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Abstract Background Obsessive-compulsive disorder (OCD) is a chronic debilitating psychiat-
ric condition with adverse impact on patient’s sociooccupational health. Refractoriness
to pharmacotherapy and psychotherapy is not uncommon. Gamma Knife radiosurgery
(GKRS) is the comprehensively used and reviewed treatment modality in refractory
OCDworldwide. In India, the past two decades of increasing GKRS availability has failed
to create the necessary local awareness of its usefulness in refractory OCD. Limited
native literature deepens the problem.
Objective To analyze our experience with GKRS in refractory OCD, and report the
safety and efficacy/long-term outcome in patients using the Yale–Brown Obsessive-
Compulsive Scale (Y-BOCS).
Materials and Methods A retrospective review of patients receiving GKRS for
refractory OCD between 2000 and 2020 was carried out. Case files of the eligible
(n¼9) patients were reviewed for clinical, radiotherapeutic, and outcome data.
Additionally, patients were contacted via telephone to enquire about their experiences,
and to obtain retroactive consent for GKRS in June 2021. Information obtained was
collated, computed, and analyzed.
Results Male-to-female sex ratio was 8:1. Mean age at the time of GKRS and mean
duration of OCD prior to GKRS was 30.1� 9.4 and 10.2�5.8 years, respectively. Mean
baseline Y-BOCS score was 29.6� 4.7. Our first patient received cingulotomy, while the
rest underwent anterior capsulotomy. Median margin dose (50% isodose) was 70 Gy.
Also, 23.8�7.7 was the mean Y-BOCS score at the last follow-up (median¼30
months). Overall, 44.4% patients showed full/partial response (�25% reduction in Y-
BOCS score) at the last follow-up. In anterior capsulotomy (eight patients), patients
with moderate/severe OCD showed better response (4/5 responders) than those with
extreme OCD (0/3 responders). Single case of cingulotomy resulted in no response
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Key Message

GKRS is a safe and effective noninvasive treatment modal-
ity for refractory OCD. Proper awareness about the avail-
ability and efficacy of GKRS in refractory OCD is required
in India.

Introduction

Obsessive-compulsive disorder (OCD) is a chronic debilitat-
ing psychiatric condition characterized by obsessions (recur-
ring intrusive thoughts, ideas, or images) and/or
compulsions (recurring ritualized behaviors) which are anx-
iety inducing, time-consuming, and result in poor socio-
occupational health.1 With 2 to 3% of prevalence seen in
general population, OCD is the fourth most commonly diag-
nosed psychiatric condition worldwide.2 Advancements in
pharmacotherapeutics and psychotherapy (first-line treat-
ments) have failed to reduce the refractoriness (10–20%) in
OCD patients.3 Chronicity, young age at diagnosis, and treat-
ment refractoriness negatively impact patient’s functional
status which, in severe cases, may result in suicidal ideations
and premature death.4 Hence, it is imperative to treat OCD
cases timely and appropriately to keep in check its socioeco-
nomic burden on the society.

Since the middle of 20th century, furtherance in the
principles of stereotaxy and neuroimaging, along with the
betterment in the understanding of the hyperactive orbito-
fronto-striato-thalamo-cortical circuitry, has led to neuro-
surgical procedures being increasingly resorted to in the
management of refractory OCD patients.5,6 At present, a
range of ablative techniques are available to target regions
like anterior limb of internal capsule (ALIC; anterior capsu-
lotomy, preferred with the largest evidence), anterior cingu-
late gyrus/cingulum bundle (cingulotomy), ventral cortico-
striatal tracts (subcaudate tractotomy), and others.7 Though
the initially developed invasive stereotactic radiofrequency
thermocoagulation techniques are still in practice for select-
ed cases, their noninvasive counterparts, like Gamma Knife
radiosurgery (GKRS) and magnetic resonance–guided fo-
cused ultrasonography (MRgFUS), have taken over as the
preferred treatment modalities, especially for anterior cap-
sulotomies.8,9 Additionally, theoretically superior neuromo-
dulation techniques, like deep brain stimulation (DBS), are
yet to prove their worthiness in refractory OCD, justifying
their high cost and associated multiple invasive procedures

