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Simple Summary: Seizures are among the most common symptoms of meningioma patients even
after surgery. This study sought to identify risk factors for early and late seizures in meningioma
patients and to evaluate a modified version of a score to predict postoperative seizures on an
independent cohort. The data underline that there are distinct factors identifying patients with a
high risk of postoperative seizures following meningioma surgery which has been already shown
before. We could further show that the high proportion of 43% of postoperative seizures occur as
late seizures which are more dangerous because they may happen out of hospital. The modified
STAMPE2 score could predict postoperative seizures when reaching very high scores but was not
generally transferable to our independent cohort.

Abstract: Seizures are among the most common symptoms of meningioma. This retrospective
study sought to identify risk factors for early and late seizures in meningioma patients and to
evaluate a modified STAMPE2 score. In 556 patients who underwent meningioma surgery, we
correlated different risk factors with the occurrence of postoperative seizures. A modified STAMPE2
score was applied. Risk factors for preoperative seizures were edema (p = 0.039) and temporal
location (p = 0.038). For postoperative seizures preoperative tumor size (p < 0.001), sensomotory
deficit (p = 0.004) and sphenoid wing location (p = 0.032) were independent risk factors. In terms
of postoperative status epilepticus; sphenoid wing location (p = 0.022), tumor volume (p = 0.045)
and preoperative seizures (p < 0.001) were independent risk factors. Postoperative seizures lead to
a KPS deterioration and thus an impaired quality of life (p < 0.001). Late seizures occurred in 43%
of patients with postoperative seizures. The small sub-cohort of patients (2.7%) with a STAMPE2
score of more than six points had a significantly increased risk for seizures (p < 0.001, total risk 70%).
We concluded that besides distinct risk factors, high scores of the modified STAMPE2 score could
estimate the risk of postoperative seizures. However, it seems not transferable to our cohort.
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1. Introduction

With a prevalence of almost one-third among brain tumors, meningiomas are among the
most frequent of all intracranial neoplasms [1], most likely deriving from the meningothelial
cells of the arachnoid layer according to the definition of the WHO [2]. The most common
cranial localization is convexity followed by scull base localization with twofold higher
incidence of higher grade meningiomas on the convexity [2,3]. About one-quarter of menin-
gioma patients suffer from seizures according to population-based studies [4]. According
to other studies, the seizure rate in meningioma patients (29-60%) is even higher than in
primary glioblastoma (29-49%) or brain metastasis (20-35%), which is surprising since
meningiomas are extra-axial tumors [5]. To date, the high seizure rate in meningioma
patients has been a matter of debate with regard to the use of prophylactic antiepileptic
drugs (AED).

In this context, very recent studies have aimed to identify risk factors for pre- and
postoperative seizures. According to a recent meta-analysis, late seizures, which are
defined as seizures occurring later than seven days after surgery, seem to present even
more frequently than early ones [6]. Only a few studies involving a limited number of
patients have addressed late seizures so far [7-12]. One of the largest retrospective studies
investigating 779 patients who underwent surgery for cranial meningiomas consolidated
the identified risk factors for postoperative seizures in the STAMPE2 score. However,
this score has not been validated on an independent cohort yet. It is still not clear as
to whether the administration of postoperative AED can reduce the occurrence of new
postoperative seizures [13-16]. A promising study addressing this topic, the STOP’EM
trial, is still recruiting [17].

Our retrospective study sought to identify risk factors for pre- and postoperative
seizures with a special focus on late postoperative seizures and including and evaluating
the STAMPE2 score in a modified version.

2. Results
2.1. Patient Cohort

Preoperative patient characteristics are summarized in Table 1; postoperative patient
characteristics are summarized in Table 2. In our cohort of 420 patients, the female to male
ratio was 2 (282 females and 138 males). The WHO grade at primary resection was grade I
in 244 patients, grade Il in 164 patients, and grade III in seven patients. The median age at
the time of first operation was 56 years (mean: 55.9 years, range 16-86 years). Forty-four
patients experienced recurrence after a median of 32 months (mean: 42.6 months, range
3-154 months). The median follow-up period was 21 months (mean: 28.9 months, range:
0-286 months). Median tumor volume was 23.5 cm?, interquartile ranges 8.65-43.3 cm?
(25-75th percentile) and 4.5-80.2 cm?.

