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Abstract 

Background:  There is significant heterogeneity related to the use of prophylactic antiseizure medications (ASM) fol-
lowing supratentorial craniotomy.

Methods:  We conducted a systematic review and meta-analysis assessing ASM primary prophylaxis in adults hos-
pitalized following supratentorial neurosurgery with no prior seizure history. The following population, intervention, 
comparator, and outcome (PICO) questions were assessed: (1) Should ASM versus no ASM be used as seizure prophy-
laxis in adult patients undergoing supratentorial neurosurgery? (2) If an ASM is used, should levetiracetam (LEV) or 
phenytoin/fosphenytoin (PHT) be preferentially used? and (3) Should a long (> 7 days) versus short (≤ 7 days) duration 
of prophylaxis be used? The main outcomes were early seizure (≤ 14 days), late seizures (> 14 days), adverse events, 
mortality, and functional and cognitive outcomes. We utilized Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) methodology to generate recommendations.

Results:  The initial literature search yielded 1988 articles, and 16 formed the basis of the recommendations. PICO 1: 
while meta-analysis of randomized controlled trials (RCTs) demonstrated a significant benefit for early seizure preven-
tion, meta-analyses including all study designs was nonsignificant. Further, there were no differences in late seizure or 
mortality rates, and there was a trend toward higher adverse event rates with ASM. PICO 2: LEV was associated with 
significantly lower early seizure rates than PHT, and there were trends toward fewer late seizures and adverse events 
with LEV. PICO 3: only three studies examined the duration of ASM treatment, and there was no significant difference 
in seizure events between subjects treated for a short versus long duration.

Conclusions:  We suggest that either prophylactic ASM or no ASM be used for seizure prophylaxis in patients under-
going supratentorial neurosurgery (conditional recommendation, low quality of evidence). If an ASM is used, we suggest 
LEV over PHT (conditional recommendation, very low quality of evidence) for a short duration (conditional recommenda-
tion, very low quality of evidence).
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Introduction
Patients undergoing supratentorial neurosurgery are 
often treated with an anti-seizure medication (ASM) as 
primary prevention against seizures. The risk of early 
postoperative seizures has been reported to be 15–20% 
[1, 2]. However, this risk varies by type of surgery, 
underlying pathology, and previous history of seizures [2, 
3]. In addition, there is large variation in clinical practice 
as to the specific ASM agent, duration of treatment, 
and dose of treatment. Because of the relatively high 
risk of postoperative seizures and the variance in 
practice, this guideline sought to establish guidance 
for healthcare professionals treating such patients. The 
primary questions we aimed to address were: (1) Should 
prophylactic ASM versus no ASM be used in patients 
hospitalized for supratentorial neurosurgery? (2) If an 
ASM is used, should levetiracetam (LEV) or phenytoin /
fosphenytoin (PHT) be preferentially prescribed? and (3) 
If an ASM is used, should a short (≤ 7 days) versus longer 
(> 7 days) duration of therapy be used?

Methods
This guideline was developed in accordance with Grading 
of Recommendations Assessment, Development and 
Evaluation (GRADE) methodology [4, 5] and both panel 
co-chairs (JAF and ASR) completed GRADE workshop 
training [6]. The GRADE methodology requires 
the guideline panel to make independent decisions 
concerning the certainty of evidence and the strength 
of the recommendation. Thus, even when there is low 
or very-low quality of evidence, the panel can make 
a recommendation on the question. Throughout this 
guideline, the panel has made recommendations on 
the basis of the evidence that is available at the time of 
writing. We further describe how we came to our level 
of certainty and strength of recommendations in the 
‘Risk of Bias’ and ‘Certainty of Evidence Evaluation 
and Development of Recommendations’ sections, 
respectively.

Panel Composition
The Seizure Prophylaxis Guideline panel was formed 
in October 2019 and consists of nine members, includ-
ing six physicians, two pharmacists, and one nurse with 
subspecialty experience in neurocritical care, seizure 
management, trauma, and neurosurgery. In addition, a 

GRADE statistician (YY) performed statistical analy-
ses. The panel consisted of six women and four men of 
diverse racial/ethnic backgrounds (Asian, South Asian, 
white, and Hispanic).

Disclosure and Management of Potential Conflicts 
of Interest
All panel members were required to comply with 
standard conflict of interest and commercial relationship 
disclosures, including review of any financial, intellectual, 
or other relationships that may be construed as a possible 
conflict of interest. The chairs of the Neurocritical Care 
Society Guideline Committee that oversees the Seizure 
Prophylaxis Guideline Panel were responsible for vetting 
any potential conflicts of interest. All members of the 
Seizure Prophylaxis Guideline Panel were determined to 
be free of conflicts of interest.

PICO Generation
Three specific questions were addressed for this guideline 
following the population, intervention, comparison, 
and outcomes (PICO) format [7]. These questions were 
developed to address the overall goal set forth by the 
Neurocritical Care Society (NCS) Guidelines Committee. 
Final questions were agreed on by all guideline panel 
members. The PICOs are as follows: (1) Should ASM 
versus no ASM be used in patients hospitalized for 
supratentorial neurosurgery with no history of clinical 
or electrographic seizures? (2) If an ASM is used, should 
LEV or PHT be preferentially used for supratentorial 
neurosurgery patients with no history of clinical or 
electrographic seizures? and (3) If an ASM is used, 
should a long (> 7 days) versus short (≤ 7 days) duration 
of prophylaxis be used for supratentorial neurosurgery 
patients with no history of clinical or electrographic 
seizures?

The outcomes categorized as “critical” (indicating the 
highest level of importance) included early seizure (either 
clinical or electrographic) occurring within 14  days of 
supratentorial neurosurgery, late seizure (either clinical 
or electrographic) occurring > 14 days from supratentorial 
neurosurgery, and adverse events associated with ASM 
use. A 14-day cut-off was used to distinguish early from 
late seizures because literature is inconsistent in the 
definition, with some studies defining early seizures as 
those within 7  days and others defining early seizures 
within 14  days. Since neither the 7- nor the 14-day 
timeframe is based on a clear biological rationale, we 
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selected the 14-day window to capture the widest range 
of available evidence. Additional outcomes including 
mortality, functional (e.g., modified Rankin Scale scores 
[8], Glasgow Outcome Scale [9]) and cognitive outcomes 
were rated as “important.” In this guideline, LEV was 
used as a comparator and as a representative of the newer 
generation of Antiseizure Drug (ASD) medications and 
phenytoin/fosphenytoin were chosen as representatives 
of older generation ASD medications. The goal was to 
provide as homogenous of a comparison as possible. We 
recognize this as a potential limitation and encourage 
new studies valuating the use of other, newer generation 
ASDs.2

Study Population
This guideline pertains to hospitalized patients 
undergoing supratentorial neurosurgery for any reason 
or underlying pathology, including but not limited to 
tumors, vascular lesions, and traumatic lesions. The 
target population is limited to individuals without a 
prior history of seizure (clinical or electrographic) or 
ASM use prior to index supratentorial neurosurgery. 
The authors chose to exclude infratentorial (posterior 
fossa) surgery owing to a low risk of seizure. This choice 
is based upon standard knowledge. While there has been 
some attention to the role of the cerebellum in epilepsy, 
there are no studies available from our search discussing 
seizure incidence after posterior fossa surgery [10, 11]. 
Additional guidelines for ASM prophylaxis created for 
hospitalized patients with nontraumatic subarachnoid 
hemorrhage, intracerebral hemorrhage [12], and 
traumatic brain injury [13] are published separately.

Inclusion and Exclusion Criteria
Studies could be included if the following criteria were 
met: the paper addressed prophylactic ASM use, included 
an adult population (aged ≥ 18  years) hospitalized with 
supratentorial neurosurgery, and if data were available 
on the primary outcomes of interest (early seizure, late 
seizure, adverse events, mortality, functional outcomes, 
or cognitive outcomes). Articles were excluded if they 
involved patients with a history of seizure, epilepsy, or 
chronic ASM use prior to supratentorial neurosurgery; 
were not published in English; were non-human studies; 
were case series with < 10 patients; evaluated a pediatric 
population; or did not assess an outcome of interest. We 
excluded gray literature including abstracts, conference 
proceedings, and non-peer reviewed articles, as well as 
review articles and meta-analyses.

Search Strategy
A search of articles was conducted by an independent 
medical librarian from 1 January 1946 to 7 October 

2020 using PubMed, Medline, Embase, Emcare, and 
Cochrane databases (Supplementary Table 1). Additional 
literature searches were performed by panel members 
between 7 October 2020 and 9 October 2024 to capture 
more recently published articles. Search terms included: 
“seizure,” “antiepileptic medication,” “antiseizure 
medication,” “levetiracetam,” “Keppra,” “lacosamide,” 
“Vimpat,” “phenytoin,” “Dilantin,” “fosphenytoin,” 
“Cerebyx,” “valproic acid,” “Depakote,” “carbamazepine,” 
“lamotrigine,” “prophylaxis,” “prevention,” “prophylactic,” 
“craniectomy,” “craniotomy,” “trephining,” “neurosurgery,” 
“neurosurgical,” “supratentorial,” mortality,” “death,” 
“functional outcome,” “function,” “modified Rankin,” 
“Glasgow Outcome score,” “cognition,” “cognitive,” 
“disability,” “activities of daily living,” “outcome,” “adverse 
events,” and “side effects.” Reference lists of published 
articles, review articles, and meta-analyses were also 
screened to identify additional articles.