(electrode replacement/battery changes) by achieving better
targeting and/or outcome.10

GKRS lesioning has been increasingly employed in treat-
ing refractory OCD in the past three decades.8 Evidence-
based tailoring of the GKRS radiotherapeutic profile and
targeting, has led to the expanding of its therapeutic win-
dow, allowing even moderate yet disabling refractory OCD
cases to safely reap the benefits of GKRS lesioning. As GKRS
acts by both direct modulation of pathological neural path-
ways and in synergy to the ongoing pharmacological or
psychological therapies, the patients should clearly be
explained about the expected outcomes (especially, need
for continuing first-line therapies, 50–75% response rates,
and low but existing risk of adverse effects). In India, the past
two decades of increasing GKRS availability has failed to
create the necessary local awareness of its usefulness in
refractory OCD. No native literature is available on the
experiences with GKRS in refractory OCD cases, except a
single case report about late radiation necrosis post-GKRS
capsulotomy.11 In this study, we aim to analyze our center’s
experience with GKRS in refractory OCD and report the
safety, and efficacy/long-term outcome in patients using
the Yale–Brown Obsessive Compulsive Scale (Y-BOCS).

Materials and Methods

Study Design
This is a retrospective study including all the consecutive
cases (n¼9) of refractory OCD treated by GKRS lesioning,
between 2000 and 2020, at the Parmanand Deepchand
Hinduja hospital inMumbai. Casefiles of the eligible patients
were reviewed for clinical, radiotherapeutical, and outcome
data. Additionally, patients were contacted via telephone to
enquire about their experiences, and to obtain retroactive
consent for GKRS in June 2021. Retroactive consent was
defined as the hypothetical continued willingness of the
patient to uphold the pre-GKRS lesioning consent given by
self, having experienced its effects. Information obtainedwas
collated, computed, and analyzed. Means, medians, and
standard deviations were calculated for various continuous
variables. Standard statistical tests were used applied and a
p-value of <0.05 was considered significant.

Patient Selection
Every patient’s suitability for GKRS was jointly decided by a
multidisciplinary team comprising of psychiatrists, clinical

(<25% reduction in Y-BOCS score). No adverse radiation effects were noted. Also,
55.6% patients gave retroactive consent telephonically.
Conclusion GKRS is a safe and effective noninvasive treatmentmodality for refractory
OCD. Ventral anterior capsule is the preferred target. Maximum radiation doses of 120
to 160 Gy are well tolerated. Extremely severe OCD cases fared poorer. Proper
awareness about the availability and efficacy of GKRS in refractory OCD is required
in India.
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psychologists, and neurosurgeons. Only those patients with
chronic (>5 years), excessively time consuming, sociooccu-
pationally impairing, and refractory OCD with Y-BOCS score
� 24 (severe OCD) and without any structural brain abnor-
malities were considered for GKRS lesioning.8 One exception
to this rule of minimum Y-BOCS score was made for patient
no. 3 treated with GKRS, as he was fulfilling every other
criterion and was insistent on receiving GKRS to be able to
continue his higher education. Refractoriness of the OCDwas
determined by an independent psychiatrist, as failure of at
least three adequate trials of serotonin reuptake inhibitors
(including clomipramine), an adequate trial of psychothera-
py, and/or ablative neurosurgical procedure (other than
GKRS). Detailed consultations regarding expectations from
GKRS lesioning, and possible outcomes were done with the
patient and family before obtaining informed consent in
every case.

Clinical Assessment and Follow-up
Every patient receiving GKRS for refractory OCD was sub-
jected to a fresh neurological and neuropsychological
examinations prior to the procedure. Severity of the refrac-
tory OCD was quantified based on Y-BOCS test, adminis-
tered by an experienced clinical psychologist. Interpretation
of the obtained Y-BOCS scores was as follows: 0 to 7
indicating subclinical symptoms, 8 to 15 mild symptoms,
16 to 23 moderate symptoms, 24 to 31 severe symptoms,
and 32 to 40 extreme symptoms.12 Response to GKRS
lesioning at last follow-up was classified based on change
in Y-BOCS scores as follows: “full responder” if �35%
reduction seen in Y-BOCS score, “partial responder” if 25
to 34% reduction seen in Y-BOCS score, and “nonresponder”
if <25% reduction seen in Y-BOCS score.13–16 Patients with
both full and partial responses were considered responders.
All the patients were followed-up at every 6 months in the
first-year post-GKRS, and yearly thereafter. Each follow-up
involved a fresh clinical psychology and a psychiatric con-
sultation, with magnetic resonance imaging (MRI) brain in
the first two follow-ups to confirm the GKRS lesioning
status.

