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Objective : Although prophylactic antiepileptic drug (AED) use in patients with aneurysmal subarachnoid hemorrhage (SAH) is a common
practice, lack of uniform definitions and guidelines for seizures and AEDs rendered this prescription more habitual instead of evidence-based
manner. We herein evaluated the incidence and predictive factors of seizure and complications about AED use.

Methods : From July 1999 to June 2007, data of a total of 547 patients with aneurysmal SAH who underwent operative treatments were
reviewed. For these, the incidence and risk factors of seizures and epilepsy were assessed, in addition to complications of AEDs.

Results : Eighty-three patients (15.2%) had at least one seizure following SAH. Forty-three patients (7.9%) had onset seizures, 34 (6.2%) had
perioperative seizures, and 17 (3.1%) had late epilepsy. Younger age (< 40 years), poor clinical grade, thick hemorrhage, acute hydrocephalus,
and rebleeding were related to the occurrence of onset seizures. Cortical infarction and thick hemorrhage were independent risk factors for the
occurrence of late epilepsy. Onset seizures were not predictive of late epilepsy. Moreover, adverse drug effects were identified in 128 patients
(23.4%) with AEDs.

Conclusion : Perioperative seizures are not significant predictors for late epilepsy. Instead, initial amount of SAH and surgery-induced cortical
damage should be seriously considered as risk factors for late epilepsy. Because AEDs can not prevent early postoperative seizures (< 1 week)
and potentially cause unexpected side effects, long-term use should be readjusted in high-risk patients.

KEY WORDS : Aneurysm - Antiepileptic drug - Complication - Epilepsy - Risk factors - Seizure.
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INTRODUCTION still remained poorly defined over the last three decades™.
This prescription has been more habitual or narrative-based

Seizures and epilepsy are well-known complications  fashion, instead of evidence-based approach. The AEDs

following aneurysmal subarachnoid hemorrhage also have been associated with several adverse effects.

(SAH)">!'"*9. The reported incidence of epilepsy after In this study, we evaluated the incidence and risk factors

surgery for ruptured intracranial aneurysms has varied  of seizures and epilepsy following aneurysmal SAH, with

between 1% and 27.5%, and it appears to be related to the  special reference to the surgical insult, and complications

SAH itself, the effects of craniotomy, or both'”. Because  regarding use of the AEDs.

they can be developed after initial ictus or rebleeding,

prophylactic use of antiepileptic drugs (AEDs) in patients  \MATERIALS AND METHODS

with aneurysmal SAH is a common neurosurgical practice.

But, both indications and duration of seizure prophylaxis ~ Patient population

During 8 consecutive years, from July 1999 to June

* Received : April 24,2009 +Revised : June 17, 2009 2007, 547 patients with aneurysmal SAH who underwent

» Accepted : August 6, 2009 . . . .. .
+ Addfress for reprints : Hyeong-Joong Yi. MD. operative treatments (microsurgical clipping) and received

Department of Neurosurgery, Hanyang University Medical Center, AEDs medication were included in this study. In this study,
17 Haengdang-dong, Seongdong-gu, Seoul 133-792, Korea h lusi .o . h fused

Tel - 82-2-2290-8499, Fox : 82.2-2081.0954 the exclusion criteria were patients who refused to operate
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rysm (n = 31), endovascular coil embolizations (n = 28).

For these 547 patients, the incidence of seizures or epi-
lepsy, and relevant risk factors were retrospectively studied.
Collected data were related to demographic variables (sex,
age, medical co-morbidity and medication history), initial
clinical and radiologic information (Glasgow Coma Scale
score, Hunt and Hess grade, Fisher grade, location of
aneurysm, acute hydrocephalus, vasospasm, infarction),
operative intervention besides clipping (ventricular drai-
nage, shunting), and seizures or epilepsy based on their
occurring time. And, available AEDs and their compli-
cations were also investigated.

