
Introduction

Post-operative seizures are well-known complications of

ruptured cerebral aneurysm, but incidence and risk factors

have differed among reports.11) 15) 16) 22) 25) 27-31) 33) 36) The reported

risk of seizure after surgery for ruptured cerebral aneurysms

has varied between 3% and 27.5%.1-6)8-16)19-26)29-36) Such

inconsistency may be due to different criteria for patient

selection, variable follow-up periods, and different timing

and methods of surgery.

Post-operative seizure after ruptured cerebral aneurysm is

well-established. The effect of craniotomy, however, has not

been well evaluated.1)5)8)15)16)18)19)26)30) Additionally, there are few

reports of seizures after coil embolization for ruptured

cerebral aneurysm.4)

The use of anti-epileptic drug (AED) after aneurysmal surgery

is common, but treatment duration, efficacy, and scientific

support for AED usage are not well-established.2)7)30)31)35)

This study was designed to find the risk factors of seizures

after aneurysmal surgery, and to provide guideline for

prophylactic AED administration.

Materials and Methods

Aneurysmal SAH patients, treated from March 1996 to

August 2004, were reviewed retrospectively. Patients who

were not followed for at least one year or who had a

previous history of seizure or epilepsy were excluded.

Variables included age, sex, Hunt-Hess grade, Fisher grade,

aneurysm location, delayed ischemic neurological deficit

(DIND), hydrocephalus, intracerebral hemorrhage (ICH),

cerebral infarct, and decompressive lobectomy. The Chi-

Square test was used for univariate analyses, and Fisher’s

Exact Test was used when the population is too small so that
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Chi-Square Test is not appropriate. The parameters proved

to be statistically significant in univariate analyses were re-

analyzed by multivariate logistic regression analysis.

Statistical significance was defined as a p-value less than

0.05.

Results

A total of 512 patients were enrolled. 189 patients were

male, and the male to female ratio was 1:1.8. The mean age

was 48.2 years, and the mean follow-up period was 50.1

months. The mean duration of AED usage was 12 months.

451 patients were treated with aneurysmal neck clipping and

61 patients with coil embolization of the aneurysm. Among

the 512 patients, 20 patients (3.9%) presented with seizures.

The incidence of seizure was 4.2% in the group of age

younger than 40 year old, 4.8% in the age of fifties, 3.6% in

the sixties, and 4.1% in the seventies. There was no

significant difference of seizure incidence between different

age groups (Table 1). Table 2 shows the locations of the

ruptured cerebral aneurysms. The incidence of seizure was

3.5% in the group of internal carotid artery (ICA) aneurysm,

5.0% in the group of middle cerebral artery (MCA)

aneurysm, 4.2% in the group of anterior communicating

artery (AComA) aneurysm, and 2.8% in the vertebrobasilar

artery aneurysm. In case of the ruptured aneurysms in the

MCA and AComA, the incidence of seizure was slightly

higher than others but statistically not significant. The

incidence of seizure was 3.7% in the group of small

aneurysm (smaller than 5 mm in diameter), 3.8% in the

group of the aneurysm size from 6 mm to 10 mm, and 5.6%

in those with large aneurysm (larger than 10 mm). Aneurysm

size was not related to seizure occurrence (Table 3). None of

patients in the Hunt-Hess Grade I showed seizure. 1.2% of

the patients In Grade II, 3.8% in Grade III, 8.6% in Grade

IV, and 23.1% in Grade V had seizures. Higher Hunt & Hess

Grade had higher incidence of seizures significantly (Table

4). The Amount of SAH affected the incidence of seizures;

2.5% in Fisher Group I, 1.3% in Group II, 3.3% in Group III.

Fisher Group was significantly associated with the risk of

seizure (9 of 74 patients in Group IV, 12.2%) (Table 5).

Table 6 reveals the relationship between the various clinical

parameters and seizures. Six of 85 patients (7.1%) with

DIND had seizures, however, it was not statistically

significant. Among 194 patients with hydrocephalus, 13

patients (6.7%) developed seizures. Hydrocephalus was
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related to a significantly higher risk of seizure. In patients

with ICH, the incidence of seizure was also significantly

higher (8.7%). Patients with cerebral infarct present high

incidence of seizure (3 of 23, 13.0%). Although the

difference was proved to be not statistical significant due to

small population (p-value;0.0206 in Chi-Square Test versus

0.0547 in Fisher’s Exact Test), it was thought to be

associated with seizures. Among 451 patients treated

surgically, 34 patients received decompressive cerebral

lobectomy. In these patients, 5 (14.7%) presented with

seizures, and lobectomy was associated with a significantly

higher seizure risk. Interestingly, none of the 61 patients

treated with endovascular coil embolization had any

seizures. But, the endovascular procedures was not

associated with seizure risk regardless of age-sex matched

correction. With significant factors in univariate analyses

(Hunt-Hess grade, Fisher grade, Hydrocephalus, ICH,

decompressive lobectomy), multivariate logistic regression

analysis was performed, and Hunt-Hess grade was only

statistically significant risk factor (Table 7).