Gamma Knife Radiosurgery Procedure
On the day of the procedure, the Leksell frame (model G,
Elekta) was fixed to the head of the patient under local
anesthesia. Using thin (1mm) volumetric MRI T1-weighted
images and T2-weighted axial and coronal slices, target sites
were marked by the neurosurgeon with the help of a radiol-
ogist and a radiation physicist. Since ours’was the first GKRS
center in the entire South Asian region and refractory OCD
referrals were limited, our targeting techniques kept evolv-
ing with our own experiences, and with the emerging global
consensus. Our first patient underwent a cingulotomy,
wherein we delineated the anterior portion of the cingula
from the level of the anterior commissure and placed two
shots/isocenters to target each delineated area using 4-mm
collimators. Rest of the patients (n¼8) underwent an
anterior capsulotomy, wherein variable number of
shots/isocenters (2 to 5) were placed using 4-mm collima-

tors, targeting the midputaminal point of the ALIC on each
side, at the most ventral portion. Majority of our anterior
capsulotomies involved either triple shot/isocenter lesioning
(five patients) or double-shot/isocenter lesioning (two
patients), both targeting the ventral ALIC. Only one patient
received more than three shots/isocenters targeting (nine
shots bilaterally) the entire ALIC, based on an individualized
decision between the neurosurgeon, psychiatrist, and the
patient. Presently, we follow the double-shot/isocenter tar-
geting technique to midputaminal ventral ALIC, similar to
gamma ventral capsulotomy (GVC) used worldwide. Maxi-
mum radiation dose (100% isodose) varied between 120 to
160 Gy. The Leksell frame was removed postprocedure and
sterile dressings were applied to the pin sites. The patients
were discharged home on first postoperative day. ►Fig. 1

shows two serial follow-up MRI images post-GKRS anterior
capsulotomy, including GKRS planning, in patient no. 3.

Results

Demographics
Male-to-female sex ratio was 8:1. Mean age at the time of
GKRS andmean duration of OCD prior to GKRSwas 30.1�9.4
and 10.2�5.8 years, respectively. Comorbid psychiatric con-
ditions like generalized anxiety disorder (55.6%), major
depression (44.4%), and suicidal ideations (33.3%) were
seen. Most common types of obsessions and compulsions
noted in the study groupwere contamination and cleaning or
washing, respectively. Mean baseline Y-BOCS score was
29.6�4.7. All the patients had received multiple unsuccess-
ful trials of both pharmacotherapy and psychotherapy pre-
GKRS, with one patient having history of failed thermocin-
gulotomy. Other details like educational, employment, and
marital status of the study group have been described in
►Table 1.

Radiotherapeutic Profile and Outcome Data
Our first patient received cingulotomy, while the rest under-
went anterior capsulotomy. Median margin dose (50% iso-
dose) was 70 Gy (range¼60–80 Gy). Total shots/isocenters
used to deliver the radiation dose ranged from 4 to 9
(median¼6). 23.8�7.7 was the mean Y-BOCS score at the
last follow-up (median¼30 months, range¼3–192
months). Overall, 44.4% patients showed full/partial re-
sponse (�25% reduction in Y-BOCS score) at the last fol-
low-up. Single case of cingulotomy resulted in no response
(<25% reduction in Y-BOCS score; ►Table 2).