Study Screening and Data Collection
Two reviewers independently screened each article title 
and abstract to determine inclusion eligibility. Reviewers 
were blinded to each other’s verdicts during screening. 
Full-text screening by two independent reviewers was 
performed on articles that passed the initial level of 
review. Screening was performed using DistillerSR 
software (Ottawa, Ontario, Canada) and all conflicts 
were adjudicated between reviewers prior to study 
inclusion. Data were extracted into a standardized tool 
and classified as randomized controlled trials versus 
nonrandomized studies, which could be observational 
studies using retrospective cohort, prospective cohort, 
cross-sectional, or case series designs.

Risk of Bias and Certainty of Evidence Evaluation
Risk of bias was assessed using the Cochrane Risk of 
Bias 2 (RoB-2) tool [14] for randomized trials and the 
Risk of Bias Instrument for Non-randomized Studies-of 
Interventions (ROBINS-I) tool [15] for nonrandomized 
studies. These tools were selected on the basis of 
recommendations from GRADE and the types of articles 
evaluated. Final risk-of-bias scores were adjudicated 
by two reviewers who were blinded to each other’s 
scores prior to adjudication. RoB-2 scoring specifically 
addresses bias concerns related to randomization, 
deviation from intended interventions, missing outcome 
data, measurement of outcome, and selection of the 
reported result. The ROBINS-I assessment accounted 
for bias in confounding, patient selection, classification 
of interventions, deviations from intended interventions, 
missing data, measurement of outcomes, and selection of 
the reported result.
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The certainty of evidence assessment was performed 
using GRADEPro GDT software (McMaster Univer-
sity and Evidence Prime Inc.) according to GRADE 
methodology [16]. In brief, studies that address a spe-
cific outcome of interest can be assessed as a group 
to determine the certainty with which the evidence 
leads the panel to make a recommendation. The cer-
tainty of evidence may be reduced by the risk of bias, 
inconsistency (heterogeneity across different stud-
ies, typically signified by high I2 values), indirectness 
(how closely the studies pertain to the PICO), impre-
cision (unclear effect size owing to low event rates, 
small sample sizes, or wide confidence intervals), and 
publication bias. The certainty of evidence could be 
increased by a large effect size, a dose–response gradi-
ent, or residual confounding that favors the compara-
tor. A final level of confidence rating is generated from 

this process ranging from very-low to high confidence 
in the estimate of effect. All guideline panel members 
were involved with determination of the certainty of 
evidence and final recommendations were agreed upon 
by all panel members (Fig. 1).

Statistical Analyses
All analyses were outcome based and performed by one 
study statistician (YY). For each outcome of interest 
(early seizure, late seizure, adverse events, functional 
and cognitive outcomes, and mortality), we stratified 
the analysis by ASM type and also by study design 
(randomized versus nonrandomized studies) and 
tested their differences. The summary statistic used 
for dichotomous data was relative risk, and the mean 
difference or standardized mean difference was used, 
when applicable, for continuous data. Studies that 

Fig. 1  GRADE methodology for rating certainty of evidence, level of confidence, and determining the strength of recommendation. Strong recom-
mendations use the term “recommend,” while conditional recommendations use the term “suggest.” Unrestricted use of this figure was granted by 
the US GRADE Network. GRADE, Grading of Recommendations Assessment, Development and Evaluation
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reported adjusted odds ratios (ORs) were pooled using 
the method of inverse variance. All meta-analyses were 
conducted using random-effects models. Substantial 
heterogeneity was defined as I2 ≥ 50%. All analyses are 
presented in forest plots and were performed using 
Revman 5.4 software (Cochrane, London, UK).

Development of Recommendations
Assessments of judgement for each PICO were 
performed utilizing GRADEPro GDP software 
(McMaster University and Evidence Prime Inc.). Final 
recommendations were based on consideration of the 
importance of the PICO, the certainty and confidence 
level of the evidence, the balance between the desirable 
and undesirable effects of the intervention, patient 
values, and the acceptability and feasibility of the 
recommendation following the GRADE Evidence-
Decision framework (Fig.  1). Consensus of all panel 
members was required for final recommendations. 
Independent members of the guideline committees 
from the Neurocritical Care Society reviewed all 
recommendations. Strong recommendations, which 
imply that the majority of stakeholders would want 
to adopt the prescribed guidance and policy-makers 
may utilize the guideline in most situations, are 
indicated by the phrase “we recommend.” Conditional 
recommendations, which imply that most stakeholders 
would want to adopt the recommendation, though many 
might not, and that shared decision making between 
patient and practitioner is likely required, are indicated 
by the verbiage “we suggest.” The overall certainty 
(quality) of evidence was averaged across outcomes for 
each PICO and could be categorized as very low, low, 
moderate, or high. The limitations in the current body 
of literature and proposals for future avenues of research 
are discussed with each PICO.

The “In Our Practice” section follows the formal 
GRADE-based recommendations and justifications. 
This section highlights current practices that might not 
be specifically covered in the recommendations. The 
pragmatic details of this section were arrived at after 
panel discussion and represent expert consensus. A 
caveat to this section is that panel members primarily 
represent academic centers and reflect current practice 
in the USA. As such, these suggestions may not be 
generalizable to all settings.

Results
A summary of recommendations is presented in Table 1. 
The initial literature search yielded 1988 articles, of 
which 16 formed the basis of the recommendations, and 
15 were included in meta-analyses. A summary of sample 

size, design, surgical indication, and ASM dosing of the 
studies included in the metanalyses can be found in 
Table 2. PRISMA recommendations were followed while 
conducting the systematic review (Supplementary Fig. 1).

PICO 1: Should anti-seizure medication versus no anti-
seizure medication be used in adult patients hospitalized 
for supratentorial neurosurgery with no history of clinical 
or electrographic seizures?

a.	 To prevent early seizures (≤ 14  days from 
neurosurgery or during hospitalization): 

Nine studies including 1745 patients compared 
short-term seizure occurrence in patients treated 
with ASMs versus no ASMs [17–25]. Of these nine 
studies, three were randomized controlled trials of PHT 
versus no ASM and included 778 patients [22–24]. 
Three nonrandomized studies compared any ASM 
versus no ASM (N = 580) [17–19], while another three 
nonrandomized trials compared LEV versus no ASM 
(N = 190) [20, 21, 25]. The pooled analysis of all nine 
studies found no differences in short-term seizure 
prevention between patients treated with ASM versus no 
ASM (risk ratio [RR] 0.47, 95% confidence interval [CI] 
0.17–1.29, p = 0.14) (Fig. 2A and B). There was significant 
heterogeneity across studies (I2 = 70%, p = 0.0009), but no 
significant heterogeneity between subgroups of RCT vs. 
non-RCT (I2 = 0%, p = 0.42) or between different ASM 
types (I2 = 0%, p = 0.78). However, in a meta-analysis 
including only RCTs, there was a significant reduction 
in early seizures with ASM use (all studies used PHT; RR 
0.29, 95% CI 0.14–0.61, p = 0.0009, I2 = 0%) (Fig. 2A). By 
contrast, a meta-analysis of only non-RCTs showed no 
benefit of ASM for early seizure prevention, though there 
was significant heterogeneity amongst different non-RCT 
studies (I2 = 76%, p = 0.001). When stratifying the analysis 
by ASM type, there was a significant reduction in early 
seizure risk with PHT, but this was not seen with LEV or 
unspecified ASM. This finding reflects the fact that the 
RCTs utilized only PHT, while the more heterogeneous 
non-RCTs used LEV and other ASMs (Fig. 2B).

b.	 To prevent late seizures (> 14 days from neurosurgery, 
or post-hospitalization):

Seven studies including 1356 patients compared late-
seizure outcomes. One of the studies [26] included three 
arms, comparing PHT, carbamazepine, and no ASM. 
Patients were treated and monitored for up to 24 months 
for the occurrence of clinical seizures. For this study with 
three arms, the control arm was split for the individual 
ASM versus no ASM analyses to avoid double-counting 
patients. Four analyses (N = 597) compared patients 



39

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 re
co

m
m

en
da

ti
on

s 
fo

r s
ei

zu
re

 p
ro

ph
yl

ax
is

 fo
r s

up
ra

te
nt

or
ia

l n
eu

ro
su

rg
er

y

Pe
r G

RA
D

E 
m

et
ho

do
lo

gy
, “

st
ro

ng
” r

ec
om

m
en

da
tio

ns
 u

se
 th

e 
te

rm
 “r

ec
om

m
en

d”
 a

nd
 “c

on
di

tio
na

l” 
re

co
m

m
en

da
tio

ns
 u

se
 th

e 
te

rm
 “s

ug
ge

st
” N

CS
, n

eu
ro

cr
iti

ca
l c

ar
e 

so
ci

et
y;

 A
SM

, a
nt

i-s
ei

zu
re

 m
ed

ic
at

io
n

jlv
t

Re
co

m
m

en
da

tio
n

Le
ve

l o
f r

ec
om

m
en

da
tio

n,
qu

al
it

y 
(c

er
ta

in
ty

) o
f e

vi
de

nc
e

Ju
st

ifi
ca

tio
n

PI
CO

 1
Sh

ou
ld

 a
nt

i-s
ei

zu
re

 m
ed

ic
at

io
n 

ve
rs

us
 n

o 
an

ti-
se

iz
ur

e 
m

ed
ic

at
io

n 
be

 u
se

d 
in

 p
at

ie
nt

s 
ho

sp
ita

liz
ed

 fo
r s

up
ra

te
nt

or
ia

l n
eu

ro
su

rg
er

y 
in

 p
at

ie
nt

s 
w

ith
 n

o 
hi

st
or

y 
of

 c
lin

ic
al

 o
r 

el
ec

tr
og

ra
ph

ic
 s

ei
zu

re
s?

