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Needs Assessment

In the last decade, brain stimulation approaches to neuropsychi-
atric disorders have been increasingly investigated and are currently
defining a “third way” of treatment besides the traditional ones,
pharmacologic therapy and psychotherapy. Although some of these
techniques are well-established treatments for specific conditions (ie,
electroconvulsive therapy for severe depression or deep brain stimula-
tion and transcranial magnetic stimulation in motor disorders) their
efficacy in severe or treatment-resistant obsessive-compulsive disor-
der is still under investigation. Nevertheless, they represent a poten-
tial, helpful approach in this highly debilitating condition not only
amongst the therapeutic approaches to obsessive-compulsive disorder
but also as research means able to elucidate the specific dysfunctional
neurocircuits underlying the clinical symptomatology.

Learning Objectives
At the end of this activity, the participant should be able to:

¢ Differentiate the specific techniques of brain stimulation
investigated in the treatment of obsessive-compulsive dis-
order (OCD) in terms of efficacy, invasiveness, tolerability,
and side effects.

e Understand the main hypotheses through which these
technigues might modify the dysfunctional circuits of OCD.

¢ Understand the potential of these techniques in the field
of treatment-resistant OCD, on one hand, and their current
investigational state that requires further controlled clinical
trials, on the other hand.

ABSTRACT

Recent studies on the epidemiology of obsessive-com-
pulsive disorder (OCD) estimate 50 million patients
suffer from OCD worldwide, thus making it a global
problem. The treatment of OCD has changed substan-
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tially over the last 2 decades following the introduction
of selective serotonin reuptake inhibitors, which provide
symptom improvement in ~60% of patients. However,
some patients remain resistant to the standard phar-
macologic and behavioral treatments. Although some
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treatment-resistant patients respond to pharmacologic
augmentations, others do not, and there is evidence that
some of the most severe cases benefit from treatment
with neurosurgical interventions. Besides pharmaco-
logic, behavioral, and neurosurgical approaches, differ-
ent brain stimulation methods—transcranial magnetic
stimulation, deep brain stimulation, and electrocon-
vulsive therapy—have been investigated in treatment-
resistant patients with OCD. Howewver, available data
about the use of these techniques in OCD treatment
are quite limited in terms of sample size and study
design, given the difficulty in conducting standard
blinded trials for these procedures. In addition, none of
the mentioned treatments have received Food and Drug
Administration approval for the treatment of OCD.
Neuwertheless, promising findings regarding efficacy,
tolerability, and non-invasiveness andfor reversibility
of these techniques have increased interest in investigat-
ing their use in treatment-resistant OCD.

CNS Spectr. 2005;10(12):966-79,983

INTRODUCTION

Treatment-Resistant Obsessive-Compulsive
Disorder

Obsessive-compulsive disorder (OCD) is a
highly debilitating condition with a lifetime prev-
alence of 2% to 3%,"? more than twice that of
schizophrenia, and is characterized by intrusive,
troubling thoughts and/or repetitive, compulsive
behaviors or mental rituals.> The economic and
social burden of OCD is difficult to quantify, but
published data estimate $8 billion in the United
States annually.* Although the introduction of
selective serotonin reuptake inhibitors (SSRIs) has
substantially improved the treatment and prog-
nosis of OCD, a notable percentage of patients,
ranging from 40% to 60%, do not respond to SSRI
treatment.’ In addition, it is noteworthy that the
response criterion in clinical trials is generally set
as a 25% to 35% decrease in OCD symptoms on
the Yale-Brown Obsessive Compulsive Scale (Y-
BOCS).%" It seems appropriate to classify patients
with such a reduction as partial responders® and to
institute additional treatment.

Specific criteria used to diagnose treatment
resistance as well as eligibility for surgical treat-
ments in OCD patients have been published else-
where.%1° Treatment-resistant OCD represents an
ongoing challenge for clinicians and researchers,
and over the last decade, different forms of treat-
ment have been investigated, including pharma-
cologic augmentation strategies (ie, serotonergic,

dopaminergic), psychotherapeutic augmentation
and brain stimulation.

BRAIN STIMULATION METHODS:
BACKGROUND AND DESCRIPTION

Over the past 10 years, increasing attention has
been paid to the possible efficacy of brain stim-
ulation techniques in treatment-resistant neuro-
psychiatric conditions, such as OCD and major
depression. One explanation for the efficacy of
these techniques is the possibility that stimulating
focal regions of the brain (cortical and subcortical
structures) with electrical currents, either directly
or indirectly, affects higher cognitive processes and
mood systems.!! The most widely used of these
techniques is electroconvulsive therapy (ECT),
which was introduced in psychiatry >70 years ago
and still represents one of the most effective treat-
ments for severe, treatment-resistant depression.
However, it is not a widely accepted technique for
treating OCD. Since the efficacy in OCD has not
been as clearly demonstrated as in depression, the
risks of the procedure and of general anesthesia are
not as clearly outweighed by the benefits.

Newer means of electrically stimulating the
brain, including transcranial magnetic stimulation
(TMS), deep brain stimulation (DBS), magnetic
seizure therapy (MST), and vagus nerve stimulation
have been developed. One potential advantage of
all these different techniques over ECT is that they
are able to stimulate more focal regions of the brain.

Transcranial Magnetic Stimulation and
Repetitive Transcranial Magnetic Stimulation

Bickford and colleagues'? were the first to extend
the field of TMS research to neuropsychiatric con-
ditions. They described temporary mood elevation
in several healthy volunteers receiving single-pulse
stimulations to the motor cortex. Since then a
growing number of studies'® have investigated the
potential efficacy of TMS in a variety of neuropsy-
chiatric disorders.

TMS is a non-invasive technique that delivers
magnetic pulses to the cortex by means of a handheld
stimulating coil applied directly to the head. Unlike
ECT, magnetic fields pass through the skull and the
scalp without the impedance encountered by direct
application of electricity.!* This means less electric-
ity is delivered to the brain in TMS than in ECT,
and allows TMS to stimulate more focal regions of
the cortex with fewer side effects. When delivered in
trains of pulses, as is usual in clinical practice, TMS
is known as repetitive transcranial magnetic stimula-
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tion (rTMS). TMS protocols are generally divided
into two types of procedures according to the fre-
quency used: low-frequency TMS (<1 Hz) and high-
frequency TMS (<20 Hz). Depending on stimulation
parameters (frequency, rate, and duration), repetitive
stimuli to specific cortical regions can either decrease
or enhance the excitability of the affected brain struc-

tures (ie, cerebral cortex!>!") and modify regional
cerebral blood flow.'8?