On subgroup analysis in anterior capsulotomy group
(eight patients), 50% full/partial response was seen. Patients
with moderate/severe OCD showed better response (4/5
responders) than those with extreme OCD (0/3 responders;
p¼0.02). Duration of OCD prior to GKRS (<10 or �10 years)
and maximum radiation dosage received showed no mean-
ingful association with response rates. Responders in triple-
and double-shot/isocenter lesioning were two out of five
patients, and one out of two patients, respectively. Single
multishot lesioning (>3 shots/isocenters) resulted in partial
response at last follow-up.
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MRI imaging to confirm post-GKRS lesioning status was
available in eight out of nine patients, with appropriately
placed lesions as per GKRS planning in seven out of eight
patients. Post-GKRS treatment modalities employed in the
study group included pharmacotherapy (55.6%), psychother-
apy (22.2%), thermocapsulotomy (11.1%), and transcranial
direct current stimulation (11.1%). Employment status
remained the same till the last follow-up, except for the
two students in the study group who finished their gradu-

ations and went on to be successfully employed, albeit with
some limitations. No major adverse radiation effects were
noted till the last follow-ups. Normal neurological status was
seen in all the patients. Two patients reported an increase in

Fig. 1 (A1–C2) Serial MRI images belonging to patient no. 3, who
underwent GKRS anterior capsulotomy. (A1–A2) Axial (A1) and
coronal (A2) T1-weighted images showing marked anterior limb of
internal capsule (ALIC) bilaterally (blue line-right ALIC; purple line-left
ALIC), with ventral mid-putaminal ALIC receiving 70 Gy margin dose
(50% isodose line – yellow) via 3 shots/isocenters. (B1–B2) Axial (B1)
T1-weighted and coronal (B2) FLAIR images showing post-GKRS
lesioning status at 6 months. Bilateral hypointense ALIC lesions (left
more than right) can be appreciated. Additionally, FLAIR images show
surrounding hyperintense post-GKRS effects. (C1–C2) Axial (B1) T1-
weighted and coronal (B2) FLAIR images showing post-GKRS lesioning
status at 12 months. Resolution of hyperintensity surrounding ALIC
lesions seen on FLAIR images. FLAIR, fluid-attenuated inversion
recovery; GKRS, Gamma Knife radiosurgery; MRI, magnetic resonance
imaging.

Table 1 Demographics and clinical data of the study group

Characteristic Frequency/
Mean� SD/n (%)

Patients (n) 9

Age at GKRS (y) 30.1�9.4

Sex ratio (male:female) 8:1

Duration of OCD prior to GKRS (y) 10.2�5.8

Comorbid conditions

Generalized anxiety disorder 5 (55.6)

Major depression 4 (44.4)

Suicidal thoughts 3 (33.3)

Types of obsessions

Contamination 7 (77.8)

Doubting 5 (55.6)

Ordering 2 (22.2)

Aggressive 4 (44.4)

Sexual 3 (33.3)

Types of compulsions

Cleaning/washing 7 (77.8)

Checking 4 (44.4)

Ordering/arranging 4 (44.4)

Scrupulosity 3 (33.3)

Hoarding 2 (22.2)

Education status

High school 3 (33.3)

Undergraduate 5 (55.6)

Postgraduate 1 (11.1)

Employment status prior to GKRS

Employed 3 (33.3)

Unemployed 3 (33.3)

Student 2 (22.2)

Housewife 1 (11.1)

Marital status prior to GKRS

Unmarried 7 (77.8)

Married 2 (22.2)

Pre-GKRS treatment modalities

Pharmacotherapy 9 (100)

Psychotherapy 9 (100)

Thermocingulotomy 1 (11.1)

Baseline Y-BOCS score prior to GKRS 29.6�4.7

Abbreviations: GKRS, Gamma Knife radiosurgery; OCD, obsessive
compulsive disorder; SD, standard deviation; Y-BOCS, Yale–Brown
Obsessive Compulsive Scale.
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weight of>5kg in the anterior capsulotomy group. None had
reported any personality changes.

Individual Case Details
Detailed demographic and radiotherapeutic characteristics,
along with outcome and follow-up data of the study group
has been presented in ►Table 3. Some of the unique patient
profiles and their details are as follows:

• Patient no. 3 was a case of posttraumatic (diffuse axonal
injury) refractory OCD with moderate severity (Y-BOCS

¼19). Patient was a medical doctor himself and was
severely debilitated by the disease itself, as well as the
side effects of prescribed pharmacotherapeutics. In view
of being able to continue his higher studies, patient was
insistent on GKRS anterior capsulotomy, very well under-
standing its risk-to-benefit ratio. Patient withstood the
procedure well (►Fig. 1) and is completely off the med-
ications with manageable OCD symptoms.

