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eep Brain Stimulation for Intractable Obsessive
ompulsive Disorder: Pilot Study Using a Blinded,
taggered-Onset Design
ayne K. Goodman, Kelly D. Foote, Benjamin D. Greenberg, Nikki Ricciuti, Russell Bauer, Herbert Ward,
athan A. Shapira, Sam S. Wu, Candy L. Hill, Stephen A. Rasmussen, and Michael S. Okun

ackground: Prior promising results have been reported with deep brain stimulation (DBS) of the anterior limb of the internal capsule in
ases with severe obsessive compulsive disorder (OCD) who had exhausted conventional therapies.

ethods: In this pilot study, six adult patients (2 male; 4 female) meeting stringent criteria for severe (minimum Yale-Brown Obsessive
ompulsive Scale [Y-BOCS] of 28) and treatment-refractory OCD had DBS electrode arrays placed bilaterally in an area spanning the ventral
nterior limb of the internal capsule and adjacent ventral striatum referred to as the ventral capsule/ventral striatum. Using a randomized,
taggered-onset design, patients were stimulated at either 30 or 60 days following surgery under blinded conditions.

esults: After 12 months of stimulation, four (66.7%) of six patients met a stringent criterion as “responders” (�35% improvement in the
-BOCS and end point Y-BOCS severity �16). Patients did not improve during sham stimulation. Depressive symptoms improved signifi-
antly in the group as a whole; global functioning improved in the four responders. Adverse events associated with chronic DBS were
enerally mild and modifiable with setting changes. Stimulation interruption led to rapid but reversible induction of depressive symptoms

n two cases.

onclusions: This pilot study suggests that DBS of the ventral capsule/ventral striatum region is a promising therapy of last resort for
arefully selected cases of severe and intractable OCD. Future research should attend to subject selection, lead location, DBS programming,

nd mechanisms underpinning therapeutic benefits.
ey Words: Arousal, deep brain stimulation, major depression,
bsessive compulsive disorder, ventral capsule, ventral striatum

espite advances in pharmacological and behavioral ther-
apies for obsessive compulsive disorder (OCD), a num-
ber of patients fail to improve sufficiently following

ears of conventional, as well as experimental interventions (1).
n option of last resort has been the use of stereotactic neuro-
urgery (either cingulotomy or anterior capsulotomy) for seri-
usly ill patients with OCD who have exhausted most existing
reatments. The available, albeit limited, evidence suggests that
blative procedures may lead to long-term benefits with accept-
ble levels of risk (2). Although deep brain stimulation (DBS) is
lso an invasive procedure with potentially serious adverse
vents, in contrast to ablative approaches, it is an adjustable and
artially reversible therapy (3).

Deep brain stimulation has been successfully employed for
he treatment of a variety of movement disorders (4). Deep brain
timulation was first reported to be a promising intervention for
CD in a study by Nuttin et al. (5). The specific target in this

tudy, referred to as the ventral capsule/ventral striatum (VC/VS),
as chosen in part on positive experiences with gamma knife
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capsulotomy by the Brown University group (6). These studies,
which were staged lesions over two operative sessions over time,
demonstrated that adding a more ventral region lesion of the
anterior limb of the internal capsule, impinging inferiorly on the
ventral striatum, improved outcome (S.A. Rasmussen, unpub-
lished data, 2009). This experience was important to refining and
choosing an appropriate target for DBS.

Following the Nuttin et al. (5) publication, a team from the
University of Florida was funded by the National Institute of
Mental Health to conduct an independent pilot study of DBS in
six patients with treatment-refractory OCD who might otherwise
have been candidates for ablative neurosurgery. In consultation
with National Institute of Mental Health staff, a blinded, stag-
gered-onset design was adopted to enhance objectivity of the
behavioral ratings while minimizing withholding of active DBS
treatment to a maximum of 2 months following surgery.

Methods and Materials

Patients
This study was conducted at the University of Florida as a

collaboration of the departments of Psychiatry, Neurology, and
Neurosurgery in consultation with Dr. Benjamin Greenberg of
Brown University. Prior to recommending surgery, an indepen-
dent internal multidisciplinary team (psychiatrist, neurologist,
neurosurgeon, and medical ethicist) reviewed all past treatments,
evaluations, and procedures to ensure appropriateness of the
candidate. Psychiatric diagnoses were based upon administration
of the Structured Clinical Interview for DSM-IV (7), review of
medical records, and expert clinical interview.

