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HypotHalamic hamartoma (HH) is a rare congeni-
tal, nonprogressive abnormality located in the 
ventral hypothalamus. HHs are intrinsically epi-

leptogenic1–4 and are associated with several common co-
morbidities, such as cognitive delay, precocious puberty, 
and behavioral disorders.5–9 Gelastic seizures (GSs) are 
the typical seizure type for patients with HHs,3 but other 
seizure types, including complex partial seizures (CPSs), 
simple partial seizures (SPSs), and generalized tonic-clon-

ic seizures (GTCSs), can also be observed in approximate-
ly 75% of patients.8,10,11 HH-related seizures are often re-
sistant to antiepileptic drugs (AEDs).12 Surgical treatment 
of HHs is widely considered an essential step for seizure 
control. Several surgical approaches and techniques have 
been used to resect or disconnect HHs and have achieved 
effective seizure outcomes.13–18 However, some patients re-
fuse to undergo resective surgery (RS); additionally, some 
HHs are positioned too deep to reach, and 37.9%–65.4% 
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OBJECTIVE In this study, the authors compared the efficacy and safety of stereotactic radiofrequency thermocoagula-
tion (SRT) and resective surgery (RS) for patients with hypothalamic hamartoma (HH).
METHODS The authors included all patients with HHs who were treated by SRT or hamartoma resection. Seizure out-
comes were assessed by blinded observers according to the International League Against Epilepsy (ILAE) classification. 
Favorable seizure outcomes were defined as ILAE classes 1 and 2, and unfavorable seizure outcomes were defined as 
ILAE classes 3–6.
RESULTS Twenty-nine patients who underwent SRT or RS met the inclusion criteria; 3 were excluded because they 
had completed less than 12 months of follow-up. Most of the patients (20 of 26; 76.9%) had small HHs (i.e., maximum 
HH diameter less than 20 mm). The patients’ follow-up time ranged from 12 to 66 months (median 60 months). At the last 
follow-up, favorable outcomes were observed in 9 patients (69.2%) who had undergone SRT and 10 patients (76.9%) 
who had undergone HH resection. No significant difference was found in seizure outcomes between SRT and RS re-
cipients. Patients with giant HHs were more likely than patients with smaller tumors to undergo multiple resections (p 
= 0.043, univariate logistic regression; significant). However, no significant difference was found between SRT and RS 
recipients in terms of the number of procedures per patient. SRT recipients had fewer and less-severe adverse events 
than RS recipients.
CONCLUSIONS For patients with small HHs, SRT provides similar seizure outcomes to RS with a less invasive proce-
dure. Patients who underwent SRT experienced fewer and lighter adverse effects than patients who had RS. Patients 
with giant HHs were more likely to undergo multiple HH resections.
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of HHs cannot be completely or almost completely re-
sected.15,17,19 As a minimally invasive and highly effective 
surgical procedure, stereotactic radiofrequency thermoco-
agulation (SRT) is an increasingly common treatment for 
HH.20–23 Although several studies have separately reported 
the use of SRT and RS for HHs, few studies have directly 
compared these 2 therapeutic methods. The present study 
compared the efficacy and safety of SRT and RS to deter-
mine which is the better choice for HH treatment. In addi-
tion, the present study supplements the existing literature 
on the long-term effectiveness of SRT and RS.

Methods
Patient Population and Inclusion Criteria

This single-blind study included all patients with HH 
who were treated by SRT or RS between 2009 and 2019 
at SanBo Brain Hospital, Capital Medical University, Bei-
jing, China. Written informed consent was provided by the 
patients or their parents. All patients agreed to the proce-
dure and to the use of their anonymized data for research 
purposes. The local ethics committee approved this study. 
Preoperative evaluation included CT, MRI, concurrent 
video and electroencephalography (video-EEG), magne-
toencephalography, and neuropsychological assessment. 
We established a unified anonymous medical record sys-
tem to manage the characteristics, clinical histories, ex-
amination results, and follow-up outcomes of all patients. 
The inclusion criteria required all patients to have been 
clinically diagnosed with HH by a neurosurgeon based on 
MRI findings, syndromes, and pathology (if available) and 
to have undergone SRT or RS at SanBo Brain Hospital, 
Capital Medical University, between 2009 and 2019. All 
included patients had refractory epilepsy, defined as fail-
ure of at least 3 AEDs. Patients who completed less than 
12 months of follow-up or refused to participate were ex-
cluded from the present study.