Table 1. Preoperative patient characteristics.

Preoperative Seizures

Factor Total
Yes No
Male 39 (28.3%) 99 (71.7%) 138
Female 48 (17%) 234 (83%) 282
Median Age 56 years 56 years 56 years

Skull-Base 21 (14.3%) 126 (85.7%) 147
Non-Skull-Base 66 (24.2%) 207 (75.8%) 273
Preoperative edema 58 (25.9%) 166 (74.1%) 224
Preoperative antiepileptic drug 79 (97.5%) 2 (2.5%) 81
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Table 2. Postoperative patient characteristics.

Postoperative Seizures

Factor Total
Yes No
Male 28 (20.3%) 110 (79.7%) 138
Female 46 (16.3%) 236 (83.7%) 282
Median Age 61 years 54 years 56 years

Skull-Base 24 (27.3%) 123 (72.7%) 147
Non-Skull-Base 50 (18.3%) 223 (81.7%) 273
Preoperative edema 44 (19.6%) 180 (80.4%) 224

Preoperative seizures 23 (26.4%) 64 (73.6%) 87

Preoperative antiepileptic drug 22 (27.2%) 59 (72.8%) 81

Modified STAMPE2 Score

0 3 (8.8%) 31 (91.2%) 34

1 9 (14.3%) 54 (85.7%) 63

2 11 (16.4%) 56 (83.6%) 67

3 10 (13.7%) 63 (86.3%) 73

4 9 (13.9%) 56 (86.1%) 65

5 13 (29.5%) 31 (70.5%) 44

6 2 (13.3%) 13 (86.7%) 15

7 5 (62.5%) 3 (37.5%) 8

8 2 (100%) 0 (0%) 2

Power analyses for pre- and postoperative seizures reached a power of 0.99, for
postoperative status epilepticus it was 0.75. Of 420 patients in the primary situation with
available data, preoperative seizures occurred in 87 (20.7%). Of those 333 patients who
had no preoperative seizures, 283 patients (85%) remained seizure-free. Of the 333 patients
with no preoperative seizures, 50 patients developed new postoperative seizures (15%;
11.9% of the whole population). In the group with preoperative seizures, 24 of 87 patients
(27.6%; 5.7% of the whole population) had ongoing seizures, whereas 63 patients became
seizure-free after operation (Figure 1). There was a significant association between pre- and
postoperative seizures (Fisher’s test, p = 0.001). Localization of the cohort is summarized in
Table S1.

2.2. Risk Factors for Preoperative Seizures

For preoperative seizures, the investigated risk factors are summarized in Table 3. Of
all investigated factors, non-skull base location (p = 0.018), temporal location (p = 0.002),
edema (p = 0.001) and male gender (p = 0.008) were significantly associated with a higher
preoperative seizure rate in univariate analyses. Multivariate analyses of all factors that
appeared with significance in univariate analyses (p < 0.25) were performed, respectively.
After logistic regression, temporal location (p = 0.038) and preoperative edema (p = 0.039)
remained as independent risk factors for preoperative seizures.

Table 3. Risk factors for preoperative seizures.

Univariate Analysis

Risk Factor Pearson ChiZ Multivariate Analysis p-Value
WHO grade >1 0.106 Not applicable
Brain invasion neuropathology 0.082 Not applicable
Brain invasion surgeon 0.433
Preoperative KPS 0.793
Tumor size 0.148 0.505
Non- skull base / skull base 0.018 0.425
Localization sphenoid wing 0.391
Localization temporal 0.002 0.038
Edema 0.001 0.039
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Table 3. Cont.

Univariate Analysis

Risk Factor Pearson Chi? Multivariate Analysis p-Value
Sensomotory deficit 0.392
Speech disturbance 0.182 0.638
Memory loss 0.323
Age 0.922
Male gender 0.008 0.212

p-Values included in multivariate analysis (second column) and significant p-values in multivariate analysis (third column) are underlined.

