
Abstract. The aim of the present study was to identify the 
major factors correlated with early postoperative seizures in 
elderly patients who had undergone a meningioma resection, 
and subsequently, to develop a logistic regression equation 
for assessing the seizures risk. Fourteen factors possibly 
correlated with early postoperative seizures in a cohort 
of 209  elderly patients who had undergone meningioma 
resection, as analyzed by multifactorial stepwise logistic 
regression. Phenobarbital sodium (0.1 g, intramuscularly) was 
administered to all 209 patients 30 min prior to undergoing 
surgery. All the patients had no previous history of seizures. 
The correlation of the 14 clinical factors (gender, tumor site, 
dyskinesia, peritumoral brain edema (PTBE), tumor diameter, 
pre‑ and postoperative prophylaxes, surgery time, tumor adhe‑
sion, circumscription, blood supply, intraoperative transfusion, 
original site of the tumor and dysphasia) was assessed in 
association with the risk for post‑operative seizures. Tumor 
diameter, postoperative prophylactic antiepileptic drug 
(PPAD) administration, PTBE and tumor site were entered as 
risk factors into a mathematical regression model. The odds 
ratio (OR) of the tumor diameter was >1, and PPAD adminis‑
tration showed an OR >1, relative to a non‑prophylactic group. 
A logistic regression equation was obtained and the sensitivity, 
specificity and misdiagnosis rates were 91.4, 74.3 and 25.7%, 
respectively. Tumor diameter, PPAD administration, PTBE 
and tumor site were closely correlated with early postopera‑
tive seizures; PTBE and PPAD administration were risk and 
protective factors, respectively.

Introduction

While meningioma is the most common pathological 
form of intracranial tumor in the elderly (1), such patients 

often present with multiple complications and have a poor 
prognosis (2,3). Seizures are the most clinically significant 
complication (4,5) with early postoperative seizures being 
defined as those appearing within the first week after 
surgery (6). Brain edema reaches a maximum level during 
the first week following surgery, and during this time early 
postoperative seizures may aggravate brain edema and 
intracranial hematomas, leading to poor patient prognosis. 
Therefore, it is important to predict the likelihood of 
postoperative seizures and subsequently select an optimal 
prophylactic therapy.

Previous studies have revealed that seizures following 
meningioma resection are associated with multiple factors. 
Preoperative seizures, imageable peritumoral brain edema 
(PTBE) and preoperative dyskinesia are all recognized risk 
factors for early seizures following meningioma resection, 
while pre‑ and postoperative prophylactic antiepileptic drugs 
appear to protect against such early postoperative seizures. 
Tumors located in the cortex, near the cortex and near 
functional areas are more frequently complicated with early 
postoperative seizures (7,8). However, previous studies have not 
examined whether these various correlation factors influence 
each other, whether elderly meningioma patients have distinct 
pathophysiological backgrounds (2,3) or whether the correla‑
tion factors for early postoperative seizures are highly specific. 
A multifactorial logistic regression analysis was performed of 
the clinical data obtained from 209 elderly patients who had 
undergone a meningioma resection for the purpose of further 
investigating the associations between the occurrence of early 
seizures following meningioma resection and various clinical 
correlation factors. An equation was subsequently developed, 
which used these correlation factors to predict the likelihood 
of an early post‑operative seizure.

Patients and methods

General information. The clinical data obtained from 
209 elderly patients (mean age, 67.5 years; range, 65‑76 years) 
who had been hospitalized and undergone a meningioma 
resection in the First Hospital of Jilin University (Changchun, 
China) between December 2000 and December 2010 were 
reviewed. Of these patients, 35 (17 males and 18 females) had 
experienced an early postoperative seizure, while 174 patients 
(58 males and 116 females) had not. All the patients had no 
history of seizures prior to surgery.
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Clinical data collection. The medical records of all the 
patients were checked for any history of preoperative seizures, 
aphesis or dyskinesia. All the patients had been diagnosed 
by head magnetic resonance imaging and/or computed 
tomography scans, and the gross tumor volume, tumor site 
and any peritumoral brain edema (PTBE) were preliminarily 
determined. Phenobarbital sodium (0.1 g intramuscularly) 
was administered to all 209 patients 30 min prior to the 
surgery, and Dilantin (5 mg/kg/day, oral) or sodium valproate 
(15 mg/kg/day, oral) was administered to certain patients as 
a pre‑ and/or postoperative prophylactic drug. Craniotomy 
for meningioma resection was performed microscopically 
for all 209 patients. Tumor adhesion to peritumoral tissues, 
circumscription between the tumor and normal tissues, blood 
supply and the original site of the tumor were determined 
during surgery.

