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 Background: Drug-resistant epilepsy is a common neurological disease in adults and children. This study aimed to undertake 
a systematic review of the literature with meta-analysis of the data from published studies to assess the ef-
fectiveness of magnetic resonance imaging (MRI)-guided laser interstitial thermal therapy (LITT) in treatment-
resistant epilepsy.

 Material/Methods: The study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. PubMed, MEDLINE, and EMBASE databases were systematically searched for indexed pub-
lications in the English language up to May 2018. Data on the prevalence, outcome using the Engel Epilepsy 
Surgery Outcome Scale (Class I to IV), and postoperative complications were analyzed with 95% confidence in-
tervals (CIs). The Methodological Index for Non-Randomized Studies (MINORS) was used to assess the risk of 
bias in the included studies.

 Results: Sixteen published studies that included a total of 269 patients with treatment resistant epilepsy were identi-
fied. The prevalence of Engel Class I, II, III and IV were 61% (95% CI, 0.54–0.68; I2=14.5%; P=0.302), 12% (95% 
CI, 0.07–0.16; I2=86.8%; P=0.000), 16% (95% CI, 0.10–0.22; I2=3.0%; P=0.397), and 15% (95% CI, 0.08–0.22; 
I2=13.2%; P=0.330), respectively. The prevalence of postoperative complications was 24% (95% CI, 0.16–0.32; 
I2=0%; P=0.629).

 Conclusions: Meta-analysis of data from 16 studies that included 269 patients with treatment-resistant epilepsy showed 
that MRI-guided LITT significantly reduced the frequency of seizures and reduced postoperative complications, 
supporting the safety and effectiveness of MRI-guided LITT in the treatment of drug-resistant epilepsy.
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Background

Epilepsy is a common neurological disorder occurring in approx-
imately 3% of adults [1]. In 10% of patients with epilepsy, the 
first episode occurs in the first three years of life [2,3]. There 
are about one-third of newly diagnosed patients with epilepsy 
who do not become seizure-free with antiseizure medications 
alone [4]. Therefore, additional approaches are required to 
control seizures that are non-responsive to drug treatment.

Currently, there are three main treatment approaches to con-
trol drug-resistant seizures in adults and children. First, epi-
lepsy surgery is considered to be a curative method with 80–
90% of epileptic patients with identified lesions becoming free 
from seizures, but partial resection of the lesion or removal of 
epileptogenic foci at crucial sites can lead to serious complica-
tions [5,6]. Second, implantation of a neuromodulatory device 
is a traditional way to reduce seizure frequency and has been 
reported to be successful for between 68–76% of patients who 
undergo constant stimulation for at least five years [7]. Third, 
minimally invasive ablated approaches have recently been ad-
opted, including stereo-electroencephalography (SEEG)-guided 
radiofrequency thermocoagulation (RFTC), focused magnetic res-
onance imaging (MRI)-guided ultrasound surgery, and focused 
MRI-guided laser interstitial thermal therapy (LITT). Although 
LITT was initially used in the 1980s for patients with intracranial 
tumors, with continued progress in technological development, 
including real-time MRI, LITT has delivered effective outcomes 
when compared with RFTC [8]. Also, LITT is a technique that is 
without the reported edema and radiation necrosis associated 
with RFTC [8], and without the risk of skull heating and cranial 
nerve damage that can be associated with ultrasound surgery [9].

LITT as a procedure does not require regulatory approval, but in 
2008 the Visualase® Thermal Therapy System (Medtronic, MN, 
USA) used in MRI-guided laser technology was the first sys-
tem to be approved by the US Food and Drug Administration 
(FDA) for use in neurosurgery. However, MRI-guided LITT re-
mains a relatively new technology and the current status of 
its efficacy and safety in the treatment of patients with refrac-
tory epilepsy remains unknown. Therefore, this study aimed 
to undertake a systematic review of the literature with meta-
analysis of the data from published studies to assess the ef-
fectiveness of MRI-guided LITT in treatment-resistant epilepsy, 
including postoperative seizure control, and the complications 
associated with the use of this procedure.

Material and Methods

Study design

This study was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (http://www.prisma-statement.org). Figure 1 is a 
flow diagram that illustrates the study design.

