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Levetiracetam versus phenytoin for seizure
prophylaxis during and early after craniotomy for
brain tumours: a phase Il prospective, randomised

study

Toshihiko luchi," Kiyoto Kuwabara,? Minako Matsumoto,* Koichiro Kawasaki,’

Yuzo Hasegawa,' Tsukasa Sakaida'

ABSTRACT

Objective Phenytoin (PHT) is routinely used for seizure
prophylaxis in patients with brain tumours during and
after craniotomy, despite incomplete evidence. We
performed a prospective, randomised study to investigate
the significance of prophylactic use of levetiracetam (LEV),
in comparison with PHT, for patients with supratentorial
tumours in the perioperative period.

Methods Patients were randomised to receive LEV,
500 mg/body every 12 h until postoperative day 7, or
PHT, 15-18 mg/kg fosphenytoin followed by 125 mg PHT
every 12 h until postoperative day 7. The primary end
point was the occurrence of seizures, and secondary end
points included the occurrence of haematological and
non-haematological adverse events.

Results One hundred and forty-six patients were
randomised to receive LEV (n=73) or PHT (n=73). The
incidence of seizures was significantly less in the LEV
group (1.4%) compared with the PHT group (15.1%,
p=0.005), suggesting benefit of LEV over PHT, The
observed OR for being seizure free in the LEV prophylaxis
group relative to the PHT group was 12.77 (95% Cl 2.39
t0 236.71, p=0.001). In a subgroup analysis of patients
who did not have seizures before craniotomy, similar
results were demonstrated: the incidence of seizures was
1.9% (LEV) and 13.8% (PHT, p=0.034), and OR was
8.16 (95% CI 1.42 to 154.19, p=0.015). LEV was
completed in all cases, although PHT was withdrawn in
five patients owing to liver dysfunction (1), skin eruption
(2) and atrial fibrillation (2).

Conclusions Prophylactic use of LEV in the
perioperative period is recommended because it is safe
and significantly reduces the incidence of seizures in this
period.

Trial registration number UMIN13971.

INTRODUCTION

Seizures are a common symptom in patients with
supratentorial brain tumour. The frequency of sei-
zures varies with the histological type of tumour,
but it is reported that up to 78% of patients with
brain tumours experience seizures in their disease
course." 2 However, four randomised studies®™®
and six cohort studies”'* have revealed that antie-
pileptic drugs (AEDs) are not effective in prevent-
ing initial seizures in patients with newly diagnosed
tumours. Based on this evidence, the American
Academy of Neurology has published a

recommendation that prophylactic AEDs should
not be used routinely in patients with newly diag-
nosed brain tumours.'?

In contrast, a relatively high incidence of seizures
after surgery for supratentorial tumours has been
reported,™ ** and the prophylactic effect of pheny-
toin (PHT) on prevention of postsurgical seizures
has been demonstrated in a prospective double-
blind study® In addition to this evidence, PHT is
the only AED that can be administered intraven-
ously in Japan. Therefore, this agent is routinely
used during and after craniotomy at the majority of
hospitals in Japan.

More recently, however, PHT was reported to be
the only AED significantly associated with commu-
nication problems during awake craniotomy.'® In
the recent treatment of malignant gliomas,
S-aminolevulinic acid (5-ALA)-based intraoperative
fluorescence-guided surgery has improved the
extent of resection. This treatment depends on
tumout-specific accumulation of protoporphyrin
IX, which is a metabolite of 5-ALA, but PHT has
been reported to reduce this accumulation.’” These
findings indicate that PHT is not the best choice of
AED for seizure prophylaxis during and early after
craniotomy. Furthermore, a recent randomised pro-
spective study failed to prove the effect of PHT on
seizure prophylaxis in patients with brain
tumour.*® In this study, we prospectively compared
the effect and risk of levetiracetam (LEV) with
PHT for prophylactic use of these agents in the
perioperative  period  (within 1 week after
craniotomy).

MATERIALS AND METHODS

Study design

This was a randomised, prospective, open-cohort,
single-centre study. Patients with intracranial
tumours diagnosed on MRI were enrolled. After
enrolment, patients were randomised (1:1) to
receive either AED prophylaxis with LEV (group
L) or PHT (group P). This individual randomised
allocation was performed using sequentially num-
bered envelopes by one of the investigators (KK).
The primary end point of this study was seizure,
and the secondary end point was occurrence of
side effects as measured during and early after cra-
niotomy. All patients provided written informed
consent.