Surgical Strategy
Each patient’s treatment strategy was developed accord-

ing to surgeon recommendations based on the location, 
shape, and size of the HH and the condition of the patient. 
Placement of the SRT electrode was performed under gen-
eral anesthesia guided by a ROSA robot (MedTech) or a 
Sinovation robot (Sinovation). ROSA planning software 
(MedTech) or Sinovation planning software (Sinovation) 
was used for surgical planning based on an analysis of the 
MR images (1-mm-slice sagittal T1-weighted images and 
2-mm-slice axial and coronal T2-weighted images; 1.5T 
scanner, Siemens) and CT scans (1-mm consecutive, Phil-
ips). After the intracranial electrodes were implanted, ad-
ditional MRI and CT scans were obtained to confirm their 
locations. Intracranial EEG recordings were monitored to 
locate the epileptogenic zone. SRT was performed on the 
contacts of the epileptogenic zone using a radiofrequency 
lesion generator (model R-2000B, BNS). A test heating (2 
W, 30 seconds) was performed first, and the patient was 
monitored by EEG for 1 day. If the patient did not expe-
rience any unacceptable complications, we then created 
lesions (3 W, 60 seconds). The coagulations were mainly 
focused at the border between the hamartoma and the hy-

pothalamus and at the center of the hamartoma. After the 
first SRT session, the patient was monitored by EEG again 
for at least 1 night. Repeat SRT procedures were con-
ducted if the patient’s seizures persisted. The decision to 
end the course of SRT and resect the electrode was made 
based on the patient’s condition, wishes, and seizures.

RS was also performed under general anesthesia. Stan-
dard transventricular resection of the HH was conducted 
for all patients. First, a frontal craniotomy was made along 
the optimal trajectory, which was determined by a naviga-
tion system. Then, an opening was made in the anterior 
corpus callosum under microscopic guidance, and the roof 
of the third ventricle was entered through the midline of 
the corpus callosum. The HH could be found in the lateral 
wall of the third ventricle. MRI and CT scans were ob-
tained postoperatively to confirm the resection boundary. 
The patient was asked to return for assessment. Further 
resections were performed based on the patient’s seizures, 
condition, and wishes. The pre- and postoperative MR im-
ages obtained in 2 patients with HH who underwent SRT 
(patient 10) and RS (patient 15) are shown in Fig. 1. Im-
plantation planning is also shown in 1 patient (patient 10).

Assessment
Seizure outcomes were assessed by blinded observers 

according to the International League Against Epilepsy 
(ILAE) classification.24 ILAE class 1 means the patient is 
entirely free of seizures and auras, ILAE class 2 means 
the patient has only auras and no other seizures, and ILAE 
classes 3–6 mean the patient still has seizures with or 
without auras. Favorable seizure outcomes were defined as 
ILAE classes 1 and 2, and unfavorable seizure outcomes 
were defined as classes 3–6. Experienced neurosurgeons 
performed the assessments at baseline, 3 months, and 
every year after the procedure. The neurosurgeons were 
merely told a random number identifying the patient and 
entered the follow-up records in the anonymous medical 
record system. Seizure frequency at baseline was deter-
mined by averaging the number of seizures per month in 
the last 3 months before the implantation surgery. Other 
outcomes, including adverse events and AED usage, were 
also collected.

Statistical Analysis
Continuous variables are presented as the mean ± SD. 

