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Review

ABSTRACT

For more than half a century, stereotactic neurosurgical procedures have been available in the treatment of patients 
with severe, debilitating symptoms of treatment-resistant psychiatric conditions such as obsessive-compulsive dis-
order (OCD). Such surgical interventions include stimulation and lesioning techniques. Capsulotomy is a lesioning 
procedure targeting the internal capsule. This systematic review aims to explore the safety profile of capsulotomy 
in the treatment of severe medically-refractory psychiatric illness, focusing on its complications. Methodologically, 
a literature search was conducted using the terms “psychiatric”, “capsulotomy”, and “complications” in the PubMed/
Medline database until the end of 2022. The search retrieved 41 articles. Following screening for potential suitability, 
39 articles relevant to the topic were further analyzed and finally used for this review. No specific assessment tool for 
risk of bias was used in this study. The vast majority of capsulotomy data in the literature comes from OCD patients, 
and the main modalities used for this procedure are radiofrequency (RF) ablation, Gamma Knife radiosurgery (GKRS), 
and magnetic resonance-guided focused ultrasound (MRgFUS). Postoperative complications are usually transient. 
These include neurological and psychiatric manifestations, cerebrovascular accidents, thromboembolic events, and 
infections (respiratory, urinary). Common complications are headache, focal edema, and frontal syndrome. Other 
complications include ataxia, seizures, urinary incontinence, weight gain, and fatigue. Regarding different techniques, 
urinary incontinence, sleep disorders, fatigue, and disorientation are frequent but transient complications of RF le-
sioning. Gamma capsulotomy has a risk of adverse radiation effects, such as radiation necrosis, brain edema, and cyst 
formation. MRgFUS seems to lack many of the inherent risks associated with more invasive treatment modalities. 
Capsulotomy complications, usually transient and self-limited, include neurological and psychiatric manifestations, 
cerebrovascular accidents, thromboembolic events, and infections. Their occurrence and nature depend on the cho-
sen modality. The principal limitation of this study is the fact that most data come from case reports or case series. As 
a result, the total number of patients who underwent capsulotomy is limited. Further clinical research is mandatory 
to improve the safety.

KEYWORDS: Capsulotomy, complications, Gamma Knife, internal capsule, obsessive-compulsive disorder.

Ioannis N. Mavridis,1 Efstratios-Stylianos Pyrgelis2

ARTICLE HISTORY: Received 30 September 2024 / Revised 23 April 2025 / Published Online 5 August 2025

37

Introduction
For more than half a century, stereotactic neurosur-

gical procedures have been available in the treatment 
of patients with severe, debilitating symptoms of ob-
sessive-compulsive disorder (OCD) refractory to appro-

priate pharmacological and other treatments.1 Besides 
OCD, current literature suggests that specific stereo-
tactic procedures may be efficient and relatively safe in 
some other treatment-resistant psychiatric conditions, 
such as major depression, pain, and anxiety.2 Such sur-
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gical interventions include stimulation, such as deep 
brain stimulation (DBS), and lesioning techniques, such 
as anterior capsulotomy, anterior cingulotomy, subcau-
date tractotomy, limbic leucotomy, and central lateral 
thalamotomy/anterior medial pallidotomy.3

Capsulotomy is a lesioning procedure targeting the 
internal capsule in the treatment of severe refractory 
psychiatric illness. It can be performed via stereotac-
tic radiofrequency (RF) ablation (thermocapsulotomy, 
which has been used since the 1950s),4,5 stereotactic 
radiosurgery (usually Gamma Knife, gamma capsuloto-
my),5-7 and, more recently, magnetic resonance-guided 
focused ultrasound surgery (MRgFUS), a minimally inva-
sive surgical method of precisely placed focal thermal 
lesions in the brain.8 The capsulotomy target involves 
fibers connecting the mediodorsal thalamus and pre-
frontal cortex.5 In RF ablation, which is the cheapest 
method, a stereotactically (frame-based) inserted elec-
trode creates a thermal lesion at the intended target. In 
stereotactic radiosurgery (frameless or frame-based), 
the patient is inserted in the radiosurgical machinery, 
and focused beams of radiation create a lesion at the 
predefined target. It is an incisionless procedure. MRg-
FUS is similar to radiosurgery but uses focused beams 
of ultrasound instead of radiation and is less commonly 
available at the moment.4-8

In this systematic review, we aim to explore the safe-
ty profile of capsulotomy as a minimally invasive tech-

nique to treat severe medically-refractory psychiatric 
illness, primarily focusing on its complications. The main 
question to answer is: “Which are the complications of 
capsulotomy in the treatment of psychiatric illness?”.