Deep Brain Stimulation and Neurosurgery

DBS is a surgical procedure consisting of the
implanting of electrodes that are used to stimulate
brain regions directly. Recently, this technique was
approved by the Food and Drug Administration
for the treatment of intractable motor disorders
(tremor?®?? and Parkinson’s disease?’). The stimu-
lating leads are connected via an extension wire
to pulse generators typically placed in the chest
(Figure). The precise anatomical localization of the
electrodes is achieved with stereotactic imaging
via magnetic resonance imaging and computerized
tomography.?* Implantation of the brain lead is not
intended to damage brain tissue, and the stimula-
tion itself can be modified or discontinued if side
effects occur. In addition, the procedure is revers-
ible since the devices themselves can be removed.

At high frequencies (>100 Hz), DBS inhibits
neuronal transmission and actions, such as depo-
larization blockade, synaptic fatigue, or neural
jamming, which have been proposed to explain its
effect.” Essentially, DBS shows a blocking effect
on the stimulated area and mimics the effect of tis-
sue lesioning.?®?" However, the reversibility of the
intervention results in a lower rate of side effects
than lesioning with traditional neurosurgical proce-
dures (ie, thermocoagulation)."

Electroconvulsive Therapy and Magnetic
Seizure Therapy

ECT is a well-established treatment for severe
depression.?® In the last decades, ECT has under-
gone various revisions improving its safety profile
due to the use of general anesthesia, refinements
in electrical parameters, introduction of unilateral
and bifrontal electrode placement, and better con-
trol of electrical dosage relative to the threshold for
induction of seizure. Nevertheless, the clinical effi-
cacy of ECT in OCD is still unproven. Published
data—mostly case-report series—have shown mixed
results (Table 1)*-4 and it may be that ECT reduces
OCD by treating mental conditions comorbid with
OCD (ie, schizophrenia,® depression,*® Tourette’s

syndrome®’) rather than directly reducing OCD. A
recent evolution of ECT is MST, a form of convulsive
therapy in which a magnetic stimulus®®*® replaces
the electrical stimulus used in ECT. The use of a
magnetic stimulus rather than an electrical one to
induce the seizure allows more precision in focus on
the site and the extent of stimulation than is possible
with traditional ECT,* given that magnetic fields
pass through tissue without the impedence encoun-
tered by direct application of electricity. MST, there-
fore, should have better tolerability than ECT and,
specifically, should have fewer cognitive side effects.
However, MST is still an investigational treatment
and has not yet been tested in OCD patients.

CLINICAL STUDIES IN OBSESSIVE-COM-
PULSIVE DISORDER PATIENTS

Transcranial Magnetic Stimulation Studies in
Obsessive-Compulsive Disorder

Four trials of rTMS have been published to date
(Table 2).#4 The findings are inconsistent perhaps
because the studies differed in terms of study design,
stimulation sites, treatment duration, and stimula-
tion parameters.

Greenberg and colleagues* randomized 12 patients
with OCD (mean Y-BOCS: 19.8+9.7; six patients

Hinrailrrukoics (MG
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FIGURE. lllustration of the deep brain stimula-
tion device
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with past or current major depression) into a single-
blind trial (patients and raters were blind to the con-
dition but the treating clinician was not). Patients
were treated with 1 session of active right-side,
active left-side, or sham (occipital position) TMS
(frequency: 20 Hz; intensity 80%; 2 seconds/minute,
total time: 20 minutes; 8-shaped coil). Based on previ-
ous reports of prefrontal hypermetabolism or hyper-
perfusion in patients with OCD,* Greenberg and
colleagues* believed that the application of a high-
frequency rTMS to prefrontal cortex would have tran-
siently interrupted OCD symptoms. Evaluations were
made at three time points: during the stimulation,
30-minutes, and 8-hours posttreatment. Compulsive
urges decreased significantly from baseline (modified
National Institute of Mental Health self-rating scale)
after right lateral prefrontal rTMS (during stimulation
and 30 minutes, both P<.01, and 8 hours after stimu-
lation, P<.02), but not after left rTMS and not at all
in response to occipital rTMS. Obsessive thoughts did
not change significantly after any stimulation. There
was a modest increase in positive mood after right pre-
frontal rTMS, while left and occipital stimulation did
not affect mood. The main finding was that right pre-
frontal rTMS had modest acute effects on compulsions
whereas effects of left lateral prefrontal and occip-
ital stimulation were transient and nonsignificant.
Obsessions appeared unaffected by rTMS. Treatment
was well-tolerated, with two patients reporting mild
headache after stimulation. Methodological limita-
tions included the duration of the treatment, the lack
of Y-BOCS outcome measures, and the small sample.

Alonso and colleagues* found no advantages for
18 OCD patients randomized to either low-frequency
right rTMS (1 Hz; intensity: 110%; time: 20 minutes;
circular coil; n=10) or sham stimulation (n=8) in a
6-week trial (3 sessions/week). Notwithstanding the
double-blind design of the study, negative findings
may be related to type Il error, since a minimum of
27 subjects in each treatment condition would have
been necessary to reach a power of .80. No withdraw-
als were reported throughout the trial and side effects,
which consisted of headache and cognitive difficul-
ties, were modest and transient.