Categorical variables are reported as a number and per-
centage. After the Shapiro-Wilk test and Levene’s test 
were used to explore the distributions and variance, the 
2-sample t-test or Mann-Whitney U-test was used to com-
pare the continuous variables (e.g., patient age). Univariate 
analyses and comparisons of categorical variables (e.g., 
favorable or unfavorable outcomes) were performed us-
ing Fisher’s exact test and logistic regression. Statistical 
significance was defined as p < 0.05. Statistical analyses 
were performed using IBM SPSS (version 26, IBM Corp.); 
statistical figures were drawn using GraphPad Prism (ver-
sion 8, GraphPad).

Results
Baseline Characteristics of Patients

Twenty-nine patients who underwent SRT or RS met 
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the inclusion criteria; 3 of them were excluded because 
they had completed less than 12 months of follow-up. The 
remaining 26 patients (18 male and 8 female patients) had 
been diagnosed with HH and all agreed to participate in 
this study. These patients were divided into the SRT group 
(13 patients, 50%) and the RS group (13 patients, 50%), 
which determined the type of treatment they would un-
dergo at our epilepsy center. The clinical characteristics 
of these patients and the treatments they received are de-
scribed in Table 1.

The patients’ follow-up time ranged from 12 to 66 
months (median 60 months). Most of the patients (20 of 26; 
76.9%) had small HHs (i.e., maximum HH diameter less 
than 20 mm). Three patients (11.5%) had experienced only 
GSs before; other seizure types included CPS, SPS, and 
GTCS. There was no significant difference in sex, age, HH 
size, symptom history, follow-up time, or number of pro-
cedures between patients who underwent SRT and those 
who underwent RS (p > 0.05; Fisher’s exact test, 2-sample 
t-test, or Mann-Whitney U-test, as appropriate). Of the 13 

patients who underwent SRT, 1 patient (patient 4) had pre-
viously undergone Gamma Knife radiosurgery (GKRS), 
and 1 patient (patient 8) had previously undergone HH re-
section at another medical center. Seven patients (53.8%) 
received SRT more than once. As for patients who under-
went RS, 1 patient (patient 14) had a history of GKRS. 
Moreover, 1 patient (patient 16) switched to SRT after 2 
HH resections.

SRT and RS Procedures
Among patients who underwent SRT, 53.8% (7 of 13 

patients) received multiple SRT procedures. Most of them 
(6 of 7 patients, 85.7%) received SRT twice, and 1 patient 
had the procedure 4 times, eventually achieving a seizure-
free outcome. As for the RS group, full resection was not 
achieved in 5 patients on the first attempt; 4 of them un-
derwent a second resection. One patient received SRT af-
ter 2 RSs and had an ILAE class of 4 at the last follow-up. 
The procedures and outcomes of SRT and RS are shown 
in Fig. 2. To determine the factors that influence the proce-

FIG. 1. Preoperative and postoperative MR images and implantation planning in 2 patients with HH who underwent SRT (patient 
10) and RS (patient 15). A–D: Preoperative (A) and postoperative (B) sagittal FLAIR images, and preoperative (C) and postop-
erative (D) coronal FLAIR images. E–H: Patient 15. Preoperative (E) and postoperative (F) sagittal FLAIR images, preoperative 
coronal FLAIR image (G), and postoperative contrast-enhanced coronal T1-weighted image (H). I–L: Patient 10. Axial (I) and 
sagittal (J) implantation planning images, coronal implantation planning image (K), and 3D reconstructed image of implantation 
planning (L). Figure is available in color online only.
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dure times, we conducted comparisons and predictors of 
SRT and RS times by univariate analysis (Supplementary 
Table S1). Patients with giant HHs (i.e., maximum HH di-
ameter more than 20 mm) were significantly more likely 
than those with smaller HHs to undergo multiple resec-
tions (OR 3.00, 95% CI 1.97–8.30; p = 0.043, univariate 
logistic regression); no other predictors of the number of 
SRT or RS procedures were found. Moreover, an analysis 
of different subgroups did not reveal any significant differ-
ence between the re-treatment rates of SRT and RS (53.8% 
vs 30.8% with multiple surgeries).