All subjects were adults who met DSM-IV criteria for OCD
with a minimum score of 28 on the Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) (8,9). Subjects must have had at
least a 5-year history of treatment-refractory OCD symptoms

since age 18, and the disorder must have caused substantial
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uffering as well as a reduction in the subject’s functioning.
dditional inclusion/exclusion criteria are available in Supple-
ent 1.
Six subjects signed informed consents and were apprised of

he risks, possible benefits of, and alternatives to DBS surgery.
artial outcome data from these subjects were included in a
ecently published report on a worldwide experience with DBS
n OCD (10). The first subject was implanted in October 2003; the
ixth subject completed 12 months of DBS in January 2008. The
wo men and four women had a mean age of 36.2 years (range:
7–52) (Table S1 in Supplement 1). Five of the six subjects had
hildhood onset (i.e., before age 18 years) OCD and the mean
uration of illness was 24 years for the cohort (range: 11–35
ears). Presurgical mean severity on the Y-BOCS at screening
nd at baseline was 32.7 and 33.7, respectively. All six subjects
ad lifetime diagnoses of major depression that were deemed
econdary to OCD. One met criteria for a current diagnosis of
econdary major depression but most reported depressive symp-
oms. One subject met criteria for Tourette syndrome. Although
ics were present, his obsessive compulsive symptoms caused
ore subjective distress and dysfunction.
The medications prescribed at baseline were held constant

nd continued at the same doses as much as possible during
hronic DBS. In some cases, the dosages were reduced. Patients
ere encouraged to apply the cognitive and behavioral skills

hey had previously learned during Exposure and Response
revention.

timulation and Optimization
At 30 days postsurgery, subjects were randomized to either

rue DBS stimulation or sham stimulation. Half of the patients
ad DBS turn on at that point. At 60 days postsurgery, the three
ubjects previously assigned to sham underwent true DBS stim-
lation. Patients, raters, and the study psychiatrists were kept
lind to the manipulations made (true stimulation, sham stimu-
ation, or no change) at the postsurgery 30-day and 60-day visits
nd assignment was not disclosed until 120 days postimplanta-
ion after ratings were obtained. The standardized sham-con-
rolled programming procedure was performed by the study
eurologist (M.S.O.) as previously described (11). Patients were
nformed that they would have the device activated at some point
uring the first 90 days following the 1-month postoperative visit.
ctive settings were kept stable for the first 6 months and for at

east 30 days before assessments whenever possible.
Details of device implantation and intraoperative testing are

rovided in Supplement 1.

utcome Measures
Yale-Brown Obsessive Compulsive Scale severity was as-

essed categorically at each rating point according to percentage
hange from baseline. In this study, a responder was defined as
oth a 35% percentage change and an actual score of 16 or less
t the time of assessment. The score of 16 was selected because
t corresponded to mild-to-moderate symptoms at the diagnostic
hreshold for OCD and generally would not qualify a patient for
ntry into a clinical drug trial. Yale-Brown Obsessive Compulsive
cale scores were also analyzed as a continuous outcome with
epeated-measures analysis of variance (ANOVA; two-tailed).
he Y-BOCS was administered by expert clinicians, either the
rincipal investigator (W.K.G.), one of the study psychiatrists, or
psychiatric research nurse (N.R.). For the most part, these

ssessments were conducted face-to-face, but some were com-

leted on the telephone because of long travel distances.

ww.sobp.org/journal
Secondary outcome measures included the Hamilton Rating
Scale for Depression (12), the Clinical Global Impressions Sever-
ity Scale (13), the Profile of Mood States (POMS) (14), and the
SF-36 (15) as a measure of quality of life. Cognitive performance
was assessed before implantation and after chronic DBS with a
neuropsychological battery that included the Wisconsin Card
Sorting Test (WCST) (16), the Karolinska Scales of Personality
(17), Controlled Oral Word Association Test (18), Hopkins Verbal
Learning Task (19), Grooved Pegboard (20), Tower of London
Task (21), and a measurement of working memory capacity
(Wechsler Adult Intelligence Scale-Third Edition Digit Span) (22).
With respect to the WCST, the computerized version was used
(WCST-Computerized Version Three, for Windows) to allow
more computation of expected test-retest changes and to com-
pare treatment-associated alterations in performance. In evaluat-
ing the degree to which treatment-associated neuropsychological
change exceeded that expected by chance, a reliable change
score was calculated to reflect the amount of test-retest change
expected by chance.

Patients were closely monitored for deterioration in psychiat-
ric status or stimulation-related adverse effects throughout the
study. Deep brain stimulation continued until it was interrupted
by stimulator battery depletion, at which time the implantable
neurostimulators were replaced in outpatient surgery. In one
case that required higher voltage settings, the two Soletra models
(Medtronic, Minneapolis, Minnesota) were replaced by two
larger Kinetra models (Medtronic) to reduce the frequency of
replacement surgeries.

