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Abstract

We evaluated the effect of early surgical intervention on the change in memory performance of pa-

tients with low-grade brain tumors associated with epilepsy. Twenty-three adult patients with low-

grade brain tumors and epilepsy who underwent surgery at our institution between 2010 and 2019

were included. The Wechsler Memory Scale-Revised (WMS-R) was used to assess cognitive memory

performance. Memory performance before and after surgery was retrospectively evaluated. In addi-

tion, the relationships among preoperative memory function, postoperative seizure outcome, preop-

erative seizure control, temporal lobe lesion, and change in memory function were examined. There

were statistically significant improvements from median preoperative to postoperative WMS-R

subscale scores for verbal memory, general memory, and delayed recall (p<0.001, p<0.001, and p=

0.0055, respectively) regardless of preoperative sores and tumor location. Good postsurgical seizure

control was associated with significant improvements in postoperative WMS-R performance. Our re-

sults indicated that early surgical intervention might improve postoperative memory function in pa-

tients with low-grade brain tumors and epilepsy.
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Introduction

The cognitive benefits of good epileptic seizure control

have been studied in intractable epilepsy. Patients with

chronic epilepsy often develop cognitive impairment.1-3) The

occurrence of seizures in childhood is associated with in-

creased risk of social and educational problems and

death.4) However, there are few comprehensive reports on

epilepsy associated with brain tumors, and early surgical

intervention remains controversial.5,6) In patients who un-

dergo surgical treatment for epilepsy, postoperative cogni-

tive performance is frequently evaluated using validated

cognitive and memory tests. Some studies have reported

improvement, whereas others have reported deteriora-

tion.7-14) Therefore, there is uncertainty about whether sur-

gical treatment for epilepsy improves cognitive function.

Pharmacotherapy is the first option for treating most pa-

tients with epilepsy, but some patients do not respond to

antiseizure medications (ASMs). Clinicians should consider

early surgical intervention if gross total resection can be

achieved because it can lead to effective seizure control

and eventual discontinuation of ASMs.15-17) If seizures re-

main uncontrolled for more than 2 years after the initial

seizure despite the use of ASMs, patients are considered to

have intractable epilepsy.18) After this period of pharmaco-

therapy, patients are often referred to epilepsy surgeons. As

mentioned above, early surgical intervention is desirable

due to the possibility of good seizure control, especially for

epileptic seizures associated with low-grade brain tumors.

However, neurosurgeons, especially epilepsy surgeons, are

not always available for the initial intervention in patients

with epileptic seizures. The time to surgery depends

largely on the time to consultation. Therefore, it is impor-

tant to educate neurologists to consult neurosurgeons as
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early as possible for patients with epilepsy who have low-

grade brain tumors. It is also important for neurosurgeons

to have the option of performing early surgical interven-

tion after consultation. At our institution, the treatment

strategy for non-malignant brain tumors associated with

epilepsy is to perform early surgical intervention in antici-

pation of possible intractable epilepsy and to achieve effec-

tive seizure control. In this study, we examined how early

surgical intervention for low-grade brain tumors with epi-

lepsy affects cognitive function, especially postoperative

memory function.

Materials and Methods

Patients

The inclusion criteria were as follows: (i) craniotomy for

a brain tumor with seizure onset diagnosed at the Sapporo

Medical University Hospital between 2010 and 2019, (ii)

age at surgery of 20 years or above, and (iii) availability of

preoperative total and composite subscale WMS-R19) scores.

Brain tumors were defined as low-grade tumors such as

ganglioglioma, diffuse astrocytoma, oligodendroglioma, and

cerebral cavernous malformation.20) Patients were eligible

for study inclusion if they could be followed for at least 1

year. Patients were excluded from the study if (i) either

preoperative or postoperative data were missing, (ii) the

WMS-R was administered only in the early postoperative

period and the results did not rule out a learning effect, or

(iii) valid WMS-R testing was not possible due to the pa-

tient’s age or severe mental deterioration.