Glossary

For the purpose of this study, seizure was defined as
repetitive, rhythmic jerking, with or without preceding
tonic spasm that was focal or generalized in nature, with or
without loss of consciousness. When seizures occurred
outside the hospital, only seizures observed by medical
staffs, relatives, care-givers, or paramedics were included.
The incidence of seizures was classified as follows according
to the time of seizure attack : 1) onset seizure that occurred
within 12 hours of the initial hemorrhage; 2) preoperative
seizure; 3) postoperative seizure < 1 week; and 4) posto-
perative seizure > 1 week. Epilepsy or late epilepsy is defined
as a disorder in which at least 2 spontaneous seizures
occurring after the first week, and were separated temporally
by a minimum interval of 24 hours.

Statistical method

All retrieved data were converted into categorical vari-
ables, either dichotomization or stratification. To assess the
relationship between variables and onset seizure or late
epilepsy; statistical method was used by using SPSS, version
13.0 (SPSS Inc., Chicago, IL, USA). The chi-square test
(Fisher’s exact test) or student T-test was first used, where
appropriate, significance was set at a probability value of

0.05, and 95% of CI was calculated. The univariate analysis
was used to identify risk factors, and to calculate odds ratio
(OR) and 95% CI. And, then multivariate analysis was
petformed with backward elimination manner to control
possible confounding variables.

RESULTS

Among 547 patients, 83 patients (15.2%) had at least one
seizure following aneurysmal SAH. In overall, 43 patients
(7.9%) had onset seizures, 8 (1.5%) had preoperative
seizures, 6 (1.1%) had postoperative seizures (< 1 week),
and 28 (5.1%) had at least one seizure episode after the first
week postoperatively. Among the patients with perioperative
seizure (n = 42), only two had onset seizure. Fifty-six patients
with seizures developed within 1 week postoperatively, only
2 patients (3.6%) had late epilepsy. Of 28 patients with
postoperative seizures (> 1 week), 15 patients (53.6%) had
late epilepsy. So, a total of 17 patients (3.1%) developed late
epilepsy (Fig. 1).

In onset seizure group, 38 patients experienced general-
ized tonic-clonic (GTC) type seizures, and 5 patients had
focal motor seizures. Forty-one cases of these episodes
occurred within 1 hour after the ictus. There were 2 patients
suffering from seizure recurrence who later developed
epilepsy 12 and 22 months post-SAH. Of 8 patients with
preoperative seizure, none experienced postoperative
seizures or late epilepsy. Of 6 padents with postoperative
seizures within 1 week postoperatively, one patient had an
onset seizure, and developed late epilepsy. The mean
latency from operation to seizure onset was 3.7 + 2.5 days.
In late epilepsy group, 12 patients experienced GTC type
seizures, and 3 patients had complex partial seizures
progressed to GTC type, and 2 padients had simple focal
motor seizures. The mean latency from operation was 3.5
months (0.3 - 2.2 months). The seizures occurred within 3
months in 4 patients, between 3 and 12 months in 11

547 patients who underwent microsurgical
clipping for aneurysmal subarachnoid hemorrhage

/

T

‘ 83 patients with seizure or epilepsy (15%) ‘

‘ 464 patients with seizure or epilepsy

43 (7.9%)
onset seizure

8 (1.5%)
preoperative seizure

6 (1.1%)* preoperative
seizure (1 wk)

28 (6.1%)* preoperative
seizure (>1 wk)

*Each included 1 case of onset seizure

Y

Y

2 (0.4%)
late epilepsy

15 (2.7%)
late epilepsy

Fig. 1. Schematic flow of patients enrolled in this study
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Table 1. Summary based on detailed seizure characteristics*
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fied. Hydrocephalus (OR 4.5, 95%

Seizure subtype

Recurence/  CI 1.9-9.7; p = 0.003), cortical in-

Seizure characteristics — - Time ) .
Generdized  Focul motor Late epilepsy farction (OR 8.5, 95% CI 2.4-13.9; p
OnseTseiZtlJre (A?) 38 5 W”bin. Thr (41) 2 = 0.001), Fisher grade III & IV (OR
e @ ! 1 sedodas 2t 1.4,95% CI 1.1-1.8; p = 0.025), and
seizue ©) - younger age (OR 1.8, 95% CI 1.2-2.8;
Lute postoperdtive 20t 8 35mo(0322mo) 187 2 = 0.002) were related to the occurr-
soizure (28) <3Mmo:7 ence of late epilepsy. However, onset
312mo: 17 seizures were not predictive of late
1222mo: 4 epilepsy. Independent risk factors for

