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Background: Seizure is one of common presentations of brain tumor. Surgical resection is helpful for controlling seizure and
for eradication of compression-related symptoms.
Objective: This study aimed to investigate seizure outcomes and the factors that are significantly associated with long-term
seizure freedom after supratentorial brain tumor surgery in patients who had seizure as a clinical manifestation.
Material and Method: This study was conducted in patients with tumor-related seizure who underwent supratentorial
surgery at Siriraj Hospital (Bangkok, Thailand) with complete postoperative follow-up >1 year. Patients were divided into
either the favorable outcome (seizure-free) group or the unfavorable outcome (not seizure-free) group. Collected data
included gender, age, seizure characteristics, neurological manifestations, radiographic characteristics, histopathologic
diagnosis, treatment, preoperative and postoperative antiepileptic drug (AEDs) use, and postoperative seizure outcome.
Results: One hundred and twenty-eight patients (53 males, 75 females) were included, with a mean age at seizure onset of
42.5+16.4 years and a mean age at surgery of 43.7+15.9 years. There were 100 patients and 28 patients in the favorable and
unfavorable groups, respectively. Rate of seizure freedom following surgery was 78%. Factors contributing to seizure-free
outcome in univariate analysis were older age at seizure onset, preoperative seizure duration <15 months, preoperative
seizure frequency <1 episode/month, absence of cortical involvement, presence of hydrocephalus, tumor of non-glial origin,
tumor of meningeal origin, absence of postoperative seizure, gross total resection, and lower number and shorter duration
of postoperative use of AEDs. In multiple regression analysis, preoperative seizure frequency <1 episode/month, absence of
postoperative seizure, and lower number of postoperative AEDs were found to be factors significantly associated with
postoperative seizure freedom.
Conclusion: In this study, 78% of patients with brain tumor became seizure-free after surgery. Independent factors significantly
correlated with seizure-free outcome included rarely occurring preoperative seizure, absence of postoperative seizure, and
number of AEDs used after surgery. These results indicate that strict control of preoperative seizure, early surgical intervention,
and total resection of the tumor increases the likelihood of postsurgical seizure freedom.
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Seizure is a common clinical manifestation in
patients with brain tumor. The frequency of epileptic
seizure as a presenting symptom is approximately 30%
to 50% in brain tumor patients(1-4). Tumor-associated
seizures significantly impair quality of life and may be
refractory to antiepileptic drug (AED) therapy. Several

factors impact the occurrence of seizures, including
tumor type, tumor location, alteration of the peritumoral
environment, and hereditary factors(3).

Surgery is the mainstay treatment in patients
with brain tumor. Tumor resection is preferred when a
tumor can be removed without risk of neurological
morbidity. Resection relieves compressive symptoms
caused by the tumor, and helps to eliminate
epileptogenic focus and to recover good seizure
control.

Several studies have reported seizure
outcomes and factors associated with seizure outcomes
after surgery. However, those studies focused primarily
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on a specific type of tumor or a specific patient age
group(5-13). The aim of this study was to investigate
seizure outcomes and the factors that are significantly
associated with long-term seizure freedom after
supratentorial brain tumor surgery in patients who had
seizure as a clinical manifestation.

Material and Method
Patient population

This study was conducted in patients with
tumor-related seizure who underwent supratentorial
surgery at the Division of Neurosurgery, Department
of Surgery, Faculty of Medicine Siriraj Hospital,
Mahidol University during the 2007 to 2014 study
period. All patients with supratentorial brain tumor who
had seizure as a clinical manifestation, underwent
surgery during this period and completed follow-up
>1 year after surgery, were included. Patients who
underwent previous brain surgery were excluded. The
protocol for this study was approved by the Siriraj
Institutional Review Board (SIRB), Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand.