M J fuchi T, et al. J Neurol Neurosurg Psychiatry 2014;0:1-5. doi:10.1136/jnnp-2014-308584 1
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Eligibility criteria
Eligible patients were aged >16 years with supratentorial
tumours that required craniotomy, and with adequate renal and
hepatic function (creatinine <1.5X upper limit of normal
(ULN), aspartate aminotransferase <3x ULN, alanine amino-
transferase <3x ULN and bilirubin <1.5x ULN). The history
of seizures prior to surgery was not considered, but patients
were excluded if they had a history of seizures and their seizures
remained after medication with LEV or PHT. For patients who
experienced no seizure before surgery, the risk and benefit of
prophylactic AEDs were explained; and only the patients who
provided informed consent were included. Patients with known
allergy to either study medication were also excluded. Other
exclusion criteria were solely posterior fossa tumours, pregnancy
and colostomy.

Treatment : : : .
In patients who had a history of seizures prior to surgery, and
who received AEDs to control seizures, AEDs were continued
until the day before surgery. In” group L, we administered
500 mg LEV after induction of general anaesthesia. LEV was
administered by .a suppository every 12h until oral intake
became available. Oral LEV was. continued until postoperative
day 7. In group B patients received 15-18 mg/kg fosphenytoin
(FOS) intravenously after - induction of general anaesthesia.
Intravenous FOS administration was continued at a dose of
5-7.5 mg/kg/day. After patients were able to take oral medica-
tion, 250 mg/day PHT, which was sufficient to achieve a thera-
peutic plasma concentration in most Japanese patients, was

administered until postoperative day 7. The plasma concentra-

tions of AEDs 2 h after the first admmlstramon were measured
in both groups. L

Follow-up

MRI was routinely performed within 48 h after surgery, and
was able to detect postoperative complications leading to- sei-
zures/side effects. All patients were hospitalised during the
whole period of the study and we recorded the appearance of
seizures until 7 days after surgery. Any kind of seizures, such. as
partial, complex partial, tonic—clonic and psychomotor seizures,
was recorded regardless of their duration and severity. Blood
analysis was performed on the day after surgery and on post-
operative day 6 to evaluate the changes in renal and. hepatic
function. Haematological and non-haematological toxicity was
graded according to the Common Terminology Criteria for
Adverse Events, V4.0, to facilitate the comparison of the sever-
ities of adverse effects between the two treatment groups.'®

Statistical analysis

We used Fisher’s exact test, x> test and Wilcoxon test to
compare patients in the two treatment groups with respect to
clinical and demographic factors. Seizure control rates were
compared between the two groups by Fisher’s exact test, and
were also analysed according to the following variables: age
(<60 years vs >60 years), sex, pathology (glioma vs others),
tumour location, type of anaesthesia and duration of surgery
(<3 h vs 23 h). All parameters were analysed as categorical vari-
ables. Univariate and multivariate analyses were performed
using a logistic regression model. A p value <0.05 was consid-
ered statistically significant. Furthermore, the difference in inci-
dence of seizure between patients treated by LEV and PHT was
also evaluated separately in patients without preoperative

seizures. All statistical analyses were perforinéd using JMP for
Mac V.10.0 (SAS Institute, Cary, North Carolina, USA).

RESULTS

Study population

Between April 2013 and April 2014, 166 craniotomies were
performed in our hospital. Nineteen patients with infratentorial
tumours were excluded and the remaining consecutive 147
patients were randomly assigned: 74 to receive LEV (group: L)
and 73 to receive PHT (group P). One patient in group L was
excluded from the analysis because his intracranial lesion was
pathologically diagnosed as non-neoplastic. Characteristics of
the remaining patients in the two treatment groups are shown in
table 1, and were well balanced.

Seizure was the first symptom in 23 cases (11 in group L and
12 in group P): In addition to these patients, 13 other patients
developed seizures before surgery (10 in group L and 3 in
group P). AEDs administrated prior to surgery are also listed in
table 1. In 112 cases, no AEDs were administered before
surgery. Among the 36 patients with a history of seizure, sei-
zures were well controlled before surgery with AEDs in 27
patients, while - the remaining nine patients - still. exhibited

2
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seizures after administration of AEDs. We expressed the status

of seizure at craniotomy as follows: ‘never’ for patients who
never experienced a seizure at all; ‘controlled’ for patients with
a history of seizures but well controlled by. AEDs; and ‘intract-
able’ for patients who still exhibited selzures after admlmstranon
of AEDs.