*Numbers in parentheses refresent corresponding patient numbers, T Each group included 1 case of

onset seizure, TIncluded 4 putients with secondurily gyenerdlized seizure

Table 2. Characteristics of 547 SAH patients according to presence of onset seizure

seizure recurrence or late epilepsy were
assesses by multivariate analysis. Only

two variables had statistically signifi-

Characteristic Pt.No.  OnsetSz(+) OnsetSz() frvalue OR (95% Cl) cant relationship with development of

Mdle (Femule) 228 (319) 18 (25) 210 (294) 0915 040.1-1.1) late epilepsy: initial amount of SAH

Age () (OR 1.81, 95% CI 1.07-2.15; p =
:‘10& ]?2 2 ]gl 28(7)1 ?2 E(])Z?g 0.038)' and newly developed cortical
. 70 4 75 0162 060115 infarction (OR 2.04, 95% CI 1.24-

Hypertension (+) » 8 84 0083 110517 2865 p=0.001) (Table 4).

Huni-Hess Antiepileptic drugs (AEDs), includ-
&l 128 6 122 0304 050213  ing valproate, phenytoin, phenobar-
&N % 12 84 0015 27(1.36.1) bital, carbamazepine, zonisamide, and/
v 4 0 4 1000 NA or topiramate wete used in 528 patents

Fisher grude Ill & IV 102 14 88 0.003 5.1(26-104) (96.5%). Valproate was the most fre-

Acute hydrocephalus 51 11 40 0.001 6.6(24-18.6) quently prescribed drug (72.4%), follo-

Rebleediny (before op.) 14 8 6 0.001 9.1(46-16.3) wed by phenytoin (17.6%). We used

Aneurysm location AEDs until 3 months postoperatively
ICA 7 / ¢ 0458 140540 with monitored tapering. However,
ACA 8 > 0 0608 080217 prophylactic efficacy of AEDs medi-
MCA 61 5 55 0207 070.1-12 . . . .

VBA 2 | . 0% 130718) cation against seizure and late epilepsy
Preo seizure 3 0 3 1000 NA could not be elicited from our study.
Postop seizure 14 2 1 0819 0602-1.1) Furthermore, adverse effects occurred
Lute eplepsy 1 9 9 0635 080167 in 128 patients (23.4%) who received

ACA : unterior cerebrdl artery, Cl . confidence inferval, ICA : infernul curotid urtery, MCA : middle
cerebrdl urtery, NA : not upplicuble, OR : odds rutio, op : operdtion, SAH : subarachnoid hemorrhage,

Sz : seizure, VBA : vertebro-busilur urtery

patients, and between 13 and 22 months in 2 patients
(Table 1).

The relationships between clinical parameters and the
development of onset seizures are summarized in Table 2.
Younger age below 40 years (OR 3.5, 95% CI 1.9-9.2; p =
0.001), Hunt-Hess grade I1I & IV (OR 2.7, 95% CI 1.3-
6.1; p = 0.015), Fisher grade III & IV (OR 5.1, 95% CI
2.6-10.4; p = 0.003), acute hydrocephalus (OR 6.6, 95%
CI 2.4-18.6; p = 0.001), and rebleeding prior to the oper-
ation (OR 9.1, 95% CI 4.6-16.3; p = 0.001) were related
to the development of onset seizures.

The characteristics of 547 patients with aneurysmal SAH
according to presence of late epilepsy are illustrated in Table 3.
Several predictive risk factors for late epilepsy were identi-
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AEDs, irrespective of severity. The
adverse effects consisted of drug erup-
tion (skin rash), fever, dizziness, throm-
bocytopenia, toxic hepatitis (fulminating), hypotension,
amenorrhea, and vasospasm.

