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INTRODUCTION

Obsessive-compulsive disorder (OCD), a neuropsychiatric 
disease, can become a lasting illness despite several therapeu-
tic strategies that affect not only patients themselves but also 
their families.1 Neurosurgical intervention is a potential treat-
ment option for persistent, treatment-resistant OCD that falls 
into two main categories: neuroablation and deep brain stim-
ulation (DBS).2 Although both approaches aim to modulate 
the dysfunctional brain circuit associated with OCD, known 
as the cortico-striato-thalamo-cortical circuit, there are differ-
ences in accessibility and side effects, and each approach has 
its unique values.3,4 Neuroablation, lesioning, or damage to 
specific brain areas has a longer history and experience than 
DBS for severe and treatment-resistant OCD. Recent meta-
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analyses have suggested that neuroablation has comparative 
efficacy and added benefits of cost-effectiveness and safety 
compared with DBS for treatment-resistant OCD.5-7 None-
theless, there are notable obstacles faced by both patients and 
medical practitioners when considering neuroablation, in-
cluding a lack of comprehensive understanding of its mecha-
nisms, doubtful efficacy, occasional serious adverse effects, 
and prejudges from history.8,9

Recently, the expanding knowledge of neural circuitry ab-
normalities in OCD and advancements in minimally inva-
sive techniques have attracted interest in neuroablation for 
OCD.10-12 Converging evidence has been published that re-
stores the dysfunctional global brain network and regional 
brain activity after neuroablative intervention in patients with 
intractable OCD.13,14 Enhanced imaging technologies and an 
understanding of the pathophysiological circuitry involved 
in treatment-resistant OCD allow for the precise targeting of 
problematic pathways, thus maximizing therapeutic results.10,15 
In particular, stereotaxic neurosurgical techniques with real-
time surgical monitoring, such as magnetic resonance-guided 
focused ultrasound (MRgFUS) or MR-guided-laser intersti-
tial thermal therapy (LITT), can minimize the impact on non-
target pathways, thus reducing the associated side effects.16,17
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In this review, we chronicle the history of neuroablation 
procedures for the treatment of OCD and assess their effects 
and potential complications. Traditionally, four main targets 
have been used for lesioning procedures in treatment-resis-
tant OCD: the anterior limb of the internal capsule (ALIC; an-
terior capsulotomy), anterior cingulate cortex and cingulum 
fibers (cingulotomy), frontothalamic fibers (subcaudate trac-
totomy), and a combination of anterior cingulotomy and sub-
caudate tractotomy (limbic leucotomy).4 However, anterior 
capsulotomy was the most frequently performed ablative sur-
gery among the options,18 and the recent MR-guided ablation 
studies have primarily targeted the internal capsule. In this 
article, we discuss capsulotomy for simplicity. Cingulotomies 
and leukotomies were also examined where relevant. 

DEVELOPMENT OF NEUROABLATION 
FOR OCD

Beginning of psychosurgery
Psychosurgery was introduced in the early 1900s before the 

emergence of psychopharmacology. In 1936, Moniz published 
his experiences of prefrontal leukotomies for severe depres-
sion, anxiety, and aggression, performed by freehand injec-
tions of absolute alcohol into the frontal lobes, resulting in 
substantial symptom improvement in 14 of 20 patients.19 He 
reported additional cases, received the Nobel Prize in Medi-
cine in 1949, and coined the term “psychosurgery.”20 Howev-
er, at the time, the standards for reporting adverse events were 
loose, and Moniz did not report even a single adverse event,19 
making it difficult to accept the results from a modern medi-
cal perspective. Freeman and Watts21 described their prefron-
tal lobotomy with the transorbital approach, which is used 
to surgically interrupt the frontal lobe white matter tracts. 
Transorbital leukotomy became widely practiced as Freeman 
traveled across the United States. Before the development of 
psychopharmacology, prefrontal lobotomies were widely per-
formed across the United States when skepticism about the 
treatment of mental illness was prevalent. In a review of 10,365 
prefrontal lobotomy operations performed between 1943 and 
1954, Tooth and Newton confirmed a 70% rate of improve-
ment but also found a mortality rate of 6%, a rate of post pro-
cedure new-onset epilepsy of 1%, and post-procedure marked 
disinhibition in 1.5% of patients. However, the occurrence of 
unpredictable side effects has criticized the ethics and scien-
tific basis of treatment. Movement against lobotomy was ob-
served. In 1950, some countries, including the Soviet Union, 
Japan, and Germany, banned lobotomy.22 In 1967, Freeman 
was banned from performing further lobotomies after one of 
his patients experienced a fatal brain hemorrhage.

Development of modern stereotactic neuroablation
In the late 1940s, the advent of frame-based stereotactic 

procedures enabled the development of more precise and re-
liable neurosurgical lesions.23 These procedures have become 
significantly used since the 1970s, allowing surgeons to accu-
rately target specific brain areas using three-dimensional im-
aging and computer guidance.24 The primary goal was to 
physically alter the brain regions and circuits associated with 
OCD by creating lesions. Lesion procedures for treatment-
resistant OCD mainly target four areas: anterior capsulotomy 
(ALIC), cingulotomy (anterior cingulate cortex and cingulum 
fibers), subcaudate tractotomy (frontothalamic fibers), and 
limbic leukotomy (a combination of anterior cingulotomy and 
subcaudate tractotomy).4,25 The effects and side effects at each 
surgical site differed slightly; however, overall, they were simi-
lar,12 suggesting that these surgical sites are brain structures 
associated with the same CSCT circuit.26 Owing to the suc-
cessful use of DBS in the ALIC in the treatment of OCD, the 
internal capsule has recently become a popular target.