Seizure outcome was assessed based on seizure fre-

quency at 1 year after surgery. Postoperative seizure out-

comes were categorized by seizure frequency as follows.

Patients who experienced 0-1 seizures during the year after

surgery were classified into the good seizure outcome

group. Patients with 2 or more seizures during the year af-

ter surgery were classified into the poor seizure outcome

group. Regarding reductions in ASM use after surgery, our

department’s policy was essentially to wait for 2 years after

surgery before tapering medications based on the patient’s

background.

Patient background and demographic factors that were

analyzed in this study included age; sex; laterality of sur-

gery; lobe of seizure origin; pathological diagnosis; invasion

of the hippocampus, mammillary body, and corpus callo-

sum; preoperative seizure control; number of ASMs at the

time of surgery; number of days from the first epileptic sei-

zure to surgery; number of days from the first outpatient

consultation at our hospital to surgery; and number of

days from surgery to WMS-R examination. Preoperative

seizure control was categorized by seizure frequency as

follows: patients who experienced 0 or 1 epileptic seizure

after their first seizure were classified as having good sei-

zure control and those with 2 or more seizures after their

first seizure and before surgery were classified as having

poor seizure control. This retrospective study was ap-

proved by the ethics committee of the Sapporo Medical

University Hospital (approval number 322-201).

Comparison of preoperative and postoperative WMS-R

scores

The preoperative and postoperative WMS-R subscale

scores of each patient were compared to determine

whether there was a significant improvement with surgery.

Using a cutoff score of 85, the lower limit of normal (LLN),

the impact of the preoperative WMS-R scores on the post-

operative WMS-R scores was compared between patients

with and without good postoperative seizure control.

Moreover, preoperative and postoperative WMS-R scores

were compared between patients with and without good

postoperative seizure control. To investigate the relation-

ship between preoperative seizure control and postopera-

tive changes in memory function, the ratios of preopera-

tive to postoperative WMS-R subscale scores were used to

examine differences in score improvement based on preop-

erative and postoperative seizure control, respectively. The

WMS-R was administered by an occupational therapist

within 2 months to 1 year after surgery.

Patients with temporal lobe lesions

Among the eligible patients, WMS-R subscale scores

were compared before and after surgery only in patients

with temporal lobe lesions. Patients with improvements of

10% or above in preoperative versus postoperative WMS-R

subscale scores were classified into the functional im-

provement group. Patients with improvements of less than

10% were classified into the non-functional improvement

group. The relationship between functional improvement

status and each background factor was examined. To ex-

amine differences between the left and right hemispheres,

the preoperative to postoperative ratios of the WMS-R

scores were statistically compared by hemisphere.

Statistical analysis

To test for possible selection bias between patients with

and without good postoperative seizure control, the distri-

bution of sex, laterality of surgery, and pre-seizure control

were analyzed using Fisher’s exact test. Similarly, the distri-

bution of lobe of seizure origin, pathological diagnosis,

number of ASMs at the time of surgery, and invasion of

hippocampus, mammillary body, and corpus callosum were

analyzed using the chi-squared test. The distribution of

age, number of days from the first epileptic seizure to sur-

gery, number of days from the first outpatient consultation

at our hospital to surgery, and number of days from sur-

gery to WMS-R examination were analyzed using the

Mann-Whitney U test. Preoperative to postoperative

changes in median WMS-R subscale scores were compared

using the Wilcoxon signed-rank test. P-values < 0.05 were

considered statistically significant. All statistical analyses
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Table　1　Patient profile