Data collection
Collected data included gender, age, seizure

characteristics, clinical manifestations, radiographic
characteristics, histopathologic diagnosis, treatment,
pre-operative and postoperative AED use, and
postoperative seizure outcome. Postoperative seizure
outcome was classified using International League
Against Epilepsy (ILAE) classification(14). Patients were
classified into either the favorable seizure outcome or
unfavorable seizure outcome group. Patients with an
ILAE class 1 (seizure-free without aura) rating were
classified as having a favorable outcome. Patients with
an ILAE class rating of 2 to 6 (not seizure-free) were
classified as having an unfavorable outcome. All
patients underwent contrast-enhanced cranial magnetic
resonance imaging (MRI) within one week for malignant
tumors and six months for benign tumors. Interval
cranial MRI was followed for surveillance of tumor
recurrence. Gross total resection was defined as an
absence of residual tumor on the first postoperative
cranial MRI. Histopathologic diagnosis of brain
tumor was definitively determined by experienced
neuropathologists at our institute.

Statistical analysis
Demographic data were interpreted using

descriptive statistics. Data are reported as number and
percentage, mean + standard deviation, or median and

range. Association between postoperative seizure
outcome and individual factors was analyzed using
Pearson’s Chi-square test, Yates continuity correction,
or Fisher’s exact test. Independent t-test was used to
analyze differences in age at seizure onset and age at
surgery between groups. Mann-Whitney U test was
used to analyze duration of seizure before surgery, and
number and duration of AEDs used before and after
surgery between groups. Multiple forward binary
logistic regression analysis was used to adjust for
confounding factors associated with seizure-free
outcome. Factors with a p-value <0.1 in univariate
analysis were included in multivariable analysis.
Strength of association was evaluated using odds ratio
(OR) and 95% confidence interval (95% CI). A p-value
of less than 0.05 was regarded as being statistically
significant. Data were analyzed using PASW Statistics
version 18.0 (SPSS, Inc., Chicago, IL, USA).

Results
One hundred and twenty-eight patients were

included in this study. Of those, 53 (41.4%) and 75
(58.6%) were male and female, respectively. Mean age
at seizure onset and mean age at surgery was 42.5+16.4
years (range: 0.6 to 78.3) and 43.7+15.9 years (range:
2.1 to 79.4), respectively. Median duration of seizure
was 97.5 days, and the mean postoperative follow-up
period was 4.2 years. One hundred patients were
categorized into the favorable outcome group and 28
were allocated to the unfavorable outcome group. There
was no statistically significant difference between
groups for gender. Mean age at seizure onset in the
unfavorable outcome group (37.1 years) was
significantly lower than in the favorable outcome group
(44 years) (p = 0.049); whereas, mean age at surgery
and duration between seizure onset and surgery were
not significantly different between groups.

In univariate analysis (Table 1), older age at
seizure onset (p = 0.049), duration of seizure <15 months
(p = 0.015), rarely occurring preoperative seizure (<1
episodes/month) (p<0.001), absence of cortical
involvement (p = 0.034), presence of hydrocephalus
(p = 0.040), tumor of non-glial origin (p = 0.033), tumor
of meningeal origin (p = 0.037), and absence of
postoperative seizure (p<0.001) were significantly
associated with postoperative seizure-free outcome.
Tumor histopathology is shown in Table 2. Regarding
univariate analysis of treatment (Table 3), achievement
of gross total resection was significantly associated
with seizure freedom (p = 0.035). Moreover, as compared
to the favorable outcome group, the unfavorable



J Med Assoc Thai Vol. 100 Suppl. 4  2017                                                                                                                S61

Variable Favorable (n = 100) Unfavorable (n = 28) p-value

Demographic characteristics
Female, n (%)         58 (58.0)         17 (60.7)   0.797
Age at seizure onset (year), mean + SD         44+16.2         37.1+16.2   0.049*
Age at surgery (year), mean + SD         45+16.1         39.2+14.5   0.088

Preoperative seizure
Duration of seizure (day), median         87.5       136   0.058
Duration of seizure <15 months, n (%)         89 (89.0)         19 (67.9)   0.015*
Seizure type, n (%)
     Simple partial         22 (22.0)         10 (35.7)   0.303
     Complex partial         30 (30.0)           8 (28.6)
     Generalized         48 (48.0)         10 (35.7)
Seizure frequency, n (%)
     Rare (<1 seizures/month)         81 (81.0)         11 (39.3) <0.001
     Frequent (>1 seizures/month)         19 (19.0)         17 (60.7)