Data sources and search strategy

PubMed, MEDLINE, and EMBASE were systematically searched 
for all indexed publications in the English language up to May 
2018. The search strategy combined the following search 
terms: “epilepsy” OR “drug-resistant epilepsy” OR “seizure” 
AND “laser interstitial thermal therapy” OR “laser-induced 
thermal therapy” OR “LITT”. Additional strategies included hand 
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Figure 1.  Flowchart of the publication selection 
process used in the meta-analysis.
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searches of journals that were not included in the electronic 
sources, internet searches of the literature, and screening of 
reference lists of retrieved studies.

Selection criteria

Studies were eligible for inclusion in the meta-analysis if they 
conformed to the following criteria: 1) patients with epilepsy 
who were medication-resistant with focal onset of seizures; 
2) all patients were treated with magnetic resonance imaging 
(MRI)-guided laser interstitial thermal therapy (LITT), which 
was performed in a standard manner; 3) the studies contained 
comparable data that evaluated the efficacy of MRI-guided 
LITT. Studies without crucial and assessable data for statis-
tical analysis or non-original studies such as reviews, letters, 
and commentaries were excluded. For relevant studies that 
did not provide necessary data for analysis, we contacted the 
corresponding author of the publication for information. If we 
did not receive a response from the author in a reasonable 
time, the study was excluded from the meta-analysis. During 
publication selection, any differences in opinion between the 
study members were resolved by discussion and consensus.

Data extraction

Study details of the selected publications were extracted using 
a data extraction form by a single reviewer and subsequently 
cross-checked for accuracy, consistency, and completeness by 
a second reviewer. Discrepancies were resolved by referring to 
the original publication. The following data elements were ex-
tracted to a standardized data collection sheet that included 
key patient characteristics, location of surgical foci, the length 
of follow-up, and the time taken for the surgery.

Quality assessment of the included studies

The Methodological Index for Non-Randomized Studies 
(MINORS) was used to assess the risk of bias in the included 
studies. Because this was a single rate meta-analysis, the fol-
lowing eight items were applied: a clearly stated aim; inclusion 
of consecutive patients; prospective collection of data; end-
points appropriate to the aim of the study; unbiased assess-
ment of the study endpoint; a follow-up period appropriate 
to the aim of the study; loss to follow-up <5%; and prospec-
tive calculation of the study size. Each item was scored as, 
0 (not reported), 1 (reported but inadequate), or 2 (reported 
and adequate). A total score of 16 was considered to be an 
ideal score for non-comparative studies [10], and a total score 
of ³13 was considered to represent a low risk of bias and was 
eligible for inclusion.

Outcome data from the Engel Epilepsy Surgery Outcome 
Scale (Class I to IV)

Currently, the Engel Epilepsy Surgery Outcome Scale (Class I to 
IV) is used to classify outcome after surgical treatment for ep-
ilepsy that is refractory to medical treatment. The Engel out-
come classes included: Class I, free from disabling seizures; 
Class II, a rare occurrence of disabling seizures (almost sei-
zure-free); Class III, worthwhile improvement with reduction 
in the frequency of seizures; Class IV, no worthwhile improve-
ment or decrease in the frequency of seizures.

Statistical analysis

All statistical analysis was performed using STATA version 12.0 
(STATA Corporation, College Station, TX). Prevalence rates were 
calculated from raw proportions and 95% confidence intervals 
(CIs) with the Wilson method [11]. Heterogeneity was tested 
by the I2 test and the chi-squared (c2) test. Statistical hetero-
geneity occurred if the I2 statistic was >50% or the P-value was 
<0.05, and then a random effects model was selected. Otherwise, 
a fixed effects model was used. Forest plots were generated 
showing prevalence proportions with corresponding 95% CIs for 
each study. The overall pooled estimates used a random or fixed 
effects model. Sensitivity analysis was performed to confirm 
the robustness of the results by omitting one study at a time.