Seizure Outcomes
At the last follow-up, favorable outcomes were ob-

served in 9 patients (69.2%) who had undergone SRT and 
10 patients (76.9%) who had undergone RS. No significant 
difference was found between SRT and RS outcomes. In 

univariate analysis, no predictors were associated with sei-
zure outcomes (Supplementary Table S2). The RS group 
initially achieved a higher seizure-free rate than the SRT 
group, but the SRT group surpassed the RS group at 6 and 
12 months. Over long-term follow-up, the seizure-free rate 
of the RS group gradually increased and eventually ex-
ceeded that of the SRT group (Fig. 3). During the follow-
up period, the difference in seizure-free rates between the 
SRT and RS groups was not significant (p > 0.05, Fisher’s 
exact test).

The adverse effects in these 2 groups were also re-
corded (Table 2) and compared (Supplementary Table S3). 
Among SRT recipients, hypothyroidism was observed in 
2 patients (15.4%; 1 single SRT and 1 multiple SRTs); di-
minished short-term memory was reported by 1 patient 
(7.7%, multiple SRTs); and 1 patient (7.7%, multiple SRTs) 
had weight gain. As for the RS group, replacement therapy 

TABLE 1. Characteristics and treatments of patients with HH

Patient No. Sex Age (yrs) Size (mm) History (yrs) Seizure Type Comorbidities FU (mos) Previous Tx
No. of  

Procedures

SRT group
 1 F 14 8.8 14 GS, SPS 54 None 1
 2 M 7 7 5 GS, CPS 60 None 1
 3 M 10 8.9 9 GS, CPS 60 None 1
 4 M 23 10 21 GS 54 GKRS 2
 5 M 9 13 4 GS, SPS CD, PP 60 None 2
 6 M 4 9 2.5 GS, SPS 60 None 2
 7 M 25 13 5 GS, CPS 60 None 1
 8 M 19 6.2 18 GS, SPS BD 60 RS 1
 9 F 2 17 0.5 GS PP 60 None 4
 10 M 4 32 2 GS, SPS 54 None 1
 11 F 4 33 0.58 GS, CPS 12 None 2
 12 F 10 5.5 0.5 GS, CPS, GTCS 54 None 2
 13 F 24 11.5 4 GS, GTCS 12 None 2
 Mean 11.92 13.45 6.62 50.77 1.69
RS group
 14 M 36 30 34 GS, CPS, GTCS BD 66 GKRS 1
 15 M 15 16 14 GS, SPS 60 None 1
 16 F 3 31 2 GS PP 54 None* 2
 17 M 9 26 0.42 GS, GTCS 30 None 2
 18 M 14 10 13 GS, CPS, GTCS PP 66 None 1
 19 M 5 11 0.75 GS, CPS CD, BD 66 None 2
 20 F 20 7 18 GS, SPS 60 None 1
 21 M 16 7 8 GS, SPS 60 None 1
 22 F 27 20 13 GS, GTCS PP, BD 60 None 2
 23 M 35 7.4 34 GS, SPS 24 None 1
 24 M 20 6 20 GS, GTCS CD 60 None 1
 25 M 31 11.5 3 GS, CPS 60 None 1
 26 M 14 11 14 GS, SPS, GTCS 60 None 1
 Mean 18.85 14.92 13.40 55.85 1.31
p value 0.51 0.08 0.76 0.19 0.14 0.29

BD = behavioral disorders; CD = cognitive delay; FU = follow-up; PP = precocious puberty; Tx = treatment.
* This patient underwent SRT after 2 RSs.