Capsulotomy for OCD during this period employed two 
surgical techniques: radiofrequency (RF) and radio-surgical 
ablation.27 RF capsulotomy involves a standard stereotactic 
technique in which RF electrodes are introduced into the ven-
tral ALIC for thermal ablation using fixed parameters.28,29 Ad-
vantages include short operative time and a relatively uncom-
plicated procedure, in addition to low procedural cost; however, 
although stereotaxic techniques have been employed, RF ab-
lation still carries unavoidable risks associated with cranioto-
my, including intracranial hemorrhage (ICH), damage to sur-
rounding brain tissue, or procedural infections. Additionally, 
it cannot be confirmed whether the lesion has been created 
successfully during the procedure. 

Radiosurgical ablation has been developed as a noninvasive 
alternative to RF capsulotomy. The first radiosurgical capsu-
lotomy was performed in 1976 for treatment-resistant OCD 
and other anxiety disorders and has since been conducted 
widely.30 In this study, lesions were created by directing radia-
tion from a Cobalt-60 source to specific brain sites, guided by 
MR and computed tomography images. The main advantage 
of this procedure is its less invasive nature, as it does not re-
quire opening of the skull or causes minimal damage to the 
surrounding brain tissue, thus reducing immediate postoper-
ative adverse events.24 A nonrandomized comparison of 25 pa-
tients with treatment-refractory OCD at the Karolinska Insti-
tute who underwent either RF or radiosurgical capsulotomy 
between 1988 and 2000 suggested that RF capsulotomy is as-
sociated with greater adverse effects than is radiosurgical 
capsulotomy.28 However, radiosurgical procedures require a 
longer time for the lesion to form, making it difficult to con-
firm the results after the procedure and require a longer time 
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for symptom improvement. There were cases where reopera-
tion was needed due to insufficient lesion formation. Addi-
tionally, potentially serious adverse events such as radiation-
induced necrosis and cyst formation can be associated with 
radiation. A detailed summary of the history and clinical ex-
perience of radiosurgical capsulotomy has been provided in 
another review.24

Updated MR-guided neuroablation
Recently, more precise and less invasive neuroablative sur-

gical techique with MRI guidance have developed. In MRI-
guided neuroablation, MRI was performed to confirm the 
creation of lesions at the appropriate location and size. MR-
guided-LITT is a minimally invasive ablative technique. MR-
guided-LITT involves the insertion of an optical wire through 
a burr hole into the target structure and activating laser illu-
mination at the tip to heat and ablate the tissue.31 Compared 
to RF thermal lesions, LITT has the advantage of being able 
to clearly see the target, and obtain a lesion estimate through 
thermography. Currently, LITT is most widely applied to ep-
ilepsy and brain tumors. After the first case report in 2016,32 
two case series involving 18 patients have been reported (Ta-
ble 1).33-36

MRgFUS uses multiple acoustic energy sources within a 
specially designed helmet to create a lesion under real-time 
MRI guidance (Figure 1).37 By contrast with LITT, in MRgFUS 
craniotomy is not required. It also allows for ongoing patient 
condition monitoring and early identification of intra-opera-
tive side effects.38 The results of the two prospective clinical 
trials have been reported.35,36 MRgFUS has been widely ap-
plied for the treatment of various movement disorders (essen-
tial tremors, etc.). Both techniques have shown an efficacy com-
parable to that of traditional surgical methods but with their 
minimally invasive nature and real-time monitoring capabil-
ities. In a cost-effectiveness analysis that considered effective-
ness, side effects, and follow-up treatment process, MRgFUS 
was reported to be more advantageous than RF capsulotomy.39

CLINICAL EFFICACY 
OF NEUROABLATION

Since most of the research results regarding neuroablation 
for OCD are retrospective case series with variable outcome 
criteria and observation periods, the effect could be deter-
mined from a systematic review and meta-analysis. A recent 
systematic review of observational studies on capsulotomy for 
OCD reported that, after a 12-month follow-up, the mean re-
duction in the OC symptoms which measured with Yale-Brown 
Obsessive Compulsive Scale (Y-BOCS) score and full response 
(≥35% reduction in Y-BOCS) rate were 37% and 41%, respec-

tively.40 In another meta-analysis of the effectiveness of neu-
roablation treatment for OCD, the overall response rate for 
neuroablation treatment was 55% at the last follow-up, with 
observed response (≥35% reduction in Y-BOCS) rates of 59%, 
36%, and 47% for capsulotomy, cingulotomy, and limbic leu-
cotomy, respectively.18 There was significant heterogeneity be-
tween groups for different surgeries; however, the heterogene-
ity within each surgery group was small. 

There is only one double-blind-randomized controlled tri-
al (RCT) that observed the efficacy and safety of capsulotomy 
using radiosurgical ablation.41 Out of 16 participants with re-
fractory OCD, eight underwent actual gamma ventral capsu-
lotomy and eight underwent placebo surgery, and blinding 
was maintained for 12 months. During the 12 months after 
surgery, the median Y-BOCS score decreased by 28.6% in 
the active treatment group and 5.8% in the sham group. At 
12 months, two patients in the active treatment group (25%) 
were responders (≥35% reduction in Y-BOCS) but none of in 
the sham group. Here, the response rate (25%) in blinded por-
tion (12 months) was lower than that in previous open studies 
and was not statistically significant. However, the response 
rate increased to 62.5% at 54 months, since 3 additional pa-
tients in the active group improved continuously became re-
sponder. 