Re
co

m
m

en
da

tio
n 

1
W

e 
su

gg
es

t t
ha

t c
lin

ic
ia

ns
 m

ay
 c

ho
os

e 
to

 u
se

 e
ith

er
 

A
SM

 o
r n

ot
 u

se
 A

SM
 fo

r s
ei

zu
re

 p
re

ve
nt

io
n 

in
 p

at
ie

nt
s 

un
de

rg
oi

ng
 s

up
ra

te
nt

or
ia

l n
eu

ro
su

rg
er

y,
 a

s 
th

e 
ba

la
nc

e 
of

 b
en

efi
ts

 a
nd

 h
ar

m
s 

is
 u

nc
er

ta
in

Co
nd

iti
on

al
 re

co
m

m
en

da
tio

n,
 lo

w
 c

er
ta

in
ty

 o
f e

vi
de

nc
e

A
s 

it 
re

la
te

s 
to

 e
ar

ly
 s

ei
zu

re
, l

at
e 

se
iz

ur
e,

 a
nd

 m
or

ta
lit

y,
 

th
er

e 
w

as
 n

o 
po

si
tiv

e 
or

 n
eg

at
iv

e 
eff

ec
t d

et
ec

te
d 

w
ith

 
A

SM
 u

se
d 

as
 s

ei
zu

re
 p

ro
ph

yl
ax

is
. T

he
re

 w
as

 a
 tr

en
d 

to
w

ar
d 

m
or

e 
ad

ve
rs

e 
ev

en
ts

 in
 p

at
ie

nt
s 

tr
ea

te
d 

w
ith

 
A

SM
, b

ut
 it

 d
id

 n
ot

 re
ac

h 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

PI
CO

 2
If 

an
 a

nt
i-s

ei
zu

re
 m

ed
ic

at
io

n 
is

 u
se

d,
 s

ho
ul

d 
LE

V 
or

 P
H

T 
be

 p
re

fe
re

nt
ia

lly
 u

se
d 

fo
r s

up
ra

te
nt

or
ia

l n
eu

ro
su

rg
er

y 
in

 p
at

ie
nt

s 
w

ith
 n

o 
hi

st
or

y 
of

 c
lin

ic
al

 o
r e

le
ct

ro
gr

ap
hi

c 
se

iz
ur

es
?

Re
co

m
m

en
da

tio
n 

2
W

he
n 

pr
op

hy
la

ct
ic

 A
SM

 is
 u

se
d 

fo
r s

up
ra

te
nt

or
ia

l 
cr

an
io

to
m

y,
 w

e 
su

gg
es

t L
EV

 o
ve

r P
H

T
Co

nd
iti

on
al

 re
co

m
m

en
da

tio
n,

 v
er

y-
lo

w
 c

er
ta

in
ty

 o
f 

ev
id

en
ce

A
s 

it 
re

la
te

s 
to

 e
ar

ly
 s

ei
zu

re
, L

EV
 w

as
 b

et
te

r t
ha

n 
PH

T.
 T

he
re

 
w

as
 n

o 
di

ffe
re

nc
e 

in
 L

EV
 a

nd
 P

H
T 

fo
r l

at
e 

se
iz

ur
e 

an
d 

ad
ve

rs
e 

ev
en

ts

PI
CO

 3
If 

an
 a

nt
i-s

ei
zu

re
 m

ed
ic

at
io

n 
is

 u
se

d,
 s

ho
ul

d 
a 

lo
ng

 (>
 7

 d
ay

s)
 v

er
su

s s
ho

rt
 (≤

 7
 d

ay
s)

 d
ur

at
io

n 
of

 p
ro

ph
yl

ax
is

 b
e 

us
ed

 fo
r s

up
ra

te
nt

or
ia

l n
eu

ro
su

rg
er

y 
in

 p
at

ie
nt

s 
w

ith
 n

o 
hi

st
or

y 
of

 
cl

in
ic

al
 o

r e
le

ct
ro

gr
ap

hi
c 

se
iz

ur
es

?

Re
co

m
m

en
da

tio
n 

3
If 

a 
pr

op
hy

la
ct

ic
 A

SM
 is

 u
se

d 
fo

r s
up

ra
te

nt
or

ia
l 

cr
an

io
to

m
y,

 w
e 

su
gg

es
t a

 s
ho

rt
 d

ur
at

io
n 

(≤
 7

 d
ay

s)
 v

s. 
a 

lo
ng

er
 d

ur
at

io
n 

(>
 7

 d
ay

s)
 o

f u
se

Co
nd

iti
on

al
 re

co
m

m
en

da
tio

n,
 v

er
y-

lo
w

 c
er

ta
in

ty
 o

f 
ev

id
en

ce
Th

er
e 

w
as

 v
er

y 
lim

ite
d 

ev
id

en
ce

 re
la

te
d 

to
 th

e 
eff

ec
t 

of
 d

ur
at

io
n 

of
 A

SM
 o

n 
ea

rly
 s

ei
zu

re
, l

at
e 

se
iz

ur
e,

 a
nd

 
ad

ve
rs

e 
ev

en
ts

. O
ur

 re
co

m
m

en
da

tio
n 

as
su

m
ed

 th
e 

po
te

nt
ia

l f
or

 in
cr

ea
se

d 
ad

ve
rs

e 
ev

en
ts

 a
nd

 th
e 

la
ck

 o
f 

di
ffe

re
nc

e 
in

 p
os

iti
ve

 o
ut

co
m

es



40

Ta
bl

e 
2 

Su
m

m
ar

y 
of

 s
iz

e,
 s

ur
gi

ca
l i

nd
ic

at
io

n,
 a

nd
 A

SM
 d

os
ag

e 
fo

r s
tu

di
es

 in
cl

ud
ed

 in
 m

et
a-

an
al

ys
es

Ci
ta

tio
n

Ti
tle

G
ro

up
s

M
et

ho
do

lo
gy

Su
rg

ic
al

 in
di

ca
tio

n
In

te
rv

en
tio

n

A
l-D

or
zi

 [1
7]

In
ci

de
nc

e,
 ri

sk
 fa

ct
or

s, 
an

d 
ou

tc
om

es
 o

f 
se

iz
ur

es
 o

cc
ur

rin
g 

af
te

r c
ra

ni
ot

om
y 

fo
r 

pr
im

ar
y 

br
ai

n 
tu

m
or

 re
se

ct
io

n

A
SM

 (N
 =

 3
2)

N
o 

A
SM

 (N
 =

 9
2)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

In
tr

ac
ra

ni
al

 tu
m

or
 (l

ow
-g

ra
de

 g
lio

m
a,

 
hi

gh
-g

ra
de

 g
lio

m
a,

 m
en

in
gi

om
a,

 
ot

he
rs

)

PH
T:

 n
o 

do
sa

ge
 p

ro
vi

de
d

Ca
rb

am
az

ep
in

e:
 n

o 
do

sa
ge

 p
ro

vi
de

d
O

th
er

: n
o 

do
sa

ge
 p

ro
vi

de
d

Ba
tt

ag
lia

 [2
1]

Is
 th

er
e 

an
y 

be
ne

fit
 fr

om
 s

ho
rt

-t
er

m
 

pe
rio

pe
ra

tiv
e 

an
tie

pi
le

pt
ic

 p
ro

ph
yl

ax
is

 
in

 p
at

ie
nt

s 
w

ith
 c

hr
on

ic
 s

ub
du

ra
l 

ha
em

at
om

a?

A
SM

 (N
 =

 4
8)

N
o 

A
SM

 (N
 =

 5
1)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

C
hr

on
ic

 s
ub

du
ra

l h
em

at
om

a
LE

V:
 5

00
 m

g 
tw

ic
e 

da
ily

Fo
y 

[2
6]

D
o 

pr
op

hy
la

ct
ic

 a
nt

ic
on

vu
ls

an
t d

ru
gs

 
al

te
r t

he
 p

at
te

rn
 o

f s
ei

zu
re

s 
af

te
r 

cr
an

io
to

m
y?