All (n=23) Good seizure outcome (n=19) Poor seizure outcome (n=4) p-value

Age, years 33.0 (24.0-36.0) 34.0 (29.0-36.0) 37.5 (20.2-54.7) 0.5968

Sex
Male 12 10 2 1

Female 11 9 2

Laterality 

of surgery

Right 12 10 2 1

Left 11 9 2

Location

Frontal 6 4 2 0.4481

Temporal 13 12 1

Parietal 3 2 1

Occipital 1 1 0

Pathology

CCM 6 6 0 0.0075

GG 7 7 0

DA 4 1 3

OG 6 5 1

Number of 

ASMs

1 20 17 3 0.6787

2 3 2 1

≥3 1 1 0

Pre-seizure 

control

Good 15 12 3 1

Poor 8 7 1

Days 111 (40-351) 188 (47-516) 35 (29.2-91) 0.0566

Pre-op days 35 (29-76) 42 (29-104) 32 (15.7-64.7) 0.3502

Examination days 93 (65-224) 93 (65-224) 122 (63-214) 0.7764

Each value describes the median and interquartile range. CCM: cerebral cavernous malformation, GG: ganglioglio-

ma, DA: diffuse astrocytoma, OG: oligodendroglioma, ASM: antiseizure medication, Days: number of days from the 

first epileptic seizure to surgery, Pre-seizure control: preoperative seizure control, Pre-op days: number of days from 

the first outpatient consultation at our hospital to surgery, Examination days: number of days from surgery to 

Wechsler Memory Scale-Revised testing.

were performed using JMP Pro 15 software (SAS Institute,

Cary, NC, USA).

Results

Patients

There were 30 patients diagnosed with low-grade brain

tumors and seizure onset who underwent surgery between

2010 and 2019, of whom 23 (12 males and 11 females)

were included in the analysis. Table 1 summarizes the

background and demographic factors of the study patients

by seizure outcome. Patients with and without good post-

operative seizure control were evenly distributed in terms

of age, sex, laterality of surgery, lobe of seizure origin, pre-

seizure control, and number of ASMs. Pathological diagno-

sis was significantly associated with postoperative seizure

outcome (p=0.0075). Diffuse astrocytoma was strongly as-

sociated with poor postoperative seizure control. The me-

dian number of days from the first epileptic seizure to sur-

gery, median number of days from first outpatient consul-

tation at our institution to surgery, and median number of

days from surgery to WMS-R examination were not signifi-

cantly different between the two seizure outcome groups

(p=0.0566, p=0.3502, and p=0.7764, respectively). Most pa-

tients were treated within a short time from the onset of

the disease (median, 111 [interquartile range, 40-351]). The

age at surgery was almost equal to that at first seizure. Of

the 23 patients, 2 had tumor invasion of the corpus callo-

sum, 4 had invasion of the hippocampus, and none had in-

vasion of the mammillary bodies. Regarding the extent of

tumor removal, most gangliogliomas and cerebral cavern-

ous malformations and surrounding hemosiderin deposits

were almost completely removed. For diffuse astrocytoma

and oligodendroglioma, patients with partial resection

were included because in some cases the tumor extended

into a functional area.
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Table　2　Differences in WMS-R subscale score improvement by preoperative WMS-R scores

Preoperative WMS-R score Preoperative score Postoperative score p-value

Verbal memory
<85 76.5 (66.2-78.7) 87 (78.5-100) 0.0156

≥85 98 (92-106) 107 (99-113) 0.0073

Visual memory
<85 - - -

≥85 105 (100.5-112.2) 112 (104.7-118) 0.2181

General memory
<85 82 (73.5-83.7) 91.5 (80.5-100.2) 0.0156

≥85 99 (91-109) 109 (102-117) 0.0081

Attention
<85 84 (81-84) 92 (81-97) 0.1094

≥85 99 (92-110.5) 107 (84.7-116.7) 0.7541

Delayed recall
<85 74 (72-81) 90 (73-95) 0.0313

≥85 98.5 (88.7-108.7) 108 (101.2-115) 0.1073

Each value describes the median and interquartile range. WMS-R: Wechsler Memory Scale-Revised

Fig.　1　Preoperative and postoperative WMS-R subscale scores. Patients had improved WMS-R subscale scores for verbal memo-

ry, general memory, and delayed recall; p<0.05 was considered statistically significant.

