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A B S T R A C T

Background: We sought to examine the incidence of postoperative epileptic seizures, particularly nonconvulsive
status epilepticus (NCSE), in brain tumor patients after craniotomy surgery.
Methods: This was a retrospective, single-center study of 388 patients who underwent brain tumor surgery via
craniotomy at our hospital from January 2015 to August 2017. We used medical charts to retrospectively select
patients with postoperative epileptic seizures (ES) and examined the incidence of postoperative ES, generalized
convulsive status epilepticus (GCSE), and NCSE.
Results: Nineteen patients (4.9%) were diagnosed as having postoperative ES. The number of patients who had
NCSE (14 cases) was larger than the number of those who had GCSE (3 cases) or focal aware seizures (2 cases). In
most of the 19 seizure cases, the tumors were located in the intraparenchymal area (17 cases) or the frontal lobe
(13 cases).
Conclusions: Postoperative ES was diagnosed in 4.9% of patients after brain tumor surgery, and NCSE con-
stituted the overwhelming majority of postoperative ES.

1. Introduction

Patients with brain tumors frequently suffer from epileptic seizures
(ES). For example, previous research showed that 78% of such patients
have seizures throughout their lives [4]. Antiepileptic drugs (AEDs) are
effective for ES after neurosurgical interventions for brain tumors per-
formed via craniotomy for tumor removal or via trepanation for tumor
biopsy [14]. However, according to a previous study of glioma patients,
9.1% of those patients had ES within 1 week of surgery and 48% had ES
during the whole follow-up period [7]. The risk factors for post-
operative ES were an intraparenchymal lesion, younger age
(< 50 years), tumor location in the frontal lobe, and multiple lesions. In
the subanalysis of the glioma patients, oligodendroglioma and low-
grade gliomas were considered to be risk factors [7].

Although postoperative ES are theoretically focal (localization-re-
lated), status epilepticus (SE) is categorized as generalized convulsive

SE (GCSE) or nonconvulsive SE (NCSE), which is defined as SE without
prominent motor symptoms, often arising because of secondary gen-
eralization. NCSE is more difficult to diagnose than GCSE because it is
often hard to distinguish the clinical signs owing to NCSE from transient
(or permanent) neurological deficits after tumor removal. In the present
retrospective study, we sought to examine the incidence of post-
operative ES, especially of NCSE, in brain tumor patients after surgery
via craniotomy.

2. Patients and methods

This study was a retrospective, single-center study. Of 1400 con-
secutive patients who underwent neurosurgical intervention in our
hospital from January 2015 to August 2017, 574 brain tumor patients
underwent neurosurgery via craniotomy. After excluding those who
underwent endonasal surgery for pituitary adenoma or other diseases,
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388 patients were included in the study.
We prefer to use AEDs for brain tumor patients that are available

both for intravenous (IV) and for oral administration during the peri-
operative period. AEDs currently available in Japan are phenytoin
(PHT), its pro-drug fos-phenytoin (fPHT), phenobarbital (PB), and le-
vetiracetam (LEV). Before March 2016, fPHT was chosen according to
the clinical protocol of our neurosurgical department for preventing
postoperative ES for all high-risk patients including patients who had
any history of ES, patients who received any AEDs including oral LEV
before surgery, and patients who had intraparenchymal tumor or in-
traparenchymal injury due to the tumor or the surgery but did not re-
ceive any AEDs (Fig. 1A, IV LEV-unavailable protocol). After April
2016, IV LEV was used for high-risk patients with oral LEV before
surgery and IV fPHT was used for other high-risk patients without oral
LEV (Fig. 1B, IV LEV-available protocol). The patients following a
normal postoperative course with no postoperative ES received IV LEV
or fPHT for fewer than 4 days, followed by oral AEDs. On the other
hand, the patients with postoperative ES received IV medications for
4 days or more, including both LEV and fPHT and/or benzodiazepine.
Therefore, in this study, we automatically selected candidate ES pa-
tients whose electronic records showed that they used IV LEV for
no< 4 total days during hospitalization, fPHT for no<4 total days, or
a combination of IV LEV and fPHT. The use of benzodiazepine was
excluded from this automatic selection algorithm since it was also used
for sedation of patients during postoperative MRI, etc. After 56 patients
were screened according to this algorithm, those with postoperative ES
were selected retrospectively, by use of the medical charts. NCSE was
suspected in patients with clinical features that were not explained by
neurological deficits due to resection of the tumor-surrounding brain
tissue, such as consciousness disturbance, catatonia, psychotic symp-
toms, speech disorders, and other subtle motor signs such as auto-
matisms, cyclonic jerks, eye twitching, and eye deviation. Although
several electroencephalography (EEG) criteria have been proposed for
the definitive diagnosis of NCSE [1,2,5,11,13,17], we used the Salzburg
criteria, which have high diagnostic accuracy for NCSE [1,13]. Namely,
the following criteria were applied to the EEG of patients without
preexisting epileptic encephalopathy: (1)> 25 epileptiform discharges
(ED) per 10-second epoch (i.e., > 2.5/s) and (2) patients with 2.5 ED

per second or fewer, or rhythmic delta/theta activity (RDT) exceeding
0.5/s AND at least 1 of the following criteria: (2a) clinical and EEG
improvements from IV AEDs, (2b) subtle clinical phenomena, and (2c)
typical spatiotemporal evolution [1,13]. All the patterns had to have
lasted at least 10 s to qualify for consideration. Other parts of the EEG
were also abnormal, but “at least 10 seconds” was the minimal duration
in which the abnormalities were severe enough to fulfill the criteria
[13].