Statistical methods. A logistic regression analysis was 
performed using SPSS for Windows, Version 15.0 (SPSS, 
Inc., Chicago, IL, USA). Correlations of all the variables with 
early postoperative seizures were determined by multifacto‑
rial logistic regression analysis. Variables were selected by 
stepwise regression analysis. The influence of each factor on 
early postoperative seizures was analyzed by fitting a logistic 
regression equation and a multifactorial logistic regression 
equation was established. P<0.05 was considered to indicate a 
statistically significant difference. 

Results

Main factors possibly associated with early postoperative 
seizures. A total of 14 factors (gender, tumor site, dyskinesia, 
PTBE, tumor diameter, pre‑ and postoperative prophylaxes, 
surgery time, tumor adhesion, circumscription, blood supply, 
intraoperative transfusion, original site of the tumor and 
dysphasia) were grouped for analysis. The tumor site groups 
were further divided into three subgroups: i) Superficial 
supratentorial subgroup: Frontal, frontotemporal, frontopari‑
etal, temporal, temporoparietal, temporo‑occipital, parietal, 
parietooccipital and occipital regions; ii) deep supratentorial 
subgroup: Sphenoid ridge, middle and anterior cranial fossae 
and saddle area; and iii) subtentorial subgroups, including 
cerebellar hemispheres, petroclival and cerebellopontine 
angle. The tumor diameter, surgery time and blood supply 

groups were each individually divided into three subgroups: 
Tumor diameter 1 (<3 cm), 2 (3‑5 cm) and 3 (>5 cm); surgery 
time subgroups 1 (<2 h), 2 (2‑4 h) and 3 (>4 h); and blood 
supply subgroups 1 (rich), 2 (medium) and 3 (poor). Original 
tumor site groups were subdivided into five subgroups: 
i) Supratentorial convexity; ii) falx: Cerebral falx and sagittal 
sinus; iii) deep basicranial and intracranial: Middle cranial 
fossa, optic nerve, brainstem, petroclivas, sphenoid ridge, 
anterior cranial fossa, choroid plexus, tuberculum sellae and 
olfactory sulcus; iv) tentorium cerebelli: Tentorium cerebelli; 
and v) subtentorial convexity. The remaining factors were 
established as binary variables.

The logistic regression model was fitted using the 
regrouped factors, and model variables were selected by step‑
wise regression analysis. The four correlation factors: Tumor 
diameter (Diameter), postoperative prophylactic antiepileptic 
drug administration (Postdrug), PTBE and tumor site (Site), 
were entered into the logistic regression model, and the other 
factors were excluded. The odds ratio (OR) of the tumor diam‑
eter was >1, making it a risk factor, while the OR of PPAD 
(postdrug) was <1, making it a protective factor (P<0.05) 
(Table I). Two independent variables ('Site' and 'Diameter') 
were dummy‑coded (Table II).

Statistical analysis. Statistical calculations indicated that four 
factors (Diameter, Postdrug, PTBE and Site) were significantly 
correlated with early postoperative seizures in the elderly 
patients (P<0.05) (Tables I and II).

Based on these results, the possible occurrence of an early 
postoperative seizure could be represented by the following 
logistic regression equation:

(χ2 goodness of fit test for the logistic regression test: 
P=0.713, sensitivity=74.3%, specificity=91.4%).

The χ2 goodness of fit test was statistically significant as 
the P‑value was >0.05. Application of this regression equation 
to data from each patient produced a number ranging from 
zero to one. A value of 1 or close to 1 indicated a high prob‑
ability of an early postoperative seizure, while a value close 
to zero indicated a low probability of an early postoperative 
seizure.

Table I. Correlation analysis of early postoperative seizures in elderly patients following meningioma resection (1).

	 B	 χ2	 df	 P‑value	 OR	 95% CI of OR

Site (1)	 2.210	   2.919	 1	 0.088	 9.116	 (0.722,115.062)
Site (2)	 0.446	   0.099	 1	 0.753	 1.562	 (0.097, 25.053)
PTBE	 2.291	 15.860	 1	 <0.001	 9.887	 (3.201, 30.534)
Diameter (1)	 ‑3.659	 20.629	 1	 <0.001	 0.026	 (0.005, 0.125)
Diameter (2)	 ‑2.434	 16.476	 1	 <0.001	 0.088	 (0.027, 0.284)
Postdrug	 ‑2.892	 14.719	 1	 <0.001	 0.055	 (0.013, 0.243)
Constant	 ‑2.036	   2.548	 1	 0.110	 0.131	

PTBE, peritumoral brain edema. (1) and (2) refer to the dummy variables in SPSS for logistic regression.
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Discussion 

Meningioma is the most common pathological form of 
intracranial tumor in the elderly (1). Multiple factors lead to 
an unfavorable prognosis and markedly higher incidence of 
complications in elderly patients following surgery for intra‑
cranial meningioma (9‑11). Elderly patients may have various 
degrees of compromised physical function and complications 
with comorbidities in other systems. In addition, meningiomas 
in the elderly are characterized by their growth and produce 
only slightly increased intracranial pressure and incidences 
of atypical clinical manifestations due to brain atrophy. 
Additionally, meningioma tumors are usually located in areas 
of the brain not associated with physical functions (12,13).