Results

DBS Lead Locations and Programming
A summary of the active DBS contacts used for chronic

stimulation is provided in Table 1 along with lead locations.
Three patients (patients 2, 3, and 5) had sham DBS programming
for 1 month and then were subsequently activated at the next
study visit under double-blind conditions. All patients were
activated in a single contact monopolar setting for the first 6

Table 1. DBS Programming and Lead Locations at 12 Months of Chronic
Stimulation

Patient DBS Setting Lateral AP Axial

1a Rt 1-C�, 5 V, 210 �s, 135 Hz 10.4 16.2 1.7
Lt 0-C�, 4 V, 210 �s, 135 Hz 6.3 13.7 �3.8

2 Rt 2-C�, 3.5 V, 210 �s, 135 Hz 10.5 17.3 8.4
Lt 2-C�, 3.5 V, 210 �s, 135 Hz 12.8 18.1 9.4

3a Rt 0-1-C�, 8.5 V, 150 �s, 130 Hz 4.8 (0 contact) 18.0 �3.8
Lt 0-1-C�, 7.5 V, 150 �s, 130 Hz 10.4 (0 contact) 18.8 �3.8

4 Rt 1-C�, 6.5 V, 180 �v, 135 Hz 8.9 12.4 �2.6
Lt 1-C�, 6.5 V, 180 �v, 135 Hz 13.4 16.0 �2.3

5a Rt 0-1-C�, 2.5 V, 210 �v, 135 Hz 9.2 (0 contact) 12.2 �1.7
Lt 1-C�, 2.5 V, 210 �v, 135 Hz 12.2 (1 contact) 14.8 4.8

6a Rt 1-O�, 3.5 V, 90 �s, 135 Hz 9.4 15.9 1.5
Lt 1-O�, 3.3 V, 90 �s, 135 Hz 11.2 15.2 .9

Table shows patients 1 through 6 with chronic DBS settings at the active
contact at 12 months of DBS. The DBS settings show right side, left side,
volts, pulse width, and rate. The lateral, anteroposterior, and axial coordi-
nates of the center of the active contact relative to the mid-commissural
point are provided.

AP, anteroposterior; DBS, deep brain stimulation; Hz, rate; Lt, left side; �,
pulse width; Rt, right side; V, volts; Y-BOCS, Yale-Brown Obsessive Compul-
sive Scale.
aPatients who had a clinical response based on Y-BOCS criteria.
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onths. Following the 6-month time point, trials of multiple
onopolar stimulation resulted in salvage of one patient (patient

) but not in the other two nonresponders (patients 2 and 4).

CD Severity
Plots of individual patient Y-BOCS scores over time were

rouped by assignment to early (panel A) or delayed (panel B)
ctivation (Figure 1). Visual inspection of these data suggests that
ittle improvement occurred in either group until the device was
ctivated.

In addition, a mixed-model ANOVA was fitted for the avail-
ble monthly data of the primary outcome Y-BOCS during the
irst 12 months of active DBS, using SAS version 9.13 (SAS
nstitute, Inc., Cary, North Carolina). The model included factors
roup (activation at month 1 vs. at month 2) and categorical
onths since DBS activation; a first-order autoregressive covari-

nce structure was used for the repeated measures. We found
hat there were significant reductions in Y-BOCS scores over time
F (12,55) � 2.02, p � .0392; with decrease of 15.67 � 11.60 after
2 months of activation] (Table 2); whereas the group effect was
ot significant [F (1,4) � .02, p � .9040] with Y-BOCS reductions
f 5.33 � 11.67 for early group and �.67 � 2.52 for late group at
onth 2.
Categorical response and number of patients attaining a
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igure 1. Patients and raters were blind to treatment condition (sham vs. act
ellow double arrow. (A) Three patients (S1, S4, and S6) randomized to activ
S2, S3, and S5) randomized to active at month 2 (denoted by green arrow).
marked by dotted vertical line), whereas in (B) patients received 12 month
nbeknownst to subject 1 or the research treatment team, this individua

ollowing surgery. This event was closely followed by an exacerbation in OC
ubject 3 did not show a response until after major changes in DBS settings
orsening of subject 5 between months 10 and 12 postimplantation are un
onth 10 that improved mood but lowered threshold for panic attacks. The

bsessive compulsive disorder; Y-BOCS, Yale-Brown Obsessive Compulsive
-BOCS score �16 are shown in Table 3 for the 12 months of
DBS activation. Four (67%) of six patients met criteria for a
responder status (Y-BOCS �35% change from baseline and
Y-BOCS �16) after 12 months of DBS. Three (S1, S5, and S6 from
Figure 1) of four responders reached these criteria after 2 to 3
months of active DBS. The remaining responder (S3 from Figure
1) did not show improvement in either OCD or mood until a
second monopolar contact was activated after month 8 and
voltage was increased. Within 2 months of these setting changes,
Y-BOCS scores decreased from 33 to 10 (at 10 months) and this
improvement was sustained.