Neurologic manifestations
Motor deficit, n (%)         54 (54.0)         16 (57.1)   0.659
Sensory deficit, n (%)           8 (8.0)           1 (3.6)   0.683
Language deficit, n (%)           6 (6.0)           2 (7.1)   1.000
Visual deficit, n (%)           5 (5.0)           1 (3.6)   1.000
Cranial nerve deficit, n (%)         11 (11.0)           4 (14.3)   0.740
Increased intracranial pressure, n (%)         19 (19.0)           1 (3.6)   0.073

Preoperative radiographic characteristics
Lateralization, n (%)
     Unilateral         84 (83.0)         26 (92.9)   0.432
     Bilateral           3 (3.0)           0 (0.0)
     Midline         13 (13.0)           2 (7.1)
Extra-axial location, n (%)         40 (40.0)           5 (17.9)   0.052
Cortical involvement, n (%)         54 (54.0)         22 (78.6)   0.034*
Frontal lobe involvement, n (%)         71 (71.0)         21 (75.0)   0.858
Parietal lobe involvement, n (%)         23 (23.0)         12 (42.9)   0.065
Temporal lobe involvement, n (%)         26 (26.0)           7 (25.0)   1.000
Occipital lobe involvement, n (%)           3 (3.0)           1 (3.6)   1.000
Insular lobe involvement, n (%)         12 (12.0)           3 (10.7)   1.000
Deep structure involvement, n (%)         22 (22.0)         11 (39.3)   0.109
Perilesional edema, n (%)         83 (83.0)         21 (75.0)   0.494
Hydrocephalus, n (%)         15 (15.0)           0 (0.0)   0.040*
Tumor calcification, n (%)         14 (14.0)           1 (3.6)   0.188
Contrast enhancement, n (%)         83 (83.0)         19 (67.9)   0.135

Postoperative seizure
Absence of seizure, n (%)         81 (81.0)           6 (21.4) <0.001*
Seizure occurring before 72 hours, n (%)           3 (3.0)           1 (3.6)
Seizure occurring after 72 hours, n (%)         16 (16.0)         21 (75.0)

Postoperative radiographic characteristics
Residual or recurrent tumor, n (%)         59 (59.0)         21 (75.0)   0.185
Encephalomalacia, n (%)         71 (71.0)         15 (53.6)   0.131

Tumor type
Primary tumor, n (%)         95 (95.0)         25 (89.3)   0.371
Benign tumor, n (%)         62 (62.0)         17 (60.7)   1.000
Non-glial tumor, n (%)         52 (52.0)           8 (28.6)   0.033*
Meningeal tumor, n (%)         37 (37.0)           4 (14.3)   0.037*

* p-value <0.05 indicates statistical significance

Table 1. Demographic characteristics, clinical manifestations, radiographic characteristics, tumor pathology, and postoperative
seizure outcomes by group
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Tumor histopathology Favorable (n = 100) Unfavorable (n = 28) Total (n = 128)

Low-grade glioma
Diffuse astrocytoma, n (%)         12 (12.0)         3 (10.7)     15 (11.7)
Oligodendroglioma, n (%)           4 (4.0)         3 (10.7)       7 (5.5)
Oligoastrocytoma, n (%)           3 (3.0)         2 (7.1)       5 (3.9)
Gemistocytic astrocytoma, n (%)           0 (0.0)         3 (10.7)       3 (2.3)
Ependymoma, n (%)           2 (2.0)         0 (0.0)       2 (1.6)

High-grade glioma
Glioblastoma, n (%)         17 (17.0)         4 (14.3)     21 (16.4)
Anaplastic astrocytoma, n (%)           5 (5.0)         1 (3.6)       6 (4.7)
Anaplastic oligoastrocytoma, n (%)           5 (5.0)         2 (7.1)       7 (5.5)
Gliomatosis cerebri, n (%)           0 (0.0)         2 (7.1)       2 (1.6)