Selection Process

Total cohort

n =556
m:f=179:377
Only recurrences
> available
n=11
m:f=4:7
Primary
n=545
m:f=175:370
Spinal meningioma P o Incomplete data
n=>55 D " n=70
Seizure cohort
n=420
m:f=138:282
Preop. seizures No preop. seizures
n=87 n=2333
Postop. seizures No postop. seizures Postop. seizures No postop. seizures
n=24 n=63 n =50 n=283

Figure 1. Flow diagram summarizing the selection process and giving an overview of the course of disease for patients
with or without preoperative seizures.

2.3. Risk Factors for Postoperative Seizures

For postoperative seizures, the risk factors are summarized in Table 4. During uni-
variate analysis, the following factors showed an influence on postoperative seizures:
Preoperative KPS (p = 0.020), tumor size (p = 0.036), sphenoid wing location (p = 0.045),
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sensomotory deficit (p = 0.022), speech disturbance (p = 0.032), age (p = 0.027), recur-
rence (p = 0.006), presence of preoperative seizures (p = 0.010), and preoperative AED
use (p = 0.018). Multivariate analyses of all factors that appeared with significance in uni-
variate analyses with p < 0.25 were performed. After logistic regression, only tumor size
(p < 0.001), sensomotory deficit (p = 0.004) and sphenoid wing location (p = 0.032) remained
as independent risk factors.

Table 4. Risk factors for postoperative seizures.

Univariate Analysis Multivariate Analysis

Risk Factor Pearson Chi2 p-Value
WHO grade >1 0.101 Not applicable
Brain invasion neuropathology 0.483
Brain invasion surgeon 0.131 0.980
Preoperative KPS 0.020 0.761
Tumor size 0.036 <0.001
Non- skull base/skull base 0.745
Localization sphenoid wing 0.045 0.032
Localization temporal 0.351
Edema 0.132 0.668
Sensomotory deficit 0.022 0.004
Speech disturbance 0.032 0.152
Memory loss 0.642
Age 0.027 0.963
Male gender 0.357
Simpson grade III or higher 0.774
Operation at two times 0.925
Wound infection 0.604
Re-craniotomy after bleeding/swelling 0.054 0.417
Intraoperative seizures 0.819
Postoperative irradiation 0.316
Recurrence 0.006 0.128
Preoperative seizures 0.010 0.576
Preoperative antiepileptic drug 0.018 Not applicable

p-Values included in multivariate analysis (second column) and significant p-values in multivariate analysis (third column) are underlined.

2.4. Risk Factors for Postoperative Status Epilepticus

For postoperative status epilepticus, considering the risk factors noted previously [18],
they are further summarized in Table 5. During univariate analysis, sphenoid wing location
(p = 0.043), re-craniotomy due to bleeding or swelling (p = 0.027), recurrence (p = 0.002),
preoperative seizures (p < 0.001), and preoperative AED use (p < 0.001) were predictors
for postoperative status epilepticus. After logistic regression including the risk factors
that came out with p < 0.25 in univariate analyses, tumor volume (p = 0.045), preoperative
seizures (p < 0.001) and sphenoid wing location (p = 0.022) remained as independent
risk factors.

2.5. Early and Late Postoperative Seizures

We defined early postoperative seizures as those that occur within the first seven
days after operation. In total, 57% of all patients with postoperative seizures showed early
postoperative seizures, while 43% experienced their first seizure more than seven days
after the operation and thus were classified as demonstrating late seizures. Seizure-free
survival of cranial meningiomas is depicted in Figure 2A. Seizure-free survival was not
influenced by the onset of preoperative seizures in our cohort (Figure 2B).
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2.6. Evaluation of the STAMPE?2 Score

The distribution of our modified STAMPE?2 is depicted in Figure 3A. Only few patients
achieved high modified STAMPE2 scores in our cohort. When stratifying patients into
two groups at six points or higher, a highly significant difference in the occurrence of
postoperative seizures between the two groups was noted (Pearson Chi?: p < 0.001).
Patients with a modified STAMPE2 score of less than seven points only had a 16% risk for
postoperative seizures, whereas patients with a score of seven or more points had a risk
of 70% for developing postoperative seizures (Figure 3B). Seizure-free survival and thus
the occurrence of either early or late seizures did not correlate with the STAMPE2 score
(Pearson Chi?: p =0.0624).