Secondary Measures
Based on ANOVAs, Hamilton Rating Scale for Depression

scores decreased significantly for the entire group [F (12,50) �
2.22, p � .0249] during the 12 months of DBS (Table 2). Similar
mixed models indicated that the POMS-V (vigor-activity) in-
creased and POMS-F (fatigue-inertia) decreased significantly
over time [F (7,20) � 4.21, p � .0053; F (7,20) � 3.08, p � .0228;
respectively], while changes in the POMS total score were
nonsignificant (p � .0723) (Table 2). The SF-36-V (vitality) score
significantly increased (improved) [F (9,22) � 3.50, p � .0079]
(Table 2).

As noted in Table S2 in Supplement 1, patients classified as
responders after 12 months of DBS showed corresponding

129
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S surgery (Months)

ivated at 1 month

S surgery (Months)
129

r the 90-day period starting with the first postoperative visit as noted by the
at 1 month postimplantation (denoted by green arrow); (B) three patients
patients received 12 months of active DBS at 13 months postimplantation
ctive DBS at 14 months postimplantation (marked by dotted vertical line).
ht-sided battery was depleted between 11 and 12 months (red triangle)

mptoms that normalized shortly after device replacement (green triangle).
ek 8 status post surgery (see text for details). The reasons for the temporary
. Possibilities include impact of significant life events or setting changes at
tings were further modified at month 12. DBS, deep brain stimulation; OCD,
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w

linical Global Impressions Severity Scale or work/school activ-
ty on the SF-36. The four responders progressed from global
everity ratings of “severe” or “extremely severe” at baseline to
cores of “not at all” or “marginal” illness at 12 months of DBS.
nfortunately, the two nonresponders remained “severe” on this
easure. Two of the three responders who were taking psych-
tropic medications at baseline were able to have dosages
owered or the number of different medications reduced during
BS.

dverse Effects
Potential complications of DBS can be separated into those

elated to surgical implantation, stimulation, and device failure or
nterruption. There were no device failures beyond the expected
timulation interruptions owing to implantable neurostimulator
attery depletion or inadvertent device shutoffs if the magnetic
witch was tripped by a theft detector.

Adverse Effects of Implantation. No unexpected adverse
vents occurred as a result of implantation. There were no
erious adverse events such as seizures or cerebral hemorrhages.
ll adverse events associated with implantation/anesthesia were

able 2. Analyses of Changes in Primary and Secondary Rating Scales
uring 12 Months of DBS Activation for All Participants (n � 6)

ariable Num df Den df F Value Pr � F

-BOCSa 12 55 2.02 .0392a

OMS Total 9 32 2 .0723
OMS T 7 20 1.23 .3347
OMS-D 7 20 1.75 .1550
OMS-A 7 20 1.49 .2256
OMS-Va 7 20 4.21 .0053a

OMS-Fa 7 20 3.08 .0228a

OMS-C 7 20 1.15 .3743
AM-D17a 12 50 2.22 .0249a

F-36 PF 9 22 1.52 .2025
F-36 RP 9 22 .94 .5143
F-36 BP 9 21 2.27 .0587
F-36 GH 9 22 .98 .4861
F-36 Va 9 22 3.5 .0079a

F-36 SF 9 22 1.77 .1326
F-36 RE 9 22 1.63 .1680
F-36 MH 9 22 1.39 .2536
F-36 Total 9 22 .82 .6038

DBS, deep brain stimulation; HAM-D17, Hamilton Depression 17-Item
ating Scale; POMS-A, Profile of Mood States anger-hostility subscore;
OMS-C, Profile of Mood States confusion-bewilderment subscore;
OMS-D, Profile of Mood States depression-dejection subscore; POMS-F,
rofile of Mood States fatigue-inertia subscore; POMS T, Profile of Mood
tates tension subscale; POMS Total, Profile of Mood States total score;
OMS-V, Profile of Mood States vigor-activity subscore; SF-36 BP, Medical
utcomes Study Short Form Health Survey bodily pain subscale; SF-36 GH,
edical Outcomes Study Short Form Health Survey general health subscale;

F-36 MH, Medical Outcomes Study Short Form Health Survey mental health
ubscale; SF-36 PF, Medical Outcomes Study Short Form Health Survey
hysical functioning subscale; SF-36 RE, Medical Outcomes Study Short
orm Health Survey role limitations due to emotional problems subscale;
F-36 RP, Medical Outcomes Study Short Form Health Survey role limita-
ions due to personal health problems subscale; SF-36 SF, Medical Out-
omes Study Short Form Health Survey social functioning subscale; SF-36
otal, Medical Outcomes Study Short Form Health Survey total score; SF-36
, Medical Outcomes Study Short Form Health Survey vitality subscale;
-BOCS, Yale-Brown Obsessive Compulsive Scale.

aSignificant difference on analysis of variance for repeated measures
btained during the first 12 months of DBS activation.
nticipated and time-limited. These included discomfort at the

ww.sobp.org/journal
surgical site, incision pain, headache, nausea, scalp tingling or
numbness, and intubation-related sore throat.

