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Background: Nearly one-third of epilepsy patients are refractory/resistant to medical treatment. Developments
made in surgical techniques have significantly increased the effectiveness and safety of these techniques, as such
techniques have been demonstrated to improve seizure control/freedom outcomes.

Objectives: The aim of this systematic review and meta-analysis was to evaluate the complications of epilepsy

Patient and methods: The searches were conducted by three independent researchers to find the relevant studies
published from January 1, 2009, until the end of January 6, 2019. For English published statistical studies, all studies
conducted on epileptic patients who have undergone epilepsy surgery were included.

Statistical analysis: A meta-analysis was conducted in the STATA14 statistical software.

Results: A total of 6735 patients with epilepsy who had undergone the epilepsy surgery were studied. The overall
prevalence of complications was 5%. The prevalence of major and minor complications was 54% and 3.2%
respectively. The prevalence of complications related to the temporal epilepsy surgery and the extra-temporal
epilepsy surgery based on 3 studies was 7.9% and 8.2 % respectively. The frequency of neurological and surgical
complications after epilepsy surgery was 4.4% and 4.1% respectively.

Conclusion: The overall rate of complications caused by epilepsy surgery was reasonably low (5%), implying that
epilepsy surgery especially temporal lobe resection can be safe preferably when performed by an experienced
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Introduction

Nearly one-third of epilepsy patients are refractory/resist-
ant to medical treatment [1]. Refractory or drug-resistant
epilepsy is defined as resistance to treatment with two ap-
propriately chosen and tolerated antiepileptic drugs
(AED) [2]. Nevertheless, epilepsy surgery is an effective al-
ternative treatment for some patients as it suggests seizure
freedom [3, 4]. During the past 3 decades, surgery has
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found more acceptance as an option for drug-resistant
epilepsy [5]. Developments made in surgical techniques
have significantly increased the effectiveness and safety of
these techniques, as such techniques have been demon-
strated to improve seizure control/freedom outcomes [6]
and enhanced quality of life in patients [7]. Neuroimaging
developments with the introduction of positron emission
tomography (PET), magnetic resonance imaging (MRI),
functional MRI, single-photon emission computed tomog-
raphy (PET-CT), and magnetoencephalography have facil-
itated the presurgical evaluation of patients, thus
providing the lesion-directed surgeries more possible [8],
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also reducing the number and severity of complications
[9]. Complications of epilepsy surgery including failure to
stop seizures and neuropsychological, psychosocial, or psy-
chiatric impairment are still difficult to define, and there is
no universal consensus in this regard. A few studies which
were conducted on single centers have reported the risk of
the development of complications during the presurgical
evaluation processes and various therapeutic surgical proce-
dures [10-13]. However, the major complications of epilepsy
surgery that have been well-documented include cerebral in-
farction, hematoma formation, mass effect due to cerebral
edema, infection, and even death [14—17]. Also, given the
fact that major complications are almost always accompanied
with this type of surgery, the surgeon should consider the
occurrence of such complications in order to improve the
assessment of risk/benefit ratio as an essential criterion for
planning epilepsy surgery and encouraging patients [18]. Risk
perception is one of the main factors affecting the patient’s
decision to undergo epilepsy surgery [19]. In fact, the use of
epilepsy surgery has been gradually declining in the USA, re-
cently [20]. Even though the risks associated with persistent
medical intractability should be weighed against the risks of
surgery, one possible explanation for underutilization of epi-
lepsy surgery is the lack of awareness of the actual risks
caused by epilepsy surgery. Such knowledge gap can affect
the number of referrals in two ways: Epileptologists’ over/
under-estimation of the complications of epilepsy surgery
may discourage them to perform surgery when it is needed
or cause inevitable complications by doing an un-necessary
surgery. Furthermore, as surgical techniques improve and
risks decrease, epileptologists may make decisions based on
their past experience of high complication rates and thus by
overestimating the complication rates in the modern neuro-
surgical era [21].The main purpose of this systematic review
and meta-analysis is to assess the complications of epilepsy

surgery.