Seizures following intracranial meningioma resection 
represent a serious complication, and the molecular and 
cellular mechanisms of tumor‑induced seizures are not fully 
understood. However, previously suggested mechanisms for 
seizure include focal cortical hypoxia, a direct mass effect, 
PTBE, peripheral cortical damage and changes in levels of 
excitatory amino acids. Seizures tend to be the first symptom 
of an intracranial tumor and may further aggravate brain 
damage and increase the risk of an unfavorable prognosis 
based on the underlying disease (4,14). In particular, early 
postoperative seizures occur within one week following 
surgery and often aggravate the pathological damage to 
brain tissue and biochemical changes in nerves caused by 
underlying disease (15). Information gained from a study of 
clinical factors correlated with early postoperative seizures in 
elderly patients following meningioma resection may signifi‑
cantly help to improve patient prognosis. Previous studies 
have reported that seizures following meningioma resection 
are associated with multiple clinical factors  (4,5,7,8), such 
as a history of preoperative seizures, imageable PTBE and 
preoperative dyskinesia. Tumors located in the cortex, near 
cortex and near functional areas are more likely to be associ‑
ated with postoperative seizures, while pre‑ and postoperative 
prophylactic antiepileptic drugs have been shown to reduce 
the incidence of seizures. However, no previous study has 
investigated the clinical factors associated with early post‑
operative seizures in elderly patients following meningioma 
resection. The present study used multiple regression analysis 

to examine the correlation of early postoperative seizures with 
several clinical factors (gender, tumor site, dyskinesia, PTBE, 
tumor diameter, pre‑ and postoperative prophylaxes, surgery 
time, tumor adhesion, circumscription, blood supply, intraop‑
erative transfusion, original site of the tumor and dysphasia) in 
a cohort of 209 elderly patients who had undergone a menin‑
gioma resection.

Meningiomas are usually slow growing tumors, and their 
induced seizures are often a result of mechanical compres‑
sion. Compression of peritumoral brain tissue may destroy the 
neural network structure; however, neuronal shortcuts leading 
to a histological basis for interictal epileptiform discharges 
may appear following pathological reconstruction of the 
network  (16,17). Intracalvarial invasion by a meningioma 
produces mechanical compression and localized damage to 
the brain, and the incidence of seizures increases with the 
volume occupied. In addition, slow growing tumors may cause 
edema and ischemia in surrounding brain tissues, secondary 
brain parenchymal atrophy and gliosis, neuronal metabolic 
disturbance and abnormal depolarization of cell membranes. 
Such changes lead to epileptic seizures evoked by abnormal 
neuronal discharges during tumor growth (14,18). The majority 
of the elderly patients in the present study cohort showed signs 
of pathological underlying brain parenchymal atrophy and 
cerebral ischemia. The slow growth of their meningiomas and 
subsequent development of clinical manifestations may have 
resulted in chronically and mechanically compressed peritu‑
moral brain tissues and damaged neural network structures, 
which provided a histological basis for seizures. In the study, 
a multifactorial logistic regression analysis was performed 
of the clinical data obtained from 209 elderly patients who 
had undergone a meningioma resection. The results showed 
that the OR was maximal in tumor diameter group 3 (1.000) 
and minimal in tumor diameter group 1 (0.026), suggesting 
that the odds of an early postoperative seizure increased with 
increasing tumor diameter.

Results of a retrospective study by Kawugachi et al (19) 
indicated that PTBE was a significant epileptogenic factor. 
Tumor‑evoked compression or stimulation of brain tissue 
results in gliosis, which later causes PTBE, tumidness, 
insufficient blood supply, anoxia, gradual brain atrophy, 
cerebral sclerosis, proliferation of glial cells and fibers, loss 
of partial ganglion cells and the formation of fine insular 
phagocyte‑like lesions. The membranes of these altered patho‑
logical nerve cells can stimulate allergic reactions and cause 
clinical seizures by sudden and transient neuronal discharges 
induced by endogenous or exogenous stimuli (16). According 
to Lieu and Howng (5), clinically significant seizures can be 
caused by supratentorial or convexity meningiomas compli‑
cated with severe PTBE. The present study concluded that 
the OR of PTBE was 9.887, suggesting that the odds of an 
early postoperative seizure occurring in an elderly patient 
with meningioma complicated with definite PTBE were 
almost 10‑fold greater than those in a patient without PTBE. 
This result is in accordance with the above‑mentioned study. 
Previous studies (20‑22) have demonstrated that perioperative 
administration of prophylactic antiepileptic drugs can prevent 
partial seizures from evolving into persistent ones, and mark‑
edly reduce or avoid seizure‑induced brain damage. Other 
studies (23‑25) have indicated that prophylactic Dilantin and 

Table II. Correlation analysis of early postoperative seizures in 
elderly patients following meningioma resection (2).