A
SM

 (N
 =

 2
17

)
N

o 
A

SM
 (N

 =
 5

9)
Ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
A

ne
ur

ys
m

, a
rt

er
io

ve
no

us
 m

al
fo

rm
at

io
n.

 
Sp

on
ta

ne
ou

s 
he

m
at

om
a,

 a
bs

ce
ss

, 
m

en
in

gi
om

a,
 a

nd
 b

en
ig

n 
tu

m
or

s

Ca
rb

am
az

ep
in

e:
 lo

ad
ed

 w
ith

 2
00

 m
g 

ev
er

y 
6h

 fo
r 2

4h
 p

rio
r t

o 
su

rg
er

y 
fo

llo
w

ed
 b

y 
20

0 
m

g 
ev

er
y 

8 
h

PH
T:

 1
5 

m
g/

kg
 2

4h
 p

rio
r t

o 
su

rg
er

y 
fo

llo
w

ed
 b

y 
10

0 
m

g 
ev

er
y 

8h

Fu
lle

r [
37

]
To

le
ra

bi
lit

y,
 s

af
et

y,
 a

nd
 s

id
e 

eff
ec

ts
 o

f 
le

ve
tir

ac
et

am
 v

er
su

s 
ph

en
yt

oi
n 

in
 

in
tr

av
en

ou
s 

an
d 

to
ta

l p
ro

ph
yl

ac
tic

 
re

gi
m

en
 a

m
on

g 
cr

an
io

to
m

y 
pa

tie
nt

s: 
a 

pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
 s

tu
dy

LE
V 

(N
 =

 3
6)

PH
T 

(N
 =

 3
8)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

Pr
im

ar
y 

br
ai

n 
tu

m
or

, s
ec

on
da

ry
 b

ra
in

 
m

et
as

ta
si

s, 
ex

tr
aa

xi
al

 m
al

ig
na

nc
y 

lo
ca

l 
in

tr
ac

ra
ni

al
 in

va
si

on
, m

en
in

gi
om

a,
 

ce
re

br
al

 a
bs

ce
ss

, s
ub

du
ra

l h
em

at
om

a/
ep

id
ur

al
 h

em
at

om
a,

 in
tr

ac
er

eb
ra

l 
he

m
or

rh
ag

e/
su

ba
ra

ch
no

id
 

he
m

or
rh

ag
e,

 a
ne

ur
ys

m
 c

lip

LE
V:

 2
50

 m
g 

to
 5

00
 m

g 
tw

ic
e 

da
ily

PH
T:

 3
00

 m
g 

da
ily

G
ar

bo
ss

a 
[2

0]
A

 re
tr

os
pe

ct
iv

e 
tw

o-
ce

nt
er

 s
tu

dy
 o

f 
an

tie
pi

le
pt

ic
 p

ro
ph

yl
ax

is
 in

 p
at

ie
nt

s 
w

ith
 s

ur
gi

ca
lly

 tr
ea

te
d 

hi
gh

-g
ra

de
 

gl
io

m
as

LE
V 

(N
 =

 4
3)

N
o 

A
SM

 (N
 =

 4
8)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

H
ig

h-
gr

ad
e 

gl
io

m
a

LE
V:

 5
00

 m
g 

tw
ic

e 
da

ily
 w

ith
 s

ta
te

d 
go

al
 

of
 a

ch
ie

ve
m

en
t o

f L
EV

 s
er

um
 le

ve
ls

 
ab

ov
e 

15
 μ

g/
m

L 
pr

io
r t

o 
su

rg
er

y.
 N

o 
in

fo
rm

at
io

n 
ab

ou
t t

itr
at

io
n 

re
gi

m
en

H
oh

ne
 [4

0]
Th

e 
ris

k 
of

 h
yp

ot
en

si
on

 a
nd

 s
ei

zu
re

s 
in

 
pa

tie
nt

s 
re

ce
iv

in
g 

pr
op

hy
la

ct
ic

 a
nt

i-
ep

ile
pt

ic
 d

ru
gs

 fo
r s

up

LE
V 

(N
 =

 4
0)

PH
T 

(N
 =

 4
1)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

G
lio

bl
as

to
m

a 
m

ul
tif

or
m

e,
 m

en
in

gi
om

a,
 

m
et

as
ta

si
s, 

as
tr

oc
yt

om
a,

 lo
w

-g
ra

de
 

gl
io

m
a

LE
V:

 n
o 

do
sa

ge
 p

ro
vi

de
d

PH
T:

 n
o 

do
sa

ge
 p

ro
vi

de
d

Iu
ch

i [
38

]
Le

ve
tir

ac
et

am
 v

er
su

s 
ph

en
yt

oi
n 

fo
r 

se
iz

ur
e 

pr
op

hy
la

xi
s 

du
rin

g 
an

d 
ea

rly
 

af
te

r c
ra

ni
ot

om
y 

fo
r b

ra
in

 tu
m

ou
rs

: a
 

ph
as

e 
II 

pr
os

pe
ct

iv
e,

 ra
nd

om
iz

ed
 s

tu
dy

LE
V 

(N
 =

 7
3)

PH
T 

(N
 =

 7
3)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

G
lio

m
a 

(g
ra

de
 I,

 II
, I

II,
 IV

), 
m

et
as

ta
si

s, 
m

en
in

gi
om

a,
 o

th
er

s
LE

V:
 5

00
 m

g 
tw

ic
e 

da
ily

 u
nt

il 
po

st
op

er
at

iv
e 

da
y 

7
PH

T:
 1

5–
18

 m
g/

kg
 fo

llo
w

ed
 b

y 
12

5 
m

g 
ev

er
y 

12
h 

un
til

 p
os

to
pe

ra
tiv

e 
da

y 
7

La
ve

rg
ne

 [1
9]

Effi
ca

cy
 o

f a
nt

is
ei

zu
re

 p
ro

ph
yl

ax
is

 in
 

ch
ro

ni
c 

su
bd

ur
al

 h
em

at
om

a:
 a

 c
oh

or
t 

st
ud

y 
on

 ro
ut

in
el

y 
co

lle
ct

ed
 h

ea
lth

 
da

ta

A
SM

 (N
 =

 3
0)

N
o 

A
SM

 (N
 =

 9
0)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

C
hr

on
ic

 s
ub

du
ra

l h
em

at
om

a
PH

T:
 n

o 
do

sa
ge

 p
ro

vi
de

d
LE

V:
 n

o 
do

sa
ge

 p
ro

vi
de

d

Le
e 

[2
2]

Pr
op

hy
la

ct
ic

 a
nt

ic
on

vu
ls

an
ts

 fo
r 

pr
ev

en
tio

n 
of

 im
m

ed
ia

te
 a

nd
 e

ar
ly

 
po

st
cr

an
io

to
m

y 
se

iz
ur

es

A
SM

 (N
 =

 1
89

)
N

o 
A

SM
 (N

 =
 1

85
)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

M
en

in
gi

om
a,

 a
ne

ur
ys

m
, g

lio
m

a,
 

hy
pe

rt
en

si
ve

 h
em

at
om

a,
 

ar
te

rio
ve

no
us

 m
al

fo
rm

at
io

n,
 

ne
op

la
sm

, h
ea

d 
in

ju
ry

PH
T:

 1
5 

m
g/

kg
 b

ol
us

 p
rio

r t
o 

su
rg

er
y 

fo
llo

w
ed

 b
y 

5–
6 

m
g/

kg
/d

ay
 in

 th
re

e 
di

vi
de

d 
do

se
s

Li
an

g 
[2

5]
Pr

op
hy

la
ct

ic
 le

ve
tir

ac
et

am
 fo

r 
se

iz
ur

e 
co

nt
ro

l a
ft

er
 c

ra
ni

op
la

st
y:

 a
 

m
ul

tic
en

te
r p

ro
sp

ec
tiv

e 
co

nt
ro

lle
d 

st
ud

y

A
SM

 (N
 =

 9
7)

N
o 

A
SM

 (N
 =

 1
00

)
Ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
C

lo
se

d 
he

ad
 tr

au
m

a 
or

 s
tr

ok
e

LE
V:

 5
00

 m
g/

da
y 

fo
r p

at
ie

nt
s 

w
ei

gh
in

g 
<

 6
0 

kg
 o

r 7
50

 m
g/

da
y 

fo
r 

pa
tie

nt
s 

w
ei

gh
in

g 
60

 k
g 

fo
r 4

8h
 b

ef
or

e 
th

e 
op

er
at

io
n 

an
d 

10
00

 m
g/

da
y 

fo
r 

pa
tie

nt
s 

w
ei

gh
in

g 
<

 6
0 

kg
 o

r p
at

ie
nt

s 
w

ei
gh

in
g 

15
00

 m
g/

da
y 

fo
r 6

0 
kg

 fr
om

 
8–

12
h 

to
 2

4 
w

ee
ks

 a
ft

er
 th

e 
op

er
at

io
n

N
o 

A
SM

: n
o 

m
ed

ic
at

io
n 

un
le

ss
 s

ei
zu

re



41

Ta
bl

e 
2 

(c
on

ti
nu

ed
)