Seizure prophylaxis -

The average plasma concentrations of LEV and PHT 2h after,

administration of these agents were 9.4£3.7 (SD) pg/mL and
9.9+2.9 (SD) pg/mL, rcspectlvely

No seizure was observed durmg surgery  in any patient,
including 18 with awake cramotomy (11'in group Land 7 in
group P). After surgery, 12 patients developed seizures: on the
day of surgery in six, the day after surgery in two, 2 days after
surgery in two, § days' after surgery. in:one and 6 days after
surgery in one. The incidence of seizures in group L (1.4%) was
significantly lower than that in group P (15.1%, p=0.005). The
use of PHT had a higher rlsk of postsurglcal seizures compared
with LEV (OR 12.77; 95% CI 239 to 236.71; p=0.001).
Among these 12 seizures, five were tonic—clonic and the remain-
ing seven were partial seizures. All of the tonic—clonic seizures
were observed in'group P (6.9%). The use of PHT also had a
higher risk of tonic~clonic seizures after craniotomy than LEV
had (OR 2.06x10%, 95% CI 2.24 to not reached; p=0.008).

History of seizures before surgery was. not associated with
postsurgical seizures (OR 1.02; 95% CI 0. 22t03. 65; p=0.977).
The lower rate of seizures in patients treated by LEV was also
demonstrated in the patients who experienced no seizures prior
to surgery. LEV was administrated to 52 of these patients and
PHT to 58 patients. Among these patients, the incidence of sei-
zures 'was. 1.9% (1/53) in group L but 13.8% (8/58) in group P
(p=0.034). The OR of the prophylactic effect of LEV compared
with PHT was 8.16 (95% CI 1.42 to 154.19, p=0.015).. Among
the patients 'who exhibited seizures before craniotomy, the inci-
dence of seizure was also lower in group L. In group L, no
seizure was observed in 21 patients, whereas three of 15. (20%)
patients in group P demonstrated seizures. The use of PHT had a
higher risk of seizures compared with LEV (OR 9.66x107; 95%
CI 1.78 to not reached, p=0.018). Although the number of
patients whose seizure was intractable was small (§-in group L
and 4 in group P), no seizure was observed among the patients in
group L, while half of the patients in group P exhibited seizure
within 1 week after surgery.

The influences of clinical and pathological factors on seizure
prophylaxis are summarised in table 2.

Adverse events ,
Haematological toxicity was less frequent and mild but observed

. as follows: grade 3 liver dysfunction in three patients in group L

4.1%) and two paments in group P (2.7%) and grade 3 hypona-
traemia in two patients in group P (2.7%). There was no signifi-
cam: dlff,erence in frequcncy of haematological toxicity between
the two treatment groups, but grade'3 liver dysfunctlon required
withdrawal of AED on postoperative day 6 in oné patient who
received PHT. In addition to this patient, PHT was withdrawn
owing to grade 2 skin eruption in two patierits on postoperative
days 3 and 6, and grade 2 atrial fibrillation in two patients, both
on postoperative day 1. PHT was withdrawn in five patients in
group P (6.8%), although no patient in group L required with-
drawal of LEV (p=0.058). After withdrawal of PHT, AEDs used
before surgery were administered in two patients with a history
of seizures (valproic acid and LEV in one patient each), but no
further medication was administered to three patients without
seizures. Fortunately, no seizure was observed after withdrawal
of PHT in these five patients.

DISCUSSION
The incidence of perioperative seizures in patlents with brain
tumour without prior history varies. Lwu et al*® have reported
that only 3% (2/66) of patients with glioma developed seizure
in the first postoperative week. Sughrue ez al?® also reported a
low incidence of perioperative seizure (1.9%) after removal of
meningiomas. - I contrast, a4 higher incidence of seizures
(7.5-31.7%) has also been reported.”’ ** 2* The varied inci-
dence of perioperative seizures was probably due to the use of
retrospective data, which in general catry a bias, and proper
incidence remains obscure. However, seiziires can cause a wor-
sening of neurological deficits and prolong hospitalisation after
craniotomy, and prophylactic: AEDs are routinely administered
during and after surgery, despite incomplete evidence. :
PHT is the most frequently selected AED for seizure prophy-
laxis in the perioperative period. In addition to the retrospective
studies- that have ‘supported the prophylactic effect of PHT,
North et al® have reported a significantly reduced incidence of

‘ perioperative seiziires after craniotomy by PHT. However, that

study included patients with a variety of diseases: aneurysm and
head injury, as well as brain tumour; and the significance of the
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prophylactic effect of PHT was lost when patients with head
trauma were excluded.?® More recently, a prospective rando-
mised trial also failed to show a significant effect of PHT on
seizure prophylaxis in patients with intraparenchymal brain
tumours.?* These dara raise a question about the use of PHT

for seizure prophylaxis in the perioperative period.
Furthermore, PHT is well known as a potent inducer of cyto-
chrome P450 (CYP) 3A4.%° Drug-drug interaction between
PHT and agents metabolised by CYP3A4, which are frequently
used during and after surgery for brain tumours,”® %7 has the
potential to affect the treatment of tumours.