Adverse Effects of Stimulation. Effects of acute and chronic
DBS are best distinguished. During intraoperative testing or
subsequent optimization, a wide range of settings were surveyed
that in some instances led to unwanted or unusual emotional,
perceptual, or somatic experiences. All these effects occurred
within seconds or minutes of DBS onset and could be reversed,
typically within seconds and always within minutes of changing
the stimulation parameters. Transient emotional effects included
euphoria, giddiness, anxiety, panic attacks (previously reported
[23]), or sadness. A contralateral smile accompanied by mirth was
induced intraoperatively in five of six patients and was previ-
ously reported in one of these cases (24). Ventral stimulation
(contact 0) was more likely to induce anxiety/panic (23,25).
Transient olfactory and gustatory sensations such as smelling
popcorn or tasting metal were experienced with deep contacts
only.

Hypomania was observed at some point during chronic DBS
in four (including one of the nonresponders, S2) of the six
patients. In all cases, the degree of mood elevation abated over
time or responded to device adjustment. None of the subjects
gave a history of bipolar disorder. Difficulty falling asleep was a
common complaint that was dealt with by adding as required
sedative-hypnotics or by device adjustment. In one case (S5),
DBS-induced insomnia was alleviated by lowering the ongoing
dose of escitalopram from 80 mg to 30 mg daily. A serious
adverse event (classified as such because hospitalization was
required) secondary to a change in DBS settings occurred in S2.
In this instance, DBS-induced improvement in mood was accom-
panied by a reciprocal worsening in OCD. This exacerbation in
OCD resolved after adjustment of DBS. After this event, we
extended the in-clinic observation period following major
changes in DBS parameters.

Effects of DBS Interruption. The clinical effects and time
course of DBS interruption were similar to those reported

Table 3. Categorical Responses and End Point Severity During DBS for
OCD (n � 6)

Duration of
DBS Activation
(months)

�25% 25%–35% �35% Severity
Total Y-BOCS2 Y-BOCS2 Y-BOCS2 Y-BOCS � 16

n (n, %) (n, %) (n, %) (n, %)

1 6 4 (67) 0 (0) 2 (33) 0 (0)
2 6 2 (33) 1 (17) 3 (50) 1 (17)
3 6 3 (50) 0 (0) 3 (50) 3 (50)
4 6 3 (50) 0 (0) 3 (50) 2 (33)
5 6 3 (50) 0 (0) 3 (50) 3 (50)
6 5 3 (60) 0 (0) 2 (40) 2 (40)
7 6 1 (17) 0 (0) 5 (83) 4 (67)
8 5 2 (40) 0 (0) 3 (60) 3 (60)
9 4 2 (50) 0 (0) 2 (50) 2 (50)

10 5 3 (60) 0 (0) 2 (40) 2 (40)
11 6 2 (33) 0 (0) 4 (67) 3 (50)
12 6 2 (33) 0 (0) 4 (67) 4 (67)

Categorical response is shown against duration of DBS activation, which
is not the same as time since implantation. Number of nonresponse is
indicated in the column labeled �25% reduction on the Y-BOCS. Number of
responders is shown using two different criteria: 25%–35% reduction on the
Y-BOCS and the more stringent definition of �35% reduction on the
Y-BOCS. The last column shows the number of individuals who had
a Y-BOCS score �16 at that time point.

DBS, deep brain stimulation; OCD, obsessive compulsive disorder;

Y-BOCS, Yale-Brown Obsessive Compulsive Scale.
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reviously by Greenberg et al. (25). Worsening in mood or
ncreased anxiety were typically the first symptoms reported
ollowing battery depletion or inadvertent inactivation by metal
etectors. Other signs of depression, such as diminished energy
r interest, also emerged within days of device interruption but
one expressed suicidality. Exacerbation of OCD symptoms
enerally lagged the emergence of affective or anxiety symp-
oms. In all cases, restoration of DBS function led to reversal of
he transient clinical deterioration. An illustration of these phe-
omena is shown for S1 (Figure 1, panel A). Other than drainage
f battery power over time, there were no device failures or lead
ractures.