Ci
ta

tio
n

Ti
tle

G
ro

up
s

M
et

ho
do

lo
gy

Su
rg

ic
al

 in
di

ca
tio

n
In

te
rv

en
tio

n

M
ill

ig
an

 [3
9]

Effi
ca

cy
 a

nd
 to

le
ra

bi
lit

y 
of

 le
ve

tir
ac

et
am

 
ve

rs
us

 p
he

ny
to

in
 a

ft
er

 s
up

ra
te

nt
or

ia
l 

ne
ur

os
ur

ge
ry

LE
V 

(N
 =

 1
05

)
PH

T 
(N

 =
 2

10
)

N
on

ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

In
fe

ct
io

n,
 p

rim
ar

y 
br

ai
n 

tu
m

or
, 

m
et

as
ta

tic
 tu

m
or

, m
en

in
gi

om
a,

 
he

m
or

rh
ag

e,
 v

as
cu

la
r m

al
fo

rm
at

io
n,

 
tr

au
m

a,
 o

th
er

LE
V:

 5
00

 m
g 

to
 3

00
0 

m
g 

pe
r d

ay
PH

T:
 3

00
 to

 8
00

 m
g 

pe
r d

ay

N
or

th
 [2

4]
Ph

en
yt

oi
n 

an
d 

po
st

op
er

at
iv

e 
ep

ile
ps

y:
 a

 
do

ub
le

-b
lin

d 
st

ud
y

A
SM

 (N
 =

 1
40

)
N

o 
A

SM
 (N

 =
 1

41
)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

N
o 

in
fo

rm
at

io
n 

on
 in

di
ca

tio
n 

fo
r 

cr
an

io
to

m
y

PH
T:

 2
50

 m
g 

tw
ic

e 
da

ily
 in

 th
e 

re
co

ve
ry

 
ro

om
 fo

llo
w

ed
 b

y 
10

0 
m

g 
th

re
e 

tim
es

 
da

ily

Pr
ad

ha
na

ng
 [2

7]
Pr

op
hy

la
ct

ic
 u

se
 o

f a
nt

ie
pi

le
pt

ic
 d

ru
g 

(p
he

ny
to

in
) i

n 
pr

ev
en

tin
g 

ea
rly

 
po

st
op

er
at

iv
e 

se
iz

ur
es

 in
 p

at
ie

nt
s 

w
ith

 c
hr

on
ic

 s
ub

du
ra

l h
em

at
om

a:
 a

 
ra

nd
om

iz
ed

 c
on

tr
ol

 tr
ia

l

A
SM

 (N
 =

 2
5)

N
o 

A
SM

 (N
 =

 2
7)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

C
hr

on
ic

 s
ub

du
ra

l h
em

at
om

a
PH

T:
 lo

ad
 1

7 
m

g/
kg

, f
ol

lo
w

ed
 b

y 
10

0 
m

g 
th

re
e 

tim
es

 d
ai

ly

W
u 

[2
3]

A
 p

ro
sp

ec
tiv

e 
ra

nd
om

iz
ed

 tr
ia

l o
f 

pe
ri-

op
er

at
iv

e 
se

iz
ur

e 
pr

op
hy

la
xi

s 
in

 
pa

tie
nt

s 
w

ith
 in

tr
ap

ar
en

ch
ym

al
 b

ra
in

 
tu

m
or

s

A
SM

 (N
 =

 6
2)

N
o 

A
SM

 (N
 =

 6
1)

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

In
tr

ap
ar

en
ch

ym
al

, s
up

ra
te

nt
or

ia
l b

ra
in

 
tu

m
or

s
PH

T:
 lo

ad
 1

5 
m

g/
kg

 in
 th

e 
op

er
at

in
g 

ro
om

 
pr

io
r t

o 
co

m
m

en
ci

ng
 th

e 
cr

an
io

to
m

y,
 

fo
llo

w
ed

 b
y 

10
0 

m
g 

ev
er

y 
8h

Ye
ap

 [1
8]

Po
st

cr
an

io
pl

as
ty

 s
ei

zu
re

s 
fo

llo
w

in
g 

de
co

m
pr

es
si

ve
 c

ra
ni

ec
to

m
y 

an
d 

se
iz

ur
e 

pr
op

hy
la

xi
s: 

a 
re

tr
os

pe
ct

iv
e 

an
al

ys
is

 a
t a

 s
in

gl
e 

in
st

itu
tio

n

A
SM

 (N
 =

 5
6)

N
o 

A
SM

 (N
 =

 2
80

)
N

on
ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l
D

ec
om

pr
es

si
ve

 c
ra

ni
ec

to
m

y 
fo

r 
in

tr
ac

er
eb

ra
l h

em
or

rh
ag

e 
or

 v
as

cu
la

r 
le

si
on

s, 
in

fa
rc

tio
n,

 in
fe

ct
io

n,
 tr

au
m

a,
 

or
 tu

m
or

PH
T:

 1
5–

20
 m

g/
g 

bo
lu

s 
pr

io
r t

o 
cl

os
ur

e 
of

 c
ra

ni
op

la
st

y,
 fo

llo
w

ed
 b

y 
10

0 
m

g 
3–

4 
tim

es
 a

 d
ay

 fo
r 3

 d
ay

s, 
an

d 
th

en
 

ch
an

ge
d 

to
 3

00
 m

g 
or

al
ly

 o
nc

e 
a 

da
y 

fo
r 

th
e 

fo
llo

w
in

g 
4 

da
ys

So
di

um
 v

al
pr

oa
te

: 1
0–

15
 m

g/
kg

 b
ol

us
 

be
fo

re
 w

ou
nd

 c
lo

su
re

, t
he

n 
10

–6
0 

m
g/

kg
 d

ai
ly

 fo
r 3

 d
ay

s, 
an

d 
th

en
 o

ra
lly

 fo
r 

th
e 

fo
llo

w
in

g 
4 

da
ys

LE
V:

 5
00

 m
g 

bo
lu

s 
be

fo
re

 w
ou

nd
 c

lo
su

re
, 

th
en

 5
00

 m
g 

tw
ic

e 
da

ily



42

Fig. 2  Meta-analysis (using a random-effects model) of early-seizure outcomes among patients undergoing supratentorial neurosurgery stratified 
by A randomized versus nonrandomized study design and B ASM type
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treated with PHT versus no ASM [23, 24, 26, 27]: one 
(N = 132) compared carbamazepine versus no ASM [26], 
two (N = 288) compared LEV versus no ASM [20, 25], 
and one (N = 336) compared any ASM versus no ASM 
[18]. The late clinical seizure follow-up time in these 
studies was between 6 and 24 months. The pooled anal-
ysis of the 1356 patients in the seven studies found no 
difference in long-term seizure outcome (RR 1.07, 95% 
CI 0.74–1.53, I2 = 37%, p = 0.73) (Fig.  3A and B). There 
was no significant heterogeneity across trials (I2 = 37%, 
p = 0.14), nor among subgroups (RCT vs. non-RCT or 
ASM type). Differences between the PHT, LEV, and car-
bamazepine versus control groups were not significant in 
pooled analyses. Only the subgroup containing a single 
study of any ASM versus no ASM (N = 336) found a dif-
ference between the groups, favoring no treatment with 
ASM (RR of seizure in ASM-treated group 1.67, 95% 
CI 1.02–2.71, p = 0.04). One retrospective study of 282 
patients (not included in meta-analyses owing to lack of 
control group) found clinical seizure occurrence in 17% 
of patients who had undergone supratentorial neuro-
surgery and received immediate ASM prophylaxis [28]. 
Clinical seizures occurred at a median of 120 days (range 
1–710  days) after neurosurgery (at which time many 
patients had discontinued ASM), indicating the risk of 
postoperative seizure remains elevated for many months 
after neurosurgery.

c. Adverse event rates in ASM versus no ASM groups:

Six studies compared adverse events in patients treated 
with ASM versus no ASM [18, 20, 24, 25, 27, 29]. The 
adverse events reported in these articles included rash, 
involuntary movements, hirsutism, headache, discomfort 
in the face, thrombocytopenia, decreased level of con-
sciousness, confusion, increased LFTs, nausea, vomiting, 
dry-itchy skin, ataxia, photophobia, aphasia, and anemia; 
however, these studies did not report on the occurrence 
of psychological or behavioral adverse events that can 
occur with LEV. The follow-up time reported in the trials 
varied but was up to 1 year of observation time. The rela-
tive risk of adverse events was higher in the pooled esti-
mate of ASM-treated patients compared with nontreated 
patients; however, this did not reach statistical signifi-
cance (RR 3.09, 95% CI 0.90–10.66, I2 = 62%, p = 0.07) 
(Fig. 4A and B). The pooled relative risk of adverse events 
in the treatment groups was significant in the three stud-
ies comparing PHT treatment with no ASM (RR 5.35, 

95% CI 1.85–15.48 I2 = 0%, p = 0.002) [23, 24, 27]. In the 
two studies comparing treatment with LEV to controls, 
there was no difference in the risk ratio for adverse events 
(RR 1.05, 95% CI 0.62–1.78, I2 = 0%, p = 0.87) [20, 25].

d. Mortality and functional outcomes in ASM versus 
no ASM groups:

Four studies (two RCT and two non-RCT) compared 
mortality in patients treated with ASM versus no ASM 
[19, 24, 26, 30]. These studies found no difference in mor-
tality in patients treated with ASMs versus without ASMs 
(RR 1.26, 95% CI 0.78–2.05, I2 = 24%, p = 0.35) (Fig. 5).