Meningeal tumor
WHO grade 1, n (%)         29 (29.0)         3 (10.7)     32 (25.0)
WHO grade 2, n (%)           6 (6.0)         1 (3.6)       7 (5.5)
WHO grade 3, n (%)           2 (2.0)         0 (0.0)       2 (1.6)

Glioneural tumor
Dysembryoplastic neuroepithelial           1 (1.0)         1 (3.6)       2 (1.6)
tumor, n (%)
Ganglioglioma, n (%)           1 (1.0)         0 (0.0)       1 (0.8)

Hematologic tumor
Lymphoma, n (%)           2 (2.0)       2 (1.6)
Histiocytic tumor, n (%)           1 (1.0)         0 (0.0)       1 (0.8)

Metastatic tumor
Brain metastasis, n (%)           5 (5.0)         3 (10.7)       8 (6.3)

Other tumor
Schwannoma, n (%)           1 (1.0)         0 (0.0)       1 (0.8)
Craniopharyngioma, n (%)           3 (3.0)         0 (0.0)       3 (2.3)
Papillary tumor of the pineal region, n (%)           1 (1.0)         0 (0.0)       1 (0.8)

Table 2. Tumor histopathology and postoperative seizure outcomes by group

Variable Favorable (n = 100) Unfavorable (n = 28) p-value

Treatment modalities
Gross total resection, n (%)         67 (67.0)           12 (42.9)   0.035*
Radiation therapy, n (%)         45 (45.0)           15 (53.6)   0.422
Chemotherapy, n (%)         16 (16.0)             7 (25.0)   0.273
Combined radiation therapy and         12 (12.0)             6 (21.4)   0.224
chemotherapy, n (%)

Preoperative AED
Median number of AEDs           1             1   0.150
Median duration of AEDs (day)         29           61   0.150

Postoperative AED
Median number of AEDs           1             2 <0.001*
Median duration of AED (day)         14.5           45.5   0.002*

Table 3. Treatment modalities and antiepileptic drugs given before and after surgery by group

* p-value <0.05 indicates statistical significance
AEDs = antiepileptic drugs
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outcome group used a significantly larger number of
AEDs (p<0.001), and had a longer duration of AED use
(p = 0.002) after the operation.

The strength of association between potential
factors and seizure-free outcome as evaluated by
multivariable analysis is shown in Table 4. Of several
analyzed variables, three factors were found to be
significantly associated with seizure-free outcome.
Rarely occurring preoperative seizure was 4.62 times
more likely to be correlated with favorable outcome
than frequently occurring preoperative seizure (p =
0.009). Absence of postoperative seizure was 15.73 times
more likely to be associated with favorable outcome
than presence of seizure within 72 hours after surgery
(p<0.001). Larger number of postoperative AEDs was
associated with decreased rate of seizure freedom (OR
0.44; p = 0.046).

Discussion
Many patients with brain tumor have seizure

as a primary clinical presentation. Uncontrolled and
frequent seizures impair patient quality of life. The
pathogenesis of brain tumor-related seizure is
multifactorial, to include: tumor cells releasing
neurotransmitters, and neuropeptides that compromise
balance between excitation and inhibition(15); extensive
inflammatory reaction in the peritumoral area(16);
changes in gap junction proteins(17); disruption of the
blood-brain barrier(18); abrupt tissue damage leading to
necrosis, hemosiderin deposition, and edema(19);
dysfunction of the peritumoral glia and neurons(20,21);
and, inhibition of GABAergic function in peritumoral
tissue(22).

Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

Preoperative seizure frequency
Frequent seizure (>1 seizures/month)   1.00     1.00
Rare seizure (<1 seizures/month)   6.59 (2.66 to 16.34) <0.001*     4.62 (1.46 to 14.65)    0.009*

Postoperative seizure
Seizure occurring after 72 hours   1.00     1.00
Absence of seizurePostoperative AED 17.72 (6.18 to 50.83) <0.001*   15.73 (4.91 to 50.40) <0.001*
Number of AEDs   0.98 (0.97 to 0.99)   0.001*     0.44 (0.19 to 0.98)   0.046*

Table 4. Multivariable analysis of potential factors found to be associated with seizure-free outcome

* p-value<0.05 indicates statistical significance
AEDs = antiepileptic drugs
In addition to the variables listed in Table 4, the following variables were included in multiple forward binary logistic
regression analysis: age at seizure onset, age at surgery, seizure duration, duration of seizure <15 months, increased intracranial
pressure, extra-axial location, cortical involvement, parietal lobe involvement, hydrocephalus, non-glial tumor, meningeal
tumor, gross total resection, and postoperative duration of AEDs

Radical tumor resection without risk of
additional neurological damage is the surgical
objective. Tumor resection relieves compressive
symptoms caused by the tumor, delays tumor growth,
improves survival, and achieves postoperative seizure
control(23-25). In patients with medically intractable
epilepsy, concurrent resection of both the tumor and
epileptogenic brain tissue renders significantly better
seizure control than tumor resection alone(26).

In our study, the rate of seizure freedom after
brain tumor surgery was 78.1%, which is comparable to
the 65 to 90% seizure freedom rates reported in previous
studies(23,27-31). Regarding age of patients, two large
systematic reviews reported that age was not associated
with seizure freedom after surgical resection of
supratentorial low-grade gliomas and glioneural
tumors(8,9). Our study found that patients with older
age at surgery tended to have a higher rate of seizure-
free outcome, but the difference was not statistically
significant. However, the favorable outcome group had
a significantly older age at seizure onset than the
unfavorable outcome group in this study (p = 0.049).

Regarding duration of seizure, our result was
similar to that of the two a forementioned systematic
reviews that reported significantly higher rates of
seizure-freedom in patients with <1 year duration of
epilepsy(8,9). Our study showed that seizure duration
<15 months was significantly associated with favorable
outcome in univariate analysis, but not in multiple
regression analysis. Some previous studies reported
preoperative seizure control as a predictor of seizure
outcome after brain tumor resection(8,10). Our study also
found that well-controlled seizure before surgery,
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represented by <1 preoperative seizures per month,
was significantly associated with postoperative seizure
freedom in both univariate and multivariable analysis.
These results imply that early resection of epileptic
brain tumors and appropriate preoperative seizure
control bring about better seizure outcomes.

Seizure outcome is also influenced by seizure
semiology. A lower rate of seizure freedom after surgery
was correlated with presence of simple partial seizure
(OR: 0.46, 95% CI: 0.26 to 0.80; p = 0.002)(8) and
secondarily generalized seizure (OR: 0.40, 95% CI: 0.24
to 0.66; p<0.001)(9). However, there was no significant
difference in seizure outcome among simple partial,
complex partial, and generalized seizures in this study.

The relationship between tumor location and
seizure-free outcome is variable. Radhakrishnan et al
reported significant unfavorable outcome in temporal
location of long-term epilepsy-associated brain tumor
(p = 0.008)(32). Other studies (including the present
study) found no association between temporal lobe
location and seizure outcome(5,8,9), and we found no
significant association between specific location of
tumor and seizure outcome. In our study, patients with
extra-axial tumor tended to have seizure-free outcome,
because most of the extra-axial tumors were
meningioma, with seizure freedom being achieved in
37 of 41 meningioma patients (90.2%). In contrast, most
of the intra-axial tumors in our study were glioma and
glioneural tumor, with seizure freedom being achieved
in only 48 of 68 patients (70.6%). However, this
difference in tumor locations did not achieve statistical
significance. There was a significant decrease in seizure
freedom rate in our patients with tumor involving the
cerebral cortex (p = 0.034). Patients with cortically-based
tumors or infiltrative tumors involving the cerebral
cortex, particularly glioneural tumor and glioma,
generally have seizure as a primary clinical manifestation
before tumor discovery. Location in or proximity to the
cortical gray matter were factors predicting occurrence
of epilepsy in patients with glioma(33). Disorganization
of dysplastic neurons, extensive inflammation in the
perilesional area, partial cortical deafferentation in slow-
growing tumors, blood-brain barrier disruption, and
increased glutamate concentration in the peritumoral
environment contribute to epileptogenesis(3,16,34,35). Our
findings revealed that presence of hydrocephalus in
preoperative neuroimaging was a factor significantly
correlated with favorable seizure outcome in univariate
analysis, but not in multivariable analysis. Most of the
tumors with hydrocephalus in our study were located
in the deep midline region, which is associated with a