Results

Study selection process

As shown in Figure 1, according to the search criteria, 1,122 
published studies were initially identified, with 1,097 publica-
tions from database searches, and 26 publications identified 
from manual searches. There were 907 publications that were 
excluded following review of the title and abstract, and a fur-
ther 864 publications were excluded due to lack of relevance, 
resulting in 43 publications that were finally fully screened. 
Sixteen published studies that included a total of 269 patients 
with treatment-resistant epilepsy were identified and under-
went meta-analysis (Tables 1, 2) [8,12–26].

Characteristics of the 16 included studies

The total scores of the risk of bias assessment by the 
Methodological Index for Non-Randomized Studies (MINORS) 
ranged from 13–16, which indicated a low risk of bias of the 
included studies, which are presented in Table 1 [8,12–26]. The 
studies included postoperative follow-up of between 7 days to 
51 months. In 11 publications, the studies were undertaken be-
tween 2011 to 2018, 15 studies were performed in the United 
States, and one in Canada [8,12–26]. Eight publications focused 
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on mesial temporal lobe epilepsy (MTLE), three on temporal 
lobe epilepsy (TLE), and another three publications on focal ep-
ilepsy. Four studies included both adult and juvenile patients 
with epilepsy. The characteristics of the 16 included studies in 
the meta-analysis are shown in Table 2 [8,12–26].

Postoperative seizure frequency using the Engel Epilepsy 
Surgery Outcome Scale (Class I to IV)

The prevalence of Engel Class I (free from disabling seizures) 
after ablation were reported in 12 studies [8,12–22] that included 
a total of 189 individuals. The pooled prevalence of patients 
who achieved postoperative freedom from epileptic seizures 
was 61% (95% CI, 0.54–0.68). Estimates ranged from 41–88% 
and low study heterogeneity were found (I2=14.5%; P=0.302).

Estimates for Engel Class II (a rare occurrence of dis-
abling seizures or almost seizure-free), included 34 out of 
135 patients who were evaluated, was reported in seven 
studies [14,20,22–25]. Estimates ranged from 3–65% with a 
pooled prevalence of 12% (95% CI, 0.07–0.16), but there was 
evidence to suggest significant study heterogeneity (I2=86.8%; 
P=0.000). Removal of the study by Grewal et al. [23] affected 

the overall pooled and heterogeneity, and the pooled preva-
lence changed to 6%, estimates ranged from 3–23% and het-
erogeneity was reduced to a low level (I2=26.9%; P=0.242).

Estimates for Engel Class III (worthwhile improvement with 
reduction in the frequency of seizures) were reported in six 
studies [14–17,21,22], with a pooled prevalence of 18% (95% 
CI, 0.10–0.22) including 23 out of 135 patients who were eval-
uated. Estimates ranged from 9–27% and low study heteroge-
neity was found (I2=3.0%; P=0.397).

Estimates for Engel Class IV (no worthwhile improvement or 
reduction in the frequency of seizures) were reported in five 
studies [14,15,17,21,22], including 19 out of 109 patients 
who were evaluated. The pooled prevalence was 15% (95% 
CI, 0.08–0.22), with estimates that ranged from 9–27%. Low 
study heterogeneity was found (I2=13.2%; P=0.330). The re-
sults are summarized in Figure 2.

Postoperative complications

As shown in Figure 3, seven studies [15,17–20,26] reported post-
operative complications, with a total of 26 complications in 101 

Study A B C D E F G H Total

Atsina et al., 2016 [26] 2 2 2 2 1 2 2 2 15

Curry et al., 2012 [12] 2 2 2 2 1 2 2 2 15

Grewal et al., 2018 [23] 2 1 2 2 1 2 2 1 13

Ho et al., 2017 [13] 2 2 2 2 2 2 2 2 16

Jermakowicz et al., 2017 [14] 2 2 2 2 2 2 2 2 16

Kang et al., 2015 [8] 2 2 2 2 1 2 2 2 15

Lewis et al., 2015 [15] 2 2 2 2 2 2 2 2 16

Morris et al., 2017 [16] 2 1 2 2 1 2 2 1 13

Perry et al., 2017 [17] 2 1 2 2 2 2 2 1 14

Tao et al., 2018 [18] 2 1 2 2 1 2 2 1 13

Vakharia et al., 2018 [24] 2 2 2 2 1 2 2 2 15

Hena et al., 2015 [19] 2 2 2 2 1 2 2 2 15

Gross and Willie, 2014 [20] 2 2 2 2 1 2 2 2 15

Yin et al., 2017 [25] 2 2 2 2 1 2 2 2 15

Youngerman et al., 2018 [21] 2 2 2 2 1 2 2 2 15

Drane et al., 2015 [22] 2 1 2 2 1 2 2 2 14

Table 1.  Risk of bias of the included studies assessed by the Methodological Index for Non-Randomized Studies (MINORS) in 16 
studies [8,12–26].