Two studies reported functional outcomes data; 
however, the outcomes were too different to allow 
for a meta-analysis. One randomized controlled trial 
compared a good outcome of Modified Rankin Score 
(mRS) 0–1 at 6  months to mRS ≥ 2 [27]. This study 
found no difference in good outcome at 6  months for 
treatment with ASM versus no ASM (RR 0.99, 95% CI 
0.75–1.04). Another study comparing the use of LEV 
for up to 24  weeks with no ASM found no differences 
in neuropsychological outcomes (Wechsler Intelligence 
Scale, full-scale memory quotient, and Barthel Index 
Activities of Daily Living) [25].

e. Limitations in literature and future research needs:

First, there are several limitations in existing literature. 
The studies showing more adverse events in ASM-treated 
patients were those comparing PHT with no ASM [23, 
24, 27]; additional large trials with LEV and other newer 
ASMs versus no ASMs are needed. These may add to the 
current body of knowledge implying newer ASMs may 
not have a higher rate of adverse events compared with 
no ASMs; however, it should be noted that behavioral 
and psychological adverse events by newer agents such as 
LEV may be underreported in these studies [20, 25].

Second, there was variability in the length of follow-up. 
For example, the North et  al. study followed patients 
for up to 1  year for the development of seizures [24]. 
However, studies such as Lee et al. only followed patients 
for 3 days postoperatively [22]. This heterogeneity limits 
comparisons between studies. In addition, the observed 
variability in these outcomes likely contributes to the 
wide confidence intervals associated with the outcome 
estimates.

No studies used an electroencephalogram (EEG) to 
assess subclinical seizures, and therefore the outcome 

(See figure on next page.)
Fig. 3  Meta-analysis (using a random-effects model) of late-seizure outcomes among patients undergoing supratentorial neurosurgery stratified 
by A randomized versus nonrandomized study design and B ASM type. When stratified by ASM type, the control group for one study [26] that had 
three arms (PHT, carbamazepine, and no ASM) was split in half to avoid double counting
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Fig. 3  (See legend on previous page.)
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of seizure was based on clinical recognition of seizures. 
Since some studies show that up to 65% of post-neurosur-
gical seizures can be subclinical [31], there is a high prob-
ability for bias in outcome detection in current literature. 

It should be noted that limited evidence has evaluated 
unfavorable outcomes, such as decreased quality of life 
and epilepsy development, in patients undergoing cra-
niotomy and experiencing subclinical seizures (i.e., only 

Fig. 4  Meta-analysis (using a random-effects model) of adverse event outcomes among patients undergoing supratentorial neurosurgery stratified 
by A randomized versus nonrandomized study design and B ASM type
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detectable with an EEG). However, in other disease states 
the occurrence of subclinical seizures detected by EEG 
has been associated with unfavorable outcomes such 
as delayed recovery, epilepsy, and decreased functional 
outcomes [32–34]. As such, it is difficult to estimate the 
effect of potentially undetected subclinical seizures on 
the outcomes evaluated in this guideline.

Blood levels of ASMs were not consistently reported. 
In the North et al. study, 81% of the patients in the PHT 
group had PHT levels in the therapeutic range during the 
study, and the average dose required to achieve a thera-
peutic level was 5.35  mg/kg/day (range 3.5–6.9  mg/kg/
day) [24]. The study by Wu et  al. reported that 100% of 
patients achieved a therapeutic PHT level (total level 
10–20  mg/L) by postoperative day 7 [23]. In Lee et  al. 
they described the use of a loading dose and adjustment 
of PHT dosage to total PHT levels of 10–20 mg/L but did 
not report PHT levels or the proportion of patients who 
achieved a therapeutic level [22]. In one study, LEV was 
dosed between 500 mg/day and 1500 mg/day [25] without 
blood level monitoring, and may have been underdosed 
compared with pharmacological data implying higher 
dosing requirements for critically ill patients that often 
have augmented renal clearance [13, 35].

In addition, there was substantial variability regard-
ing indications for supratentorial neurosurgery, and the 
majority of studies were not randomized. When look-
ing at the occurrence of short-term seizures, three of the 
studies comparing ASM with no ASM were randomized 
[22, 23, 36], five were not randomized [17–21], and clini-
cal patient differences (including severity of underlying 

pathology) likely influenced which patients received ASM 
prophylaxis, introducing substantial bias to the evidence.

f. Certainty of evidence:

There was substantial heterogeneity between studies 
and across subgroups for most of the outcomes of 
interest. The certainty of evidence assessment revealed 
serious concerns about residual confounding and 
publication bias (Table  3). Effect sizes for seizure 
prevention were trivial to small, and the imprecision 
of the estimates was high. When comparing ASM 
with no ASM for early seizure, only the subgroup of 
patients enrolled in an RCT who received PHT showed 
a favorable outcome, but this may be offset by the 
increased risk of adverse events seen in patients who 
received PHT. The exception to this low certainty was 
the subgroup analysis combining the two randomized 
controlled trials examining mortality, which found 
high certainty of there being no difference in mortality 
between treatment with and without prophylactic ASMs 
in patients undergoing supratentorial neurosurgery. 
Overall, there was low certainty of evidence for the 
question of prophylactic ASM use in patients undergoing 
supratentorial neurosurgery (Table 4).

g. Recommendation:

We suggest that clinicians may choose to use ASM or 
not use ASM for seizure prevention in patients undergo-
ing supratentorial neurosurgery, as the balance of benefits 

Fig. 5  Meta-analysis (using a random-effects model) of mortality outcomes among patients undergoing supratentorial neurosurgery
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and harms is uncertain (conditional recommendation, 
low certainty of evidence).

Justification: Across all outcomes of interest, when 
pooled, we did not detect a significant positive effect of 
prophylactic ASM compared with no ASM treatment for 
the outcomes of early seizure, late seizure, or mortality. 
Though the subgroup of patients enrolled in an RCT 
who received PHT had a lower risk of developing early 
seizures, PHT was also associated with a significantly 
higher risk of adverse events compared with no ASM. 
However, it should be noted that the behavioral adverse 
events associated with LEV were likely underreported in 
current literature.

PICO 2: If an anti-seizure medication is used, should 
LEV or PHT be preferentially used for supratentorial 
neurosurgery in patients with no history of clinical or 
electrographic seizures?

a. To prevent early seizures (≤ 14  days from 
neurosurgery or during hospitalization) using LEV vs. 
PHT:

Four studies, consisting of two randomized controlled 
trials (RCTs) [37, 38], and two nonrandomized trials 
[39, 40] with a total of 616 patients, were included in 
the meta-analysis. All studies reported clinical seizures 
and did not utilize EEG for seizure detection. The dos-
ages of both LEV and PHT varied across these trials. The 
most common dosages of LEV and PHT were 500  mg 
twice daily and 100  mg three times daily, respectively. 
Only one study reported LEV levels, but the levels were 
non-steady-state, post-load levels (mean 9.4 ± 3.7  μg/
mL) [38]. As it relates to PHT levels, two of the four stud-
ies reported levels [38, 39]. In Iuchi et  al., the authors 
reported a non-steady-state, post-load average level 
of 9.9 ± 2.9  μg/mL [38]. In the Milligan et  al. study, the 

median steady-state total PHT levels of 11 μg/mL (range 
1–27  μg/mL) [39]. Overall, there was a significant dif-
ference favoring LEV over PHT for early seizure pre-
vention (RR 0.12, 95% CI 0.04–0.40, I2 = 0%, p = 0.0005). 
There was no heterogeneity between the studies (I2 = 0%, 
p = 0.92) or in subgroups of RCTs versus non-RCTs 
(I2 = 0%, p = 0.55) (Fig. 6).