The IV LEV-available and -unavailable protocols were evaluated in
terms of the incidence rate of postoperative ES, GCSE, and NCSE. The
chi-square test was performed to compare the proportions of the cate-
gorical variables between the groups. The threshold for significance
was P < 0.05. All statistical analyses were conducted using Statcel 3
software (OMS Publishing, Tokorozawa, Japan).

3. Results

In 388 patients who underwent brain tumor surgery via craniotomy,
57 (15.9%) received IV LEV treatment and 208 (58.1%) received IV
fPHT treatment. Postoperative ES was diagnosed in 19 patients (4.9%;
Table 1). The number of patients who had NCSE (14 patients: 10 pa-
tients with suspected NCSE and 4 patients with definitive NCSE) was
larger than the number of those who had GCSE (3 patients) or focal
aware seizures (2 patients). In most of the 19 seizure cases, the tumors
were located in the intraparenchymal area (17 patients) or the frontal
lobe (13 patients). One hundred sixty-five patients underwent brain
tumor surgery from January to March 2016 (IV LEV-unavailable
group), and 223 patients underwent the surgery from April 2016 to
August 2017 (IV LEV-available group). In those series, 6 patients in the
IV LEV-unavailable group and 13 patients in the IV LEV-available group
had postoperative ES. No significant difference was found in the oc-
currence of postoperative ES between those groups (P=0.32). The
number of patients who had postoperative NCSE in the former group
accounted for 5 of the 6 seizure cases (83%); on the other hand, the
number of patients in the latter group accounted for 9 of the 13 seizure
cases (69%). No significant difference was found in the occurrence of
postoperative NCSE between the 2 groups (P=0.60).

In all 388 brain tumor cases, the number of patients who had
postoperative seizures after receiving IV LEV treatment accounted for 3
of the 57 patients (4.8%); on the other hand, the number of patients
who had postoperative seizures after receiving IV fPHT treatment ac-
counted for 12 of the 208 patients (5.3%) (P=0.86). One patient who
had postoperative seizures was considered a low-risk case and received
no AEDs intravenously after surgery, and the other 3 patients with
suspected seizures just after surgery had both LEV and fPHT in-
travenously soon after the surgery.

As a representative case, a 60-year-old man who presented with a
sustained aphasia attack of a few minutes was referred to our hospital.
Magnetic resonance imaging (MRI) showed a high-intensity mass lesion
in the left frontal region, including the left supplementary motor area
(SMA), on T2-weighted imaging (WI) and no enhancement on T1WI
with Gd administration, (Fig. 2A, B). He underwent awake surgery to
remove the brain tumor whilst at the same time saving his motor and
language functions, and received IV LEV after the surgery. The patho-
logical diagnosis was oligodendroglioma, World Health Organization
grade II. During the postoperative course, he had an SMA syndrome
consisting of transient mild right hemiparesis and speech delay on
postoperative days (POD) 0 to 4, although the postoperative MRI did
not show any complications (Fig. 2C). After recovering from the SMA
syndrome on POD 5, he had disturbance of consciousness and wor-
sening aphasia on POD 9, whilst computed tomography (CT) showed no
new lesions (Fig. 2D). EEG showed rhythmic sharp waves occurring in
both hemispheres with dominance in the left one, and NCSE was di-
agnosed (Fig. 3).

Fig. 1. A. Protocol A, intravenous fos-Phenytoin (fPHT) was chosen for pre-
venting postoperative epileptic seizures for all high-risk patients (intravenous
levetiracetam [LEV]-unavailable protocol, available before March 2016). B.
Protocol B, intravenous LEV for patients with oral LEV before surgery and in-
travenous fPHT for other high-risk patients (intravenous LEV-available pro-
tocol, available after April 2016). In these protocols, the patients typically re-
ceived these intravenous medications for fewer than 4 days, followed by oral
AEDs.
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4. Discussion

In this study, postoperative ES was diagnosed in 4.9% of the patients
after brain tumor surgery, and NCSE constituted the overwhelming
majority of postoperative SE. Although the incidence of ES was similar
to those in previous studies [7,8,10], this study was carried out in a

retrospective manner and all the data were obtained from medical
charts. Therefore, the possibility remains of underestimated diagnosis
of postoperative seizures in patients with mild symptoms that were
ignored by clinicians. It is also possible that some mild ES patients who
received IV medication for< 4 total days were excluded since we se-
lected the candidates automatically, as mentioned in the Patients and