• Patient no. 4 was the only patient in the study group with
prior nonresponse to an ablative procedure (thermocin-
gulotomy). He remained nonresponder to GKRS anterior
capsulotomy till last follow-up. So, careful counseling
prior to GKRS lesioning is required in patients who are
nonresponders to a radiologically successful ablative pro-
cedure in the past.

• Patient no. 5 was a nonresponder at 1-year follow-up
post-GKRS anterior capsulotomy, with MRI imaging
showing radiologically failed anterior capsulotomy status
as shown in ►Fig. 2A. Patient and the family were
counselled regarding the same and were given an option
of undergoing a thermocapsulotomy via radiofrequency
ablation. Patient consented for the same, and the post-
lesioning status was as seen in the MRI in ►Fig. 2B. This
resulted in tremendous improvement in his Y-BOCS (¼18)
scores and is continuing to be off medications with
manageable OCD symptoms.

Retroactive Consenting
In June 2021, all the patients were contacted telephonically
to enquire about their expectations and practical experien-
ces with GKRS lesioning in treating their OCDs. Five (55.6%)
patients said that their GKRS results were significant enough
to warrant a retroactive consent for the same. Patient no. 5,
who received a thermocapsulotomy post-GKRS nonre-
sponse, gave a retroactive consent for the former type of
capsulotomy. And four (44.4%) patients said that they would
recommend GKRS lesioning to other fellow OCD patients.

Discussion

In this retrospective study, we present the experience of the
first GKRS center established in the South Asian region, in
treating refractoryOCD. Our targeting techniques kept evolv-
ing in the last two decades, with our own experiences, and
with the emerging global consensus. Hence, a spectrum of
radiotherapeutic profiles and targeting techniques can be
seen in our study group (►Table 3). Despite these dissim-
ilarities in the study group, the observations made in our
results section reinforce the robust safety (no major adverse
radiation effects) and fair efficacy/long-term outcome (44.4%
overall; 50% in anterior capsulotomies) of GKRS lesioning in
refractory OCD cases. Extremely severe (Y-BOCS � 32) OCD
cases fared poorer compared to moderately/severely (Y-
BOCS: 16–31) affected OCD cases which is a unique finding.
A good proportion of our patients extending retroactive
consent (55.6%) for GKRS lesioning is an excellent rebuttal
to the naysayers in the field. More native literature from
various GKRS centers in India, regarding their experiences

Table 2 Radiotherapeutic profile and outcome data in the
study group

Characteristic Frequency/n
(%)/median
(range)

Sessions of GKRS (n) 9

Targets of GKRS

Cingulotomy 1 (11.1)

Anterior capsulotomy 8 (88.9)

Margin dose (50% isodose) in Grays 70 (60–80)

Shots/isocenters 6 (4–9)

Follow-up after GKRS (mo) 30 (3-192)

Y-BOCS score at last follow-up (mean� SD) 23.8�7.7

Post-GKRS outcome in anterior
capsulotomy (patients¼ 8)

Full/partial responders (�25% reduction
in Y-BOCS score)

4 (50)

Nonresponders (<25% reduction in
Y-BOCS score)

4 (50)

Post-GKRS outcome in cingulotomy
(patients¼ 1)

Nonresponder (<25% reduction in
Y-BOCS score)

1 (100)

Adverse radiation effects 0 (0)

Post-GKRS treatment modalities

Pharmacotherapy 5 (55.6)

Psychotherapy 2 (22.2)

Thermocapsulotomy 1 (11.1)

Transcranial direct current stimulation 1 (11.1)

Employment status at last follow-up

Employed 5 (55.6)

Unemployed 3 (33.3)

Housewife 1 (11.1)

Marital status at last follow-up

Unmarried 7 (77.8)

Married 2 (22.2)

Retrospective consent for GKRS obtained
telephonically

5 (55.6)

Abbreviations: GKRS, Gamma Knife radiosurgery; SD, standard devia-
tion; Y-BOCS, Yale–Brown Obsessive Compulsive Scale.
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with refractory OCD, will bring about the required
awareness.