In one of the RCTs, a separate analysis was conducted 
for 110 of the 146 patients who never had preoperative 
seizures. The odds of having early seizures in the LEV 
group reached statistical significance (OR 8.016, 95% 
CI 1.42–154.19, p = 0.015). Of note, these investigators 
measured PHT serum levels, which were found to be at 
the lower end of the therapeutic range. The difference 
between serum levels in patients with or without 
postoperative seizure was not statistically significant 
(p = 0.72) [38].

b.	 To prevent late seizures (> 14 days from neurosurgery 
or post-hospitalization) using LEV or PHT:

One observational study reported results for late sei-
zures in patients undergoing supratentorial neurosur-
gery [39]. Though 315 patients were included in the 
initial analysis, only 159 were followed for the late-sei-
zure outcome. The median follow-up time in the study 
for the LEV and PHT groups was 5 months (range 0.25–
52  months) and 12  months (range 0.25–60  months), 
respectively. A total of 11 late-seizure events among 42 
patients were noted for LEV (26%) compared with 42 
among 117 patients for PHT (36%, RR 0.73, 95% CI 0.42–
1.28, p = 0.27) (Fig. 7). It should be noted that the authors 
of this study did not statistically control for the differ-
ences in observation time for the two groups. Serum 
PHT levels were monitored in this study; however, there 

Table 4  PICO 1 summary of judgments for conditional recommendation for either ASM (intervention) or no ASM (com-
parison)

Judgement

Problem No Probably no Probably yes Yes Varies Do not know

Desirable effects Trivial Small Moderate Large Varies Do not know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Do not know

Certainty of evidence Very low Low Moderate High No included studies

Values Important 
uncertainty 
or variability

Possibly 
important 
uncertainty or 
variability

Probably no 
important 
uncertainty or 
variability

No important 
uncertainty 
or variability

Balance of effects Favors the 
comparison

Probably 
favors the 
comparison

Does not favor either 
the intervention or 
the comparison

Probably 
favors the 
intervention

Favors the 
intervention

Varies Do not know

Acceptability No Probably no Probably yes Yes Varies Do not know

Feasibility No Probably no Probably yes Yes Varies Do not know
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was no statistically significant difference in serum levels 
between those who did and those who did not experience 
postoperative seizures (p = 0.72). No LEV levels were 
monitored in the study.

c.	 Adverse event rates of LEV vs. PHT:

Four studies evaluated the incidence of adverse events, 
including two randomized controlled trials [37, 38] and 
two nonrandomized trials [39, 40], with a total of 616 
patients. Reported adverse events for LEV included 
rash, delirium, headache, itching, liver dysfunction, 
and visual hallucinations. Reported adverse events for 
PHT included anaphylaxis, severe allergic reaction, 

thrombophlebitis, rash, ataxia, nausea, liver dysfunction, 
hyponatremia, atrial fibrillation, fever, cytopenia, rhab-
domyolysis, cognitive change, and tremor. The follow-
up time for reporting adverse events varied with two 
studies following patients for 7 days [38, 40], one for up 
to 90 days [37], and one for up to 12 months of follow-
up [39]. Significant heterogeneity was noted among the 
studies (I2 = 86%, p < 0.001) and between the RCT and 
non-RCT subgroups (I2 = 91%, p < 0.001). Overall, when 
comparing LEV and PHT there was no significant dif-
ference in the risk of adverse events (RR 0.39, 95% CI 
0.05–2.91, I2 = 86%, p = 0.36) (Fig.  8). A separate analy-
sis was performed for one RCT regarding side effects 
requiring discontinuation of the ASM [37]. No significant 

Fig. 6  Meta-analysis of early seizure outcome in patients treated with prophylactic LEV compared with PHT. The overall effect, RCT and non-RCT 
subgroups show significant differences between LEV and PHT, favoring LEV

Fig. 7  Meta-analysis of late-seizure outcomes in patients treated with prophylactic LEV compared with PHT. Only one RCT reported data, no signifi-
cant difference is seen between LEV and PHT
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difference among LEV and PHT groups were noted (RR 
0.53, 95% CI 0.05–5.57, p = 0.60).

d.	 Comparison of other anti-seizure medications:

Two RCTs [26, 41] compared PHT and carbamazepine. 
Late-seizure incidence was similar in both groups (RR 
0.91, 95% CI 0.57–1.45 and RR 0.81, 95% CI 0.33–2.01, 
respectively; p = 0.57). In Foy et  al. [26] mortality rates 
were not significantly different among the PHT and car-
bamazepine groups (RR 1.52, CI 0.73–3.15, p = 0.27). In 
Shaw et  al. [32], there was a trend toward an increased 
rate of adverse events in patients who received carbamaz-
epine, but this did not reach statistical significance (RR 
0.65, 95% CI 0.23–1.85, p = 0.42).

One non-RCT [42] compared LEV and valproic acid. 
Early-seizure incidence was not significantly different 
between the groups (RR 1.21, 95% CI 0.42–3.49, 
p = 0.73), but the adverse event rate was significantly 
higher for valproic acid compared with LEV (RR 0.37, 
95% CI 0.15–0.86, p = 0.02).

e.	 Limitations in literature and future research needs:

In at least one nonrandomized study [39] there was 
significant loss to follow-up over time, introducing 
potential for outcome bias. There was also variability 
among studies as to the adherence to serum PHT mon-
itoring. Fuller et  al. [37] did not monitor serum PHT, 
perhaps contributing to the benefit shown to LEV for 

reducing postoperative seizures. However, in the stud-
ies that did monitor these levels in some/many patients, 
there appeared to be no statistical evidence that main-
taining the serum PHT level impacted the incidence of 
seizure [38, 39]. One study [38] did address the issue of 
subject ASM noncompliance, which did not result in a 
statistically significant incidence of postoperative sei-
zures, but left open the question of the potential influ-
ence of such noncompliance.

In addition, there was significant heterogeneity in the 
indication for craniotomy. The risk for postoperative 
seizure is dependent on surgical indication, lesion 
location, lesion pathology, and type of surgery [17, 28]. 
As the studies included many different indications, it is 
difficult to determine which craniotomy patients would 
be at highest risk and potentially benefit from either LEV 
or PHT.

Another potential limitation in the comparison of LEV 
and PHT is the lack of consistent level monitoring. Only 
one of the included studies evaluated LEV levels [38]. 
While there is no universal agreement on the therapeu-
tic range for LEV, there is the potential for underdosing 
patients when the most commonly used dose was 500 mg 
twice daily. Two of the included studies did describe 
the use of PHT level monitoring for adjustment to dos-
age [38, 39]. The lack of consistent drug level monitoring 
and low dosages of LEV may contribute to potential bias 
toward one treatment. As with PICO 1 (above), studies 
relied on clinical seizure detection only and, thus, elec-
trographic seizures may have been missed.

Fig. 8  Meta-analysis of adverse events in patients treated with prophylactic LEV compared with PHT. One non-RCT shows a significant difference 
favoring leviteracetam. Significant heterogneity between studies, as well between subgroups, is seen
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f.	 Certainty of evidence:

In assessing early seizure incidence and adverse 
events, publication bias was strongly suspected in the 
RCTs. For early- and late-seizure incidence and adverse 
events, the observational studies (non-RCTs) were 
considered to have residual confounding factors that 
would reduce the demonstrated effect. For all of the 
studies analyzed, the certainty of the evidence was very 
low, with a serious risk of bias overall (Table 5).

g.	 Recommendation PICO 2:

When prophylactic ASM is used for supratentorial cra-
niotomy, we suggest LEV over PHT (conditional recom-
mendation, very-low certainty of evidence) (Table 6).

Justification: Owing to ease of use and a perceived 
decrease in adverse events as compared with other 
ASDs, LEV use has increased in the last several years 
as a preferred agent for prophylaxis for supratentorial 
craniotomies for various pathologies, including vascu-
lar lesions, tumors, and trauma, rendering this question 
a high priority. The primary outcomes analyzed for this 
PICO were early- and late-seizures and adverse events. 
LEV is significantly better than PHT in early postop-
erative seizure prevention. In one non-RCT, LEV was 
favored owing to fewer adverse events and the overall 
point estimate for adverse events favored LEV. LEV was 
also favored over valproic acid for adverse event inci-
dence. Although the certainty of the evidence is very 
low, the desirable effects of LEV (seizure prevention) 
are moderate compared with trivial undesirable effects 
(adverse events), the balance of which favors LEV.

PICO 3: If an anti-seizure medication is used, should 
a long (> 7  days) versus short (≤ 7  days) duration of 
prophylaxis be used for supratentorial neurosurgery 
in patients with no history of clinical or electrographic 
seizures?

a.	 To prevent early seizures (≤ 14  days from 
neurosurgery or during hospitalization) using short 
versus long durations of ASM:

Only one study met our definition of long- and short-
term therapy and evaluated the effect of duration of 
therapy on early seizures [43]. Because only one study 
fits our definition of duration of therapy, we did not 
conduct a meta-analysis for this outcome. Rahman 
et  al. describe a randomized controlled trial where 
postoperative supratentorial tumor resection patients 
were randomized to either 1  week of LEV (N = 40) or 
6  months of LEV (N = 41). There was one seizure in 
each of the groups that occurred during the first week 

of therapy. It should be noted that patients received 
LEV 1000  mg extended release daily or 500  mg twice 
daily for the duration of the trial.

b.	 To prevent late seizures (> 14 days from neurosurgery 
or post-hospitalization):

Two studies evaluated duration of therapy on late 
seizures. Foy et  al. evaluated the use of carbamaze-
pine or PHT for 6 months or 24 months. Patients with 
aneurysm, arteriovenous malformation, spontaneous 
hematoma, abscess, meningioma, and benign tumors 
were included. A total of 43 of 105 (40.9%) patients in 
the short-term group and 36 of 112 (32.1%) patients 
in the long-term group developed seizures. Overall, 
there was no difference in the occurrence of late sei-
zures as patients were followed for up to 24  months 
(p = 0.33) [26]. The other trial was a retrospective 
cohort study that compared short-term use (less than 
1  month) (N = 216) to long-term use (3–6  months) 
(N = 165) of PHT following craniotomy for aneurys-
mal clipping. The authors did not report how long 
the patients were followed; however, they defined late 
seizures as a seizure that developed after hospital dis-
charge. In those patients without perioperative sei-
zures, there was no difference in late seizures [44].