Neuropsychological Test Performance. The results of four-
een measures from six neuropsychological tests are reported
ere. All measures were administered at each patient visit. Test
rder was counterbalanced across visits to reduce order effects,
hough some measures (e.g., HVLT) with delayed performance
rials were typically administered during the first half of testing to
llow the appropriate delay interval to transpire. For each
easure, 90% confidence intervals for reliable change were

omputed using established measures, and each patient’s results
ere categorized as representing an improvement, no change, or
decline from baseline. Results from the 6- and 12-month

valuations are presented in Table 4.
Overall, results indicated that the clinical effectiveness of DBS

n this population was achieved without significant neuropsy-
hological morbidity. At 6 months post-DBS, only 2.1% (1 of 42)
f the change comparisons showed a decline in the responders
one patient declined in HVLT recognition), while only 7.1% (3 of
2) of comparisons showed a decline in the non-responders (one
howed reduction in HVLT recognition, one showed a decline in
on-dominant Pegboard performance, and one showed a reduc-
ion in WAIS-III digit span raw score). At 1 year, 5.4% (3 of 56) of
he responder comparisons showed a decline, while 10.7% (3 of

able 4. Reliable Changes in Neuropsychological Performance from Baseli

Baseline Mean (SD)

Responders (3)

� nc —

AIS 3 DS
Forward 7.00 (1.9) 0 3 0
Backward 5.33 (1.6) 0 3 0
WAIS raw 19.33 (6.0) 0 3 0

erbal Fluency CFL 44.50 (15.64) 0 3 0
isconsin Card Sort
Categories 5.67 (.82) 0 3 0
Persev errors 6.33 (2.58) 0 3 0
Persev responses 6.33 (2.58) 0 3 0

ower of London
Movement count 44.50 (19.77) 0 3 0
Total time 415.17 (199.36) 2 1 0

rooved Pegboard
Dominant 101.83 (28.62) 2 1 0
Nondominant 124.17 (41.90) 2 1 0

opkins VLT
Total 26.33 (3.33) 0 3 0
Delayed recall 8.67 (2.80) 0 3 0
Recog discrimination 11.17 (1.17) 0 2 1

�, improvement beyond the 90% confidence interval for reliable chan
hange; nc, no change from baseline; Persev, perseveration errors; Recog, rec
DS, Wechsler Adult Intelligence Scale version 3 Digit Span.
8) of the non-responder comparisons declined. In contrast,
14.3% (6 of 42) of the responder comparisons and 21.4% (9 of 42)
of the non-responder comparisons showed improvement at 6
months. The corresponding values at one year were 17.9% (10 of
56 responder comparisons) and 10.7% (3 of 28 non-responder
comparisons) respectively. Thus, the vast majority (77.4%) of
comparisons for both responders and non-responders showed
no reliable change in neuropsychological test performance at
either the 6- or 12-month postsurgical evaluation.

Discussion

Twelve months of bilateral stimulation of the VC/VS was
associated with marked improvement in obsessive compulsive
symptoms in four (66.7%) of six subjects with severe and
intractable OCD. Even the two individuals who were classified as
nonresponders requested that stimulation be continued because
they experienced some subjective relief of anxiety, depressive, or
tic symptoms. For the six subjects as a whole, both OCD and
depressive symptoms improved significantly compared with
baseline at the 12-month mark. The procedures were generally
well tolerated and the only serious adverse event leading to
urgent hospitalization was an exacerbation in OCD symptoms
due to stimulation that was reversed by changing the device
settings. Both subjects who experienced hypomania as an early
stimulation-induced side effect were ultimately clinical respond-
ers. Other transient stimulation-induced side effects, including
panic, gustatory, and olfactory hallucinations, have been previ-
ously described (25). No significant changes in neuropsycholog-
ical performance were detected at either 6 or 12 months of
stimulation.

With a few notable exceptions (26–28), most published
reports of DBS in OCD have been uncontrolled and open-label.
The study by Abelson et al. (26) of anterior capsular DBS in OCD
included a double-blind phase in which subjects received active

ong Responders and Nonresponders

th 1 Year

Nonresponders (3) Responders (4) Nonresponders (2)

� nc — � nc — � nc —

0 3 0 0 4 0 0 2 0
0 3 0 0 4 0 0 2 0
0 2 1 0 4 0 0 1 1
1 2 0 0 3 1 1 1 0

0 3 0 0 4 0 0 2 0
0 3 0 0 4 0 0 2 0
0 3 0 0 4 0 0 2 0

1 2 0 0 4 0 1 1 0
2 1 0 2 1 1 1 1 0

1 2 0 3 1 0 0 2 0
1 1 1 3 1 0 0 1 1

2 1 0 1 3 0 0 2 0
1 2 0 1 3 0 0 2 0
0 2 1 0 3 1 0 1 1

, decline in performance beyond the 90% confidence interval for reliable
tion; VLT, verbal learning task; WAIS, Wechsler Adult Intelligence Scale; WAIS
ne Am