Comparison of preoperative and postoperative WMS-R

scores

The preoperative to postoperative WMS-R subscale score

changes are graphically presented in Fig. 1. In the 23 pa-

tients, there were statistically significant improvements

from median preoperative to postoperative WMS-R

subscale scores for verbal memory (92-100), general mem-

ory (91-103), and delayed recall (88-102) (p<0.001, p<0.001,

and p=0.0055, respectively). No significant changes were

found in median scores for visual memory (104-111) or at-

tention/concentration (92-97) (p=0.1563 and p=0.2498, re-

spectively).

Table 2 summarizes the preoperative and postoperative

WMS-R subscale scores by preoperative WMS-R score (nor-

mal, �85 versus impaired, <85). Patients who scored less

than 85 on each preoperative WMS-R subscale had statisti-

cally significant improvements in postoperative scores for

verbal memory, general memory, and delayed recall (p=

0.0156, p=0.0156, and p=0.0313, respectively). No significant

changes were observed in attention/concentration (p=

0.1094). For visual memory, there was only one corre-

sponding patient who scored less than 85; thus, statistical

analysis was not performed. Patients who scored 85 or

higher on each preoperative WMS-R subscale had statisti-
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Table　3　Preoperative and postoperative WMS-R subscale scores by postoperative seizure outcome status

Good seizure outcome (n=19) Poor seizure outcome (n=4)

Preoperative score Postoperative score p-value Preoperative score Postoperative score p-value

Verbal memory 92 (79-98) 105 (95-113) <0.0001 83.5 (53.5-106.7) 77 (55.5-105.2) 1

Visual memory 106 (104-113) 114 (106-118) 0.0508 99 (75-105.7) 86.5 (79.5-101.7) 0.625

General memory 92 (84-101) 109 (98-114) <0.0001 77.5 (55.5-102.5) 77 (56.2-86.5) 1

Attention/concentration 95 (87-109) 102 (87-116) 0.1530 84 (81.7-90) 80 (76.5-89.2) 0.001

Delayed recall 90 (79-105) 105 (93-114) 0.0137 80 (60.5-88.2) 79 (65-99) 0.375

Each value describes the median and interquartile range. WMS-R: Wechsler Memory Scale-Revised

cally significant improvements in postoperative scores for

verbal memory and general memory (p=0.0073 and p=

0.0081, respectively). No significant changes were observed

in visual memory, attention/concentration, or delayed re-

call (p=0.2181, p=0.7541, and p=0.1073, respectively). Table

3 summarizes the preoperative and postoperative WMS-R

subscale scores of patients with versus without good post-

operative seizure control. There were significant postopera-

tive improvements in scores for verbal memory, general

memory, and delayed recall in patients with good postop-

erative seizure control (p<0.0001, p<0.0001, and p=0.0137,

respectively). However, in patients with poor postoperative

seizure control there were no significant postoperative im-

provements in the scores for any subscale. There were no

statistically significant differences in WMS-R subscale score

improvements between patients with good and poor pre-

operative epileptic seizure control (Supplementary Table

1).

Patients with temporal lobe lesions

Thirteen patients with temporal lobe lesions were in-

cluded in this study. Table 4 presents a summary of these

13 patients. Of the 8 patients with poor preoperative sei-

zure control, 7 had temporal lobe lesions. On the other

hand, good postoperative seizure outcomes were achieved

in 12 of 13 patients with temporal lobe lesions. With re-

gard to changes in preoperative to postoperative WMS-R

subscale scores, there were statistically significant improve-

ments in scores for verbal memory (95-105), general mem-

ory (91-105), and delayed recall (89-105) (p=0.0002, p=

0.0005, and p=0.0349, respectively). Scores for visual mem-

ory (106-114) and attention/concentration (97-107) showed

no significant improvement (p=0.1919 and p=0.1223, re-

spectively). Based on a cutoff of 10% to indicate improve-

ment, there were no differences in most background fac-

tors between patients with versus without postoperative

improvement in WMS-R scores for verbal memory, general

memory, or delayed recall (Supplementary Table 2). Pa-

tients who had 10% improvement or above in delayed re-

call scores tended to be older (p=0.0095). There were sta-

tistically significant differences observed in preoperative to

postoperative ratios of WMS-R scores by hemisphere (Sup-

plementary Table 3).