Study categories: A: a clearly stated aim; B: inclusion of consecutive patients; C: prospective collection of data; D: endpoints 
appropriate to the aim of the study; E: unbiased assessment of the study endpoint; F: follow-up period appropriate to the aim of the 
study; G: loss to follow-up less than 5%; H: prospective calculation of the study size.
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patients with drug-resistant epilepsy. The pooled prevalence was 
24% (95% CI, 0.16–0.32) and estimates ranged from 15–43%. 
Low study heterogeneity was detected (I2=0%; P=0.629).

Discussion

To the best of our knowledge, this is the first meta-analysis of 
the safety and effectiveness of magnetic resonance imaging 
(MRI)-guided laser interstitial thermal therapy (LITT) in treat-
ment-resistant epilepsy. There were 16 identified published 
clinical studies that included 269 participants that underwent 
a meta-analysis. Data on postoperative outcome included the 
Engel Epilepsy Surgery Outcome Scale (Class I to IV), and the 
Methodological Index for Non-Randomized Studies (MINORS) 
was used to assess the risk of bias in the included studies. 
The results of the meta-analysis showed that seizure reduction 
after LITT compared favorably with conventional open surgical 
techniques [8,12-26]. In the short-term follow-up, two-thirds 
(61%) of patients with refractory epilepsy were free from sei-
zures or from disabling seizures after LITT and only 24% had 

postoperative complications. These findings indicated that MRI-
guided LITT was an effective and well-tolerated approach to 
the treatment of drug-resistant epilepsy.

Although open surgery is an effective method for seizure con-
trol, it is also associated with postoperative neurologic and cog-
nitive deficit [27]. Currently, LITT has become increasingly used 
by many epilepsy surgery centers as a minimally invasive alter-
native to open surgery for patients with medically refractory 
epilepsy who may or may not be candidates for open surgical 
intervention. Some of the potential advantages of LITT have 
been reported, including reduced morbidity, fewer complica-
tions, and a shorter length of postoperative hospital stay [28]. 
A study by Hena et al. [19] showed that there was no signif-
icant difference, in term of surgical outcome and neuropsy-
chological outcomes measured at the last follow-up at 15.6 
months, between open surgery and LITT, which supports the 
efficacy of LITT and its potential as an alternative to open re-
section. Also, in most studies reviewed for this meta-analysis, 
50% of patients were free from seizures or from disabling sei-
zures following MRI-guided LITT [8,12–26].

Study
Patient 

No.
Age 

(years)
Type of 
epilepsy

Follow-up 
(months)

Research 
period

Region

Atsina et al., 2016 [26] 23 35±17 (7–66) MTLE 7days–51 2011–2015 USA

Curry et al., 2012 [12] 5 NA
Lesional and localized 

epilepsy
2–13 NA USA

Grewal et al., 2018 [23] 20
43.8±13.9
(22–58)