Neurosurgery in Refractory Obsessive-Compulsive
Disorder
Neurosurgery has a last-tier role to play in the management
of refractory OCD. It is prudent to mention the contributions
of Sao Paulo group in championing the strict
inclusion/exclusion criteria for neurosurgery in refractory
OCD.8,16 They advocate neurosurgical treatment only if
patients have the following: (1) a main diagnosis of OCD
(troublesome OCD symptoms, if comorbid axis-I or -II dis-
orders present); (2) Y-BOCS score of �28 or �14 if only
obsessions or only compulsions are present, with OCD being
extremely time consuming or impairing in all the cases; (3)
�5 years of severe OCD symptoms despite adequate treat-
ment trials; (4) refractoriness defined as insufficient re-
sponse to �3 adequate trials with serotonin reuptake
inhibitors (at least one with clomipramine), �2 adequate
augmentation strategies (typical/atypical antipsychotic
drugs or clomipramine), and �20hours of OCD-specific
behavioral therapy.8

Procedures available are of following two types: ablative
and neuromodulatory.5 More commonly used are the abla-
tive procedures which are permanent lesioning techniques,
employing either invasive (electrocautery/radiofrequency)
or noninvasive (GKRS and MRgFUS) lesion generators.5,8,10

No single clinical study is available till date, comparing the
safety and efficacy/long-term outcome of various ablative
techniques, that is, anterior capsulotomy, cingulotomy, sub-
caudate tractotomy, and limbic leucotomy (a combination of
anterior cingulotomy and subcaudate tractotomy). A recent
meta-analysis published by Lai et al, comparing various
ablative procedures and their outcomes; a pooled group of
459 patients found response rates of 59, 47, and 36%,
respectively, with anterior capsulotomy, limbic leucotomy,
and cingulotomy.7 This reinforces the selective preference
enjoyed by the anterior capsulotomy in treating refractory
OCDworldwide. Though GKRS remains themost widely used

and thoroughly studied noninvasive ablative technique for
now, MRgFUS is rapidly gaining ground on the basis of its
ability to monitor in real-time the lesion formation and
avoiding exposure to ionizing radiations.10

DBS is the Food and Drug Administration (FDA) approved
(on humanitarian grounds) neuromodulatory procedure
available for refractory OCD.5,10 Surgeons are increasingly
lured by its adjustability and reversibility compared to
permanent ablative procedures, even though DBS has some
major inherent disadvantages like life-long follow-up, mul-
tiple surgeries, and higher cost.10 Commonly used DBS
targets include ALIC, ventral capsule/ventral striatum, nu-
cleus accumbens, and others. The onlymeta-analysis (Kumar
et al) available on the comparative effectiveness of ablative
procedures and DBS in refractory OCD has been a myth
buster. Across 681 cases in 56 studies, ablative procedures
had a better Y-BOCS scores reducing ability of 50.4% (vs.
40.9% of DBS). Concluding that in its current form, the
theoretical superiority of DBS over an ablative procedure
does not appear to positively affect its outcome profile.10

Gamma Knife Radiosurgery Lesioning in Refractory
Obsessive-Compulsive Disorder
Since its introduction as a noninvasive lesioning technique
for ablative OCD procedures by Karolinska Institute in 1976,
GKRS lesioning has seen a significant evolution in its target-
ing techniques and radiotherapeutic profiling. GKRS in re-
fractory OCD is synonymous with GKRS anterior
capsulotomy, as the interest in targeting other sites (like
cingulotomy) with GKRS never picked up.8 Though anterior
capsulotomies were started with higher 180 to 200 Gy
radiation doses, the associated adverse radiation effects,
and absence of better outcome advantage, compelled the
reduction of radiation doses to 120 to 160Gy.8With regard to
evolution of shots/isocenters placement in anterior capsu-
lotomies, the journey of GKRS startedwith themiddle part of
the ALIC (single shot), going on to include the entire ALIC
(three shots), and, more recently, progressing to target only
the ventral portion of the capsule (single or double shots)
called gamma ventral capsulotomy (GVC).17 The meta-anal-
ysis by Lai et al also analyzed effectiveness of various types of
lesioning in ALIC and found response rates of 58, 67, and 80%
in the groups with lesions involving the entire ALIC (three
shots), the ventral third of ALIC (double shots), and the
ventral capsule (single shot), respectively.7 This justifies
the increasing trend of GVC seen worldwide in refractory
OCD management. Furthermore, GVC is the only ablative
procedure whose safety and efficacy has been validated by a
double-blind, sham-controlled, randomized clinical trial.16