Method

The methods used in this systematic review were developed
in accordance with the PRISMA checKklist instructions [22].
Cross-sectional, case-control, and cohort studies were in-
cluded and the case series, letter to editors, case reports, clin-
ical trials, study protocols, systematic reviews, and narrative
reviews were excluded.

Participants

All studies conducted on epileptic patients who have
undergone epilepsy surgery were included. By definition,
refractory epilepsy was considered as disabling seizures
occurring with a frequency of at least 2 per month for a
period of more than 2 years, despite treatment with at
least 2 antiepileptic drugs either in combination or suc-
cessive monotherapies in optimum/tolerated doses.
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Output

The main goal was to find the prevalence of complica-
tions of epilepsy surgery, and the output was collected as
it was reported.

Sampling techniques and sample size

All observational studies were included in the systematic re-
view regardless of their design. The minimum sample size
was greater than or equal to 25 (patients). A complication
was defined as an uncommon, unexpected, or unwanted
event after a procedure. Surgical complications referred to
events related to surgery specifically including infection,
hematoma, deep vein thrombosis, pulmonary embolism,
hydrocephalus, CSF leakage, brain edema, and neurological
complications were consisted of hemi/monoparesis, sensory
deficit, hemianopia, cranial nerve effects, and dysphasia. The
severity of a complication is graded as minor or major in ac-
cordance with previous validated articles. A complication has
been defined as minor if it resolves within 3 months and
major if it affects activities of daily living and lasts longer than
3 months. Major complications also include any significant
neurological deficits, even if they do not affect activities of
daily living. An infected bone flap that requires cranioplasty
later is defined as minor, even if the cranial defect persists
longer than 3 months.

The searches were conducted by three independent
researchers (MS, HH, FP) to find the relevant studies
published from January 1, 2009, until the end of January
6, 2019. We searched for published literature in English
language in Medline via PubMed, embasetm via ovid,
Cochrane library, and Trip database.

For literature published in other languages, we
searched national databases (Magiran and SID), Korea
med and lilacs. Also, open grey (www.opengrey.eu/) and
the World Health Organization clinical trials registry
(who.int/ictrp) were searched for finding unpublished
literature and ongoing studies. A list of the included re-
search references and relevant reviews prepared by
searching was analyzed to evaluate the literature satur-
ation (FP, MJ). The special search strategies were devel-
oped through the Health Sciences Librarian website that
is specialized in systematic review searches using the
MeSH and open phrases in line with the “Press” stan-
dards [23]. After finalizing “Medline” strategy, the results
were compared in order to search the other databases.
Similarly, “Prospero” was searched to find the recent or
ongoing systematic reviews. The keywords used in the
search strategy were “epilepsy surgery, temporal lobe
epilepsy, complication, major complication, extra tem-
poral epilepsy, temporal resection, surgical complication,
neurological complication, refractory seizure” which
were combined using “and”, “or”, and “not” operators.

Two researchers independently analyzed the titles and
abstracts of the articles considering research eligibility
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criteria (HH, FP). After omitting the redundant studies,
the full texts of the studies were assessed to have the eli-
gibility criteria, and the information of the authors was
collected when required. General information (the corre-
sponding author, province, and year of publication), the
study information (the sampling technique, information
collection method, research conditions, sample size, and
risk of bias), and the output scales (prevalence of epi-
lepsy surgery complication) were collected.

The scale developed by Hoy and colleagues [24] was
used to assess the quality of the methodology and the risk
of bias for each observational study. This 10-item scale is
used to assess the quality of the studies in accordance with
their external validity (items 1 to 4 assess the target popu-
lation, sampling framework, and minimum participation
bias) and internal validity (items 5 to 9 assess the data col-
lection method, problem statement, research scale, and
data collection instruments while item 10 assesses the data
analysis bias). The risk of bias was measured independ-
ently by two researchers (MS, MJ), and the differences
were solved by reaching a consensus.

All of the eligible studies were included in the data aggre-
gation following a systematic review, and the data was inte-
grated using a forest plot. The random effects model was
assessed based on the overall epilepsy surgery complications.
The heterogeneity of the preliminary studies was tested using
the “I"’test. Besides, the subgroups were analyzed to deter-
mine the heterogeneity based on the prevalence of epilepsy
complications, year of publication, age of the participants,
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and female to male ratio of participants. Finally, a meta-
analysis was conducted in the STATA14 statistical software.