Fig. 2. A 60-year-old man with oligodendroglioma.
Magnetic resonance imaging (MRI) before the sur-
gery showed that the tumor was located in the left
supplementary motor area (A: axial imaging at high
convexity level. Left; T1WI with gadolinium [Gd]
administration, middle; T2-weighted imaging [WI],
right; diffusion-weighted imaging [DWI] and B: axial
imaging at low convexity level. Left; T2WI, right;
DWI). MRI at postoperative day (POD) 1 shows the
tumor cavity after removal without massive hemor-
rhage or infarction (C: axial imaging at high con-
vexity level. Left; T1WI with Gd, middle; T2WI,
right; DWI and D: axial imaging at low convexity
level. Left; T2WI, right; DWI). Although the patient
had disturbance of consciousness and transient
aphasia on POD 9, computed tomography (CT)
showed no new lesions (E).

Fig. 3. Electroencephalography (EEG) was performed on
day 9 after tumor removal in the left supplementary motor
area. Rhythmic sharp waves are seen in both hemispheres
with the left one being dominant, which is compatible with
nonconvulsive status epilepticus (NCSE).
Sensitivity= 10 μV, high cut filter= 120Hz, time con-
stant= 0.3 s.
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Methods. Moreover, the initial time of the postoperative AED admin-
istration was not strict in our study; for instance, AEDs were adminis-
tered immediately after the operation in some patients and a few hours
later in others. The timing could have affected the occurrence of post-
operative seizures. Our results showed that the tumors were located in
the intraparenchymal area and/or the frontal lobe in most of the SE
cases. So, we should pay attention to occurrence of NCSE especially in
frontal intraparenchymal tumor cases. Our study showed that frontal
lobe tumors rather than tumors in other areas were the most common
factor of NCSE. As we mentioned above, NCSE is characterized mainly
by changes in consciousness and non-motor symptoms. Although
frontal lobe epilepsy is most likely to produce hypermotor symptoms, it
may also produce psychiatric symptoms or language dysfunction [3,9].
Given this semiology, these symptoms may depend on the area in the
frontal lobe. We suppose this is why the NCSE patients in our study did
not present motor symptoms despite having frontal lobe lesions.

In this study, we investigated postoperative ES after intravenous
AEDs in surgical patients with brain tumors. The results showed no
significant difference in the incidence of seizures, not only in patients of
both the IV LEV-unavailable and the IV LEV-available groups, but also
in those of the IV LEV and fPHT groups. Previous studies have shown
debatable results on postoperative use of AEDs. A double-blind study
showed a significantly reduced incidence of perioperative seizures after
craniotomy with PHT [16]. In contrast, a prospective randomized trial
reported no significant effect of PHT on seizure prophylaxis in patients
with intraparenchymal brain tumors [12]. Recent studies showed that
LEV was more suitable than PHT as a prophylactic AED after cra-
niotomy. A retrospective review showed a lower incidence of perio-
perative seizures in patients receiving LEV (2.5%) than in those re-
ceiving PHT (4.5%) without the difference being significant [10]. A
randomized prospective study showed that the incidence of perio-
perative seizures was significantly lower for LEV (1.4%) than for PHT
(15.1%) and that LEV was safe, with the treatment being completed in
all patients; on the other hand, PHT was withdrawn because of adverse
effects in 6.8% of the patients [8]. A meta-analysis also reported that
the incidence of perioperative seizures was significantly lower in the
LEV group (8/158) than in the PHT group (22/137) and moreover that
the frequency of severe adverse effects was significantly lower in the
LEV group than in the PHT group [6]. In contrast to these recent stu-
dies, our study showed no significant difference in the incidence rate of
postoperative seizures between the IV LEV-unavailable and -available
groups or between the IV LEV and fPHT groups (power analysis was
performed to minimize type II error). We presumed that possible rea-
sons for this lack of difference in our study were the use of fPHT instead
of PHT, because fPHT, a water-soluble pro-drug of PHT, has less ad-
verse effects such as arrhythmia, blood pressure changes, and phlebitis
than does PHT [15], and the proactive diagnosis of NCSE. In some of
these previous studies, there is a possibility that NCSE was under-
diagnosed because the diagnosis was more difficult than for GCSE or
other seizures. And as a further possible reason, the patients' back-
grounds were different, for example, age, sex, pathology, location,
tumor grade, preoperative seizure, and operative data (operative time,
blood loss, intraoperative AED administration, intraoperative seizure,
awake surgery, extent of resection).

5. Conclusion

In summary, postoperative ES was diagnosed in about 5% of pa-
tients after brain tumor surgery regardless of the types of postoperative
AEDs used in this study, and NCSE constituted the overwhelming ma-
jority of postoperative ES. Since the tumors were located in the in-
traparenchymal area and the frontal lobe in most of the ES cases, we
should pay attention to occurrence of NCSE especially in cases of frontal
intraparenchymal tumor.
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