Discussion

In this retrospective study, we found that early surgical

intervention improves postoperative WMS-R subscale

scores in patients with low-grade brain tumors associated

with epilepsy. Even in patients whose preoperative memory

function was at the LLN, improvement to the upper limit

of normal was observed. Improvements in WMS-R scores

might be more pronounced in patients with good postop-

erative seizure control. On the other hand, the degree of

improvement in postoperative WMS-R subscale scores was

not dependent on preoperative control of epileptic sei-

zures. In the analysis limited to patients with temporal

lobe lesions, improvement in memory function was ex-

pected; this was also true for patients with hippocampal

infiltration and medial temporal lobe resection. Although

the timing of surgery for brain tumors associated with epi-

lepsy has been controversial, the results of this study

might provide evidence of the benefits of early surgical in-

tervention.

In this study, postoperative WMS-R performance was

better than preoperative WMS-R performance, even when

the preoperative WMS-R scores were below the LLN (i.e.,

<85). Specifically, significant improvements were observed

in scores for verbal memory, general memory, and delayed

recall. Our results are not in agreement with those of sev-

eral previous studies showing that cognitive deficits after

surgery generally remained stable over time despite effec-

tive postoperative seizure control.21-23) This discrepancy

might be explained by the hypothesis that memory plastic-

ity is preserved to a greater extent than plasticity in other

cognitive domains such as executive function in patients

with chronic epilepsy. Although it has been reported that

ASMs might have neuropsychological effects,24,25) the num-

ber of ASMs did not affect the results in this study, which

might have been due to the short time between the onset

of epilepsy and surgery (median, 111 [interquartile range,

40-351] days) and the fact that most ASMs used were new

antiepileptic drugs such as levetiracetam, which are less

likely to affect cognitive function. In this study, the WMS-R
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Table　4　Profile and differences in preoperative and postoperative WMS-R scores in patients with temporal lobe epilepsy