Sachdev and colleagues*' randomized 12 treat-
ment-resistant OCD patients (a mean number of 5.2
anti-obsessional treatments and 0.8 trials of behav-
ioral therapy had been previously attempted) to a 10-
session, single-blind, 2-week trial of active right-side
or left-side TMS (10 Hz; intensity: 110%; 30 trains
of 5 seconds each, 25 seconds between trains; time:
15 minutes; 8-shaped coil). Ten subjects were taking
medication (benzodiazepines, antidepressants, or anti-

psychotics) and had been maintained on a constant
dose for 8 weeks prior to and during the period of the
study. Evaluations after 2 weeks of stimulation and 1
month after the completion of the treatment showed
significant reduction in obsessions and compulsions
in both groups with no significant difference between
right and left stimulation on the overall Y-BOCS
score. Four patients (33%, two receiving left TMS
and two receiving right TMS) had a clinically signifi-
cant improvement (Y-BOCS reduction >40%); one
patient relapsed but responded somewhat to repeated
treatment. The authors suggested that rTMS may
be beneficial in the acute treatment of treatment-
resistant OCD with an equal proportion of patients
benefiting from right- and left-sided stimulation. No
withdrawals were reported throughout the trial and
stimulation was generally well-tolerated with three
patients reporting headache. A methodological limi-
tation is the lack of a control group and concurrent
treatment with other psychotropic medications.

In a recent open-label trial,* 10 patients (five
patients with OCD, three with Tourette’s syndrome,
and two with both) with a history of several medi-
cation trial failures were treated for 2 weeks with
low-frequency TMS (10 sessions; frequency: 1 Hz;
intensity: 100% 1,200 stimuli/day; trains of 5 min-
utes with an inter-train interval of 2 minutes). All
patients had been receiving pharmacologic treatment
for at least 12 weeks at stable doses. Medications
were continued at stable doses throughout the rTMS
and the follow-up period. Of note, the supplemen-
tary motor area (SMA) was chosen as the site of
stimulation with the coil placed along the sagittal
midline in order to stimulate the SMA bilaterally
and simultaneously. Eight out of 10 patients com-
pleted the study, and the treatment was well-tol-
erated with no dropouts due to side effects being
reported. The sample had a significant general clini-
cal improvement on the Clinical Global Impression
Scale® at the end of the first and second week of
treatment, and maintained that benefit at 1 month
(¢=5.670; df=9; P=.000) and 3 month (t=5.582; df=9;
P=.000) follow-up. Three of the five OCD-alone
patients had a clinically significant improvement,
with a >40% reduction in Y-BOCS scores, and two
thirds of the patients with Tourette’s syndrome alone
had a complete remission at the second week (total
Yale Global Tic Severity Scale [YGTSS]* scores of
0 from baseline scores of 90 and 70, respectively).
Sixty percent of the total sample had sustained clini-
cal improvement with rTMS that persisted at the
3-month follow-up. Limitations of the study involve
the open design and the small sample size.
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Deep Brain Stimulation Studies in Obsessive-
Compulsive Disorder

The rationale for the use of DBS in OCD treat-
ment is based on neuroimaging findings showing
increased activity in specific neuronal circuits, such
as the medial and orbitofrontal cortex, the anterior
cingulate gyrus, and the caudate nucleus in these

patients.*’ Given that the blocking effect of high-fre-
quency DBS on the stimulated area mimics the effect
of tissue lesioning,?*” DBS applied to specific areas
(the anterior limbs of the internal capsula) would
interrupt these hyperactive circuits in the same way
as traditional neurosurgical procedures. However,
DBS does not cause the irreversible ablation of brain

TABLE 1. ECT EFFICACY IN OCD TREATMENT IN BLINDED AND NON-BLINDED STUDIES AND CASE-

REPORT SERIES

Study

Authors  Design

(year) & Setting Sample Features

Maletzky  UB; UG; 32 patients with DSM-III-R, treat-

etal Inpatients  ment-resistant OCD treated with

(1994)» ECT between 1979 and 1991, 19
non-depressed and 13 depressed; 14
were primarily checkers, 13 were pri-
marily cleaners, 4 did both; Mean of
prior medication trials: 7

Thomas UB; UG; 1 patient with recurrent major

etal Inpatient depression with psychotic features

(2003)% and treatment-resistant OCD

Lavin UB; UG; 1 patient with schizophrenia and

et al Inpatient treatment-resistant OCD

(1996)*

Casey UB; UG; 1 elderly (84 years of age) woman

et al Inpatient ~ with intractable depression and

(1994)3* treatment-resistant OCD

Mellman  UB; UGC; 1 patient with treatment-resistant

et al Inpatient DSM-III OCD, some OC symp-

(1984)* toms were reduced following a
spontaneous seizure

Strassnig  UB; UG; 1 patient with treatment-resistant

etal Inpatient DSM-1V OCD and Tourette’s

(2004)° syndrome, OC, and tic symptoms

were resolved completely for 2
months following benzodiazepine

withdrawal-induced seizures

Control
Tx Group Group  Trial Length
Bilateral fronto- Mean of 3.5 ses-
temporal ECT; sions over 2—3 wks,

evaluations 2 days
prior to start and

at 5 days and 6 and
12 months after the
end of treatment

average 3-5 sei-
zures per session

One session of
unilateral fron-
totemporal ECT;
biweekly therapy
sessions

Not specified

Bilateral fronto- Not specified

temporal ECT; 12

sessions

Bilateral frontotem-
poral ECT; a 6-ses-
sion trial, resumed
after 5 months and
18 more sessions
were completed
within 1 year

1 year

4 weeks, 10-month
follow-up

Bilateral fronto-
temporal ECT; 10

sessions

3 weeks, 1-year
follow-up

Unilateral fron-
totemporal ECT
(right), 9 sessions
over 3 weeks,
monthly mainte-
nance sessions

ECT=electroconvulsive therapy; OCD=obsessive-compulsive disorder; Tx=treatment; UB=unblinded; UC=uncontrolled; DSM-IlI-R=Diagnostic
and Statistical Manual of Mental Disorders, Third Edition-Revised; BHS=Bunney Hamburg Depression Scale; WT=Wakefield Depression Test;
M-OCI=Maudsley Obsessive-Compulsive Inventory; OC=obsessive-compulsive; CMI=clomipramine; DSM-/lI=Diagnostic and Statistical Manual
of Mental Disorders, Third Edition; DSM-IV=Diagnostic and Statistical Manual of Mental Disorders, Fourth Edtion.
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tissue that is characteristic of neurosurgery.