	 Parameter coding
	 ‑‑‑‑‑‑‑‑‑--‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Team	 Frequency	 (1)	 (2)	 (3)	 (4)

Diameter	 1.00	   71	 1.000	 0.000
	 2.00	   95	 0.000	 1.000		
	 3.00	   43	 0.000	 0.000		
Site	 1.00	 136	 1.000	 0.000		
	 2.00	   51	 0.000	 1.000		
	 3.00	   22	 0.000	 0.000		

(1)-(4) refer to the dummy variables in SPSS for logistic regression.
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sodium valproate can reduce the incidence of postoperative 
seizures, and that no significant difference was noted between 
the results achieved with the two drugs. Therefore, the present 
study did not distinguish between these two prophylactic 
antiepileptic drugs when they were used in patient treatment. 
The results showed a significant difference in the incidence 
of postoperative seizures in elderly patients who did and did 
not receive a prophylactic antiepileptic drug. However, use of 
preoperative prophylactic antiepileptic drugs was not included 
in the multifactorial stepwise logistic regression; therefore, no 
statistical evidence is available to indicate that the results were 
different from those reported in previous studies conducted 
with patients of all ages  (15). In this study, phenobarbital 
sodium, a temporary prophylactic antiepileptic drug, was 
administered intramuscularly to all patients 30 min before 
surgery, and this factor may have impacted the correlation 
between preoperative administration of prophylactic anti‑
epileptic drugs and early postoperative seizures. However, the 
elderly patients in the present study were relatively sensitive to 
antiepileptic drugs, and any impact should have been evident. 
Furthermore, empiric therapy may have also influenced the 
present results, thus results of the χ2 test were not significantly 
correlated with early seizures prior to meningioma resection. 
Further confirmation of the effects of antiepileptic drugs is also 
required as the plasma concentrations of these agents were not 
determined following pre‑ and postoperative administration in 
the study. However, it is reasonable to assume that administra‑
tion of an antiepileptic drug during the perioperative period 
may significantly reduce morbidity from early postoperative 
seizures.

The site of a meningioma may be a decisive factor 
affecting its likelihood to induce epileptic seizures. Previous 
studies  (6,26) suggested that supratentorial and cerebellar 
convexity meningiomas are significant causes of seizures. 
Tumors in areas of the brain associated with reasoning, 
emotions and motor activities are known to more easily cause 
epileptic seizures, and tumors in or near the cortex are associ‑
ated with a higher incidence of seizures compared to tumors 
in other locations. Pathological changes of deep tissue occur 
less frequently. Regardless of patient history of preoperative 
seizures, parasagittal meningiomas located in the front third 
of the superior sagittal sinus are associated with a high inci‑
dence of postoperative seizures due to their close proximity 
to the central region of the brain. Penfield et al (27) reported 
that the incidence of seizures caused by intracranial tumors in 
the supratentorial, saddle and subtentorial areas were 50.0, 5.7 
and 2.5%, respectively. These findings may be associated with 
whether a balance between excitation and inhibition is more 
easily destroyed in different areas of the brain. The results of 
the present study support the above findings. Compared to the 
subtentorial group, the ORs of the superficial and deep supra‑
tentorial groups were 9.116 and 1.562, respectively. Therefore, 
the superficial and deep supratentorial tumor groups were at a 
higher risk for seizure compared to the subtentorial group, and 
the superficial supratentorial group was at the highest risk for 
early postoperative seizures.

In summary, a multifactorial stepwise logistic regression 
analysis of 14 clinical factors that may be correlated to early 
postoperative seizures in elderly patients who had under‑
gone resection for meningioma was performed. Following 

exclusion of the interference factors, four clinical factors 
(tumor diameter, administration of a postoperative prophy‑
lactic antiepileptic drug, PTBE and tumor site) were entered 
into a regression model as independent factors correlated 
with seizures. Furthermore, a stepwise logistic regression 
equation with a statistically significant goodness of fit test 
(P>0.05) was obtained. This equation can be used to objec‑
tively predict disease prognosis and provide guidance for 
postsurgical treatment, while laying a foundation for further 
systematic studies.
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