c.	 Adverse event rates with short versus long durations 
of ASM:

One study evaluated the effect of LEV duration on 
adverse events [43]. The authors of the study reported 
30 serious and “other” adverse events that ranged in fre-
quency from 1.3% to 15.3%. Overall, the most common 
adverse events were headache, fatigue, nausea, and con-
fusion. While the authors did not do a formal statistical 
analysis of the incidence of adverse events, the incidence 
of adverse events did not appear to increase with the 
duration of LEV. However, when comparing ASM with no 
ASM use, there was a trend toward more adverse events. 
Hence, longer exposure to ASM would conceivably 
increase the risk of accruing adverse events over time.

d.	 Limitations in literature and future research needs:

In our literature search, only one randomized con-
trolled trial met our definition of short- and long-term 
therapy. While two other trials, a randomized controlled 
trial and a retrospective cohort study, did evaluate the 
effect of ASM duration, both the short- and long-term 
therapy arms would be considered long-term therapy by 
our definition. Owing to the sparsity of evidence avail-
able to evaluate this PICO question, it is difficult to draw 
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direct conclusions concerning the effect of ASM dura-
tion on the development of early seizures, late seizures, 
and adverse events. As such, the evidence supporting this 
PICO is generally indirect and this question represents a 
significant area for future research.

e.	 Certainty of evidence:

Overall, the certainty of evidence related to this is very 
low. There was a very high risk of bias, inconsistency, 
indirectness, imprecision, and other considerations. 
In addition, the lack of published trials implies a risk of 
publication bias (Table 7).

f.	 Recommendation PICO 3:

If a prophylactic ASM is used for supratentorial crani-
otomy, we suggest a short duration (≤ 7 days) vs. a longer 
duration (> 7  days) of use (conditional recommendation, 
very-low certainty of evidence) (Table 8).

Justification: Though there is significant paucity of 
evidence related to this question, the three studies that 
addressed the duration of ASM use did not demonstrate 
a benefit to prolonged ASM use, and longer exposure 
to ASM would conceivably increase the risk of adverse 
events. As such, the group felt that if an ASM were going 
to be used for prophylaxis, it would be most appropriate 
to limit the duration.

Discussion
The authors of this guideline have evaluated available 
literature and came to consensus concerning the use of 
ASM in patients who have undergone supratentorial neu-
rosurgery. With the goal of providing practical guidance, 
the committee developed the following “In Our Practice” 

expert opinion statements for each PICO question on the 
basis of group discussion and consensus.

General Recommendations: Because the balance of 
potential benefits and harms of prophylactic ASM use 
remains uncertain, and because seizure risk varies on 
the basis of individual patient factors, decisions about 
whether to initiate ASM prophylaxis, which agent to 
select, and how long to continue therapy should be 
revisited throughout the inpatient course of patients 
undergoing supratentorial surgery. When appropriate, 
incorporating these recommendations into care path-
ways, checklists, and order sets can help support con-
sistent decision-making and reinforce the underlying 
clinical equipoise. In addition, the authors encourage 
institutions to track local data on seizure incidence, ASM 
prophylaxis use, and adverse events. These data are inval-
uable to informing decisions about the care of patients at 
individual institutions. Although this guideline does not 
evaluate the outcomes of adding ASM-related decision 
points to standardized order sets, this approach reflects 
common practice within our institutions.

PICO 1: use of ASM or no ASM in our practice: On the 
basis of RCTs alone, there was a significant benefit for 
early seizure prevention using ASM; however, this effect 
was nonsignificant in the meta-analysis that included sig-
nificantly heterogeneous non-RCTs with inferior meth-
odological design. It should be noted that the randomized 
controlled trials in this evaluation were graded to be of 
low-quality evidence with significant bias and flaws. This 
may have also contributed to the lack of statistically sig-
nificant results. Furthermore, the risk of adverse events 
related to the short-term use of ASM is relatively low 
when utilizing newer generation ASM as prophylaxis. 
Indeed, meta-analyses of adverse events in studies utiliz-
ing LEV did not show any increased risk when compared 
with no ASM. In addition, we acknowledge that there 

Table 6  Summary of judgments for conditional recommendation for LEV (intervention) over PHT (comparator)

Judgement

Problem No Probably no Probably yes Yes Varies Do not know

Desirable Effects Trivial Small Moderate Large Varies Do not know

Undesirable Effects Large Moderate Small Trivial Varies Do not know

Certainty of evidence Very low Low Moderate High No included studies

Values Important 
uncertainty 
or variability

Possibly 
important 
uncertainty or 
variability

Probably no 
important 
uncertainty or 
variability

No important 
uncertainty 
or variability

Balance of effects Favors the 
comparison

Probably 
favors the 
comparison

Does not favor either 
the intervention or 
the comparison

Probably 
favors the 
intervention

Favors the 
intervention

Varies Do not know

Acceptability No Probably no Probably yes Yes Varies Do not know

Feasibility No Probably no Probably yes Yes Varies Do not know
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may be differences in seizure risk based on lesion loca-
tion and indication for supratentorial surgery; however, 
the existing literature is sparse, heterogeneous, and rarely 
stratified by underlying surgical indication. These poten-
tial differences in seizure risk can influence the decision 
to utilize ASM prophylaxis. Thus, out of caution, it is our 
usual practice to use prophylactic ASMs in the majority 
of patients undergoing supratentorial neurosurgery.

PICO 2: LEV vs. PHT in our practice: In meta-analyses, 
LEV was associated with a reduced risk of early seizures 
compared with PHT; however, interestingly, we did not 
observe the same difference when evaluating adverse 
events. The inability to detect a difference in adverse 
events in the LEV group could be attributed to the signifi-
cant heterogeneity and small sample sizes of the included 
trials. In addition, many of the included studies did not 
focus on the potential for behavioral adverse events that 
may be associated with LEV [45]. The authors came to 
consensus that in our practice, LEV has become the 
predominant first-line ASM for prophylaxis in patients 
undergoing supratentorial neurosurgery owing to its low 
toxicity profile, limited drug interactions, and lack of sig-
nificant albumin binding, which can cause substantial 
fluctuations in drug levels. While LEV has gained wider 
usage among providers for these reasons, certain side 
effects of LEV, especially in older patients, such as drows-
iness, delirium, dizziness, and pancytopenia, as well as 
limitations in patients with renal insufficiency/failure 
have also increased the use of newer, alternative agents 
(e.g., lacosamide, clobazam, and brivaracetam). It should 
be noted that the LEV dose should be reduced in patients 
with varying degrees of renal disfunction as measured by 
creatinine clearance. In patients with a creatinine clear-
ance of less than 30 mL/min the dose should not exceed 
500 mg every 12h. That should be further reduced to no 
greater than 500  mg every 24h in those patients with a 
creatinine clearance of less than 15 mL/min. Despite the 
potential problems with LEV, it is our general practice to 
use LEV if employing seizure prophylaxis. Randomized 
controlled trials are needed to further compare the pro-
phylactic effects of LEV with these newer ASMs as mon-
otherapy. In addition, it should be noted that we did not 
observe a difference in prevention of seizures with LEV 
when compared with no treatment (PICO 1), but we did 
observe a significant reduction in early seizures when 
LEV was compared with PHT. This apparent paradoxical 
difference in outcome may be attributable to many differ-
ent variables including but not limited to differences in 
study design, sample size, dosing of medications, differ-
ences in population, and surgery etiology.

PICO3: Duration of ASM in our practice: The 
authors found very limited direct evidence for or 
against the use of short term ASM prophylaxis. There is Ta
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variability amongst practitioners regarding the duration 
of ASM prophylaxis in the multiple conditions requir-
ing supratentorial surgical interventions, such as tumors, 
trauma, infection, and vascular issues. Owing to con-
cerns about potential adverse events with prolonged 
ASM use, the results of this meta-analysis may guide 
practitioners toward shorter therapy duration. Thus, in 
our practice, owing to concerns about potential adverse 
events with prolonged ASM use, the authors will utilize 
short-term ASM prophylaxis if ASM prophylaxis is to 
be used in patients who have undergone supratentorial 
neurosurgery.

Conclusions
Overall, owing to a lack of evidence, the authors could 
not recommend for or against prophylactic ASM use for 
patients undergoing supratentorial neurosurgery, but 
suggest that if an ASM is to be used, LEV is preferred 
over PHT, and administered for a short duration of ther-
apy. Because of the heterogeneous nature of supratento-
rial surgery, there is the potential for varying degrees of 
seizure risk based on patient specific characteristics such 
as lesion location, underlying indication, EEG findings, 
comorbidities, and others. As such, future research in the 
use of ASM for prophylaxis should focus on patient-spe-
cific characteristics and risk stratification.
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