Unauthenticated | Downloaded 05/23/23 11:24 PM UTC

https://thejns.org/doi/suppl/10.3171/2020.2.JNS193423
https://thejns.org/doi/suppl/10.3171/2020.2.JNS193423
https://thejns.org/doi/suppl/10.3171/2020.2.JNS193423
https://thejns.org/doi/suppl/10.3171/2020.2.JNS193423


J Neurosurg Volume 134 • April 2021 1023

Wang et al.

for hypothyroidism was required by 3 patients (23.1%, all 
single RSs); diminished short-term memory was reported 
by 2 patients (15.4%, both single RSs), and diabetes insipi-
dus was found in 4 patients (30.8%, 3 with single RSs and 
1 with multiple RSs). The dose of AEDs was reduced in 2 
patients who received SRT (15.4%, 1 with single SRT and 
1 with multiple SRTs) and 3 patients with RS (23.1%, all 
single RSs).

Discussion
Efficacy of SRT and RS

Several previous studies separately reported on SRT 
and RS as treatments for HH, including the efficacy of 
these treatments and the associated adverse events. How-
ever, the number of comparisons between these two thera-
peutic methods has been limited. The present study com-
pared SRT with RS in terms of efficacy and adverse events 
to determine which is the better choice for HH. As most of 
the included patients had small HHs, the results might be 
more applicable to patients with small HHs than to those 
with larger tumors.

SRT was previously reported by several studies as a 
minimally invasive and effective procedure for HH.20–23, 

25,26 Kameyama et al.20,21 treated HH by conducting MRI-
guided SRT procedures using a stereotactic system. They 
reviewed 100 patients with a median follow-up time of 36 
months and reported that complete freedom from seizures 
was achieved in 71.0% of patients. In the present study, we 
performed SRT with the guidance of a ROSA or Sinova-
tion robot in accordance with the technical note of Tandon 
et al.27 and made lesions based on findings from intracra-
nial EEG recordings. Intracranial EEG could provide ac-
curate localization of the epileptogenic focus and guidance 
for reoperation. In our study, 7 patients (53.8%) achieved 
seizure-free outcomes and 9 patients (69.2%) achieved fa-
vorable outcomes after a median follow-up period of 60 
months in the SRT group.

Among patients who underwent one-time SRT, 66.67% 
achieved favorable outcomes. Repeat procedures were 

needed in 53.8% of patients, and all of them achieved a 
lower seizure frequency after the additional procedure 
than after the first procedure. Kameyama et al.21 also re-
ported that approximately 70% of patients achieved good 
therapeutic outcomes after a single SRT session, and re-
peat sessions could be effective. A smaller HH size and a 
smaller number of AEDs were believed to be associated 
with better neuropsychological performance in a study by 
Sonoda et al.23 In the present study, however, no predictors 
were found to be associated with seizure outcomes in uni-
variate analysis. The study of Kameyama et al.21 proposed 
that repeat SRT was ineffective for residual non-GSs. We 
also found that all patients with unfavorable outcomes 
had non-GSs as of the last follow-up. Residual non-GSs 
included SPSs (n = 2) and CPSs (n = 2). For patients with 
giant HHs, a study by Shirozu et al.22 showed that SRT 
could also be an acceptable strategy, which was confirmed 
in our 2 patients with giant HHs who underwent SRT. We 
attempted to compare different sizes of HH and found no 

FIG. 2. Flow diagram showing the repeat procedures and outcomes of SRT and RS for patients with HH, and the adverse effects 
of each procedure. a One patient had a history of GKRS; b one patient had a history of HH resection; c one patient had a history of 
GKRS. DI = diabetes insipidus; DSM = diminished short-term memory; HT-H = hypothyroidism; WG = weight gain.

FIG. 3. Seizure-free rate of SRT and RS for patients with HH. NS = not 
significant.
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difference in seizure outcomes between small and giant 
HHs.