Methods
Methodologically, a literature search in the PubMed/

Medline database was conducted using the terms “psy-
chiatric”, “capsulotomy”, and “complications” until the 
end of 2022, which retrieved 41 articles. Following the 
PRISMA guidelines, the authors screened all articles for 
potential eligibility using relevance and English lan-
guage abstracts as inclusion criteria. English language 
publications, including foreign language publications 
with abstracts in English, were included in this review. 
Following screening for potential suitability, 39 articles 
relevant to the topic (reporting capsulotomy complica-
tions) were further analyzed and finally used for this re-
view (Figure 1). Two reviewers collected data from each 
report, and they worked independently. No specific as-
sessment tool for risk of bias was used in this study.

Results
Conditions

Out of 41 publications, 39 that fulfilled the afore-
mentioned inclusion criteria were further analyzed 
(Figure 1). Appropriately selected patients with major 
treatment-refractory psychiatric disorders can benefit 

Figure 1. Article selection process of our analysis (PRISMA diagram).
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from capsulotomy .5 Such disorders include severe re-
fractory OCD,3-6,9-17 OCD with comorbid schizophrenia,6 
bipolar affective disorder,18 anorexia nervosa,9 refractory 
depression,2,17,19 chronic and incapacitating anxiety dis-
orders,2,10,20,21 aggressiveness22 and intractable chronic 
pain.2,10 Remarkably, the vast majority of capsulotomy 

data in the literature comes from OCD patients (Table 
1). The main modalities used for capsulotomy are RF 
ablation, Gamma Knife radiosurgery (GKRS), and, more 
recently, MRgFUS (Table 1). The first two methods have 
been used for decades, while the third is the newest one.

Authors (year) Disease Number of 
patients Lesioning method Complications / comments

Lippitz et al. (1997)13 OCD 22 RF Lesions within the group of patients with poor outcome (n = 5) were 
located elsewhere, mostly further anterior in the internal capsule

Happe et al. (2001)18 Bipolar affective 
disorder 1 RF Impaired theory of mind

Ruck et al.  (2006)21 Anxiety 16 RF Impairment of executive functions, apathy

Ruck et al. (2008)5 OCD 25 RF or GKRS Weight gain, executive dysfunction, apathy, disinhibition, memory 
problems, incontinence, seizures

Barbier et al. (2011)9 Anorexia nervosa 
and OCD 1 RF

Transient bradycardia with accelerated junctional rhythm at rest, 
mild disorientation in place or time, moderate somnolence, slowed 
thinking, loss of concentration, apathy, emotional emptiness, mild loss 
of decorum 

Christmas et al. (2011)19 Major depression 20 RF

Urinary incontinence, nausea, dizziness, headache, confusion, ataxia, 
concentration problems, memory problems, loss of motivation, 
tiredness, somnolence, seizures, weight gain, subjective personality 
change, lack of emotional response, addiction

Jimenez et al. (2012)22 Aggressive behavior 10 GKRS Disinhibition, somnolence in the immediate postoperative period, and 
paraparesis

D'Astous et al. (2013)11 OCD 19

Mechanical 
lesioning using 
a Bertrand 
leucotome

Frontal syndrome, urinary incontinence, pneumonia, urinary infection, 
hemiplegia due to perioperative hemorrhage, cognitive impairment 

Liu et al. (2014)23 Schizophrenia 116 RF

Urinary incontinence (18), disorientation (4), sleep disorder (12), 
fatigue (10). These symptoms usually disappeared within two weeks. 
Long-term complications: bulimia (9), memory loss (7), personality 
changes (6), lazy behavior (5), hypererotism (4). One patient had slight 
bleeding and recovered without reoperation. One patient had a seizure 
and was controlled with antiepileptic medication

Batistuzzo et al. (2015)26 OCD 16 GKRS One patient developed an asymptomatic radionecrotic cyst later during 
follow-up

