
Contents lists available at ScienceDirect

Clinical Neurology and Neurosurgery

journal homepage: www.elsevier.com/locate/clineuro

Efficacy of perioperative anticonvulsant prophylaxis in seizure-naïve glioma
patients: A meta-analysis

Xiaomeng Wanga, Xueping Zhenga, Song Hua, Ang Xinga, Zixuan Wanga, Yan Songa,
Jingjiao Chena, Sijia Tianb, Yongjun Maoa, Xiaosa Chia,⁎

a Department of Geriatrics, Affiliated Hospital of Qingdao University, Qingdao, Shandong, China
bDepartment of Geriatrics, The Second Affiliated Hospital Of Chongqing Medical Universty, Chongqin, China

A R T I C L E I N F O

Keywords:
Perioperative
Anticonvulsant prophylaxis
Seizure
Glioma

A B S T R A C T

The efficacy of perioperative seizure prophylaxis in seizure-naïve glioma patients is still controversial. Thus we
conducted this meta-analysis to assess the effectiveness of perioperative prophylactic antiepileptic drugs (AEDs)
on postoperative seizures in seizure-naïve glioma for the first time. We systematically searched PubMed, Embase,
Weipu (VIP) and Chinese National Knowledge Infrastructure (CNKI) until July 5, 2019 for eligible studies. Fixed
or random model was used to calculate the odds ratios in STATA 12.0 software. Subgroup analyses of early
postoperative seizure, late postoperative seizure, high-grade glioma (WHOIII-IV) and phenytoin (PHT) or phe-
nobarbital (PB) prophylaxis were conducted. Altogether 1143 seizure-naïve glioma patients from 9 studies were
included in this meta-analysis, containing 643 prophylaxed and 503 non-prophylaxed patients. No significant
association was detected between perioperative seizure prophylaxis and postoperative seizure occurrence in
glioma patients without preoperative seizure history (OR=0.91, 95% CI= 0.65–1.26, P= 0.56). Perioperative
AED prophylaxis showed no significant benefit to postoperative seizures when stratified by early postoperative
seizure(within the first postoperative week), late postoperative seizure (after the first postoperative week), high-
grade glioma and PHT or PB prophylaxis (all P > 0.05). Current evidence indicated that perioperative seizure
prophylaxis did not reduce the occurrence of postoperative seizure in seizure-naïve glioma patients. The pros
and cons of perioperative seizure prophylaxis should be considered before the start of perioperative AEDs
treatment.

1. Introduction

Approximately 30%–40% of patients with brain tumors have ex-
perienced seizures at diagnosis, and more might develop seizures
during the progression and end-of-life phase of tumor [1,2]. Seizure is a
potentially devastating and common complication of glioma, and the
incidence of seizure in low-grade glioma is up to 60–80% [3,4]. Post-
operative seizures may result in hypoxemia ictal injury, decreased
cognitive function, and even death [5–7]. Besides, epilepsy can ser-
iously reduce the patient functioning and quality of life [7–9].

Consequently, many neurosurgeons administer prophylactic anti-
epileptic drugs (AEDs) in the perioperative period. The American
Academy of Neurology (AAN) recommended against routine seizure
prophylaxis, but it is decided by operator whether or not to have pro-
phylactic AEDs within the first postoperative week in seizure-naïve
patients with brain tumors [10]. Despite the recommendations on evi-
dence-based practice parameters, AAN found that 73% physicians

continued to prescribe prophylactic AEDs for patients undergoing brain
tumor resections [11]. Previously, Joiner et.al performed a meta-ana-
lysis and demonstrated that AED prophylaxis provides a statistically
and clinically significant reduction in early seizures (within the first
week) following brain tumor surgery [12]. Nevertheless, the efficacy of
perioperative seizure prophylaxis in seizure-naïve glioma patients is
still controversial [13–15]. Most trials indicated that anticonvulsant
prophylaxis did not reduce the risk of postoperative seizure of patients
with glioma, but increased adverse events [13–21].

Thus, it is currently disputed whether perioperative AEDs should be
routinely administered to seizure-naïve patients with glioma. Given the
high rate of seizure prophylaxis in glioma and controversial conclusion,
we conducted this meta-analysis to evaluate the impact of perioperative
antiepileptic drug prophylaxis on postoperative seizure in seizure-naïve
glioma patients.
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2. Methods

2.1. Search strategy

We performed a systematic search in PubMed, Embase, Wanfang,
Weipu (VIP) and Chinese National Knowledge Infrastructure (CNKI)
with no language limits (until July 5, 2019) for studies regarding the
efficacy of perioperative AED prophylaxis in seizure-naïve glioma pa-
tients undergoing craniotomy. The following search terms were used:
(‘glioma’, ‘GBM’, ‘glioblastoma’, ‘astroblastoma’, ‘oligodendroglioma’,
‘oligoastrocytoma’), (‘seizure’, ‘epilepsy’), and (‘antiepileptic’, ‘AED’,
‘anticonvulsant’, ‘prophylaxis’). Furthermore, cited references of re-
levant review articles were screened for potential studies.