Table 5. Risk factors for postoperative status epilepticus.

. Univariate Analysis Multivariate Analysis
Risk Factor Pearson Chi? p-Value
WHO grade >1 0.123 Not applicable
Brain invasion neuropathology 0.276
Brain invasion surgeon 0.658
Preoperative KPS 0.162 0.119
Tumor size 0.129 0.045
Non- skull base/skull base 0.858
Localization sphenoid wing 0.043 0.022
Localization temporal 0.303
Edema 0.205 0.687
Sensomotory deficit 0.977
Speech disturbance 0.154 0.079
Memory loss 0.385
Age 0.400
Male gender 0.326
Simpson grade III or higher 0.873
Operation at two times 0.157 Not applicable
Wound infection 0.440
Re-craniotomy after bleeding/swelling 0.027 0.178
Postoperative irradiation 0.161 0.637
Recurrence 0.002 0.206
Preoperative seizures <0.001 <0.001
Preoperative antiepileptic drug <0.001 Not applicable

p-Values included in multivariate analysis (second column) and significant p-values in multivariate analysis (third column) are underlined.

A

100

survival %

0

T T T T T T

0 1000 2000 3000 4000 5000
days elapsed

early seizures
@l late seizures

patient number
»n
o

Figure 2. (A) Kaplan—Meier curve illustrates the seizure-free survival in our cohort. (B) Early versus
late postoperative seizures in relation to the presence of preoperative seizures. Likelihood ratio:
p = 0.8396; Pearson: p = 0.8395.
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Figure 3. (A) Relative occurrence of postoperative seizures in the total cohort in relation to the
modified STAMPE2 score. (B) Comparison of the occurrence of postoperative seizures for patients
with a modified STAMPE2 score of seven points or more as compared with lower scores, Pearson:
p < 0.001: The left column (modified STAMPE?2 < 7) represents 97.3% of all patients, 57 patients with
and 304 patients without seizures, the right column represents the remaining 2.7% of all patients,
seven patients with seizures and three patients without seizures.

2.7. Postoperative Seizures and Karnofsky Performance Score

Postoperative seizures led to a significant impairment of postoperative KPS (likelihood
ratio: p = 0.001; Pearson: p < 0.001).

3. Discussion
3.1. Seizure Rate

Seizures are one of the three most common clinical symptoms observed in meningioma
patients besides (and after) headache and neurological deficits [15]. Operation is typically
the optimal treatment of choice for resolving those symptoms. In our retrospective cohort,
20.7% of the participants reported preoperative seizures, which is a similar high rate when
compared with population-based data from France [4] and other recently published data
showing an incidence of greater than 20% in the UK and the US [11,19]. However, other
studies have reported preoperative seizure rates lower than ours [10,12,20]. The different
incidence rates in the literature might be explained by regional differences in incidental
asymptomatic but progressive meningiomas undergoing surgery due to a higher number
of cranial MRIs performed for other reasons. According to our data, the biggest problem is
not ongoing seizures that occur only in 5.7% of the whole population but new postoperative
seizures occurring in 15% of all patients without preoperative seizures, which is lower than
the 19.4% reported by Wirsching et al. [9], but remarkably higher than for example the 5.1%
reported by Chozick et al. [21].