To date, only a few small-sample, double-blind
trials have been published on the efficacy of
DBS in OCD. A group of Belgian researchers*®
50 reported on six subjects with OCD refractory
to various antiobsessional medications and cog-

nitive-behavioral therapy (CBT) (Y-BOCS >30,

Global Assessment of Function [GAF] <45, both
for a minimum of 5 years) who were treated with
DBS. Quadripolar electrodes were implanted bilat-
erally in the anterior limbs of the internal capsules
(parameters: pulse width of 210-450 microseconds,
a frequency of 100 Hz and an amplitude range of
4.0-10.5 volts); the stimulator-off condition rep-

Outcomes

Comparison between the baseline scores (BHS, WT, M-OCI)
with the scores from 5 days after yielded highly significant pre-
post paired t-test (P<.001); at 6-months posttreatment, the dif-
ferences were still significant; by 12 months, only the M-OCI
scores remained significantly different from those prior to ECT;
5 patients reported posttreatment agitation, which was treated
with benzodiazepine

After one ECT session, the patient achieved remission of
both conditions; venlafaxine 150 mg/day was then resumed
and improvement was maintained for 6 months; the patient
reported transient fleeting confusion and a mild headache

After 12 sessions of ECT, the patient was improved and was
started on paroxetine 20 mg/day and haloperidol 7.5 mg/day;
evaluations at 6 months showed few checking thoughts and
urges and a lessening of hoarding behavior

After 1 cycle of ECT the patient showed a dramatic clinical
response which was longlasting for depression but tempo-
rary for OCD; maintenance ECT was effective for the OCD;
this was stopped when CMI became available and patient
responded adequately to drug; the patient reported transient
post-ECT confusion that resolved within several days

Dramatic improvement of OC symptoms after 3 weeks and
complete remission after the ninth ECT session; after the
tenth session, the patient became slightly hypomanic and
demonstrated increased energy and pressure speech but no psy-
chosis and was therefore placed on lithium and nortryptiline
as maintenance therapy; 10 months after ECT, the patient was
still free of obsessions

Great improvement of OC symptoms and tics after 5 weeks
of ECT treatment and complete remission of both conditions
after the ninth ECT session; monthly maintenance ECT treat-
ments were then scheduled and remission of both disorders has
been maintained successfully for >1 year

Conclusions

Small retrospective study showing an anti-obsessional
effect for ECT; the improvements occurred equally
frequently and, to an equal extent, in depressed and
non-depressed groups; besides not being blinded,
methodological limitations are the absence of stan-
dard outcome measures, the use of other drugs during
the long-term phase, and the presence of comorbid
depression in a significant rate (13 of 32)

Single case-report showing the effectiveness of ECT
over OC and depressive symptoms; there was no
mention of evaluation scales for OCD; relevant Axis
[ comorbidity may have influenced the outcome

Single-case report showing the effectiveness of
ECT over OC symptoms; there was no mention of
evaluation scales; relevant Axis [ comorbidity may
have influenced the outcome; there was no men-
tion of treatment-related side effects.

Single-case report showing the effectiveness of ECT
over OC symptoms in an elderly patient; there was
no mention of evaluation scales; relevant Axis I
comorbidity may have influenced the outcome

Single-case report showing the effectiveness of
ECT over OC symptoms; there was no mention of
evaluation scales

Single-case report showing the effectiveness of
ECT over OCD and Tourette’s syndrome symp-
tom; remission was maintained successfully with
monthly ECT treatments; there was no mention of
evaluation scales
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resented the placebo condition throughout the 21
months of evaluations. During all evaluation ses-
sions, the patients and the evaluating psychiatrists
and psychologists were blind to the stimulation
condition. Four patients were assessed and treated
in a blind crossover study (ie, stimulator on for 3
months with initial plans to follow this period with
the stimulator off for 3 months, or vice versa, in
random order, as determined by an independent
person on the basis of a coin toss) and completed
both arms of the crossover study. Evaluations were

conducted over 21 months. Of the four completers,
75% were considered responders during the stimu-
lation-on condition (response defined as postop-
erative Y-BOCS scores at least 35% lower than the
preoperative scores). For these four patients, mean
CGI scores were 5 in the stimulation-off condi-
tion and 3.3 when the stimulator was turned on.
Side effects included fatigue and memory distur-
bances. This small case series showed that bilateral
electrical stimulation in the anterior limbs of the
internal capsules may induce a significant decrease

TABLE 2. TMS EFFICACY IN OCD TREATMENT IN BLINDED AND NON-BLINDED STUDIES AND CASE-

REPORT SERIES

Scale.

Study
Authors  Design
(year) & Setting  Sample Features
Alonso DB; RA; 18 patients with DSM-IV
etal PC; OCD; No other DSM-IV
(2001)% Outpatients  Axis I disorders; no dropouts
Sachdev SB; AG; 12 patients with treatment-
etal RA; resistant OCD, all of them
(2001 )* Qutpatients  had received anti-obsessional
drugs in the past (mean: 5.2
drugs); 75% had history of
depression; no dropouts
Greenberg  AC; PC; 12 patients with DSM-III-
etal Outpatients R OCD; mean Y-BOCS
(1997)# 19.849.7; 6 patients met cri-
teria for past or current major
depression; no dropouts
Mantovani UB; UC; 10 patients with DSM-IV
etal Outpatients OCD (5 patients with OCD,
(2005)#8 3 with Tourette’s syndrome
and 2 with both the condi-

tions) and history of several
medication trial failure;
patients continued SSRI at
stable doses throughout the
trial

TMS=transcranial magnetic stimulation; OCD=obsessive-compulsive disorder; Tx=treatment;
DSM-IV=Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; PC=placebo-controlled; Y-BOCS=Yale-Brown Obsessive-Compulsive
Scale; rTMS=repetetive transcranial magnetic stimulation; SB=single-blind; AC=active comparision; DSM-Ill-R=Diagnostic and Statistical Manual of
Mental Disorders, Third Ediition-Revised; UB=unblinded; UC=uncontrolled; SSRI=selective serotonin reuptake inhibitor; YGTSS=Yale Global Tic Severity