2.2. Inclusion and exclusion criteria

Two authors screened the articles independently, and any dis-
agreement was solved by a third author. Articles meeting all of the
following criteria were included in this study: (1) estimating the asso-
ciation between perioperative AED prophylaxis and postoperative sei-
zure in seizure-naïve glioma patients; (2) comparative studies (random
controlled trial, cohort, case-control or observational studies); (3) suf-
ficient data for odds ratio (OR) with confidence intervals (CIs); and (4)
English or Chinese publication. Accordingly, studies meeting any of the
following criteria were excluded: (1) patients had preoperative seizure
history or did not undergo craniotomy; (2) reviews and conference
abstracts; (3) no sufficient data reported; and (4) animal studies or
experiments in vitro. Moreover, we regarded studies recruiting patients
in the same institution during overlapping time periods as duplications
and included studies with larger sample sizes.

2.3. Data extraction

The baseline information was extracted from all of the eligible
studies by two authors independently and repeatedly, and any con-
troversy was solved by discussion. Items extracted from eligible studies
are listed as follows: first author’s name, publication year, country,
study period, type of study, tumor pathology, resection status, type of
AEDs, adverse events, and incidence of postoperative seizure. Early
postoperative seizure was defined as seizure incidence within the first
postoperative week. Late postoperative seizure was seizure occurred
after the first postoperative week.

2.4. Statistical analysis

We used the pooled ORs and corresponding 95%CI to evaluate the
strength of the association between perioperative anticonvulsant pro-
phylaxis and risk for postoperative seizure. Furthermore, we performed
subgroup analysis for early postoperative seizure, high-grade glioma
(WHOIII-IV) and use of phenytoin (PHT) or phenobarbital (PB). We
used the Z test to calculate the significance of pooled ORs and con-
sidered P < 0.05 as statistically significant.

Inter-study heterogeneity in eligible studies was evaluated by a
Cochran’s Q test and the I2 statistic. We considered the heterogeneity
statistically significant when I2≥50%, and in that case, we calculated
the pooled ORs by the random-effects model; otherwise, the fixed-ef-
fects model was used. In addition, publication bias was estimated by a
Funnel plot using Begg’s test, and visual inspection of the funnel plot
was used to evaluate publication bias. All of the statistical analyses
were performed using STATA (version 12.0; StataCorp, College Station,
Texas).

3. Results

3.1. Characteristics of included studies

We initially identified 2564 potentially relevant records, and exc-
uled 1937 records based on the titles and abstracts (Fig. 1). Altogether
110 articles were considered potentially eligible and retrieved for full-
test review. Finally, 9 studies [14–22] met the criteria for qualitative
and quantitative synthesis. The basic characteristics of eligible studies
are presented in Table 1.

Overall, 643 prophylaxed and 503 non-prophylaxed patients were
included to evaluate the effectiveness of perioperative AED prophylaxis
on seizure-naïve glioma patients. The rate of AED prophylaxis in the
included studies varied from 27 to 82%. Only one study was a rando-
mized controlled trial [20], and the others were observational studies.
Occurrences of postoperative seizure in the included studies were
summarized in Table S1.

3.2. Effectiveness of AED prophylaxis on postoperative seizures

In this meta-analysis, AED prophylaxis showed no significant ben-
efit over control in preventing total postoperative seizures (OR=0.91,
95% CI=0.65–1.26, P=0.56; Fig. 2). As for the early postoperative
seizure, 67 who received AED prophylaxis and 89 who did not from 2
studies were analyzed. The result showed that AED prophylaxis pro-
vided no statistically significant reduction in the risk of early post-
operative seizure (OR=0.49, 95% CI=0.10–2.38, P=0.38; Table 3,
Fig. 3). Besides, no significant difference was detected between AED
prophylaxis and late postoperative seizure (OR=0.99, 95%
CI= 0.61–1.62, P= 0.98; Table 3, Fig. 4).

3.3. Effectiveness of AED prophylaxis on postoperative seizures in high
grade glioma

Five hundred fifty patients were evaluated for the outcome of
postoperative seizures in high grade glioma. In pooled meta-analysis,
compared with control, AED prophylaxis had no significant prevention

Fig. 1. Flow diagram for study screening.
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of postoperative seizures in patients with high grade glioma
(OR=0.82, 95% CI= 0.49–1.35, P= 0.43; Table 3, Fig. S1). Subgroup
analysis in low grade glioma was not conducted for the lack of data.