lower risk of seizure when compared with tumors
situated in the more superficial portion of the cerebral
hemisphere(8). Deep midline tumors often involve the
ventricular system, which can result in obstructive
hydrocephalus. Complete removal of these tumors can
relieve symptoms caused by hydrocephalus, and might
improve seizure.

From a therapeutic point of view,
accomplishment of gross total resection was found to
be a positive predictor of seizure outcome in univariate
analysis (p = 0.035). This result was similar to the results
reported in several other studies(8,9,23,31). Radical
resection of brain tumor usually yields postoperative
seizure-free outcome by elimination of epileptogenic
tumor and adjacent brain tissue that predisposes the
patient to occurrence of repeated seizures.
Nevertheless, this variable was not a potential
predicting factor for favorable outcome of seizure in
multiple logistic regression analysis in our study. From
our review of the literature, radiotherapy and
chemotherapy also influence seizure outcome. A number
of case series showed positive effect of radiation therapy
on tumor-related seizure(36-38). A reduction in seizure of
greater than 75% was achieved in 80% of patients(37,39),
and seizure control was achieved in 54.2% of patients
undergoing stereotactic radiosurgery with gamma knife
for brain tumor(40,41). Ionizing radiation may damage
epileptogenic neurons or induce alterations in the
peritumoral environment, leading to decreased seizure
activity(34). Chemotherapy was also found to be
beneficial for seizure reduction, with seizure freedom
observed in some patients(42-44). Kahlenberg et al
reported valuable effect of radiation (p = 0.02) and
chemotherapy (p = 0.03) for seizure control. Patients
with presurgical seizures who received radiation or
chemotherapy had significantly better seizure outcomes
than those who did not(6); however, these correlations
were not observed in our study.

In our study, the number of AEDs used for
postoperative seizure control was a significant factor
correlated with postoperative seizure outcome. The
higher the number of AEDs used after the operation,
the lower the likelihood of long-term seizure freedom
after surgery. The absence of postoperative seizure
was also a strong predictor of long-term seizure freedom.
Seizure emerging before 72 hours after the operation
did not significantly increase the risk of long-term
postoperative seizure, whereas seizure occurring after
72 hours following surgery was significantly associated
with persistent postoperative seizure in multiple logistic
regression analysis.
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Conclusion
In this study, 78% of patients with brain tumor

became seizure-free after surgery. Independent factors
significantly correlated with seizure-free outcome
included rarely occurring preoperative seizure, absence
of postoperative seizure, and number of AEDs used
after surgery. Other variables that were found to be
significant in univariate analysis that might affect
postoperative seizure outcome included age at seizure
onset, duration of seizure, extra-axial location, absence
of cortical involvement, presence of hydrocephalus,
tumor of non-glial origin, tumor of meningeal origin,
and achievement of gross total tumor resection. These
results indicate that strict control of preoperative
seizure, early surgical intervention, and total resection
of the tumor increases the likelihood of postsurgical
seizure freedom.

What is already known on this topic?
Seizure is a common presenting symptom in

patients with brain tumor. In addition to relief mass
effect, resection of epileptogenic brain tumor is helpful
to control seizure.

What this study adds?
 The majority of patients with brain tumor

achieve seizure-free after brain tumor surgery. Rare pre-
operative seizure is an important predictive factor of
postoperative seizure freedom. Therefore, appropriate
seizure control before surgery is a key point in
management of epileptic brain tumor. Furthermore, early
surgical resection for prevention of chronic epilepsy
and gross total resection have positive effect on
postoperative seizure outcome.
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