Two separate case series, involving a total of 18 patients, 
have reported on the use of MR-guided LITT capsulotomy. 
McLaughlin et al.34 presented their findings on the treatment 
of refractory OCD using LITT-capsulotomy. Out of the 9 pa-
tients who agreed to follow-up, 7 were classified as full re-
sponders, with a Y-BOCS reduction of at least 35% at the last 
follow-up. Interestingly, 2 patients who did not respond to 
gamma knife capsulotomy previously achieved a positive re-
sponse with LITT-capsulotomy. Another case series by Satzer 
et al.33 included 18 patients with refractory OCD, one of whom 
did not respond to DBS surgery. These patients underwent 
MR-guided LITT anterior capsulotomy. At the last follow-up, 
which ranged from 3 to 51 months, 11 patients (61%) showed a 
positive response. The patient who had previously received 
ineffective DBS treatment demonstrated a 77% improvement 
in Y-BOCS scores. Overall, the responses to LITT-capsuloto-
my were comparable to those observed with stereotactic ra-
diosurgery, but the time taken for symptom improvement was 
shorter in the LITT group.

Recently, two open-label trials on MRgFUS capsulotomy 
were conducted, in which planned measures were used to ob-
serve the outcome in a prospective design.35,36 Kim et al.35 re-
ported the long-term results of MRgFUS capsulotomy in 11 
patients with treatment-resistant OCD. At 24 months, 54.6% of 
patients (6/11) were responders (≥35% reduction in Y-BOCS), 
and the mean Y-BOCS score decreased from 34.4 (±2.3) at 
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baseline to 21.8 (±4.8) and 21.3 (±6.2) at 12 and 24 months, 
respectively.36 Davidson et al.36 conducted phase I trials of 
MRgFUS capsulotomy for treatment-resistant OCD and de-
pression. Although the follow-up period varied from 6 to 12 
months, four of six patients were classified as the response 
group at the last follow-up, as their Y-BOCS decreased by more 
than 35%. 

ADVERSE EFFECTS OF NEUROABLATION

According to a systematic review neuroablation with 476 
cases in 26 studies, most of them were mild and transient, the 
top 3 most frequently reported were postoperative headache 
(incidence 14.9%), cognitive deficits (9.1%), and behavior 
problems (8.1%). However, the incidence and characteristics 
differed depending on the surgical methods. However, rare 
but permanent adverse effects have hurled the choice. 

ICH is a surgical adverse event that primarily occurs in me-
chanical neuroablation techniques like RF and LITT, which 
involve the insertion of probes or fibers through craniotomy. 
The incidence of ICH was up to 20% during the era of mechan-
ical leukotomies, and there were cases resulting in death.42 
However, in recent RF ablation procedures ICH the incidence 
and severity of ICH have decreased to around 1%, with no 

lasting consequences. In two recent studies on MR-guided 
LITT,33,34 one asymptomatic ICH was reported in each study, 
but it resolved spontaneously within three months without 
any long-term effects.

Radiosurgical capsulotomy can lead to brain cysts or per-
sistent brain edema as potential adverse events.24 A review 
indicates a 5% risk of radiation-induced delayed cyst forma-
tion, which can occur up to five years after the surgery.18 These 
cysts are often symptomless but may necessitate medical or 
surgical intervention if they become symptomatic.

Concerns about frontal lobe syndrome or cognitive and per-
sonality changes following neuroablation do not appear to be 
well-substantiated based on literature review.18,42 Cognitive and 
frontal lobe function are assessed using various neuropsycho-
logical measures. Rück et al.28 reported significant frontal lobe 
dysfunction measured through the Execution, Apathy, and 
Disinhibition Scale and neuropsychological tests after sur-
gery. However, as there was no preoperative evaluation, it is 
unclear whether this is a side effect of the surgery. Addition-
ally, a RCT study on gamma capsulotomy did not observe any 
permanent detrimental neuropsychological or personality 
changes over a period of five years.41 Apathy has been report-
ed in 22%–40% of patients undergoing anterior capsulotomy, 
but it is often temporary and associated with multiple proce-

Image registration

Treatment planning

Frame fixation and patient preparation Outcome assessment on-table

Closed loop feedback

Figure 1. Surgical procedure of MR-guided focused ultrasound capsulotomy. Adapted from Convergence Research Policy Center; 2019.37, 
with permission of the Convergence Research Policy Center 2019. MR, magnetic resonance.
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dures and high radiation doses, rather than lesion volume.24 
A recent report on LITT showed that 39% of patients experi-
enced transient postoperative apathy, which resolved on its 
own.33 Temporary apathy may be linked to temporary chang-
es in the permeability of the local blood-brain barrier. Inter-
estingly, in the MRgFUS prospective study, frontal lobe dys-
fuction including apathy was not observed.16

Weight gain is a well-documented side effect of anterior 
capsulotomy,18 although it is unclear whether it directly results 
from the procedure or is a consequence of improved social 
functioning and increased appetite after treatment. In a study 
involving DBS of the ALIC and nucleus accumbens for pa-
tients with OCD and addiction, variations in weight have also 
been documented.43,44 Moreover, DBS is under consideration 
as a prospective intervention for anorexia.45 Similarly, in the 
case series of MRgFUS capsulotomy for treatment-resistant 
depression,46 notable weight gain were observed over a 12- 
month period. Therefore, the careful observation of unwant-
ed weight gain is required. 