MTLE 12 2012–2015 USA

Ho et al., 2017 [13] 8 42.1 TLE >3 2014–2016 USA

Jermakowicz et al., 2017 [14] 23  40.9±11.9 MTLE 12–37 NA USA

Kang et al. 2015 [8] 20  38.9±16.9 MTLE 6–24 2011–2014 USA

Lewis et al., 2015 [15] 17  15.3 (5.9–20.6)
Lesional and localized 

epilepsy
3.5–35.9 2011–2014 Canada

Morris et al., 2017 [16] 13  35.5±12.7
Lesional and localized 

epilepsy
5–8 NA USA

Perry et al., 2017 [17] 20  13.2±3.9 Insular epilepsy 7–39 2013–2016 USA

Tao et al., 2018 [18] 21  40±13 MTLE 7–43 2014–2017 USA

Vakharia et al., 2018 [24] 25  41.4±17.2 MTS 10.3–38.5 2012–2016 USA

Hena et al., 2015 [19] 7  60 (54–67) MTLE 12–15.6 NA USA

Gross and Willie, 2014 [20] 13  24 (16–64) MTLE 5–26 2011–2013 USA

Yin et al., 2017 [25] 5  45 (28–69) MTLE 3–9 2015–2015 USA

Youngerman et al., 2018 [21] 30  13 (1–51) TLE 12–36 2013–2016 USA

Drane et al., 2015 [22] 19  38.2±17.1 TLE 6 NA USA

Table 2. Characteristics of the patients in the 16 included studies [8,12–26].

MTLE – mesial temporal lobe epilepsy; TLE – temporal lobe epilepsy; MTS – temporal sclerosis; NA – not applicable.
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The Engel scale (Class I to IV) is an established method used 
to classify outcome after surgical treatment for refractory epi-
lepsy and was used in the present study. In this meta-analysis, 
the pooled prevalence of Engel Class I (free from disabling sei-
zures) was 61%, which is comparable with the median seizure-
free rates of 64% reported for open surgical resection [29]. 

Also, due to some known reasons, which included inade-
quate ablation, low ablation power, and expanded epilepto-
genic zones, seizures may recur and further laser ablation is 
required for improved outcome [18]. These findings have been 
shown in a study by Tao et al., who showed that when recur-
rent seizures occurred within the first year following surgery, 

I
Curry (2012)
Drane (2015)
Ho (2017)
Jermakowicz (2017)
Kang (2015)
Lewis (2015)
Morris (2017)
Perry (2017)
Tao (2018)
Waseem (2015)
Willie (2014)
Youngerman (2018)
Subtotal (I-squared=14.5%, p=0.302)

II
Drane (2015)
Grewal (2018)
Jermakowicz (2017)
Vakharia (2018)
Willie (2014)
Yin (2017)
Youngerman (2018)
Subtotal (I-squared=86.8%, p=0.000)

III
Drane (2015)
Jermakowicz (2017)
Lewis (2015)
Morris (2017)
Perry (2017)
Youngerman (2018)
Subtotal (I-squared=3.0%, p=0.397)

IV
Drane (2015)
Jermakowicz (2017)
Lewis (2015)
Perry (2017)
Youngerman (2018)
Subtotal (I-squared=13.2%, p=0.330)

0.60 (0.17, 1.03)
0.58 (0.36, 0.80)
0.88 (0.65, 1.10)
0.65 (0.46, 0.85)
0.54 (0.27, 0.81)
0.41 (0.16, 0.65)
0.54 (0.27, 0.81)
0.50 (0.28, 0.72)
0.76 (0.58, 0.94)
0.57 (0.20, 0.94)
0.54 (0.27, 0.81)
0.57 (0.39, 0.74)
0.61 (0.54, 0.68)

0.11 (–0.03, 0.24)
0.09 (–0.03, 0.20)

0.18 (0.00,  0.36)
0.23 (0.00, 0.46)
0.25 (0.06, 0.44)
0.27 (0.11, 0.42)
0.16 (0.10, 0.22)

0.05 (–0.05, 0.15)
0.65 (0.44, 0.86)
0.17 (0.02, 0.33)
0.44 (0.25, 0.63)
0.23 (0.00, 0.46)

0.20 (–0.15, 0.55)
0.03 (–0.03, 0.10)

0.12 (0.07, 0.16)

0.16 (–0.01, 0.32)
0.09 (–0.03, 0.20)

0.35 (0.13, 0.58)
0.20 (0.02, 0.38)
0.13 (0.01, 0.25)
0.15 (0.08, 0.22)