Results

A total of 273 articles were extracted through our pre-
liminary searches (261 through database searching and
12 through other sources). Of the 273 studies identified
by analyzing the titles and abstracts, 32 studies were ex-
cluded due to duplication. Of the existing 241 studies,
169 articles were excluded with reasons. Of the 169 ex-
cluded studies, 48 did not have full text, 18 were review
articles, 9 were letter to editor, and 43 did not meet the
minimum inclusion criteria. From the 72 remaining
studies, 18 studies met the inclusion criteria (Fig. 1).

A total of 6735 patients with epilepsy who had under-
gone epilepsy surgery were studied. The age of the par-
ticipants varied between 2 months to 90years. All
studies, presented retrospective data.

A total number of 18 studies from 14 countries, which
had the inclusion criteria, were reviewed. Of these 18
studies, three studies were from the USA [25-27], three
were from Turkey [28-30], two studies were from Sweden
[31, 32] and Germany [27, 32—40]; Thailand [41], Mexico
[42], UK [43], Korea [34], Italy [35], Belgium [36], France
[37], India [38], and Canada [39] each had one study in-
cluded. The common sampling technique was conveni-
ence sampling (n = 18). Eighty percent of the studies had
low risk of bias. The most prevalent data collection
methods were the Medical records, self-report, and
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interview methods. The most common study locations
were hospitals (z = 18) (Table 1).

Based on the random effect model, the total preva-
lence of complications in 6735 patients with epilepsy
who had undergone the epilepsy surgery was 5% (95%
CI 4.5-5.5%, I = 96.9%) (Fig. 2).

Meta-analysis of overall seizure-free outcome after
epilepsy surgery

Based on the random effect model 73% (95% CI 70—
75%, I = 95.3%) of 854 patients who had undergone epi-
lepsy surgery became seizure-free (Fig. 3). Seizure-
freedom was defined based on Engel class 1a, seizure
free or only auras since surgery.

Table 1 Study characteristics
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The frequency of complications after temporal epi-
lepsy surgery was 7.9% (95% CI 6.4-9.4%, I* = 94%)
based on 3 studies among 1270 participants (Fig. 4a),
and the frequency of extra-temporal epilepsy surgery
complications based on 3 studies among 643 participants
was 8.2% (95% CI 6.1-10.2%, I* = 95.9%) (Fig. 4b).

The frequency of neurological complications after epilepsy
surgery was 4.4% (95% CI 3.8-5.1%, I* = 94.8%) based on 8
articles among 3700 participants [44, 45] (Fig. 5a), and the
frequency of surgical complications after epilepsy surgery
was 4.1% (95% CI 3.2-5%, P = 88%) based on 7 articles
among 1795 participants (Fig. 5b)

Based on the random effect model, the total preva-
lence of minor complications in 4493 patients who had