FUTURE DIRECTION FOR 
PSYCHOSURGERY

Thoughtful consideration for selection criteria
Throughout the past few decades, various studies have em-

ployed diverse selection criteria when selecting OCD patients 
for neurosurgical interventions. In recent capsulotomy clini-
cal trials, symptom severity, chronicity, and treatment resis-
tance have been used as criteria for patient selection (Table 
2).35,41,47-52 Treatment resistance is typically diagnosed when a 
patient does not respond to a certain number of psychophar-
macological and psychotherapeutic treatments, including 
electroconvulsive therapy.2 However, this criterion related to 
treatment resistance poses a complex challenge, given the con-
stant evolution of medical and non-invasive treatment meth-
ods. For example, recent guidelines recommend non-invasive 
neuromodulation techniques, including deep repetitive tran-
scranial magnetic stimulation (deep rTMS), for the treatment 
of OCD.2 Therefore, before considering neurosurgical inter-
ventions, it is important to refer or consult with a specialist, 
such as an OCD expert team or psychiatrist experienced in 
treating refractory OCD. These specialists can provide a com-
prehensive evaluation, suggest alternative treatment options, 
or recommend adjunctive therapies to improve outcomes. Ad-
ditional general criteria for the presurgical evaluation of psy-
chiatric patients, as well as ethical considerations, were de-
scribed in a multinational consensus statement.53

Adherence to treatment is another important issue. It is cru-
cial to assess if patients have adhered to their psychiatrist’s 
treatment plan correctly and engaged actively in cognitive-

behavioral therapy. Certain individuals may sometimes envi-
sion that neurosurgical interventions will miraculously alle-
viate their symptoms, regardless of their personal efforts.54 
Since maintaining medical and behavioral treatment after 
neurosurgical intervention is required until the optimal sur-
gical effect appears, evaluate adherence to treatment is required 
not only defining the treatment resistant, but also deciding 
psychosurgery. 

Refining outcome measures 
Establishing a scientific and grounded plan to evaluate treat-

ment effectiveness is essential for the development of mod-
ern neuroablation. Older literature lacked objective outcome 
measures, necessitating the use of replicable tools for assess-
ing effectiveness.42 Recent clinical trials use tools that can eval-
uate not only the symptoms OCD, such as Y-BOCS,55 but also 
overall clinical improvement (clinical global improvement) to 
confirm treatment response (Table 2). Nevertheless, the scales 
mentioned may be insufficient in capturing the life changes 
experienced by patients who undergo neurosurgery. 

According to a recent qualitative study of capsulotomy ex-
periences,54 factors such as quality of life, personal values, and 
social functioning are important in the decision-making pro-
cess and assessment of treatment effects. In particular, for in-
dividuals with OCD, even small improvements in symptoms 
can lead to significant enhancements in their perceived qual-
ity of life owing to the substantial subjective distress caused 
by the symptoms.54,56 Conversely, there have been reports of 
significant improvement according to Y-BOCS scores, while 
the quality of life remained unchanged.57 Therefore, when as-
sessing treatment effects, it may be necessary to use various 
scales that reflect mood, impulsivity, suicidality, cognitive 
function, and so on.9,58 The same considerations apply to the 
observation of adverse effects.

The timing of assessing these effects also requires further 
discussion. In the case of gamma capsulotomy, lesions gradu-
ally appear, and improvements in OCD symptoms are report-
ed to occur slowly.24 However, in studies such as that of Kim 
et al.35 involving MRgFUS found that symptom improvement 
could take up to two years, indicating delayed progress. More-
over, studies observing electrophysiological changes have 
shown that alterations in electrophysiological connectivity 
occur gradually over a span of six months.59 Considering these 
findings, the evaluation of surgical outcomes should be con-
ducted after a minimum period of at least 12 months follow-
ing surgery.

Target optimization
The development of an MR-guided procedure and diffu-

sion tensor imaging (DTI) imaging enables a more precise 



JG Chang et al. 

   www.psychiatryinvestigation.org  1003

Ta
bl

e 
2.

 P
os

si
bl

e 
in

di
ca

tio
n 

an
d 

ou
tc

om
e 

cr
ite

ria
 fo

r p
sy

ch
os

ur
ge

ry
 fo

r O
C

D

Su
gg

es
te

d 
in

di
ca

tio
n 

cr
ite

ria

Se
ve

rit
y

Se
ve

re
 O

C 
sy

m
pt

om
s (

Y-
BO

CS
 sc

or
e >

28
)

Ch
ro

ni
cit

y
Sy

m
pt

om
s o

f O
CD

 w
ith

 p
sy

ch
os

oc
ia

l i
m

pa
irm

en
t f

or
 at

 le
as

t 5
 ye

ar
s

Tr
ea

tm
en

t r
es

ist
an

t
U

nr
es

po
ns

iv
e t

o 
ea

ch
 o

f t
he

 su
bs

eq
ue

nt
 p

ha
rm

ac
ol

og
ic

al
 an

d 
ps

yc
ho

lo
gi

ca
l t

re
at

m
en

ts
M

or
e t

ha
n 

2 
se

ro
to

ni
n 

re
up

ta
ke

 in
hi

bi
to

rs
≥2

 au
gm

en
ta

tio
n 

str
at

eg
ie

s, 
su

ch
 as

 th
e u

se
 o

f a
nt

ip
sy

ch
ot

ic 
dr

ug
s (

ty
pi

ca
l o

r a
ty

pi
ca

l) 
or

 cl
om

ip
ra

m
in

e, 
w

ith
 ad

eq
ua

te
 d

ur
at

io
n 

an
d 

do
se

≥2
0 

h 
of

 O
CD

-s
pe

cifi
c B

eh
av

io
ra

l Th
er

ap
y (

i.e
., E

RP
). 