Standard transventricular resection of HHs was con-
ducted in the RS group. Several surgical approaches and 
techniques have been used for HH resection. Most of these 
methods have been reported to be safe and effective but 
are prone to a high probability of adverse events.14–17,19 
In the present study, 10 patients (76.9%) underwent HH 
resections and achieved favorable outcomes; 9 patients 
(69.2%) were free of seizures at the last follow-up. Harvey 
et al.15 conducted HH resections using a transcallosal ap-
proach and reported that 15 of 29 patients (51.7%) achieved 
seizure-free outcomes after a mean 30-month follow-up; 
this rate is lower than what we found in the present study.

Full HH resection was difficult to achieve. Previous 
studies showed that 37.9%–65.4% of HHs cannot be com-
pletely or almost completely resected.15,17,19 The present 
study found that full resection could not be achieved in 
38.5% of patients, and most of them underwent reopera-
tion. Patients with giant HHs were more likely than those 
with smaller tumors to receive multiple resections. In our 
study, as in a study by Pati et al.,18 reoperation could im-
prove seizure frequency. However, similar to patients who 
had undergone SRT, most of the RS recipients with unfa-
vorable outcomes had non-GSs as of the last follow-up.

In the present study, we compared the seizure fre-
quency of patients treated with these 2 different surgical 
methods. Although more RS recipients than SRT recipi-
ents achieved favorable outcomes (76.9% vs 69.2%), the 
difference was not significant. Both SRT and RS recipients 
showed stable seizure-free rates. Moreover, no significant 
difference was found between SRT and RS in the rate of 
repeat procedures (53.8% vs 30.8% with multiple surger-
ies) after subgroup analysis. SRT is a minimally invasive 
procedure with better flexibility than RS. Patient 8 had a 
history of HH resection but did not achieve seizure reduc-
tion, and the patient continued to have both GSs and SPSs. 
He then came to our center for a minimally invasive ap-
proach. After a single SRT procedure, he reached ILAE 
class 2. For patients with small HHs who are not suitable 

candidates for RS or refuse to undergo the operation, SRT 
can provide similar outcomes with a less invasive proce-
dure.

A potential limitation of this study is that patients 
treated with RS were older, had a longer symptom history, 
and had larger HHs at baseline than patients who under-
went SRT, although these differences were not statisti-
cally significant. This likely reflects patient selection for 
RS or SRT. Patients who are older (possibly with lower 
surgical risk) and have larger HHs (possibly with greater 
space-occupying effects) may be more suitable for RS. In 
addition, we found that intraventricular HHs are easiest 
to identify and resect; in these cases, RS can relieve the 
occupation of the ventricle. In contrast, some small HHs 
with unclear boundaries are more suitable for SRT than 
for RS. Moreover, SRT is less invasive than RS and can 
readily be performed multiple times, which makes SRT 
the superior choice for children and patients at high sur-
gical risk. Among patients with giant HHs (6 of 26 pa-
tients), most were treated with RS (4 of 6 patients). After 
hamartoma resection, 50% of patients (2 of 4 patients) 
achieved favorable outcomes, and 25% of patients (1 of 
4 patients) reported adverse effects. Encouragingly, both 
patients with giant HHs (patient 10, 32 mm and patient 11, 
33 mm) achieved favorable outcomes after receiving SRT. 
Although the sample size of patients with giant HHs was 
small and no significant difference was found in outcomes 
or adverse effects between SRT and RS (p > 0.05, Fisher’s 
exact test), the application of SRT in giant HH deserves 
further attention.

Adverse Effects of SRT and RS
Overall, adverse events were recorded in 23.1% of SRT 

recipients and 61.5% of RS recipients, but the difference 
was not statistically significant (p = 0.111, Fisher’s exact 
test). After the initial procedure, only 1 patient (7.7%) with 
SRT had adverse events, while 8 patients (61.5%) with RS 
reported a variety of side effects (p = 0.011, Fisher’s exact 
test). There was no significant difference in the incidence 