Liu et al. (2018)29 Anorexia nervosa 74 RF
Common short-term side effects: urinary incontinence (9.5%), 
sleep disorders (10.8%), fatigue (8.1%). Long-term complications: 
disinhibition (8.1%), memory loss (4.1%), lethargy (5.4%)

Kim et al. (2018)27 OCD 11 MRgFUS Headache and vestibular symptoms (mild and transient)

Huang et al. (2019)30 Epilepsy and severe* 
psychopathology 13 RF Headache, confusion, transient memory deficits, weight gain

Gupta et al. (2019)24 OCD 40 GKRS

Mood disturbance (25%), worsening in Yale-Brown Obsessive-
Compulsive Scale scores (7.5%), neurological complications (7.5%). One 
patient developed radiation necrosis with edema that improved with 
steroids.

Jung et al. (2019)31 OCD 4 MRgFUS None reported

Krámská et al (2021)32 OCD 12 RF None reported

Kasabkojian et al. 
(2021)25 OCD 1 GKRS Manic episode, cognitive memory changes, visual hallucinations, 

confabulation, frontal lobe symptoms, hemispheric edema, small cyst
*Mainly positive psychotic symptoms, as well as aggression and excessive impulsivity, followed by anxiety, depression, and intellectual disability. GKRS: Gamma 
Knife radiosurgery; MRgFUS: magnetic resonance-guided focused ultrasound; OCD: Obsessive-Compulsive Disorder; RF: radiofrequency

Table 1. Summary of clinical data regarding indication, sample, method, and complications of capsulotomy as a treatment option for psychiatric 
disorders.
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Complications
Clinical manifestations

Postoperative complications are usually transient 
and self-limited within a short period. One of the most 
common complications is frontal syndrome.11,15 It can 
manifest as apathy, executive dysfunction, disinhibi-
tion, or increased perseverative behavior.5,9,14 Other 
usual adverse effects are local edema, often presenting 
with headache, which responds well to steroids,3,15,22 
ataxia,22 paraparesis,22 and seizures, which are usually 
self-regressive.3,5,10 Impairment of sphincter control is 
also common, mainly presenting with urinary inconti-
nence.3,10,11,19 Other complications include weight gain, 
somnolence, fatigue,3,5,10,19 disorientation, bulimia, 
memory loss, personality changes, lazy behavior, and 
hypererotism.23

Transient postoperative confusion or delirium has 
also been reported.3,10 Other psychiatric complications 
such as hypomania/mania, addiction, suicidal ideation, 
impaired theory of mind, or negative changes of per-
sonality after capsulotomy are relatively rare.3,14,18-20 Per-
manent complications such as hemiplegia or cognitive 
deficits, although reported, are fortunately scarce.11

Regarding cerebrovascular accidents following cap-
sulotomy, intracranial hemorrhage is the most com-
mon. Infarcts affecting deep structures, e.g., the caudate 
nucleus, have been reported as well. Thromboembolic 
complications, such as deep vein thrombosis and air 
emboli,3,10,11 as well as cardiac complications, e.g., tran-
sient bradycardia with accelerated junctional rhythm,9 
have also been described. Finally, there are several in-
fections that can occur after the procedure, such as 
pneumonia and urinary tract infections.3,11 Table 1 sum-
marizes data regarding indication, sample, method, and 
complications of capsulotomy in the treatment of psy-
chiatric disorders.

Different modalities
- RF lesioning

As seen in Table 1, most of the complications men-
tioned above, as well as multiple adverse events in the 
same patient, can be observed after RF capsulotomy. 
The largest series (116 patients) reporting capsulotomy 
complications so far comes from Liu et al. (2014), who 
used capsulotomy to treat schizophrenic patients.23 They 
reported urinary incontinence, sleep disorder, fatigue, 
and disorientation as frequent but transient complica-
tions. They further noticed long-term complications in 
their patients that included (in order of frequency) bu-
limia, memory loss, personality changes, lazy behavior, 
and hypererotism.23

Doshi (2021)4 reported 107 patients who underwent 
RF lesioning for movement and psychiatric disorders, in-
cluding 6 OCD patients who underwent anterior capsu-

lotomy/nucleus accumbens lesioning. All OCD patients 
were in remission. These authors reported dysarthria, 
confusion, hemiparesis, dyskinesia, and paresthesia as 
complications of RF lesioning that occurred in 12 pa-
tients (7 were transient), but these were not specific to 
capsulotomy.4