3.2. Risk Factors for Pre- and Postoperative Seizures

Defining risk factors for postoperative seizures was the aim of many recent studies
as summed up by a meta-analysis conducted by our group [6]. In our cohort, edema
and temporal location predicted preoperative seizures, a finding that has been echoed
by several other groups recently [11,12,15,19,22-27]. Edema, which frequently occurs in
meningiomas, still seems to somehow drive preoperative structural epilepsy. In our cohort,
only tumor size, sensomotory deficit and sphenoid wing location were independently
associated with the occurrence of postoperative seizures in multivariate analyses. Tumor
size has been shown to be an risk factor already beginning with 8 cm? in a different
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cohort [20]. Other groups could show that a diameter of >4 cm had significant influence on
the occurrence of postoperative seizures [23,24]. Tumor location has been shown to have
significant influence on the occurrence of postoperative seizures before [9,21,22,28-30].
Even though various locations have been published before, our data suggests that only
sphenoid wing is relevant at least in our cohort. We were not able to show any advantage
of the administration of AED in our retrospective setting. Despite the high rate of seizures
that persist after operation in patients with preoperative seizures, such an observation
has only rarely been addressed by other groups before [28,30]. Interestingly, swelling or
bleeding/re-bleeding were not associated with postoperative seizures even though one
would expect this. The effect might be masked by the high percentage of 43% of patients
that experienced seizures after more than 7 days postoperatively.

3.3. Risk Factors for Status Epilepticus

Status epilepticus is associated with higher morbidity and mortality rates [31] and is
a serious complication after meningioma surgery. According to our data, postoperative
status epilepticus is independently associated with preoperative seizures, sphenoid wing
location and tumor volume when setting the cut-off for inclusion in multivariate analyses
at 0.25. Like for postoperative seizures, our data suggest that patients with tumors in this
specific location as well as high tumor volumes and those with pre-operative seizures
require special attention and maybe even need an increase in their medication dose after
surgery. To our knowledge, we are the first group to report this special association with the
rare complication of status epilepticus. Studies with larger cohorts need to re-evaluate these
findings since the power for our cohort is only 0.75 for postoperative status epilepticus.

3.4. Time of Postoperative Seizure Onset

There are numerous retrospective studies mostly published during the past five years
addressing risk factors for postoperative seizures. The onset of seizures after operation is
very different; thus, we defined early seizures as those occurring in the first seven days
after operation, while all others were defined as late seizures. Interestingly, a relatively high
percentage of 43% of patients with postoperative seizures experienced late seizures, and
this occurred in a regular postoperative management scenario out of the primary hospital.
It is our opinion that these seizures are more dangerous and widely underestimated. To
our knowledge, the first study reporting on seizure-free survival was the recent study by
Islim et al. [11]. In our cohort, we could not define different risk factors for early and late
postoperative seizures.

3.5. Evaluation of Modified STAMPE? Score

Finally, it is very important to have a reliable scoring system to preoperatively assess
the risk level for postoperative seizures so as to manage the patients better in the future. For
that purpose, the STAMPE?2 score was established by Wirsching et al. [9]. To our knowledge,
we are the first group to evaluate the application of this valuable scoring system in an
independent population. We had to modify the score, leaving out postoperative EEG since
this is not performed in our clinic in a regular manner. Ultimately, we showed that patients
with a score of seven points or more had a 70% risk for postoperative seizures, which
is significantly higher than the risk for patients with a lower score. Only a very small
subgroup of 2.7% of the patients reached a score of seven or higher in our total cohort.
Still, the finding emphasizes the reliability of this well-elaborated score but only in a rare
constellation in our cohort. However, not one single factor of all published by Wirsching
et al. did show significant influence on postoperative seizures or status epilepticus in
multivariate analyses in our cohort. That raises the question, whether single center studies
can define a score to estimate patients at high risk for postoperative seizures.
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3.6. Limitations

With a relatively large proportion of WHO grade II meningiomas our population
differs from the reported distribution [2]. Thus, the transfer off our data to the general
population might be limited. The retrospective character and the single center design of
our study limits the informative value in some respects. Furthermore, we had to exclude
the relatively high number of 70 patients due to incomplete data. The male to female ratio
of 3:4 in the excluded patients differed from the main cohort. Multivariate data addressing
the risk for postoperative status epilepticus is based on a relatively low power of 0.75 (Exact
Agresti—Coull test).