Pa
rti

cip
at

io
n 

fo
r s

ho
rte

r t
im

es
 m

ay
 b

e p
er

m
itt

ed
 if

 n
on

ad
he

re
nc

e i
s d

ue
 to

 sy
m

pt
om

 se
ve

rit
y r

at
he

r t
ha

n 
  t

o 
no

nc
om

pl
ia

nc
e

O
ut

co
m

e c
rit

er
ia

47

Re
sp

on
se

Y-
BO

CS
 re

du
ct

io
n 

≥3
5%

 re
lat

iv
e t

o 
th

e b
as

eli
ne

 sc
or

e+
C

G
I-

I 1
 (v

er
y m

uc
h 

im
pr

ov
ed

) o
r 2

 (m
uc

h 
im

pr
ov

ed
)

Pa
rti

al
 re

sp
on

se
Y-

BO
CS

 re
du

ct
io

n 
25

%
–3

5%
+C

G
I-

I ≥
3 

(m
in

im
al

ly
 im

pr
ov

ed
)

Re
m

iss
io

n
Y-

BO
CS

 ≤
12

+C
G

I-
S 

1 
(n

or
m

al,
 n

ot
 at

 al
l i

ll)
 o

r 2
 (b

or
de

rli
ne

 m
en

ta
lly

 il
l) 

≥1
 w

ee
k

Su
gg

es
te

d 
sy

m
pt

om
s a

nd
 ad

ve
rs

e e
ffe

ct
s s

ho
ul

d 
be

 ch
ec

ke
d 

be
fo

re
 an

d 
aft

er
 th

e s
ur

ge
ry

D
ep

re
ss

io
n

H
A

M
-D

48

A
nx

ie
ty

H
A

M
-A

49

Fr
on

ta
l l

ob
e f

un
ct

io
n

N
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts 

(a
ss

es
s b

as
eli

ne
 in

te
lle

ct
ua

l f
un

ct
io

n,
 ch

an
ge

 in
 b

ro
ad

 ra
ng

e o
f c

og
ni

tiv
e d

om
ai

ns
, a

s w
ell

 as
 ch

an
ge

 in
 b

eh
av

io
rs

 su
bs

er
ve

d 
by

 th
e f

ro
nt

al
 

  lo
be

 [e
.g

., a
pa

th
y, 

di
sin

hi
bi

tio
n,

 an
d 

ex
ec

ut
iv

e d
ys

fu
nc

tio
n]

)
Fr

on
ta

l S
ys

te
m

s B
eh

av
io

r S
ca

le 
(s

elf
-r

ep
or

t v
er

sio
n)

50

W
ei

gh
t g

ai
n

Re
gu

lar
 w

ei
gh

t c
he

ck

Su
ici

de
 id

ea
tio

n
C

ol
um

bi
a-

Su
ici

de
 S

ev
er

ity
 R

at
in

g 
Sc

al
e (

C-
SS

RS
)51

 Q
ua

lit
y o

f l
ife

W
H

Q
O

L52

O
CD

, o
bs

es
siv

e-
co

m
pu

lsi
ve

 d
iso

rd
er

; Y
-B

O
CS

, Y
al

e-
Br

ow
n 

O
bs

es
siv

e 
C

om
pu

lsi
ve

 S
ca

le;
 E

RP
, e

xp
os

ur
e 

an
d 

re
sp

on
se

 p
re

ve
nt

io
n;

 C
G

I-
I, 

C
lin

ic
al

 g
lo

ba
l i

m
pr

es
sio

n-
im

pr
ov

em
en

t; 
C

G
I-

S,
 

Cl
in

ic
al

 g
lo

ba
l i

m
pr

es
sio

n-
se

ve
rit

y;
 H

A
M

-D
, H

am
ilt

on
 D

ep
re

ss
io

n 
Sc

al
e; 

H
A

M
-A

, H
am

ilt
on

 A
nx

ie
ty

 S
ca

le;
 W

H
Q

O
L,

 Th
e W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n 
Q

ua
lit

y o
f L

ife
 as

se
ss

m
en

t



1004  Psychiatry Investig  2023;20(11):997-1006

Neuroablative Intervention for Refractory OCD

and planned execution of capsulotomy. ALIC is a particularly 
salient structure for psychiatric surgery because it is a point of 
convergence for key white matter fibers connecting the pre-
frontal and anterior cingulate cortices with the hippocampus, 
amygdala, and thalamus, which together form a core limbic 
network in the human brain.60 Therefore, when performing a 
capsulotomy, the effects and side effects can vary depending 
on the fiber tract affected by the lesion. Primate fiber-tracking 
studies and human DTI techniques have revealed how fiber 
tracts originating from the prefrontal cortex are positioned 
within the ALIC.61,62 Additionally, the ventral portion of the 
ALIC is related to responder status, suggesting that lesions in 
this region are more likely to produce a clinical response.63 
However, recent research results on treatment location and 
outcomes are not the same,64 which can be attributed to two 
factors. First, the fiber tract in the ALIC can exhibit inter-in-
dividual variability in neural fiber pathways. Second, each pa-
tient may have different abnormalities in neural circuits.65 Fur-
ther studies on neurocircuit-based patient selection10 and use 
of tractography to guide patient-specific anterior capsuloto-
my for OCD are needed.66 

CONCLUSION

Advances in biological understanding and precision surgi-
cal techniques have broadened the possibilities for use in psy-
chosurgery. Recent neuroablative intervention can be expect-
ed to have safer and faster clinical effects. However, to avoid 
mistakes when psychosurgery is performed indiscriminately 
without a proper rationale, ongoing research is necessary for 
appropriate patient selection and evaluation criteria.

Availability of Data and Material
The datasets generated or analyzed during the study are available from 

the corresponding author on reasonable request.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Author Contributions
Conceptualization: Chan-Hyung Kim. Data curation: all authors. For-

mal analysis: all authors. Methodology: all authors. Project administration: 
Chan-Hyung Kim. Resources: Chan-Hyung Kim. Software: Jhin Goo 
Chang. Supervision: Chan-Hyung Kim. Validation: Jhin Goo Chang. Visu-
alization: Jhin Goo Chang. Writing—original draft: Jhin Goo Chang. Writ-
ing—review & editing: all authors.