6 Mon

ge; —
ogni
or sham stimulation in a randomized “on-off” sequence of four
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-week blocks. Only one of four subjects experienced a marked
mprovement in OCD symptoms during this 3-week blinded
eriod; another subject showed moderate benefit during subse-
uent, longer term, open-label treatment. Nuttin et al. (27) used
onger 3-month treatment blocks in their crossover study of
C/VS DBS in six subjects with OCD. In four of the subjects who
howed improvement during stimulation-on conditions, the du-
ation of the stimulation-off phase needed to be abridged or
borted because of marked clinical deteriorations including
xpressions of suicidality. These within-subject findings support
he efficacy of DBS but also illustrate the perils of crossover
esigns in this population and when using this target. Using a
ifferent anatomic target, the subthalamic nucleus (STN), Mallet
t al. (28) conducted a double-blind crossover study of DBS in 16
ubjects with severe, refractory OCD. Subjects were randomized
o either 3 months of active or sham STN stimulation followed by

months of the opposing treatment condition separated by a
-month washout. The findings supported a therapeutic effect of
TN stimulation in refractory OCD but raised concerns about the
igh frequency of serious adverse events. Responders in this
tudy were defined by only a 25% improvement on the Y-BOCS.

The pilot study reported herein employed a design that
elped control for expectation bias. Although OCD has a low
lacebo response rate compared with other psychiatric disorders
29) and this study included only treatment-refractory patients,
ne cannot completely discount the influence of expectation in a
atient (and his/her clinician) who may see neurosurgery as the

ast viable option. To mitigate this bias, patients were random-
zed (following a 1-month postsurgical stabilization period) to
ither active or sham (1-month delayed) DBS in a double-blind
ashion. The patient remained blind to the timing of stimulation
or 90 days. Variations on this design were considered, such as a
onger sham period or crossover from active to sham, but these
ere rejected for clinical reasons. No statistically significant
etween-group effects were found for the comparison of the
arly versus delayed patients, but this is not surprising given the
mall sample size. Inspection of the Y-BOCS scores (Figure 1) for
ach subject suggests that clinically significant reductions did not
ccur during the sham phase. In contrast, among responders,
-BOCS scores began to show reductions during the first month
f active DBS. Three subjects, S1, S6, and S5, exhibited more than
25% reduction in Y-BOCS scores during the 1-month double-
lind assessment period and went on to be identified as respond-
rs at 12 months of active treatment.

Finding the optimal settings for an individual subject proved
hallenging. Given there are two devices with several adjustable
ariables in each patient (e.g., electrode configuration, voltage,
requency, and pulse width), the number of possible settings is
xceedingly large. Additionally, unlike other experiences with
BS, there is not a clear positive symptom (e.g., tremor improve-
ent) to gauge settings. In this study, particularly the double-
lind phase, the goal was to select parameters that produced
ome benefit in mood or anxiety symptoms acutely, with mini-
al side effects. Further, the goal was to maintain these settings

or a month or more without making major changes. Using this
onservative approach, only three of six subjects met our criteria
or response (�35% reduction in Y-BOCS after 6 months of
BS). It was not until several major changes were made in the
evice settings that one additional subject (S3) showed a re-
ponse after the first 6 months of active DBS.

An interesting and unexpected observation was improvement
n subscales of the POMS and SF-36 that mapped specifically

nto constructs of vigor-activity, fatigue-inertia, and vitality. Each

ww.sobp.org/journal
of these subscales showed significant changes for the group of
six subjects. It should be noted that no corrections were made for
multiple comparisons and that these findings may have been due
to chance. However, each of these constructs appears to relate to
aspects of arousal and motivational state. Interestingly, DBS at
this same target has shown promise in relieving symptoms of
major depression in highly treatment-refractory patients (30). If
replicated across populations, these findings raise the intriguing
possibility that DBS of the VC/VS exerts effects on brain motiva-
tional systems that could, at least in part, account for benefit in
either depressive or OCD symptoms. Field modeling of the active
contacts at the VC/VS target in combination with what is known
about the axonal trajectories of longitudinal fiber tracts that run
through these areas in rodents and primates suggest two possible
alternatives. First, increased vitality and arousal may be a direct
effect of stimulation on dopaminergic fibers from the medial
substantia nigra zona compacta (A9) and adjacent ventral teg-
mental area of Tsai (A10) running to the ventral striatum. Recent
studies of the effect of DBS in this location on raclopride binding
in humans suggest that DBS results in dopamine release in the
accumbens (D. Denys, written communication, 2009) alleviates
anhedonia in major depression (31). Second, increased vitality
and arousal may be due to activation of thalamostriatal and
thalamocortical fibers running from midline and intralaminar
thalamic nuclei that have been implicated in processes of arousal
and awareness (32,33). Behavioral changes that might be asso-
ciated with elevated levels of vigor and vitality and reduced
fatigue could include reduction in social withdrawal and isola-
tion and, possibly, improved ability to engage in cognitive-
behavior therapies, either of which would advance therapeutic
change.