2.46
9.20
8.64

11.97
6.18
8.29
6.18
9.45

13.67
3.37
6.18

14.43
100.00

21.42
30.76
12.42

7.78
11.33
16.29

100.00

21.58
4.98
9.07
5.75
4.15
1.77

52.72
100.00

16.03
32.49

8.35
14.02
29.12

100.00

–1.1 1.10

Study ID ES (95% CI) % weight

Figure 2.  Prevalence of patients with Engel Class I, II, III and IV following magnetic resonance imaging (MRI)-guided laser interstitial 
thermal therapy (LITT) in treatment-resistant epilepsy. Engel Class I: 61% (95% CI, 0.54–0.68) of patients who were free from 
disabling seizures (I2=14.5%; P=0.302); Engel Class II: 12% (95% CI, 0.07–0.16) patients with a rare occurrence of disabling 
seizures who became almost free from seizures (I2=86.8%; P=0.000); Engel Class III: 16% (95% CI, 0.10–0.22) patients who 
had a worthwhile improvement with reduction in the frequency of seizures (I2=3.0%; P=0.397); Engel Class IV: 15% (95% CI, 
0.08–0.22) patients with no worthwhile improvement or reduction in the frequency of seizures (I2=13.2%; P=0.330).
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freedom from seizures was achieved following a second LITT 
procedure during follow-up [18]. Because significant hetero-
geneity was detected in Engel Class II (the rare occurrence of 
disabling seizures, or almost seizure-free), a sensitivity analysis 
was performed. The inclusion of the study by Grewal et al. [23] 
in the meta-analysis had a significant influence on the pooled 
results, accounting for a large number of patients who became 
free from seizures within one year after surgery.

Surgical complications of LITT have been reported in several 
clinical studies, and have been reported to include adverse func-
tional effects (visual deficit, hemiparesis, and expressive lan-
guage dysfunction), wound complications (edema, hemorrhage, 
infection, and pain), psychiatric symptoms (anxiety, insomnia, 
and depression) and complications induced by technical diffi-
culties associated with operating the thermal therapy system. 
However, in studies reported by Perry et al. and Tao et al., some 
complications following LITT have been shown to resolve within 
six months on follow-up, including mild hemiparesis, language 
dysfunction, wound pain, and psychiatric symptoms [17,18].

Although MRI-guided LITT can achieve good outcomes, some 
factors may hinder its practical clinical use application. Firstly, 
the accurate and precise location of the epileptogenic net-
work plays an important role in the use of LITT treatment, as 
most patients did not respond to LITT either underwent non-
localized presurgical functional imaging and neurophysiology 
studies or had multiple lesion on MRI, suggesting a wider 
epileptogenic zone [19]. Therefore, some patients may not ben-
efit from this technology due to inadequate resection of the 
epileptogenic focus, and so the use of electroencephalography 
(EEG) may be required to localize epileptogenic zones ade-
quately, but this needs verification with further studies. Also, 
the use of MRI-guided LITT requires training, and there will 
be a learning curve associated with the use of this procedure 

clinically. It is important to note that Lewis et al. reported com-
plications and treatment failure associated with LITT were in-
duced by improper machine operation, which included inac-
curate fiber placement and failure of the cooling mechanism 
around the catheter [15].

This study had several limitations. The study population was 
relatively small with a short follow-up, and the long-term out-
come is an important endpoint to evaluate new technology. 
Because there are currently no standard preoperative protocols 
to guide candidate selection for MRI-guided LITT, it is possible 
that some patients did not receive benefits from the therapy 
due to inappropriate selection. Also, the use of MRI-guided LITT 
now includes the use of more than one type of machine, and 
it remains to be determined whether any one machine pro-
vides optimal results, although two clinical trials are in prog-
ress to compare outcomes from the use of two machines for 
LITT. Therefore, the findings of this meta-analysis support the 
need for further large-scale controlled clinical studies that 
take the above limitations into account, including the optimal 
choice of equipment.

Conclusions

A literature review and meta-analysis of data from 16 studies 
that included 269 patients with drug-resistant epilepsy treated 
by magnetic resonance imaging (MRI)-guided laser interstitial 
thermal therapy (LITT) demonstrated that this technique was 
effective and well tolerated, resulting in control of epileptic 
seizures with few complications.
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Figure 3.  Prevalence of postoperative 

complications following magnetic 
resonance imaging (MRI)-guided laser 
interstitial thermal therapy (LITT) in 
treatment-resistant epilepsy. Only 24% 
of patients who received magnetic 
resonance imaging (MRI)-guided laser 
interstitial thermal therapy (LITT) had 
postoperative complications (I2=0%; 
P=0.629).
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