3.4. Effectiveness of PHT or PB prophylaxis on postoperative seizures

In subgroup analysis regarding the types of AEDs, 281 patients were
evaluated for the effectiveness of PHT or PB in prevention of

Table 1
Basic characteristics of included studies.

Author
Publication Year

Country Study
Type

Tumor Resection Status Duration of
Follow-up

Duration of AED
Treatment

Definition of Early
Seizure

Prophylaxis Rate
(%)

Boarini 1985 [15] USA Obs astrocytoma biopsy;
craniotomy

14ma 14 ma NA 46.48 (33/71)

Dewan 2017 [14] USA Obs glioma craniotomy 2w 1w 2w 82.01 (155/189)
Garbossa 2013 [16] Italy Obs high-grade glioma

(WHO II-IV)
craniotomy 6ma 6ma 1 m 47.25 (43/91)

Lapointe 2015 [17] Canada Obs glioma biopsy;
craniotomy

≥16m ≥3m 2w 62.12 (205/330)

Liang 2016 [18] China Obs Glioblastoma craniotomy 16.41ma 2w-12ma NA 51.77 (73/141)
Lwu 2010 [19] Canada Obs malignant glioma

(WHO III-IV)
craniotomy 5.4ma 1w-12m 1w 40.00 (44/110)

Mahaley 1981 [22] USA Obs anaplastic glioma craniotomy NA NA NA 64.41 (38/59)
Wu 2013 [20] USA RCT glioma craniotomy 12m 1w 1m 50.00 (23/46)
Wychowski 2013

[21]
USA Obs glioblastoma biopsy;

craniotomy
11.5ma NA NA 26.61 (29/109)

Obs: observational study; RCT: Randomized Controlled Trial; w, week; m, month; NA, not available; amedian of duration of follow-up or AED treatment.

Fig. 2. Forest plot for the efficacy of perioperative AED prophylaxis on postoperative seizure.

Fig. 3. Forest plot for the efficacy of perioperative AED prophylaxis on early postoperative seizure. Early postoperative seizure was defined as seizure incidence
within the first postoperative week.

Fig. 4. Forest plot for the efficacy of perioperative AED prophylaxis on late postoperative seizure. Late postoperative seizure was seizure occurred after the first
postoperative week.
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postoperative seizures. In pooled meta-analysis, PHT or PB prophylaxis
did not remarkably alter the incidence rate of postoperative seizures
(OR=0.97, 95% CI=0.53–1.80, P=0.93; Table 3, Fig S2).

3.5. The adverse effects of AED prophylaxis

Altogether 5 studies reported adverse events caused by prophylactic
AEDs, with the rate of adverse events varied from 2 to 34%. PHT, PB,
levetiracetam (LEV), and valproate (VPA) were commonly administered
for perioperative prophylaxis. As shown in Table 2, dermatologic re-
action and decreased level of consciousness were common adverse

events caused by postoperative AEDs. Notably, serious adverse events
such as toxic epidermal necrolysis was reported.

3.6. Publication bias

Begg’s funnel plot seemed symmetrical, suggesting that no pub-
lication bias was detected (Fig. 5). No significant evidence of publica-
tion bias was detected by the Egger’s test (t= -1.17, P= 0.279).

4. Discussion

The effect of perioperative seizure prophylaxis in glioma without
preoperative seizure history is still confusing. For the first time, we
conducted this meta-analysis and demonstrated that no significant as-
sociation between perioperative seizure prophylaxis and postoperative
seizure occurrence in seizure-naïve glioma patients. Similar results
were detected in subgroup analysis for early postoperative seizure,
high-grade glioma and PHT or PB.

The administration of prophylactic AEDs needs comprehensive
evaluation. The rate of seizure prophylaxis was comparatively high,
deviating from the guidelines of AAN [10]. Our meta-analysis demon-
strated that perioperative anticonvulsant prophylaxis did not reduce the
incidence of postoperative seizure in seizure-naïve glioma patients.
Accordingly, in a previous meta-analysis regarding seizure-naïve pa-
tients undergoing craniotomy, no significant effect of prophylactic AED
was detected for postcraniotomy seizures [23]. However, the results
should be carefully interpreted. The risk of postoperative seizure in
glioma was elevated by temporal tumor location, low-grade glioma and
subtotal resection [24,25]. The complex pathologic mechanisms and
various predisposing factors make it difficult to determine whether

Table 2
Adverse events of prophylactic AEDs in seizure-naïve glioma patients.