LEV is a broad-spectrum AED and is widely used for treatment
of partial and generalised epilepsy. This agent is not metabolised
by CYP in the liver and is renally excreted with minimal drug
interaction, which makes it suitable for perioperative use.
Recently, several investigators have tried to use this agent for
seizure prophylaxis during and after craniotomy. Kern et al*®
reported a lower incidence of perioperative seizures in patients
receiving LEV (2.5%), compared with PHT (4.5%), from a retro-
spective review of clinical records, even though this difference
was not significant. From a retrospective review of patients at
high risk for postoperative seizures, Gokhale et al*® also demon-
strated a low incidence of seizures in those treated with LEV.
These data suggest the alternative choice of LEV instead of PHT
for seizure prophylaxis during and after craniotomy. In the
present study, we administered LEV suppositories, because intra-
venous LEV was not approved in Japan. The plasma concentra-
tion of LEV 2 h after insertion was within the range of previously
reported data of Japanese patients who received the drug
orally.>° In our prospective randomised study, LEV showed a sig-
nificantly lower incidence of perioperative seizures (1.4%) com-
pared with PHT (15.1%). In addition to the significant effect of
reducing the risk of seizures, LEV was safe and treatment was
completed in all patients, although PHT was withdrawn because
of adverse effects in 6.8% of the patients. Recently, Fuller et a/*
also compared the efficacy and safety of LEV with PHT in a ran-
domised prospective study. In their study, the incidence of peri-
operative seizure was significantly lower in the LEV group (0/36)
than in the PHT group (6/38, p=0.01), while the frequency of
discontinuation because of adverse effects did not differ between
LEV (1/36) and PHT (2/38). Although there was only a small
number of patients (41/74) with brain tumours in their study
group, their results were similar to ours and supported the effi-
cacy and safety of LEV.

As described above, LEV was safe and effective for seizure
prophylaxis, but our study still had some limitations. First, this
single institutional study might have had a risk of temporal recruit-
ment bias, even though the patient populations in the two treat-
ment groups were generally well matched. Second, this study was
carried out in a regional cancer centre, and the number of patients
with benign tumours was low. Third, we administered 15-18 mg/
kg FOS to patients in group B because this dose was recommended
by the manufacturer for prophylactic use. However, the plasma
concentration of PHT was at the lower limit of the therapeutic
range, and there remains the possibility that an insufficient dose
caused the inadequate efficacy. The plasma concentration of PHT
did not differ between patients who developed seizures and those
who did not (average: 11.6+6.0 and 9.5%1.5 pg/mL, respectively,
p=0.103). However, further evaluations with adequate plasma
PHT concentration are required to draw conclusions regarding the
prophylactic effect of PHT during and early after craniotomy. A
fourth limitation was replacement of AEDs that had a sufficient
effect on control of seizures before surgery with other AEDs: PHT
or LEV, Furthermore, we stopped these AEDs on the day before
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surgery, and the timing of this replacement might have increased
the risk of seizures. In this study, four patients taking LEV and two
taking PHT oprior to surgery were randomised to group
P Although none of these patients exhibited perioperative seizures,
and change of AEDs did not affect the results, replacement of
AEDs had the potential to increase the incidence of seizures, espe-
cially in group B

We also tried to identify the risk factors for perioperative sei-
zures. Age <2 years has been reported as a risk factor for sei-
zures,” but our patients did not include children, and no
clinical and pathological factors were correlated with the devel-
opment of seizures. From these results, we could not predict the
risk of seizures before surgery, and prophylactic LEV is recom-
mended for its significant efficacy and safety.

As described above, prophylactic LEV in the perioperative
period significantly reduced the risk of seizures, and it is recom-
mended for treatment of patients with supratentorial tumours.
The major limitation of this study was that it was a single-
institution trial. We should be aware of the bias of limited recruit-
ment of patients in single institutional studies on the significance
of the seizure risk reduction for LEV. Multi-institutional double-
blind studies are required to validate our results and confirm the
efficacy of LEV for seizure prophylaxis during and after craniot-
omy in patients with brain tumours.
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