4. Materials and Methods
4.1. Patient Data

We retrospectively analyzed the data of a cohort of 556 patients (377 females and
179 males) who underwent meningioma resection at our hospital. Eleven Patients of whom
only recurrent tumors were treated in our hospital were excluded from further evaluation.
Moreover, 55 spinal cases and 70 patients with incomplete data were excluded as well
(Figure 1). Preoperative seizures, preoperative edema, tumor localization, tumor size,
histological brain invasion, and the administration of pre- or postoperative AED (Benzodi-
azepines, Valproic Acid, Lamotrigine, Levetiracetam) was correlated with the occurrence of
postoperative seizures and the occurrence of postoperative status epilepticus. The cutoff for
early versus late seizures was seven days after surgery. For status epilepticus, we applied
the International League Against Epilepsy (ILAE) definitions (AS and FR) as follows: 5 min
for generalized tonic-clonic seizures, 10 min for focal seizures, 10 to 15 min for absence
seizures. Furthermore, histological subtype, Ki67-proliferation rate, mitosis count per
10 high-power fields, World Health Organization (WHO) grade, according to the 2016
WHO classification and epidemiological data like age and gender were investigated as well.
Tumor volumes were measured on T1 weighted MRI images and edema was re-evaluated
as suggested by Wirsching et al. on T2 weighted MRI images [9]. All WHO grades II
and III meningiomas were histologically re-evaluated by at least two neuropathologists as
published before in the same cohort [32]. Histological re-evaluation was performed with
special attention paid to mitosis and histological brain invasion. As surgical parameters,
brain invasion defined by lacking an arachnoid layer and the Simpson score [33] were
assessed. We also investigated the influence of repetitive operations in bifrontal tumors
intentionally operated in two attempts, postoperative wound infections, re-operations due
to bleeding or swelling, Karnofsky Performance Score (KPS) and postoperative irradiation.

4.2. Evaluation of STAMPE?2 Score

Applying the STAMPE2 score [9], as published, was not achievable in our retrospective
cohort and would not correspond to clinical practice since we conduct postoperative
electroencephalography (EEG) only in selected patients in our hospital. Thus, we decided
to leave out the factor “epileptiform potentials on postoperative EEG”, which was awarded
two points in the initial study of Wirsching et al. A modified STAMPE2 score was applied
to our cohort as follows: sensorimotor deficit (one point), tumor progression (one point),
age of less than 55 years (one point), major surgical complication (two points), preoperative
epilepsy (two points) and edema (one point). Our modified score thus had a range from
zero to eight points.

4.3. Statistical Analysis, Software

Statistical analysis and figure editing were performed using JMP 14.0 software
(SAS Institute, Cary, NC, USA), SPSS Version 25 (IBM Corp., Armonk, NY, USA), GraphPad
Prism 6 (GraphPad Software Inc., La Jolla, CA, USA), and the open-source GIMP2 program.
Evaluation of the immunohistochemical preparations was performed using a BX50 light
microscope (Olympus, Tokyo, Japan). Measurement of tumor volume was performed using
the SmartBrush tool of the Brainlab Elements software (Brainlab AG, Munich, Germany).
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A significance level of alpha = 0.05 was chosen for all tests. For power analyses the Exact
Agresti-Coull test was applied with a Null difference of 0.05. Survival analyses were
performed using Kaplan—-Meier analyses. In order to compare the survival curves, we
used Wilcoxon and log-rank tests for censored data. For univariate correlations, Pearson’s
test and likelihood ratio were used for dichotomized nominal ratios and median test was
used for nonparametric testing of linear variables. For multivariate analyses, linear logistic
regression was conducted. Parameters were checked for collinearity before inclusion, while
the cut-off was set at 0.25, respectively.

5. Conclusions

Seizures and even status epilepticus after meningioma surgery are more likely to
occur if the following risk factors are present: very large tumor size and/or sphenoid wing
location. These patients need special attention in the postoperative management after
meningioma surgery. The modified STAMPE?2 score could predict postoperative seizures
when reaching very high scores, however, the score seems not transferable to our cohort in
terms of the included risk factors that did not reach significance in multivariate analyses.
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