Trial

Tx Group Control Group  Length
18 sessions of real 18 sessions of 6 weeks
TMS; frequency: 1 sham stimulation; (3 sessions
Hz; time: 20 minutes; same parameters per week)
intensity: 110%, right;  but intensity 20%;
n=10; circular coil n=8; circular coil
10 sessions of real 10 sessions of real 2 weeks
TMS, frequency: 10 TMS, frequency:
Hz; 30 trains of 5 sec- 10 Hz; 30 trains of
onds each, 25 seconds 5 seconds each, 25
between train; time: seconds between
15 minunites; inten- train; time: 15
sity: 110%, right; minutes; intensity:
8-shaped coil 110%, left; 8-

shaped coil
1 session of real TMS; 1 session of sham Evaluations

frequency: 20 Hz, 2
seconds/minute; time:

stimulation; fre-
quency: 20 Hz, 2

made during
the stimula-

20 minutes; intensity:  seconds/minute; tion, 30 min-
80%; 1 session in the  time: 20 minutes;  utes and 8
right and 1 sessionin  intensity: 80% in  hours after
the left side; 8-shaped  the midoccipital treatment
coil region; 8-shaped 2 weeks

Active low-frequency
TMS on the supple-
mentary motor area;
frequency: 1 Hz;
intensity: 100%; 1,200
stimuli/day; trains of

5 minutes with inter-
train interval of 2
minutes

Dell’Osso B, Altamura AC, Allen A, Hollander E. CNS Spectr. Vol 10, No 12. 2005.
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in OCD symptoms based on double-blind evalua-
tions. Responders reported clinically meaningful
improvement in the first week of stimulation. A
dose-response effect with stimulation was found
because the effect persisted for at least 21 months,
suggesting that a placebo effect was unlikely. With
regard to the other two patients, they completed
the study afterwards and their results were pub-
lished separately. Patient 5 received one electrode
in each dorsomedial nucleus of the thalamus and
one in each internal capsule. The study design was

therefore different. The patient was always stimu-
lated bilaterally in either the internal capsule or
the dorsomedial nucleus. These conditions were
then compared with the stimulation-off condi-
tion in a gradual-exposure experiment lasting 15
minutes. Each combination was tested twice in a
randomized order. Final results showed that the
dorsomedial nucleus did not seem to be a good tar-
get for this patient who, moreover, was considered
a nonresponder with longer-term internal capsule
stimulation. Patient 6 experienced a tremendous

Qutcomes

Low-frequency right prefrontal TMS failed to produce signifi-
cant improvement in OCD (Y-BOCS) or any difference from
sham TMS; all patients completed the study; 1 patient receiv-
ing real TMS reported mild headache; no seizures, neurological
complications, or reports of cognitive difficulties

Evaluations after 2 weeks of stimulation and 4 weeks after the
treatment showed significant reduction in obsessions and com-
pulsions in the 2 groups with no significant difference between
right and left stimulation on the overall Y-BOCS score; 4
patients (33%, 2 left and 2 right) had a clinical significant
improvement (Y-BOCS reduction >40%); 1 patient relapsed
but responded somewhat to repeat treatment

Compulsive urges decreased significantly from baseline (NIMH
modified) after right lateral prefrontal rTMS (during stimula-
tion, 30 minutes, both P<.01, and 8 hours after stimulation,
P<.02), but not after left rTMS and not at all in response to
occipital rTMS; obsessive thoughts did not change signifi-
cantly after stimulation; there was a modest increase in posi-
tive mood after right prefrontal rTMS, while left and occipital
stimulation did not affect mood

The sample had a significant clinical general improvement at the
end of the first and second week of treatment, and maintained
benefit at 1-month and 3-months follow-up; 3 out of the 5 pure
OCD patients had a clinically significant improvement, with a
reduction in Y-BOCS scores >40%, and 2 of 3 of the patients with
pure Tourette’s syndrome had a complete remission at second
week (total YGTSS scores of O from baseline scores of 90 and 70);
60% of the total sample had sustained clinical improvement with
rTMS that persisted at 3-months follow-up

Conclusions

Small-size sample study showing no advantage for
OCD patients treated with low-frequency right
rTMS in comparison with patients treated with
sham stimulation; negative findings may be related
to type Il error, since a minimum of 27 subjects in
each treatment condition would have been neces-
sary to reach an 80% power

rTMS may be beneficial in the acute treatment of
treatment-resistant OCD patients with an equal
proportion of patients benefiting from either right-
or left-sided stimulation; stimulation was generally
well-tolerated by subjects with 3 reporting head-
ache; a methodological limitation is the lack of a
controlled group

Small-size, blind-rater study showing that right pre-
frontal rTMS had modest acute effects on compul-
sions, whereas effects of left lateral prefrontal and
occipital stimulation were transient and nonsig-
nificant; obsessions seemed unaffected by rTMS.
Treatment was well-tolerated with 2 patients report-
ing mild headache after stimulation; methodological
limitations involved the duration of the treatment
(one session) and lack of Y-BOCS outcome measures

Small-size open-label trial showing the efficacy
of low-frequency rTMS in patients with OCD; a
different target (the supplementary motor area)
was chosen as stimulation target; no dropouts due
to side effects were reported; treatment was well-
tolerated; limitations involved the design and the
small sample
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improvement (>50% decrease in postoperative
tests) in his aggressive, intrusive thoughts when
stimulation was activated. His mood improved dra-
matically as well. However, since his obsessions
returned with the former intensity 1 week after the
crossover to blinded stimulation-off condition, the
research team, blinded to the stimulation condi-
tion, decided to end this treatment.

Abelson and colleagues®! conducted a double-
blind trial on four subjects with OCD refractory to
at least four anti-obsessional medications and CBT
(Y-BOCS >25; GAF <44). The patients, who had
been on stable medication regimens for 26 weeks
before surgery and during the blinded phase of the
study, received DBS with the implant of quadripolar
stimulating electrodes, placed stereotactically in the
anterior limb of each internal capsule (parameters:
fixed frequency: 130 Hz, pulse width: 210 micro-
seconds, and amplitude range: 3.0-10.5 volts); the
stimulator-off condition was used as the control.
The double-blind phase of the study consisted of
four consecutive 3-week periods (in an alternating
on-off design), followed by an open phase in which
stimulation, medication and CBT were adjusted to
optimize response for <1 year. During the double-
blind phase, patient 2 showed a >35% Y-BOCS
improvement with stimulators on for periods 2
and 3. Patient 3 showed a more moderate Y-BOCS
improvement but also a placebo response. Patient 1
showed greater improvement in OCD and depres-
sion scores with stimulators on than with them
off, but these effects were small and not clinically
meaningful. Patient 4 showed no consistent and
meaningful effects of stimulation during the blinded
phase. During the open phase, two patients showed
a >35% Y-BOCS improvement. One subject
showed mood elevation in response to stimulation.
Orbitofrontal deactivation was seen in the positron
emission tomography scans of the two patients who
had a positive clinical response and not in those
patients who had no response. Side effects, mostly
transient and prominent only at high amplitudes
and monopolar settings, included tingling, nausea,
and diarrhea. This combined double-blind, open-
label, case-report series showed positive results for
DBS in some patients with refractory OCD. Results
seemed comparable with those achieved with abla-
tive, anterior capsulotomy. Chronic stimulation
produced impressive reductions in OCD symptom
ratings and depression, although in one patient
the remission from depression was not maintained.
Beneficial effects varied in onset ranging from 3
weeks to 12 months.