Discussion

Seizures after aneurysmal SAH are a well-known

complication, but the incidence and risk factors of seizures

vary among previous reports.11)15)16)22)25)27-31)33)36) These

inconsistencies may be associated with differences in the

definition of seizure or epilepsy, follow-up period, or patient

population. Nonetheless, the incidence of seizures has

declined from 10~27%5)29)32) before 1976, to 3~10% more

recently.2)11)15)22)28)30)33)34)35) This change may be due to more

advanced microsurgical techniques, AEDs, anesthetic

methods, and the evolution of management programs.

Seizure risk factors also vary among reports. The

following have all been reported as risk factors: younger age,

middle cerebral artery aneurysms, intracerebral hematoma,

poor initial clinical grade, postoperative focal neurological

deficit due to cortical infarction, rebleeding, intra-operative

damage including medial temporal lobe retraction, resection

of the gyrus, history of seizures, persistent post-operative

deficit, shunt-dependent hydrocephalus, EEG abnormality,

multiple lesions, duration of coma, hypertension, amount of

subarachnoid hemorrhage, wrapping technique, and onset

seizure.1-6)8-16)19-26)29-36) A number of factors are mentioned in

many reports, but some are reported in only one.

In this study, seizures were associated with Hunt-Hess

grade, Fisher grade, hydrocephalus, intracerebral hematoma,

and decompressive lobectomy. Patients with cerebral infarct

were so few that it did not show statistical significance, but it

is thought to be correlated with seizures. These showed that
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seizures after aneurysmal SAH seemed to be closely related

to secondary cortical damage. Patients with middle cerebral

artery aneurysms had a relatively higher incidence of

seizure, although the difference was not statistically

significant. Age was not associated with seizure.

Although, Byrne et al, reported that endovascular

procedure seemed to have relatively low risk of seizure due

to low risk of cortical injury,4) there are many obstacles and

biases that complicate the comparison of patients treated

with endovascular coil embolization or surgery. In this

study, despite of no seizure with patients treated by

endovascular procedures, endovascular procedures is proved

not to be associated with seizure risk. Age-sex matched

correction did not affect the result. A larger, randomized,

well-planned study is needed to conclude whether

endovascular procedures are associated with low seizure

risk, compared that associated with surgery.

There are many controversies surrounding the

prophylactic use of AEDs in cases of aneurysmal SAH, and

regimens vary in different centers.2)7)30)31)35) Many authors

argue that long-term prophylaxis should be restricted. Byrne

et al. discourage prophylactic AED prescription and argue

that it is unnecessary, especially in patients treated solely

with coil embolization.1)2)4)12) Such restrictions seem well

advised, given the lower incidence of seizures in recent

reports. Our study also supports reducing AED prophylaxis,

although not decisively.

Conclusions

The significant risk factors associated with seizures

following aneurysmal SAH were poor initial Hunt-Hess

grade (IV and V), poor Fisher grade (IV), hydrocephalus,

intracerebral hematoma, and decompressive lobectomy.

Among these, Hunt-Hess grade was the only high risk factor

proven by multivariate regression logistic analyses. Long-

term prescription of prophylactic AED was restricted to the

high-risk patients, as characterized in this study.

01) Baker CJ, Prestigiacomo CJ, Solomon RA. Short-term
perioperative anticonvulsant prophylaxis for the surgical
treatment of low-risk patients with intracranial aneurysms.
Neurosurgery 37:863-71, 1995

02) Bidzinski J, Marchel A, Sherif A. Risk of epilepsy after

aneurysm operations. Acta Neurochir (Wien) 119:49-52, 1992
03) Butzkueven H, Evans AH, Pitman A, Leopold C, Jolley DJ,

Kaye AH, et al. Onset seizures independently predict poor
outcome after subarachnoid hemorrhage. Neurology 55:1315-
20, 2000

04) Byrne JV, Boardman P, Ioannidis I, Adcock J, Traill Z.
Seizures after aneurysmal subarachnoid hemorrhage treated
with coil embolization Neurosurgery 52:545-52, 2003

05) Cabral RJ, King TT, Scott DF. Epilepsy after two different
neurosurgical approaches to the treatment of ruptured
intracranial aneurysm. J Neurol Neurosurg Psychiatry
39:1052-6, 1976

06) Chang IB, Cho BM, Shin DI, Shim YB, Park SH, Oh SM. Risk
of seizures after operative treatment of ruptured cerebral
aneurysms. J Korean Neurosurg Soc 30:705-10, 2001

07) Deutschman CS, Haines SJ. Anticonvulsant prophylaxis in
neurological surgery. Neurosurgery 17:510-7-1985

08) Fabinyi GCA, Artiola-Fortuny L. Epilepsy after craniotomy
for intracranial aneurysm. Lancet 1:1299-300, 1980

09) Foy PM, Copeland GP, Shaw MDM. The incidence of
postoperative seizures. Acta Neurochir (Wien) 55:253-64, 1981

10) Hart RG, Byer JA, Slaughter JR. Occurrence and implications
of seizures in subarachnoid hemorrhage due to ruptured
intracranial aneurysms. Neurosurgery 8:417-21, 1981