ORCID iDs
Jhin Goo Chang https://orcid.org/0000-0003-3024-4893
Se Joo Kim https://orcid.org/0000-0002-5438-8210
Chan-Hyung Kim https://orcid.org/0000-0001-8419-3759

Funding Statement
This research was supported by a grant of the Korea Health Technology 

R&D Project through the Korea Health Industry Development Institute 

(KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea 
(HI22C0520). This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea government 
(2021M3E5D9025022). The funding source did not give any influences on 
the study design, data collection, analysis and interpretation of data, the 
writing of the report, and the decision to submit the paper for publication.

REFERENCES

1. Grant JE. Obsessive-compulsive disorder. N Engl J Med 2014;371:646-
653.

2. Reddy YCJ, Sundar AS, Narayanaswamy JC, Math SB. Clinical practice 
guidelines for obsessive-compulsive disorder. Indian J Psychiatry 2017; 
59(Suppl 1):S74-S90.

3. Robbins TW, Vaghi MM, Banca P. Obsessive-compulsive disorder: 
puzzles and prospects. Neuron 2019;102:27-47.

4. Greenberg BD, Rauch SL, Haber SN. Invasive circuitry-based neuro-
therapeutics: stereotactic ablation and deep brain stimulation for OCD. 
Neuropsychopharmacology 2010;35:317-336.

5. Patel SR, Aronson JP, Sheth SA, Eskandar EN. Lesion procedures in 
psychiatric neurosurgery. 2013;80:S31.e9-S31.e16.

6. Kumar KK, Appelboom G, Lamsam L, Caplan AL, Williams NR, Bhati 
MT, et al. Comparative effectiveness of neuroablation and deep brain 
stimulation for treatment-resistant obsessive-compulsive disorder: a 
meta-analytic study. J Neurol Neurosurg Psychiatry 2019;90:469-473.

7. Najera RA, Gregory ST, Shofty B, Anand A, Gadot R, Youngerman BE, 
et al. Cost-effectiveness analysis of radiosurgical capsulotomy versus 
treatment as usual for treatment-resistant obsessive-compulsive disor-
der. J Neurosurg 2022;138:347-357.

8. Greenberg BD, Price LH, Rauch SL, Friehs G, Noren G, Malone D, et 
al. Neurosurgery for intractable obsessive-compulsive disorder and 
depression: critical issues. Neurosurg Clin N Am 2003;14:199-212.

9. Müller S, van Oosterhout A, Bervoets C, Christen M, Martínez-Álva-
rez R, Bittlinger M. Concerns about psychiatric neurosurgery and how 
they can be overcome: recommendations for responsible research 
2022;15:6.

10. Shephard E, Stern ER, van den Heuvel OA, Costa DLC, Batistuzzo MC, 
Godoy PBG, et al. Toward a neurocircuit-based taxonomy to guide 
treatment of obsessive-compulsive disorder. Mol Psychiatry 2021;26: 
4583-4604.

11. Hariz M. Renaissance for anterior capsulotomy for obsessive-compul-
sive disorder? J Neurol Neurosurg Psychiatry 2022;93:229.

12. Sinha S, McGovern RA, Mikell CB, Banks GP, Sheth SA. Ablative lim-
bic system surgery: review and future directions. Curr Behav Neurosci 
Rep 2015;2:49-59.

13. Zuo C, Ma Y, Sun B, Peng S, Zhang H, Eidelberg D, et al. Metabolic 
imaging of bilateral anterior capsulotomy in refractory obsessive com-
pulsive disorder: an FDG PET study. J Cereb Blood Flow Metab 2013; 
33:880-887.

14. Suetens K, Nuttin B, Gabriëls L, Van Laere K. Differences in metabolic 
network modulation between capsulotomy and deep-brain stimulation 
for refractory obsessive-compulsive disorder. J Nucl Med 2014;55:951-
959.

15. Menchón JM, Real E, Alonso P, Aparicio MA, Segalas C, Plans G, et al. 
A prospective international multi-center study on safety and efficacy 
of deep brain stimulation for resistant obsessive-compulsive disorder. 
Mol Psychiatry 2021;26:1234-1247.

16. Chang KW, Jung HH, Chang JW. Magnetic resonance-guided focused 
ultrasound surgery for obsessive-compulsive disorders: potential for 
use as a novel ablative surgical technique. Front Psychiatry 2021;12:640832.

17. Mustroph ML, Cosgrove GR, Williams ZM. The evolution of modern 
ablative surgery for the treatment of obsessive-compulsive and major 
depression disorders. Front Integr Neurosci 2022;16:797533.

18. Lai Y, Wang T, Zhang C, Lin G, Voon V, Chang J, et al. Effectiveness 
and safety of neuroablation for severe and treatment-resistant obses-



JG Chang et al. 

   www.psychiatryinvestigation.org  1005

sive–compulsive disorder: a systematic review and meta-analysis. J Psy-
chiatry Neurosci 2020;45:356-369.

19. Moniz E. Prefrontal leucotomy in the treatment of mental disorders. 
1937. Am J Psychiatry 1994;151(6 Suppl):236-239.

20. Feldman RP, Goodrich JT. Psychosurgery: a historical overview. Neuro-
surgery 2001;48:647-659.

21. Freeman W, Watts JW. Prefrontal lobotomy in the treatment of mental 
disorders. South Med J 1937;30:23-31.

22. Staudt MD, Herring EZ, Gao K, Miller JP, Sweet JA. Evolution in the 
treatment of psychiatric disorders: from psychosurgery to psychophar-
macology to neuromodulation. Front Neurosci 2019;13:108.