In addition, three recent single-case reports®** of
open DBS treatment, supported the efficacy of DBS
in treatment-resistant patients with OCD. Generally,
stimulation was prolonged for several months after
surgery and positive results were maintained in the
subsequent follow-up visits for up to 15 months. No
serious adverse events were reported.

Electroconvulsive Therapy Studies in
Obsessive-Compulsive Disorder

The published literature on the use of ECT in
treatment-resistant patients with OCD includes
a case series and several individual cases; under-
standably, none was double-blind treatment (Table
3). The case series was reported by Maletzky and
colleagues.?” This is a retrospective study of 32
patients with Diagnostic and Statistical Manual of
Mental Disorders, Third Edition-Revised, treatment-
resistant OCD who received ECT between 1979
and 1991 (19 non-depressed and 13 depressed;
14 were primarily checkers, 13 primarily clean-
ers, 4 did both). They were treated with bilateral
frontotemporal ECT (mean: 3-5 seizures over 2—
3 weeks) and were evaluated 2 days prior to the
start of treatment and at 5 days, 6 months, and 12
months after treatment. Five days after treatment,
there were highly significant differences between
the pre- and post-scores (paired t-tests; P<.001)
on the Bunney Hamburg Depression Scale,”
Wakefield Depression Test,’® and Maudsley
Obsessive Compulsive Inventory.’” At 6-months
posttreatment, the differences were still signifi-
cant, however, by 12 months only the M-OCI
scores remained significantly different from those
prior to ECT. Five patients reported posttreat-
ment agitation which was treated with benzodiaz-
epines. In this study, ECT had an anti-obsessional
effect and the improvements occurred equally fre-
quently and to an equal extent in depressed and
non-depressed groups. However, there are several
methodological limitations, including not being
double-blind, the absence of standard outcome
measures, the use of other drugs during the long-
term phase, and the presence of comorbid depres-
sion in a significant proportion of patients (13
of 32). Furthermore, the technique used by the
authors in terms of electrode placement and num-
ber of seizure per session is not consistent with the
standard ECT procedure.

In addition, several single-case reports**** pro-
vided further evidence of the possible efficacy
of ECT in treatment-resistant OCD. However,
the unblinded design of these reports, the fre-

30-34
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quent comorbidity with other Axis | psychopa-
thology (schizophrenia, depression, and Tourette’s
syndrome), and the different parameters of
ECT used limit the confidence that can be placed
in the findings.

DISCUSSION

To date, there have been only four studies of
TMS in OCD.*# These trials were promising but
inconclusive for several reasons. They differed in
design in important ways: site of stimulation, param-
eters, and treatment duration. In addition, the sam-
ples were small and only one trial was double-blind.
A uniform target area for stimulation, such as the
left dorsolateral prefrontal cortex for major depres-
sion, has not been established; there are published
reports of symptom reduction following stimula-
tion in both right and left prefrontal cortex and the
SMA. Therefore, the promising findings notwith-
standing, conclusions about the possible efficacy of
TMS in OCD are only speculative and need further
research support. Of note, in these studies TMS
demonstrated good tolerability with no dropouts
and only temporary mild side effects. This might
be due to the non-invasiveness of this technique in
comparison with more invasive techniques (DBS,
ECT, and neurosurgery). However, clinicians have
to be prepared for the possibility of seizure, which
represents the most severe adverse event occurt-
ring with rTMS. The occurrence of a seizure is a
very rare event that may be more common at high
frequencies. In order to avoid seizures, clinicians
should monitor patients’ motor threshold weekly
and maintain stimulation parameters in the range of
the published guidelines.*®

Since the power of penetration of TMS in the
brain is no deeper than 2 cm, the main target of this
procedure is the brain cortex. This point has raised
skepticism about the possible efficacy of TMS in
OCD, given the well-established involvement of sub-
cortical circuits in this disorder. However, although
TMS’s penetration is limited to 2 cm, studies com-
bining TMS with functional neuroimaging have
revealed effects of TMS that are distant from the site
of stimulation.!®3*% Furthermore, coils with a deeper
power of penetration are being investigated for their
potential clinical use.®!

In summary, although no recommendations on
the use of this technique can be given, the promising
results, non-invasiveness of TMS and good tolerabil-
ity support further research with this technique.

In addition to promising case reports, the efficacy
of DBS in severe, treatment-resistant or pharma-

