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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 
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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.
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