23. Spiegel EA, Wycis HT, Marks M, Lee AJ. Stereotaxic apparatus for op-
erations on the human brain. Science 1947;106:349-350.

24. Miguel EC, Lopes AC, McLaughlin NCR, Norén G, Gentil AF, Hamani 
C, et al. Evolution of gamma knife capsulotomy for intractable obses-
sive-compulsive disorder. Mol Psychiatry 2019;24:218-240.

25. Lévêque M, Carron R, Régis J. Radiosurgery for the treatment of psy-
chiatric disorders: a review. World Neurosurg 2013;80:S32.e31-S32.e39.

26. Kihlström L, Guo WY, Lindquist C, Mindus P. Radiobiology of radio-
surgery for refractory anxiety disorders. Neurosurgery 1995;36:294-
302.

27. Lapidus KA, Kopell BH, Ben-Haim S, Rezai AR, Goodman WK. His-
tory of psychosurgery: a psychiatrist’s perspective. World Neurosurg 
2013;80:S27.e1-S27.e16.

28. Rück C, Karlsson A, Steele JD, Edman G, Meyerson BA, Ericson K, et 
al. Capsulotomy for obsessive-compulsive disorder: long-term follow-
up of 25 patients. Arch Gen Psychiatry 2008;65:914-921.

29. Rück C, Andréewitch S, Flyckt K, Edman G, Nyman H, Meyerson BA, 
et al. Capsulotomy for refractory anxiety disorders: long-term follow-
up of 26 patients. Am J Psychiatry 2003;160:513-521.

30. Leksell DG. Stereotactic radiosurgery: present status and future trends. 
Neurol Res 1987;9:60-68.

31. Schober R, Bettag M, Sabel M, Ulrich F, Hessel S. Fine structure of zon-
al changes in experimental Nd: YAG laser–induced interstitial hyper-
thermia. Lasers Surg Med 1993;13:234-241.

32. Ralston AK, Vasenina V, Grant J, Warnke PC. Bilateral anterior internal 
capsulotomy with laser ablation for treatment of obsessive compulsive 
disorder: case report. In: Slavin KV, Kopell BH, Konrad PE, Rosenow 
JM, editors. The 2016 Biennial meeting of the American Society for 
Stereotactic and Functional Neurosurgery; 2013 Jun 18-21; Chicago, 
USA. Basel: Stereotact Funct Neurosurg; 2016. p.42. 

33. Satzer D, Mahavadi A, Lacy M, Grant JE, Warnke P. Interstitial laser 
anterior capsulotomy for obsessive-compulsive disorder: lesion size 
and tractography correlate with outcome. J Neurol Neurosurg Psychia-
try 2022;93:317-323.

34. McLaughlin NCR, Lauro PM, Patrick MT, Pucci FG, Barrios-Ander-
son A, Greenberg BD, et al. Magnetic resonance imaging-guided laser 
thermal ventral capsulotomy for intractable obsessive-compulsive dis-
order. Neurosurgery 2021;88:1128-1135.

35. Kim SJ, Roh D, Jung HH, Chang WS, Kim CH, Chang JW. A study of 
novel bilateral thermal capsulotomy with focused ultrasound for treat-
ment-refractory obsessive–compulsive disorder: 2-year follow-up. J 
Psychiatry Neurosci 2018;43:327-337.

36. Davidson B, Hamani C, Rabin JS, Goubran M, Meng Y, Huang Y, et al. 
Magnetic resonance-guided focused ultrasound capsulotomy for re-
fractory obsessive compulsive disorder and major depressive disorder: 
clinical and imaging results from two phase I trials. Mol Psychiatry 2020; 
25:1946-1957.

37. Convergence Research Policy Center. Convergence Research Review 
2019 February vol.5 no.2. Seoul: Convergence Research Policy Center; 
2019.

38. Jung HH, Kim SJ, Roh D, Chang JG, Chang WS, Kweon EJ, et al. Bilat-
eral thermal capsulotomy with MR-guided focused ultrasound for pa-
tients with treatment-refractory obsessive-compulsive disorder: a proof-
of-concept study. Mol Psychiatry 2015;20:1205-1211.

39. Kumar KK, Bhati MT, Ravikumar VK, Ghanouni P, Stein SC, Halpern 
CH. MR-guided focused ultrasound versus radiofrequency capsuloto-
my for treatment-refractory obsessive-compulsive disorder: a cost-ef-
fectiveness threshold analysis. Front Neurosci 2019;13:66.

40. Brown LT, Mikell CB, Youngerman BE, Zhang Y, McKhann GM 2nd, 
Sheth SA. Dorsal anterior cingulotomy and anterior capsulotomy for 
severe, refractory obsessive-compulsive disorder: a systematic review 
of observational studies. J Neurosurg 2016;124:77-89.

41. Lopes AC, Greenberg BD, Canteras MM, Batistuzzo MC, Hoexter MQ, 
Gentil AF, et al. Gamma ventral capsulotomy for obsessive-compulsive 
disorder: a randomized clinical trial. 2014;71:1066-1076. Retracted 
and replaced on October 28, 2015. doi: 10.1001/jamapsychiatry.2015.0673.

42. Pepper J, Zrinzo L, Hariz M. Anterior capsulotomy for obsessive-com-
pulsive disorder: a review of old and new literature. J Neurosurg 2019;133: 
1595-1604.

43. Baldermann JC, Hahn L, Dembek TA, Kohl S, Kuhn J, Visser-Vande-
walle V, et al. Weight change after striatal/capsule deep brain stimula-
tion relates to connectivity to the bed nucleus of the stria terminalis 
and hypothalamus. Brain Sci 2019;9:264.