Age, 

years
Sex

Pathol-

ogy
Days

Pre-op 

days

Later-

ality of 

surgery

Invasion 

of 

hippo-

campus

MTLR

Num-

ber of 

ASMs

ASMs

Pre-

seizure 

control

Seizure 

out-

come

Verbal 

memory 

preop-

erative 

score

Verbal 

memory 

postop-

erative 

score

Visual 

memory 

preop-

erative 

score

Visual 

memory 

postop-

erative 

score

General 

memory 

preop-

erative 

score

General 

memory 

postop-

erative 

score

Attention/

concen-

tration 

preopera-

tive score

Attention/

concen-

tration 

postop-

erative 

score

Delayed 

recall 

preop-

erative 

score

Delayed 

recall 

postop-

erative 

score

16 M DA 29 11 R - - 2 LEV 

VPA

× × 103 113 99 105 83 89 81 92 89 102

24 F CCM 586 584 L - - 1 LTG × ○ 76 95 114 114 84 101 97 111 70 93

25 M CCM 2393 45 L - - 1 LEV × ○ 77 79 101 106 81 85 81 93 74 90

34 M DA 111 15 L + + 1 LEV × ○ 73 87 104 116 78 94 81 87 78 79

36 M GG 52 35 L + - 1 CBZ ○ ○ 88 91 104 106 91 94 138 124 79 78

17 M GG 238 29 L - - 1 LEV ○ ○ 85 121 106 118 89 124 115 129 87 120

24 M OG 39 34 R - - 1 LEV ○ ○ 96 119 87 119 92 121 84 97 88 121

29 F CCM 188 42 R - - 1 LEV ○ ○ 78 100 119 114 87 105 87 84 94 110

35 F CCM 516 47 R + + 1 LEV ○ ○ 95 113 120 113 102 114 101 108 102 115

36 F GG 114 76 L - - 1 LEV ○ ○ 98 105 106 120 100 110 103 107 105 115

36 F GG 294 64 L + + 1 CBZ × ○ 107 113 120 122 111 117 109 122 108 105

35 M GG 681 104 L - - 2 LEV 

CBZ

× ○ 106 109 113 118 109 112 92 117 111 106

32 M CCM 196 30 R - - 2 LEV 

PHT

× ○ 95 99 109 94 98 97 103 81 112 99

WMS-R: Wechsler Memory Scale-Revised, Days: number of days from the first epileptic seizure to surgery, Pre-op days: number of days from the first outpatient consultation 

at our hospital to surgery, DA: diffuse astrocytoma, CCM: cerebral cavernous malformation, GG: ganglioglioma, OG: oligodendroglioma, MTLR: medial temporal lobe resec-

tion, ASM: antiseizure medication, LEV: levetiracetam, VPA: valproic acid, LTG: lamotrigine, CBZ: carbamazepine, PHT: phenytoin, Pre-seizure control: preoperative seizure 

control.

was administered within the first postoperative year, and

ASM use was essentially unchanged during that time. In

the longer term, patients can be successfully weaned off

ASMs if surgical intervention achieves good seizure con-

trol.

When comparing WMS-R scores before and after sur-

gery, the good seizure outcome group had significant im-

provements in verbal memory, general memory, and de-

layed recall. By contrast, no significant improvements were

observed in the poor seizure outcome group. Although the

possibility of selection bias cannot be ruled out due to the

small number of patients in the poor seizure outcome

group, the study results suggested that seizure outcome

might have influenced the WMS-R results. Of the 23 pa-

tients, 19 had good seizure control after surgery, suggest-

ing that surgery is a fairly effective treatment strategy for

epileptic seizures associated with low-grade brain tumors.

Chronic epilepsy causes severe cognitive dysfunction.3,26,27)

Therefore, in order to achieve good seizure control at an

earlier stage, surgical intervention to control seizures in

patients with intractable epilepsy can partially restore

memory function that had been impaired by prolonged,

uncontrolled epilepsy.

Similar to the overall results, when the analysis was lim-

ited to patients with temporal lobe lesions, significant im-

provements were observed in verbal memory, general

memory, and delayed recall scores after surgery. Because of

the small number of patients with temporal lobe lesions in

the poor seizure outcome group, we were unable to com-

pare the improvement of memory function before and af-

ter surgery by seizure outcome. However, memory function

improved in patients with temporal lobe lesions as a

whole, supporting early surgical intervention, especially in

patients with epilepsy and low-grade brain tumors located

in the temporal lobe, which is involved in memory func-

tion. Although many patients with temporal lobe lesions

had poor preoperative seizure control (7/13; 53.8%), good

seizure outcome (12/13; 92.3%) was achieved after surgery.

These results suggest that it might be difficult to achieve

seizure control in patients with temporal lobe lesions with

pharmacotherapy alone, but good seizure control might be

easily achieved with surgery. In addition, the study did not

identify any patient background factors that affected

scores on these items between patients with scores that

improved by more than 10% postoperatively and patients

with scores that improved by less than 10% postopera-

tively. The hippocampus is a component of the Papez cir-

cuit, a memory pathway, but lesion invasion of this region

did not influence outcomes. Similarly, medial temporal

lobectomy did not affect outcomes.