Zhan et al. (2014)33 studied 53 medically intractable 
OCD patients who underwent MRI-guided bilateral an-
terior capsulotomy. Postoperatively, 37.9% were regard-
ed as OCD symptom-free, 39.5% as clinically improved, 
and 22.6% experienced no improvement. The authors 
concluded that bilateral capsulotomy is a precise and 
relatively safe therapy for refractory OCD, which can 
improve patients’ quality of life and restore their social 
function. They underlined the necessity of strict inclu-
sion criteria for patients, considering the complications 
and the irreversibility of this procedure.33

Jiménez-Ponce et al. (2011)34 reported 12 patients 
with a primary diagnosis of aggressiveness refractory 
to conventional treatment, who were surgically treated 
with combined bilateral anterior capsulotomy and cin-
gulotomy. Among them, 5 patients showed either mild 
or transitory postsurgical complications. According to 
the authors, the treatment successfully reduced aggres-
sive behavior and improved clinical evaluations.34

- GKRS
Gupta et al. (2019)24 have reported the largest series 

of GKRS capsulotomy for OCD so far. They found mood 
disturbance as the commonest adverse event, affecting 
1/4 of patients. This was followed by worsening in Yale-
Brown Obsessive-Compulsive Scale scores and neuro-
logical complications, both affecting 7.5% of patients 
(Table 1).24

Gamma capsulotomy has a particular risk of adverse 
radiation effects, mainly radiation necrosis or brain 
edema and/or cyst formation. Interestingly, a maximal 
dose less than 180 Gy is associated with fewer adverse 
effects.8 Radionecrotic cysts have been reported in 5% 
of patients at long-term follow-up.8 Kasabkojian et al. 
(2021)25 underlined that GKRS capsulotomy compli-
cations can develop years after treatment, especially 
in cases of very high radiation doses. They also noted 
the consequences of severing more fibers of the ante-
rior frontal region than intended and the importance of 
careful clinical and imaging follow-up.25

Miguel et al. (2019)1 reported frontal lobe edema 
and formation of delayed radionecrotic cysts as possible 
complications of GKRS capsulotomy for OCD. These ad-
verse events, however, have become less common with 
modern radiation dose and targeting strategies. Accord-
ing to these authors, GKRS capsulotomy, and particular-
ly its modern variant, i.e., gamma ventral capsulotomy, 
appears as a reliable treatment option for selected cases 
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of otherwise highly refractory OCD.1 Moreover, Batis-
tuzzo et al. (2015) reported a double-blind, random-
ized controlled trial of GKRS ventral capsulotomy in 16 
refractory OCD patients with no decline in cognitive or 
motor functioning at one-year follow-up.26

Remarkably, we should note here that GKRS capsu-
lotomy may be a viable option in patients with treat-
ment-refractory Tourette syndrome with comorbid 
OCD,35 as well as for other OCD-related disorders such 
as skin-picking disorder.36

- MRgFUS
Mild and transient headache and vestibular symp-

toms have been reported following MRgFUS27 (Table 
1). Kumar et al. (2019)28 reported a decision analytical 
model comparing MRgFUS to RF capsulotomy for OCD. 
Analyzing published data, they mentioned that compli-
cations occurred in 16.2% of RF cases. In 1.4% of cases, 
complications were considered acute/perioperative and 
incurred additional hospitalization costs. The adverse 
events, including neurological and neurobehavioral 
changes, did not incur further costs in the rest 14.8% of 
cases, although they impacted utility. Compared to RF 
capsulotomy, MRgFUS appeared more cost-effective. 
They concluded that MRgFUS lacks many of the inher-
ent risks associated with more invasive treatment mo-
dalities for OCD.28 According to other authors, MRgFUS 
has the advantages of less invasiveness and a real-time 
monitored procedure, and this modality is now growing 
to attempt potential applications to various brain disor-
ders.37