Author Year Country/ Sampling Study design  Study Female to Participants Age mean + SD Seizure free
province method duration  male or range (Engel class 1a)
Vale et al. [25] 2013 USA Convenience Retrospective 1998- 1.04 483 4-75 (36.7) N/A
2012
Srikijvilaikul [41] 2018 Thailand Convenience Retrospective 2011- 0.98 194 279+ 151 N/A
2015
Espinoza-Veldzquez et al. 2014 Mexico  Convenience Retrospective 1992- N/A 227 N/A N/A
[42] 2013
Ozlen et al. [28] 2010 Turkey  Convenience Retrospective 2004- 1.33 70 234+119 N/A
2009
Ipekdal et al. [29] 2010 Turkey  Convenience Retrospective 2000- 2.5 58 25-45 (33.3) N/A
2010
Ahmedo et al. [30] 2018 Turkey  Convenience Retrospective 2009- 0.96 53 19-55 (304 + 9) N/A
2017
Hedegard et al .[31] 2013 Sweden Convenience Retrospective 1996— 094 271 2-58 (26) N/A
2010
Dunkley et al .[43] 2010 UK Convenience Retrospective 0.75 42 3-36 months (20 48% (20)
months)
Heller et al .[26] 2009 USA Convenience Retrospective 1998- N/A 190 N/A N/A
2005
Binder et al .[33] 2009 Germany Convenience Retrospective 1990- 1.35 40 25 57.5% (23)
2004
Lee et al .[34] 2009 Korea Convenience Retrospective 1997- 0.84 92 3 months-36 years N/A
2006
d'Orio et al [35] 2017 ltaly Convenience Retrospective 1997- 043 50 50-62 (53.8) 78% (39)
2014
Bjellvi et al. [32] 2015 Sweden Convenience Retrospective 1996- 0.95 865 2 months-69 years N/A
2015 (24)
Rolston et al. [27] 2016 USA Convenience Retrospective 2000- 1.02 6200 18-90 (45.6 + 16.8) N/A
2013
Vermeulen et al. [36] 2016 Belgium Convenience Retrospective 1998- 1.14 199 14-64 (40) 77% (153)
2012
Mathon et al. [37] 2017 France Convenience Retrospective 1990- 1.11 389 (36.7) 83.7% (302)
2015
Panigrahi et al .[38] 2016 India Convenience Retrospective 0.75 697 304 + 124 N/A
Tanriverdi et al. [39] 2009 Canada Convenience Retrospective 1.02 1905 (304) N/A
Wellmer et al. [40] 2012 Germany Convenience Retrospective 2002- 0.75 502 N/A 49.7% (82)

2008

N/A non applicable, SD standard deviation
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Fig. 2 Meta-analysis of overall prevalence of epilepsy surgery complications

undergone the epilepsy surgery was 3.2% (95% CI 2.7—
3.7%, I = 91.4%) and the total prevalence of major com-
plications in 2317 patients who had undergone the epi-
lepsy surgery was 5.4% (95% CI 4.9-5.9%, I* = 92.3%)
(Fig. 6a, b).

The frequency of epilepsy surgery complications was
the most in Belgium (49%) based on one conducted
study [36], followed by Italy (30%) based on one study
[35], Germany (23.7%) based on two studies [33, 40],
Thailand (23.1%) based on one study [41], Korea (18.8%)
based on one study [34], France (15.4%) based on one
study [37], Turkey (14.7%) based on three studies [28-
30], Mexico (12.7%) based on one study [42], UK
(11.9%) based on one study [43], Sweden (8.2%) based
on two studies [31, 32], USA (5.5%) based on one study,
Canada (2.9%) based on one study [39], and India (2%)
based on one study [38], respectively (Fig. 7).

Meta-analysis of neurological epilepsy surgery
complications based on the country

The frequency of neurological epilepsy surgery compli-
cations was the most in Belgium (37%) based on one
conducted study [36], followed by Italy (20%) based on

one study [35], Thailand (11%) based on one study [41],
Sweden (6.5%) based on two studies [31, 32], Turkey
(5.8%) based on three studies [28-30], France (3.9%)
based on one study [37], and Canada (3.2%) based on
one study [39], respectively (Fig. 8a).

Meta-analysis of surgical complications of epilepsy
surgery based on the country

The frequency of surgical complications of epilepsy sur-
gery was the most in Thailand (15.6%) based on one
study followed by Turkey (13.2%) based on two studies,
Belgium (12%) based on one conducted study [44, 45],
and Italy (10%) based on one study, respectively (Fig.
8b).

Meta-regression between year of the publication, female

to male ratio, and age of the participants and prevalence
of epilepsy surgery complications:

The studies’ meta-regression was based on the associ-
ation between prevalence of epilepsy surgery complica-
tions and the publication year of the studies, female to
male ratio, and age of the participants. There was no sta-
tistically significant linear trend in univariate meta-