Long-term epilepsy-associated tumors (LEATs) are be-

nign neuroepithelial tumors.20,28) Most LEATs, such as
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dysembryoplastic neuroepithelial tumors, gangliogliomas,

and pilocytic astrocytomas, correspond to World Health

Organization (WHO) grade I brain tumors with low prolif-

erative potential. However, their broad neuropathologic

spectrum and the absence of distinctive histopathological

features make it impossible to classify them based on the

WHO brain tumor grading system.29) LEATs account for

2%-5% of all brain tumors30) and are the second most com-

mon neuropathological finding in epilepsy surgery.29) Surgi-

cal resection of LEATs leads to seizure relief in 60%-100%

of patients.4,31,32) Surgical treatment of LEATs is indicated to

control seizures,1) although their slow-growing nature and

benign long-term course suggest that surgical intervention

might not be needed to prevent tumor progression.20,33) Al-

though the duration from first seizure to surgery for LEATs

has recently been shortened, it is still reported to be more

than 5 years.29) Early surgical interventions in small chil-

dren with intractable epilepsy help prevent cognitive dete-

rioration.27) Surgical treatments are also effective for seizure

control in adult patients.34) Moreover, given the long-term

adverse cognitive effects of ASMs, particularly in patients

on regimens with multiple drugs,24) early surgery might be

an important option to reduce or completely discontinue

the use of ASMs. Our results suggest that surgical treat-

ment of LEATs in adults can help prevent seizures and

cognitive deterioration. Furthermore, our results suggest

that early surgery contributes to preventing cognitive dete-

rioration and the adverse effects of ASMs.

Several limitations of this study should be noted. First,

due to the small number of patients, multivariate analysis

could not be performed. In addition, there are many con-

founding factors such as differences in pathology results

and surgical approaches. However, the number of adult pa-

tients with epilepsy associated with non-malignant brain

tumors who can undergo cognitive function testing is lim-

ited. It could be important to discuss the possibility, in

terms of improving WMS-R scores, of early surgery for epi-

lepsy being recommended for adults with organic lesions

as well as for children. Second, the study used a retrospec-

tive design and the postoperative WMS-R test was admin-

istered only once, at varying timepoints after surgery.

Third, although LEATs are typically defined as tumors that

have caused drug-resistant epilepsy for 2 years or longer,20)

patients in our study underwent surgery less than 2 years

after disease onset. The standard procedure at our institu-

tion is to conduct early surgery for low-grade gliomas in

non-elderly patients. Cerebral cavernous malformations in

non-functional regions are proactively treated with surgery

to reduce the risk of bleeding. Four patients (three cerebral

cavernous malformations, one ganglioglioma) had more

than 2 years elapsed between their first seizure and sur-

gery, which could not be strictly described as early surgical

intervention. On the other hand, patients referred to our

outpatient clinic with a diagnosis or suspicion of benign

brain tumor with epileptic seizures underwent surgery af-

ter a median of 35 days, a relatively short time. Fourth,

due to the small size of the poor seizure outcome group,

type II error in the poor seizure outcome group cannot be

ruled out when comparing by seizure outcome. Fifth, since

the WMS-R focuses on the components of memory func-

tion,35,36) our results did not cover a broad spectrum of cog-

nitive functions. Our data suggest that a prospective study-

with a large cohort of patients with intractable epilepsy is

warranted to investigate changes between preoperative and

postoperative performance using other cognitive function

tests, such as the Wechsler Adult Intelligence Scale, Trail

Making Test, Behavioral Assessment of the Dysexecutive

Syndrome, and Wisconsin Card Sorting Test.

Conclusion

In patients with brain tumors associated with epilepsy,

early surgical intervention might be associated with im-

proved postoperative memory function. This effect can be

expected regardless of preoperative functional decline.

Good postsurgical seizure control was associated with sig-

nificant improvements in postoperative WMS-R perform-

ance. This retrospective study suggests that early surgical

intervention for low-grade brain tumors associated with

epilepsy might help maintain or improve cognitive func-

tion.
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