cologically intractable OCD is supported by two
small double-blind studies. In the assessment of
DBS efficacy in treatment-resistant OCD patients,
a comparison with traditional neurosurgery may be
helpful. DBS, in fact, might be considered the most
recent, least invasive and non-ablative neurosurgi-
cal procedure for OCD. Although neurosurgical
treatments for psychiatric disorders have a long and
controversial history, neurosurgery is today a mini-
mally invasive and highly selective treatment that is
performed for only a few patients with severe, treat-
ment-refractory psychiatric conditions like OCD.%?
Therefore, preliminary positive findings achieved
with DBS should be compared with most recent
and consistent published data of neurosurgery tri-
als. Recent unblinded, prospective, and retrospec-
tive studies®® report approximately one third of
the patients respond (improvement >35% on the
Y-BOCS) after undergoing one or more neurosur-
gical procedures, including anterior capsulotomy,
cingulotomy, limbic leucotomy, gamma knife cap-
sulotomy. In this perspective, based only on recent
reports, neurosurgery is an effective alternative for
treatment-resistant or pharmacologically intrac-
table OCD patients. However, the irreversibility of
the procedure create concern about the potential
appearance of long-term adverse events, such as
personality changes, in addition to short-term side
effects related to the surgical procedure. In addition,
the surgical procedure would leave approximately
two thirds of the patients in their presurgical condi-
tion. According to preliminary reported data, DBS
might show similar efficacy, but given the non-abla-
tive nature of the procedure, it would offer advan-
tages of reversibility and adjustability. Nevertheless,
possible complications of DBS may occur due to
the surgical procedure, the device and equipment,
and the stimulation itself. Given that the surgical
procedure causes a small amount of displaced tissue,
consequent complications may consist of possible
seizure, hemorrhage, and infection. Published data
on DBS in movement disorders,*” however, indi-
cate the incidence of these complications to be 1%
to 3% for seizure, 1% to 5% for hemorrhage, and
from 2% to 25% for infection. Complications related
to the device range from 5% to 15% and include the
fracture of leads, disconnection, lead movement
and malfunction.®” In addition, in cases in which
DBS is effective, battery depletion can result in re-
emergence of symptoms. Sometimes, moreover, the
implantable neurostimulators, need to be replaced,
an inconvenience occurring approximately every 10
months, requiring a new surgical intervention with
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the associated risks.” Adverse effects due to stimu-
lation are the most common, but they are fully
reversible with changes in stimulation technique.
Finally, Landau and Perlmutter” reported marked
affective changes in patients with movement dis-
orders treated with DBS.

The long history of ECT in psychiatric disor-
ders notwithstanding, published data on the use

of this procedure in the treatment of OCD are
quite scarce, and mostly limited to single-case
reports. In addition, it is likely that negative case-
reports would not have been published. There are
some interesting reports of efficacy of ECT treat-
ment in patients with treatment-refractory OCD
that showed only mild and temporary side effects
(confusion and headache) and no serious adverse

TABLE 3. DBS EFFICACY IN OCD TREATMENT IN BLINDED AND NON-BLINDED STUDIES AND CASE-
REPORT SERIES
Study
Authors  Design Control
(year) & Setting Sample Features Tx Group Group Trial Length
Nuttin DB; PG; 6 subjects with DSM- Quadripolar electrodes bilater- ~ Stimulator-  Up to 21 months
etal Crossover; IV OCD refractory ally in the anterior limbs of the  off condi-
(1999)38 Inpatients  to various anti-obses- internal capsules; parameters: tion
Nuttin sional treatments, and  pulse width: 210-450 micro-
etal CBT; Y-BOCS >30, seconds; frequency: 100 Hz;
(2003)» GAF <45, both for a amplitude range: 4.0-10.5 volts
Gabriels minimum of 5 years;
etal only 4 completed the
(2003) entire study
Abelson DB; PC; 4 subjects with DSM- Quadripolar stimulating Stimulator- DB phase: 4 consec-
et al Inpatients [V OCD refractory to  electrodes were placed stereo-  off condi- utive 3-week periods
(2005)% at least 4 anti-obses- taxically in the anterior limb of  tion (on-off design)
sional medications and  each internal capsule; param- followed by an open
CBT; Y-BOCS >25; eters: fixed frequency: 130 Hz; phase in which
GAF <44 pulse width: 210 microseconds; stimulation, medica-
amplitude range: 3.0-10.5 volts tion, and CBT were
allowed to optimize
response up to 1 year
Aouizerate UB; UC 1 inpatient with DSM-  Quadripolar electrodes bilater- Up to 15 months
etal IV OCD refractory to  ally, 2 in the nucleus accum-
(2004)2 prior traditional anti- bens, and 2 in the ventral
obsessional medica- caudate nucleus; parameters: 4
tions and CBT volts; frequency: 130 Hz, pulse
duration: up to 130 microsec-
onds
Anderson  UB; UC 1 inpatient with DSM-  Electrodes bilaterally in the Up to 10 months
etal IV OCD refractory to anterior limbs of the internal
(2003)# prior traditional anti- capsules; parameters: 2 volts;
obsessional medications  frequency: 100 Hz; pulse width:
and CBT; baseline Y- 210 microseconds
BOCS score: 34
Fontaine UB; UC 1 inpatient with Electrodes bilaterally in the 12 months
etal treatment refractory subtalamic nucleus performed
(2004)% OCD and Parkinson’s  to treat Parkinson’s disease
disease, Y-BOCS motor disability; parameters:
score: 32 3.5 volts right and 1.3 volts
left; frequency: 185 Hz; pulse
width: 60 microseconds
DBS=deep brain stimulation; OCD=obsessive-compulsive disorder; Tx=treatment; PC=placebo-controlled; DSM-IV=Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition; CGl=Clinical Global Impression scale; CBT=cognitive-behavioral therapy; GAF=Global Assessment of Function;
DB=double-blind; PET=positron emission tomography; UB=unblinded; PC=placebo-controlled; UC=uncontrolled.
Dell’Osso B, Altamura AC, Allen A, Hollander E. CNS Spectr. Vol 10, No 12. 2005.
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events. However, the frequent Axis I comorbid-
ity, such as depression, among the study patients
and the lack of standard outcome measures, keeps
these studies from being considered definitive.
When this weak evidence is considered along
with the absence of blinded trials and the inva-
siveness of the procedure, it is clear that ECT
cannot be strongly recommended for pure treat-

ment-resistant OCD at this time. However, ECT
could be used to target comorbid conditions, such
as depression, that may be exacerbating OCD
symptoms. Of note, multiple sclerosis, which has
not yet been tested in OCD patients, might offer
a more focal stimulation and a more benign side-
effect profile. Thus, this may be a valuable proce-
dure to investigate further.

Outcomes

During the stimulation-on condition, 3 of the 4 patients were
considered responders (postoperative Y-BOCS scores at least
35% lower than the preoperative scores) CGI scores decreased
from 5 in the stimulation-off condition to a mean score of 3.3
for these 4 patients when the stimulator was turned on; side
effects included fatigue and memory disturbances.