Author, Publication
Year

AEDs Types AED Prophylaxis No AED Patients with AR
(%)

Adverse Events (No. of events)b

n Seizure (%) n Seizure (%)

Boarini 1985 [15] a PHT,PB 33 7 (21.2) 38 15 (39.5) NA –
Dewan 2017 [14] LEV,PHT OXC 155 8 (5.2) 34 1 (2.9) 24 (5.2) dermatologic reaction (14) decreased level of consciousness (41)

electrolyte imbalance (1) other (5)
Garbossa 2013

[16] a
LEV 43 8 (18.6) 48 9 (18.8) NA –

Lapointe 2015
[17] a

LEV,PHT 205 43 (21.0) 125 25 (20.0) NA –

Liang 2016
[18] a

VPA,LEVOXC 73 2 (27.4) 68 11 (16.2) NA –

Lwu 2010
[19]

PHT 44 0 (0.0) 66 2 (3.0) 1(2.3) rash necessitating (1)

Mahaley 1981
[22]

PHT,PB 38 15 (39.5) 21 6 (28.6) 11(29.0) dermatologic reaction (11)

Wu 2013
[20]

PHT 23 6 (26.1) 23 9 (39.1) 4(17.3) dermatologic reaction, liver toxcity, thrombocytopenia, decreased level
of consciousness, aphasia, ataxia, photophobia

Wychowski 2013
[21]

LEV,PHTVPA,CBZ 29 11(37.9) 80 27 (33.8) 10(34.5) PHT: rash, gait instability (2), toxic epidermal necrolysis (1), unkown
cause (1)
LEV: depression (1)

AR: adverse events; PHT: phenytoin; PB: Phenobarbital;LEV: levetiracetam; OXC: oxcarbazepine ; VPA: valproate; CBZ: carbamazepine.
a details of adverse events not available.
b adverse events were not presented by the type of AED in some studies due to lack of specific data.

Table 3
Subgroup analysis between AED prophylaxis and postoperative seizure in seizure-naïve glioma patients.

Outcome Included studies AED prophylaxis no AED OR 95%CI Phet

Total postoperative seizure 9 643 503 0.91 0.65-1.26 0.18
Early postoperative seizure 2 67 89 0.49 0.10-2.38 0.67
Late postoperative seizure 3 271 196 0.99 0.61-1.62 0.84
High grade glioma 5 227 283 0.82 0.49-1.35 0.11
PHT or PB prophylaxis 4 133 148 0.97 0.53-1.80 0.13

PHT: phenytoin; PB: Phenobarbital.

Fig. 5. Begg’s funnel plot on publication bias for included studies on the as-
sociation of between perioperative AED prophylaxis and postoperative seizure.
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seizure prophylaxis is effective to prevent postoperative seizure oc-
currence in patients with glioma [26,27]. Regrettably, the benefit of
AED prophylaxis to high-risk glioma patients was not further pooled-
analyzed due to insufficient data in this study. Thus risk stratification
may be essential for further investigating the effectiveness of seizure
prophylaxis.

The rate of adverse events caused by prophylactic AEDs was rela-
tively high (up to 17–34%) in several included studies. Notably, severe
adverse events such as toxic epidermal necrolysis and decreased level of
consciousness were reported [14,21], making it more intractable to
determine the use of prophylactic AEDs. Therefore, surgeons should
weigh the pros and cons before the start of seizure prophylaxis. Ad-
ditionally, traditional AEDs, including PHT, CBZ, VPA and PB were
commonly used for perioperative prophylaxis. As a new generation
AED, levetiracetam has been reported to reduce postoperative seizures
and increase the sensitivity of glioblastoma to chemotherapy with well
tolerance [28,29]. Besides, Yuan’s meta-analysis suggested that VPA
administration prolonged the survival of glioblastoma patients [30].
Further investigation focused on the benefit of AED to glioma is still
needed.

Several limitations should be stated in this meta-analysis. First, the
evidence is of low quality since only one RCT was included and the
sample sizes of eligible studies were relatively small in this study.
Besides, seizure prophylaxis differed in the timing, duration and types
of AEDs, which may also bias the results. Finally, further assessments
for types of AED, site of glioma, specific pathology and the extent of
resection were limited due to insufficient data.

4.1. Conclusions

In conclusion, perioperative seizure prophylaxis did not reduce the
occurrence of postoperative seizure in seizure-naïve glioma patients
based on present studies. Further high-quality RCT is essential to assess
the effectiveness of perioperative seizure prophylaxis. The administra-
tion of prophylactic AEDs needs comprehensive evaluation.
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