Discussion
Anterior capsulotomy is a generally safe, well-toler-

ated, and effective therapy for OCD.38 The capsulotomy’s 
surgical target includes the unilateral5 or bilateral ante-
rior limb of the internal capsule (ALIC),5,9,11,18,19,21,27,31 oc-
casionally combined with supragenual cingulotomy.22 
GKRS capsulotomy has been performed for over 40 
years in the treatment of refractory OCD. Long-term clin-
ical response data and adverse outcomes from earlier 
empiric treatment parameters have resulted in shifting 
the target from its initial location within the midpoint 
of ALIC to its most ventral portion as well as the ventral 
striatum,7 where the nucleus accumbens belongs.39-41

Remarkably, many of the early GKRS capsulotomy 
studies were complicated by clinically relevant radia-
tion-induced adverse effects.7 More recent GKRS capsu-
lotomy studies have demonstrated strong efficacy with 
diminished adverse effects with well-placed lesions cre-
ated at lower radiation doses. Advances in neuroimag-
ing technology, such as diffusion tensor imaging-based 
fiber tracking, may provide further insight into precisely 
targeting the ventral capsule/striatum, based on pa-
tient-specific variations in white matter connectivity.7

Pepper et al. (2015)42 reviewed the published litera-
ture and compared the outcome of ALIC capsulotomy 
and DBS of the ventral capsule/ventral striatum and 
nucleus accumbens in OCD. Remarkably, they found no 
difference in complication rates.42 Pepper et al. (2019) 
also reviewed the effectiveness and safety profile of an-
terior capsulotomy for OCD and found a low rate of seri-
ous complications.38 More recently, Chang et al. (2021)8 
reviewed ablative surgical techniques for OCD, includ-
ing capsulotomy, and their complications.8 They found 
that adverse events following capsulotomy have been 
reported as transient/mild in 56.2% of patients and as 
permanent/serious in 21.4% of patients. These compli-
cations included apathy, incontinence, seizures, and 
executive dysfunction; these were also related to a very 
high radiation dose, multiple procedures, and larger 
targets. The authors importantly noticed that advance-
ments in the capsulotomy procedure have significantly 
decreased its adverse events.8

Capsulotomy is a type of stereotactic psychiatric sur-
gery that can be an effective and relatively safe treat-
ment option when carried out by a specialized mul-
tidisciplinary team, aiming to treat carefully selected 
patients with chronic, severe, and medically-refractory 
psychiatric disorders. In this context only, capsulotomy 
can have fewer adverse effects and complications.15 New 
minimally invasive techniques, such as MRgFUS, have 
the advantage of avoiding skull opening and, thus, rele-
vant complications, such as hemorrhage and infections, 
can be avoided.3 With the ongoing progress in modern 
neuroimaging techniques, future studies should focus 
on whether specific complications are associated with 
specific ALIC parts/tracts. This knowledge could enable 
safer targeting and improve the capsulotomy’s safety 
profile.

Finally, ethics committee approval is a critical part of 
the design and execution of capsulotomy studies. Given 
that this is a last-resort procedure to manage a patient’s 
illness that is refractory to all other treatments, appro-
priate institutional ethics approval is of paramount im-
portance, along with careful study design. As with other 
treatment methods, explanation of potential compli-
cations and side effects to patients and their families is 
mandatory before making any decision to proceed.

As expected, this systematic review has several lim-
itations. Its principal limitation is the fact that many of 
the included studies are case reports or case series, and 
data from other reviews have also been used. As a result, 
the total number of patients who underwent capsulo-
tomy is restricted. Further studies, ideally multicentric, 
would be required in order to reach safer conclusions.

Conclusion
Capsulotomy is a lesioning procedure targeting the 

internal capsule in the treatment of specific severe, 
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treatment-resistant psychiatric disorders, mainly OCD. 
The modalities used for this procedure are RF ablation, 
GKRS, and MRgFUS. Postoperative complications are 
usually transient and self-regressing. These include neu-
rological and psychiatric manifestations, cerebrovascu-
lar accidents, thromboembolic events, and infections. 
Urinary incontinence, sleep disorders, fatigue, and dis-
orientation are frequent but transient complications of 

RF lesioning. Its long-term complications include buli-
mia, memory loss, and personality changes. Gamma 
capsulotomy has the risk of adverse radiation effects, 
such as radiation necrosis, brain edema, and cyst forma-
tion. MRgFUS seems to lack many of the inherent risks 
associated with more invasive treatment modalities. 
Further clinical research is key to improving the safety 
of the capsulotomy.
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