During the DB phase, 1 of 4 patients showed a >35% Y-BOCS
improvement; another patient showed a more moderate Y-
BOCS improvement but also a placebo response and the other
2 patients did not show clinically significant response; during
the open phase 2 patients showed a >35% Y-BOCS improve-
ment; 1 subject showed mood elevation in response to stimu-
lation; orbitofrontal deactivation was seen in the PET scans
of the 2 patients who had positive response and not in those
patients who had no response; side effects, mostly transient
and prominent only at high amplitudes and monopolar set-
tings, included tingling, nausea, and diarrhea

After 12 months of treatment, DBS induced a major improve-
ment in OCD symptoms (Y-BOCS <16) in addition to the
reduction in the severity of depression and anxiety, which had
occurred within the first 3 months post-DBS; neuropsychologi-
cal testing showed no deterioration

Patient reported a dramatic improvement of symptoms; the
3-month postoperative Y-BOCS score was 7; at the 10-month
follow-up, the patient was able to return to the workforce and
all compulsions had abated

At 1-year follow-up, motor and OCD symptoms were dra-
matically improved (Y-BOCS score decreased from 32 to 1).
OCD improvement started after 1 week and symptoms disap-
peared after 6 months; this effect remained the same 1 year
after surgery

Conclusions

Small case-report series showing that bilateral elec-
trical stimulation in the anterior limbs of the inter-
nal capsules may induce a significant decrease in
OCD symptoms based on DB evaluations; responders
reported clinically meaningful improvement in the
first week of stimulation; the stimulation-induced ben-
eficial effect was maintained for at least 21 months
after surgery

Combined DB, open-label, case-report series showing
positive results for DBS in some patients with refrac-
tory OCD. Results seemed comparable with those
achieved with ablative, anterior capsulotomy; chronic
stimulation produced impressive reductions in OCD
symptom ratings and depression, although in 1 patient
the depression remission was not maintained; ben-
eficial effects needed variable time to appear ranging
from 3 weeks to 12 months

Single-case report showing that DBS of the ventral
caudate nucleus markedly reduced patient’s OCD
after 1 year of DBS; major depression was alleviated
much earlier; no cognitive deterioration occurred
and no side effects were reported

Single-case report showing a remarkable improvement
of OCD symptoms after 10 months of DBS treatment;
no adverse effects were reported

Single-case report showing a dramatic improvement in
OCD symptoms in a patient with Parkinson’s disease
treated with DBS of the subtalamic nucleus
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FUTURE DIRECTIONS

TMS has already shown potential usefulness
in at least three important domains—as a basic
instrument for neuroscience research, as a poten-
tial clinical diagnostic tool, and as a therapy for
various psychiatric disorders. However, TMS has
been investigated only recently in the treatment of
OCD and other anxiety disorders (ie, panic disor-
der, posttraumatic stress disorder), whereas a more
consistent number of trials and related meta-analy-
ses’68% have already reported greater antidepres-
sant effects for rTMS in depressed patients. Doubts
about the efficacy of TMS in OCD treatment have
been raised by the limited depth of penetration of
the technique (~2 cm), given the involvement of
subcortical circuits in the physiopathology of the
disease, and by the absence of a well established
localization for the stimulation. However, as already
discussed, cortical stimulation does not exclude pos-
sible effects in distant and deeper areas. Additional
clinical trials could help define the best position
for the coil placement. Of note, this technique is
the only one not requiring anesthesia: the patient
is seated during the treatment, which is performed
in day-hospital setting. Currently, TMS is the only
brain stimulation device that can non-invasively
and relatively painlessly focally stimulate the brain
of awake individuals.®! Treatment-related side
effects are mild and well-tolerated. Furthermore, it
is easier to design and conduct double-blind clini-
cal trails with TMS than with more invasive meth-
ods. In conclusion, the non-invasiveness, the good
tolerability and the relative ease of conducting dou-
ble-blinded trials represent important advantages
for future research with TMS in OCD. Of note, the
combination of TMS with functional neuroimag-
ing in OCD trials might allow direct monitoring
of TMS effects on the brain as already suggested by
several studies.®

The efficacy of DBS in severe, treatment-resis-
tant or pharmacologically intractable OCD has been
tested so far in a small number of subjects. Published
studies, some with a blinded design, have provided
promising results. The rationale of DBS is to block
hyperactive circuits of OCD with high frequency
stimulating electrodes placed in the internal cap-
sule. Certainly, this procedure is more invasive than
TMS, it requires general anesthesia and entails risks
related to the surgery, to the device and to the stim-
ulation. In addition, it is important to highlight that
eff ective stimulation parameters may vary notably
across patients in terms of frequency and amplitude.
However, when comparing DBS with traditional

ablative neurosurgery, which is still controversial
due to its irreversibility, DBS has the advantage of
being reversible and nonablative nature. Further
investigation of this technique is warranted

ECT is well established treatment for severe
forms of depression; however, it showed mixed
results in treatment-resistant OCD. Published cases
reported on patients with high rates of comorbidity
(ie, depression, schizophrenia) and, therefore, the
validity of this procedure for pure OCD is unclear.
Recent evolutions of ECT, such as MST, combin-
ing a more focal stimulation with better tolerabil-
ity might produce renew interest in convulsive
techniques in the treatment of OCD.

CONCLUSION

In the last decade, brain stimulation approaches
to neuropsychiatric disorders have been increas-
ingly investigated and are currently defining a
“third way” of treatment besides the traditional
ones, pharmacologic therapy and psychotherapy.
Treatment-resistant OCD provides an important
challenge for clinicians and researchers. For some
of them, OCD can at times be an intractable ill-
ness. Nevertheless, there is a growing number of
management options which open new prospects
of treatment. Treatment studies with brain stimu-
lation techniques (TMS, ECT, DBS) in severe,
treatment-refractory or pharmacologically intrac-
table OCD, have demonstrated different degrees of
efficacy, which varies depending on the details of
the technique, and different invasiveness and tol-
erability. Overall, there were important limitations
in the design of the trials. Therefore, the level of
confidence in the results of these therapies is lim-
ited, and none can be recommended at this time
based on the published data. However, additional
research is being conducted with TMS and DBS
due to the promising findings and the non-inva-
siveness of the former procedure and the revers-
ibility of the latter. Since these techniques can be
studied in double-blind trials, it is possible that
they may be refined and their efficacy and optimal
treatment protocols may be established.
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