Joudi Mashhad et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery (2020) 56:35 Page 6 of 12
Study %
D ES (95% Cl) Weight
2010
Dunkley (2010) — 0.48 (0.33, 0.63) 2.83
Subtotal (l-squared = %, p=.) <> | 048(0.33,0.63) 283
2009
Binder (2009) Z= ' 057(0.51,063) 17.16
Subtotal (l-squared = %, p =.) <& 1 057(051,063) 17.16
2017 X
Orio (2017) —L— (.78 (0.67, 0.89) 4.91
Mathon (2017) | == 0.84(0.80, 0.88) 45.12
Subtotal (I-squared = 0.0%, p = 0.330) 'O 0.83(0.80,0.87) 50.03
2016 :
Vermeulen (2016) = 077(0.71,0.83) 18.93
Subtotal (I-squared =.%, p =.) : 0.77 (0.71,0.83) 18.93
2012
Jorgwellmer (2012) - 0.50 (0.42, 0.58) 11.05
Subtotal (I-squared = .%, p =.) <> 1 050(0.42,058) 11.05

Heterogeneity between groups: p = 0.000
Overall (I-squared = 95.3%, p = 0.000)

0  073(0.70,0.76) 100.00

_

-.895 0 895
Fig. 3 The overall seizure-free outcome after epilepsy surgery
regression to explain effect size variation by publication  Discussion

year of study or female to male ratio or age of the partic-
ipants (Fig. 9).

Funnel plot in Fig. 9 shows no indication of publica-
tion bias. It is shown in funnel plot symmetrically. Cir-
cles’ sizes show the weight of studies (bigger circles
show more sample and smaller circles show fewer sam-

ple) (Fig. 9d).

Nearly two-thirds of patients with medically refractory
temporal lobe epilepsy are released from long-term seiz-
ure in the postoperative phase [46—50]. The results of a
previous review showed that 44% of the patients under-
going temporal lobe surgery were found to be seizure
free [51]. After epilepsy surgery, a range of medical and
neurological complications and side effects are likely to
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Fig. 4 The overall prevalence of temporal (a) and extra temporal (b) epilepsy surgery complications
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develop, which are caused by both invasive monitoring
for localization of the epileptic focus or after definitive
resective procedures taken for removing the epilepto-
genic focus. Patients and physicians’ concern for the per-
ceived risks associated with surgery may prevent
appropriate candidates from pursuing epilepsy surgery
evaluation. However, the results of a systematic review
and meta-analysis conducted by Seiam and colleagues
emphasized the significant improvement in quality of life
(QOL) in adults undergoing epilepsy surgery [52]. The
present study attempts to provide some insights for pa-
tients and physicians about the risks associated with epi-
lepsy surgery, and consequently, they can make the best
decision about performing the surgery. Besides, this
study aims to discredit the misconceptions about the
dangerous nature of this type of surgery. The failure to
perform epilepsy surgery for eligible patients may pre-
vent an effective treatment for providing seizure free-
dom, improved quality of life, and reduced risk of

premature mortality caused by intractable epilepsy for
most patients [53]. In spite of the effectiveness of surgi-
cal interventions for treating intractable epilepsy, the
possibility of offering surgery to potential candidates is
nearly 58% [54, 55]. There are various factors associated
with this inadequate referral of patients [56]. Because of
the lack of a clear definition of medical intractability, pa-
tients are likely to perceive epilepsy surgery is only for
end-stage patients [57]. Neurologists can facilitate the
enrollment of patients with intractable epilepsy in epi-
lepsy surgery. Various factors including the type of sur-
gery (invasive vs. resective), the location of resection
(temporal vs. extratemporal), and the patient’s age may
affect the reported frequency and nature of specific side
effects and complications induced by epilepsy surgery. In
the present systematic review and meta-analysis, we ana-
lyzed the data provided in the previous studies from dif-
ferent aspects. Firstly, we provided an overall rate of
complications between all 6735 participants undergoing
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Heller (2009) L. 0.05 (0.02, 0.08) 254
! Lee (2009) . 0.04 (0.01,0.07) 239
Lee (2009) ! . 0.15(0.09, 0.21) 071 !
Bjellvi (2015) [ 0.08 (0.06, 0.09) 832 Bjellvi (2015) s 003(0.02,004) 17
Rolston (2016) 1 . 0.07 (0.05, 0.10) 4.73 Rolston (2016) . 0.14(0.11,0.17) 233
Panigrahi (2016) . 0.01(0.01, 0.02) 34.04 Parigrahi (2016) 5 006 (0.05,0.06) 2844
Tanriver Di (2009) . 0.03 (0.02, 0.04) 45.64
Overall (l-squared = 92.3%, p = 0.000) 0 0.05(0.05, 0.06) 100.00
Overall (I-squared = 91.4%, p = 0.000) 0 0.03 (0.03, 0.04) 100.00
T T T T
a 98 o s b 172 0 A72
Fig. 6 The overall prevalence of minor (a) and major (b) complications of epilepsy surgery
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any kind of epilepsy surgery. Secondly, we calculated the
prevalence of major and minor complications among
6810 patients and based on 5 and 7 studies which pro-
vided this data, respectively. After that, we analyzed the
data based on the location of the surgery (temporal and
extra temporal) among 1913 patients of 6 and 4 studies,
respectively. Then, we demonstrated the prevalence of
neurological and surgical complications of this surgery
among 5495 patients based on 7 and 8 studies, respect-
ively. We also provided the prevalence of overall compli-
cations of epilepsy surgery in each country. The present
systematic review and meta-analysis demonstrated that
the prevalence of overall complications of epilepsy sur-
gery was 5%. The overall prevalence of major and minor
complications between 6810 participants was 5.4% and
3.2%, respectively. For temporal lobe resection, as the
most common procedure in epilepsy surgery (with a
prevalence of 61.6%), the overall rate of complications
was 7.9% based on 3 articles. However, 5.4% of these
complications were subdivided as minor, and 1.8% was
major complications. The prevalence of overall compli-
cations in extra temporal epilepsy surgery based on 3 ar-
ticles was 8.2% consisting of 6% minor and 2% major
complications. Jobst and colleagues pointed to the
greater efficacy of temporal lobe resection compared to
medical treatment for medically refractory epilepsy.
They also reported an outcome of 62.5% seizure-free