Additionally, there is an increasing evidence to suggest the
usefulness of diffusion tensor imaging (DTI) in delineating
the orbitofrontal cortex (OFC) bundles in ALIC, and the
potential help it provides in shots/isocenters placement for
better outcome in GVC.18 Graph in ►Fig. 3 delineates the Y-
BOCS–based outcome seen in various studies published on
GKRS anterior capsulotomy.14–17,19–24 Though the study
groups have varying spectrum of demographical, clinical,
and radiotherapeutic profiles, the long-term response rates

Fig. 2 (A, B) Serial MRI axial T1-weighted images in patient no. 5.
(A) 1-year follow-up MRI post-GKRS anterior capsulotomy, showing
radiologically failed anterior capsulotomy status. Subsequently,
patient received a bilateral thermocapsulotomy via radio-frequency
ablation. (B) MRI images showing post thermo-capsulotomy status.
Bilateral ALIC lesions can be appreciated. ALIC, anterior limb of
internal capsule; GKRS, Gamma Knife radiosurgery; MRI, magnetic
resonance imaging.
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are uniformly in the range of one-half to two-thirds in all the
studies, including the present one.8

About 90% of adverse radiation effects are transient and
manageable which includes headaches, cognitive deficits,
and behavior problems. Minority of patients end up with
permanent deficits like personality changes, as well as brain
cysts or brain edema.7 Themeta-analysis reported by Lai et al
commonality of adverse effects in postanterior capsuloto-
mies in the following order: headache (19.2%), behavioral
disorders (10.4%), cognitive deficits (9.1%), vestibular symp-
toms (9.1%), mood changes (6.5%), urinary incontinence
(6.2%), and others. Risk of severe permanent effects like brain
cysts or brain edema (1.6%) was small.7 Radiation doses of
120 to 160 Gy and precise shot/isocenter placement (like
GVC) has brought down the risk of adverse radiation effects
significantly.

Limitations

Our study has various limitations. Being a retrospective
study, the accuracy of past clinical data obtained through
medical records is nonuniform and lacking. Though admin-

istered by experienced in-hospital clinical psychologists, Y-
BOCS scores could not be standardized using interrater
reliability. Follow-up data (frequency and intervals) were
not consistent enough to comment on the changes in Y-BOCS
scores at different time periods from the GKRS procedure.
Additionally, objective measures of overall functioning like
global assessment of functioning (GAF) scores, beck depres-
sion inventory (BDI), and state-trait anxiety inventory (STAI)
—pre- and post-GKRS—may have been useful. Relatively rare
disease entity, very small sample size, and wide range of
variations in clinical and radiotherapeutic profiles in the
study group undermine the significance of our results. No
statistically significant results were obtained.

Conclusion

GKRS is a safe and effective noninvasive treatment modality
for refractory OCD. Ventral anterior capsule is the preferred
target site. Maximum radiation doses of 120 to 160 Gy are
well tolerated. Extremely severe OCD cases fared poorer.
Proper awareness about the availability and efficacy of GKRS
in refractory OCD is required in India.

Fig. 3 Graphical representation of various studies (Y-BOCS based) available on the outcome of GKRS anterior capsulotomy in refractory OCD.
Note: only our center’s results of GKRS anterior capsulotomy are depicted here. GKRS, Gamma Knife radiosurgery; OCD, obsessive-compulsive
disorder; Y-BOCS, Yale–Brown Obsessive-Compulsive Scale.
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