TABLE 2. Adverse effects resulting from SRT and RS for patients with HH

Patient No. Procedure No. of Procedures Complication Outcome

5 SRT 2 Weight gain Resolved
9 SRT 3 Hypothyroidism Replacement therapy
9 SRT 4 Hypothyroidism Replacement therapy

13 SRT 1 Hypothyroidism Resolved
13 SRT 2 Diminished short-term memory Resolved
15 RS 1 Diabetes insipidus Resolved
17 RS 1 Diminished short-term memory Resolved
17 RS 2 Diabetes insipidus Resolved
18 RS 1 Hypothyroidism Replacement therapy
19 RS 1 Hypothyroidism Replacement therapy
20 RS 1 Hypothyroidism Replacement therapy
24 RS 1 Diabetes insipidus Desmopressin Tx
25 RS 1 Diabetes insipidus Resolved
26 RS 1 Diminished short-term memory Resolved
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of adverse effects between the 2 groups (SRT, 42.9% and 
RS, 25%; p > 0.999, Fisher’s exact test) after multiple pro-
cedures. Given the limited sample size, no predictor was 
found to be associated with the incidence of adverse reac-
tions after univariate analysis of SRT and RS.

For patients with SRT, hypothyroidism, diminished 
short-term memory, and weight gain were the major ad-
verse effects. Previous studies rarely reported adverse ef-
fects, and when they did, they typically reported that the 
adverse events improved quickly.22 As for hamartoma re-
section, the most common adverse effect was diabetes in-
sipidus, followed by hypothyroidism and diminished short-
term memory. The side effects of RS have been widely re-
ported by previous studies and include obesity, short-term 
memory deficit, diabetes insipidus, and hypothyroidism, 
among others.14,17

Generally, patients who underwent SRT had fewer and 
less-severe adverse events than patients who underwent 
RS, especially among patients undergoing an initial pro-
cedure. SRT provided favorable efficacy and invasiveness 
with minimal and transient adverse effects.

Other Treatment Options
Recently, thermocoagulation with laser interstitial ther-

mal therapy (LITT) has compellingly demonstrated a 
strong therapeutic effect with minimal damage, and this 
treatment option is increasingly common.28 LITT is per-
formed by implanting a laser catheter into the hamartoma 
and heating it. LITT is technically similar to SRT, and the 
types of postoperative adverse effects are similar. Previ-
ous studies suggested that 84%–86% of patients treated 
with LITT could achieve freedom from seizures, and the 
incidence of permanent complications was approximately 
8%,28–31 which was similar to the rate observed in SRT. The 
advantage of LITT over SRT is that a larger volume can 
be ablated with a single catheter, which might potentially 
reduce the frequency of repeat heating. Moreover, real-
time imaging feedback could improve safety and accuracy. 
These advantages support LITT as a better choice than 
SRT. However, with a limited number of studies on LITT, 
additional patient outcomes must be obtained through 
long-term follow-up to further explore the efficacy and 
safety of this treatment. In addition, as a new technology, 
LITT remains unavailable in many regions. At medical in-
stitutions that are not equipped for LITT, SRT can be ac-
complished using basic stereotactic placement techniques 
and a radiofrequency lesion generator.

Limitations
As most of the included patients had small HHs, our 

results might be more applicable to patients with small 
HHs than to those with larger tumors. Additionally, the 
retrospective nature of this analysis imposes some inher-
ent limitations. Not all variables can be fully controlled; 
for example, there is potential disparity in patient selec-
tion for the treatments, and there may be inconsistencies 
in the dates of follow-up visits. Additionally, single-center 
studies are limited in their ability to identify variables that 
predict outcomes; multicenter collaboration is necessary 
for a more thorough exploration.

Conclusions
For patients with small HHs, SRT can provide similar 

seizure outcomes to RS with a less invasive procedure. 
Patients who underwent SRT experienced fewer and less-
severe adverse effects than patients who had RS. Patients 
with giant HHs (maximum HH diameter more than 20 
mm) were more likely to receive multiple HH resections 
than those with smaller tumors.
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