44. de Koning PP, Figee M, Endert E, Storosum JG, Fliers E, Denys D. Deep 
brain stimulation for obsessive–compulsive disorder is associated with 
cortisol changes. Psychoneuroendocrinology 2013;38:1455-1459.

45. Pepper J, Hariz M, Zrinzo L. Deep brain stimulation versus anterior 
capsulotomy for obsessive-compulsive disorder: a review of the litera-
ture. J Neurosurg 2015;122:1028-1037.

46. Chang JG, Jung HH, Kim SJ, Chang WS, Jung NY, Kim CH, et al. Bi-
lateral thermal capsulotomy with magnetic resonance-guided focused 
ultrasound for patients with treatment-resistant depression: a proof-
of-concept study. Bipolar Disord 2020;22:771-774.

47. Mataix‐Cols D, Fernández de la Cruz L, Nordsletten AE, Lenhard F, 
Isomura K, Simpson HB. Towards an international expert consensus 
for defining treatment response, remission, recovery and relapse in 
obsessive‐compulsive disorder. World Psychiatry 2016;15:80-81.

48. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychi-
atry 1960;23:56-62.

49. Thompson E. Hamilton rating scale for anxiety (HAM-A). Occup Med 
(Lond) 2015;65:601.

50. Grace J, Malloy P. FrSBe, frontal systems behavior scale: professional 
manual. Lutz: Psychological Assessment Resources; 2001.

51. Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo 
MA, et al. The Columbia-Suicide Severity Rating Scale: initial validity 
and internal consistency findings from three multisite studies with ad-
olescents and adults. Am J Psychiatry 2011;168:1266-1277.

52. The WHOQOL Group. The World Health Organization quality of life 
assessment (WHOQOL): development and general psychometric 
properties. Soc Sci Med 1998;46:1569-1585.

53. Rabins P, Appleby BS, Brandt J, DeLong MR, Dunn LB, Gabriëls L, et 
al. Scientific and ethical issues related to deep brain stimulation for dis-
orders of mood, behavior, and thought. Arch Gen Psychiatry 2009;66: 
931-937.

54. Barrios-Anderson A, McLaughlin NCR, Patrick MT, Marsland R, No-
ren G, Asaad WF, et al. The patient lived-experience of ventral capsu-
lotomy for obsessive-compulsive disorder: an interpretive phenomeno-
logical analysis of neuroablative psychiatric neurosurgery. Front Integr 
Neurosci 2022;16:802617.

55. Goodman WK, Price LH, Rasmussen SA, Mazure C, Delgado P, Hen-
inger GR, et al. The yale-brown obsessive compulsive scale: II. Validity. 
Arch Gen Psychiatry 1989;46:1012-1016.

56. de Haan S, Rietveld E, Stokhof M, Denys D. Becoming more oneself? 
Changes in personality following DBS treatment for psychiatric disor-
ders: experiences of OCD patients and general considerations. PLoS 
One 2017;12:e0175748.

57. Subramaniam M, Soh P, Ong C, Seow LSE, Picco L, Vaingankar JA, et 
al. Patient-reported outcomes in obsessive-compulsive disorder. Dia-
logues Clin Neurosci 2014;16:239-254.



1006  Psychiatry Investig  2023;20(11):997-1006

Neuroablative Intervention for Refractory OCD

58. Widge AS, Zorowitz S, Basu I, Paulk AC, Cash SS, Eskandar EN, et al. 
Deep brain stimulation of the internal capsule enhances human cogni-
tive control and prefrontal cortex function. Nat Commun 2019;10:1536.

59. Chang JG, Kim DW, Jung HH, Chang WS, Kim CH, Kim SJ, et al. Eval-
uation of changes in neural oscillation after bilateral capsulotomy in 
treatment refractory obsessive-compulsive disorder using magnetoen-
cephalogram. Asian J Psychiatr 2023;82:103473.

60. Mithani K, Davison B, Meng Y, Lipsman N. The anterior limb of the in-
ternal capsule: anatomy, function, and dysfunction. Behav Brain Res 
2020;387:112588.

61. Jbabdi S, Lehman JF, Haber SN, Behrens TE. Human and monkey ven-
tral prefrontal fibers use the same organizational principles to reach their 
targets: tracing versus tractography. J Neurosci 2013;33:3190-3201.

62. Safadi Z, Grisot G, Jbabdi S, Behrens TE, Heilbronner SR, McLaughlin 
NCR, et al. Functional segmentation of the anterior limb of the internal 

capsule: linking white matter abnormalities to specific connections. J 
Neurosci 2018;38:2106-2117.

63. McLaughlin NCR, Nanda P, Banks GP, Miguel EC, Sheehan J, Lopes 
AC, et al. Gamma knife capsulotomy for intractable OCD: impact of 
lesion size and location. Biol Psychiat 2017;81:S276.

64. Germann J, Elias GJB, Neudorfer C, Boutet A, Chow CT, Wong EHY, 
et al. Potential optimization of focused ultrasound capsulotomy for 
obsessive compulsive disorder. Brain 2021;144:3529-3540.

65. Niogi S, Mukherjee P, Ghajar J, McCandliss BD. Individual differences 
in distinct components of attention are linked to anatomical variations 
in distinct white matter tracts. Front Neuroanat 2010;4:2.

66. Avecillas-Chasin JM, Hurwitz TA, Bogod NM, Honey CR. Tractogra-
phy-guided anterior capsulotomy for major depression and obsessive-
compulsive disorder: targeting the emotion network. Oper Neurosurg 
(Hagerstown) 2021;20:406-412.