[44]. The most serious complications resulting from epi-
lepsy surgery are the neurologic complications that
negatively affect visual, motor, speech, and memory sys-
tems, with the potential to decrease long-term quality of
life. The prevalence of neurological complications in this
study was 4.4% (95% CI 3.8-5.1%, I> = 94.8%) among
3700 patients. Hader and colleagues in their systematic
review and meta-analysis indicated that overall, minor
medical complications were reported in 5.1% of patients,
whereas major medical complications were identified in
1.5% [58]. Also, the prevalence of surgical complications
in the present study was 4.1% (95% CI 3.2-5%, I* =
88%). The mortality rate of epilepsy surgery was re-
ported to be 0% in most of the studies [25, 27-32, 36,
37, 39-43]; only studies conducted by Bjellvi and col-
leagues, Heller and colleagues, and Panigrahi and col-
leagues reported mortality rates of 0.5%, 0.52%, and
0.14% respectively [26, 32, 38]. However, Hader and col-
leagues indicated a 0.4% rate of mortality in temporal
lobe patients [58] which is quite consistent with the re-
sults of this study. Although epilepsy surgery seems to
offer a very good seizure control with reasonably low
morbidity rates, there is still insufficient clinical trial
data to demonstrate non-seizure—related outcomes of
epilepsy operations [45]. Despite the fact that this sys-
tematic review offers a comprehensive assessment of re-
ported frequencies of complications associated with
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epilepsy surgery, there are several limitations. Although
large randomized cases with multiple surgeons were
assessed reflecting a more generalizable experience, the
prevalence of complications is likely to depend on the
surgeon who does the surgery and the epilepsy center.

In addition, the methods used for reporting complica-
tions showed considerable inconsistencies and reported
frequencies in this review were determined from studies
on different sample sizes that included multiple age
groups with different locations of resections.
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Conclusion

The present systematic review and meta-analysis indi-
cated that the overall rate of complications caused by
epilepsy surgery was reasonably low (5%), implying that
epilepsy surgery especially temporal lobe resection can
be safe preferably when performed by an experienced
surgeon. The findings of this review have some implica-
tions for eliminating some concerns and misconceptions
about epilepsy surgery. These findings can increase the
possibility of referring more eligible candidates to spe-
cialized epilepsy centers for surgical evaluation. Epilepsy
surgery outcomes offer a promising prospect and de-
serve further investigation. However, before performing
more trials, patients and physicians need to be assured
to consider epilepsy surgery for treating medically re-
fractory seizures.
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