Limitations of this study include the small sample size and the
relatively short (60-day) double-blind period comparison be-
tween active and sham stimulation. Improvement in OCD symp-
toms after open VC/VS DBS was found to continue over 3
months of continuous stimulation and then essentially plateau
(10). Although the staggered-onset design may have helped
protect blinding of stimulation onset, determination of response
was still based on open-label data at the end point. In one case
(S1), however, a relapse precipitated unexpectedly by battery
depletion (essentially an unintended “triple-blind” experiment)
authenticated the contribution of active stimulation to the ob-
served therapeutic response. The ability to reduce the number of
psychotropic medications or their dosages in several subjects is a
further indication that DBS was the active ingredient in alleviat-
ing symptoms.

The effectiveness of the blinding procedure may have been
contaminated by earlier intraoperative testing. Some subjects
may have been able to distinguish active versus sham conditions
because of their prior experience during active testing. The
advantages of intraoperative testing include ensuring proper
functioning of the devices and placement of the electrodes (as
might be indicated, for example, if intraoperative macrostimula-
tion produced adverse effects such as marked acute anxiety).
Another potential advantage was to investigate the predictive
value of intraoperative testing for long-term outcome. From the
standpoint of preserving the blind, however, it may be best to
carefully limit intensities used in intraoperative testing in future
experiments to protect the blind.

Lead location is an important factor influencing DBS outcome
(34,35). Our study benefited from the combined data of the DBS
for OCD collaborative research group, which after several initial

cases settled on a target more medial and posterior with the tip



p
b
c
c
H
s
m
p
(
u
o
O
c
t
w
t
u
s
f
e
f
p
l
a
t

C

I
s
p
i
a
o
o
r
a
H
a
t
l
t
v
c

I
R
s
M

t
s

g
f
D
c
c
f
P
r
I

W.K. Goodman et al. BIOL PSYCHIATRY 2010;67:535–542 541
laced within 1 mm to 2 mm of a plane defined by the posterior
order of the anterior commissure (10). The early published
ases from this group required multiple monopolar or bipolar
ontacts to be simultaneously activated, shortening battery life.
owever, stimulation intensities were substantially reduced in

ubsequent patient groups receiving DBS at this target, and the
ost commonly activated contacts were number 0 (in the dorsal
art of ventral striatum) or number 1 (in the ventral-most part)
10). Multiple contact activations in movement disorder patients
sually are an indication that a lead location is far from an
ptimal target, but this point in OCD remains to be investigated.
ur case S3 was targeted slightly more laterally than the other

ases, and that may have been a potential explanation as to why
urning on multiple contacts (multiple monopolar stimulation)
as necessary to convert this subject to a responder. Alterna-

ively, rather than lead location providing the explanation, the
niqueness of the DBS lead used in this study (large 4-mm
pacing between contacts) could have contributed to the need
or multiple contact locations to be activated. A lead with smaller
lectrode contacts could potentially be more efficiently utilized
or future OCD DBS studies. Such a device would have the
otential to use less current and for that reason might be less

ikely to induce side effects due to current spread outside of the
rea required for therapeutic effects. This possibility should be
ested in future research.

onclusions
In agreement with prior open-label reports, this National

nstitute of Mental Health funded pilot study using a blinded,
taggered-onset design suggested that VC/VS region DBS was a
romising therapy for carefully selected cases of severe and

ntractable OCD. Initial signs of improvement were temporally
ssociated with true stimulation, and within the limited window
f time (60 days double-blind), no obvious responses were
bserved during sham. Although larger scale replication will be
equired, DBS has features conferring notable advantages to
blative neurosurgeries that can neither be adjusted nor reversed.
owever, DBS entails the risk of surgical and device-related
dverse effects and burdens, which can be significant for pa-
ients. Future research should attend to subject selection, lead
ocation, DBS programming, and mechanisms underpinning the
herapeutic benefits for OCD patients. The energizing and moti-
ational effects of the VC/VS region DBS should also be more
arefully studied in both clinical and translational research.
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