outcomes in a separate study. Additionally, at our treatment

center, it is not standard procedure to awaken the patients

during implantation surgery to evaluate behavioral effects.

Haqet al. (20)demonstrated that thepresenceof stimulation-

induced laughter was correlated with greater improvement

FIGURE 3. Change in absolute scores on the Yale-Brown

Obsessive-Compulsive Scale (Y-BOCS), the Hamilton Anxiety

Rating Scale (HAM-A), and the Hamilton Depression Rating Scale

(HAM-D) during the first year of deep brain stimulation for

obsessive-compulsive disorder
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in OCD symptoms after 2 years of DBS. Given that our pa-

tients were not awakened during surgery, another limitation

of our study is that we were not able to examine the re-

lationship of laughter andother intraoperativemoodchanges

and behavior with response to DBS. Finally, we did not use

tractography to refine electrode placement. Our research

group previously performed tractography analysis of the

anterior thalamic radiation and the supero-lateral branch of

the medial forebrain bundle, using diffusion-weighted MRI

data for 12 patients from the present cohort (21). Active

stimulation of the vALIC closer to the medial forebrain

bundle than the anterior thalamic radiation was associated

with better treatment outcome as measured by the Y-BOCS.

Future controlled intervention studies could examine

whether DBS of the medial forebrain bundle using tractog-

raphy produces better symptom reduction than DBS of the

vALIC.

Our study confirms our previous finding that DBS of the

vALIC is an effective and tolerable treatment for refractory

OCD. We emphasized the importance of adequate selection

of patients, as well as modulation over an extensive period to

optimize DBS settings and the use of a consolidation phase in

which we applied psychoeducation and psychotherapy so

that patients could copewith avoidance behaviors. These are

separate treatment phases of DBS that require specialized

skills and attention. We argue that none of these phases are

redundant, and it may be that precisely this integrated

multidisciplinary method largely contributed to the success

rate in ourDBS-treated cohort. Future studies could focus on

specificelementsof this approach toexaminehoweachphase

affects DBS outcome. Investigating predictors of success

could improve DBS selection, and examining the effects of

CBT may distinguish between the effects of modulation and

consolidation.
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