11) Hasan D, Schonck RSM, Avezaat CJJ, Tanghe HLJ, van Gijn
H, van der Lugt PJM. Epileptic seizures after subarachnoid
hemorrhage. Ann Neurol 33:286-91, 1993

12) Hayashi T, Hadeishi H, Kawamura S, Nonoyama Y, Suzuki A,
Yasui N. Postoperative anticonvulsant prophylaxis for patients
treated for cerebral aneurysms. Neurol Med Chir (Tokyo)
39:828-33, 1999

13) Ise H, Yamaura A, Isobe K. Follow-up study of intracranial
aneurysms with special reference to long-term social
rehabilitation. Neurol Med Chir (Tokyo) 25:541-50, 1985

14) Jeffreys RV. Early complications and results of surgery for
ruptured intracranial aneurysms. Acta Neurochir (Wien)
56:39-52, 1981

15) Keranen T, Tapaninaho A, Hernesniemi J. Late epilepsy after
aneurysm operations. Neurosurgery 17:897-900, 1985

16) Krayenbuhl HA, Yasargil MG, Flamm ES. Microsurgical
treatment of intracranial saccular aneurysms. J Neurosurg
37:678-86, 1972

17) Lin CL, Dumont AS Lieu AS, Yen CP, Hwang SL, Kwan AL,
et al. Characterization of perioperative seizures and epilepsy
following aneurysmal subarachnoid hemorrhage. J Neurosurg
99:978-85, 2003

18) North JB, Penhall PK, Hanieh A, Frewin DB, Taylor WB.
Phenytoin and postoperative spilepsy. J Neurosurg 58:672-7,
1983

19) North JB, Penhall PK, Hanieh A, Hann CS, Challen RG,
Frewin DB. Postoperative epilepsy: a double blind trial of
phenytoin after craniotomy. Lancet 1:384-6, 1980

20) Ogen JA, Utley T, Mee EW. Neurological and psychosocial
outcome 4 to 7 years after subarachonoid hemorrhage.
Neurosurgery 41:25-34, 1997

21) Ohkuma A, Kawaguchi M, Sugimoto S. Epilepsy after
operation for ruptured intracranial aneurysm. No Shinkei
Geka 18:729-34, 1990 (In Japanese)

22) Ohman J. Hypertension as a risk factor for epilepsy after
aneurysmal subarachnoid hemorrhage and surgery.
Neurosurgery 27:578-81, 1990

23) Olafsson E, Gudmundsson G, Hauser WA. Risk of epilepsy in

Kor J Cerebrovascular Surgery 8:10-4, 2006



Kor J Cerebrovascular Surgery 8:10-4, 2006

long-term survivors of surgery for aneurysmal subarachnoid
hemorrhage: a population-based study in Iceland. Epilepsia
41:1201-5, 2000

24) O’Laoire SA. Epilepsy following neurosurgical intervention.
Acta Neurochir Suppl (Wien) 50:52-4, 1990

25) Rabinowicz AL, Ginsburg DL, DeGiorgio CM, Gott PS,
Giannotta SL. Unruptured intracranial aneurysms: seizures
and antiepileptic drug treatment following surgery. J
Neurosurg 75:371-3, 1991

26) Rhoney DH, Tipps LB, Murry KR. Anticonvulsant prophylaxis
and timing of seizures after aneurysmal subarachnoid
hemorrhage. Neurology 55:258-65, 2000

27) Ristic J, Gospavic J, Krstic S. Epileptic manifestations in
subarachnoid hemorrhage. Neuropsihijatrija 19:159-63, 1971
(in Croatian)

28) Ropper AH, Zervas NT. Outcome 1 year after SAH from
cerebra aneurysm. J Neurosurg 60:909-15, 1984

29) Rose FC, Sarner M. Epilepsy after ruptured intracranial
aneurysm. Br Med J 1:18-21, 1965

30) Sbeih I, Tamas LB, O’Laoire SA. Epilepsy after operation for

aneurysms. Neurosurgery 19:784-788, 1986
31) Shaw MDM. Post-operative epilepsy and the efficacy of

anticonvulsant therapy. Acta Neurochir Suppl (Wien) 50:55-
57, 1990

32) Storey PB. Psychiatric sequelae of subarachnoid hemorrhage.
Br Med J 3:261-6, 1967

33) Sundaram MBM, Chow F. Seizures associated with
spontaneous subarachnoid hemorrhage. Can J Neurol Sci
13:229-231, 1986

34) Sundt TM Jr, Kobayashi S, Fode NC. Results and
complications of surgical management of 809 intracranial
aneurysms in 722 cases. Related and unrelated to grade of
patient, type of aneurysm, and timing of surgery. J Neurosurg
56:753-65, 1982

35) Ukkola V, Heikkinen ER. Epilepsy after operative treatment of
ruptured cerebral aneurysms. Acta Neurochir (Wien) 106:115-
8, 1990

36) Witoonpanich R, Bunyaratavej S, Vejjajiva A. Epileptic
seizure in intracranial aneurysm. J Med Assoc Thai 63:1982-
195, 1980