DISCUSSION

General overview

The reported incidence of seizures after SAH ranges
from 3% to 26% and postoperative seizures in aneu-
rysm patients without AED prophylaxis occur in 3% to
220p1111221222729) 1 the current study, the incidence of
seizures following aneurysmal SAH was 15.2%. Onset
(ictal or immediate) seizures have been traditionally defined
as episodes occurring within the first 12 hours of SAH, as

classified in our study'"'>""*. Onset seizures occurred at
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Table 3. Characteristics of 547 SAH patients according to presence of late epilepsy

Risk factors of onset seizures

Characteristic No.  OnsetSz(+) OnsetSz()  pvaue  OR(95%C) Seizures and epilepsy are well-
Mdle (Femdile) 228 (319) 107) 218 (312) 0071 2508-62) recognized complications of traumatic
A% D brain injury and major brain surgery.
w ® ° . 000z 18(12-28) The risk of epilepsy depends on sur-
e o ’ " o7 070312 gical insult and/or degree of the
Hyépf;r’rension ) ;Z i ;2 8?;; ?2 8;;; underlying lesion®'*'”). Risk factors of
Hunt-Hess I &IV % 5 91 0059  16(05-23  onset seizures after SAH reported on
Fisher Grude Il & IV 102 6 9% 0025  14(.1-18  previous papers include presence of
Aneurysm location intracerebral hemorrhage, anterior
ICA 73 4 68 0249 12(07-19) circulation aneurysms, hypertension,
ACA 82 3 78 073  09(04-2.1) ischemic infarcts revealed on late com-
MCA ol 3 57 0445 1402-36) puted tomographic (CT) scans, initial
VBA 12 0 12 1000 NA loss of consciousness lasting longer
Symptomatic vusospusm 68 6 62 0.007 27(08-63) than 1 hour, hemiparesis, Hunt and
EvD 7 ° 6 0038 1809-27) Hess grade greater than III, the amount
ryctocephols o ’ o 0006~ 45019-97 of subarachnoid blood, younger age
VP shunt 51 4 47 0074 1507-23)
Corfical infurction 45 1 34 0001 8504-139) (< 40 years), and confirmed presence
Onset seizure 18 2 16 067 1308-21  ofananeurysm'™"#, In dhis study,
Preop seizure 3 0 3 1000 NA onset seizures developed in 43 patients
Postop seizure 14 1 13 1,000 NA (7.9%) of 547 patients with aneurys-

ACA : unterior cerebral urtery, Cl : confidence interval, EVD : externul ventriculur drainuge, ICA
infernal curotid artery, MCA : middle cerebral artery, NA : hot applicable, OR : odds ratio, SAH :
suburachnoid hemorrhuyge, Sz : seizure, VBA : vertebro-busilur artery, VP Shunt : ventriculo-peritonedl

shunt

Table 4. Independent risk factors for late epilepsy following aneurysmal SAH

mal SAH, and was associated with
younger age (< 40), Hunt-Hess grade
(III-IV), Fisher grade (III-IV), acute
hydrocephalus, and rebleeding prior

to the operation. However, hyperten-

Varidbles vdlue OR (95% Cl)

Young uge (< 40yrs) 008 112084-141) sion and location of aneurysm were
Hunt-Hess Il & IV 0.103 1.74.094-256) not related to the occurrence of onset
Fisher grade lll & IV 0038 1.81(1.07-2.15) seizures. Onset seizures in aneurysmal
MCA uneurysm 0.16 108(0.87-1.15) SAH were believed to be an important
Hydrocephulus 0052 104(091-1.23) risk factor for delayed epilepsy™'"*.
Rebleeding 0.064 095077-1.34) In contrast, other reports demonstrated
Cortical infurction 0001 204(1.24-2.86) that onset seizures are not predictive
Onset seizure 0.08 1.03(091-1.17)

Cl: confidence interval, OR : odds rutio, MCA : middle cerebral artery, SAH : suburachhoid hemorhage

near time of initial aneurysm rupture before grabbing
medical attention. In almost all instances, AEDs were
prescribed with loading dose via intravenous route after
SAH patients arrived at emergency room. In this series,
despite routine AED prescription (96.5%), 34 patients
(6.2%) had at least one seizure episode after operation;
craniotomy with aneurysmal neck clipping. The efficacy
and benefit of AED in prophylaxis of postoperative seizures
and epilepsy could not be delineated from our data due to
varied use of AEDs and insufficiency of planned thera-
peutic drug monitoring. In other series, effect of AEDs
medication on prevention of late epilepsy was unclear'”**%.
These data were similar to those noted for patients with
traumatic closed head injury in whom early AED use did
not change the incidence of delayed epilepsy®'****".
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factor of late epilepsy">'>*****”. In our
series, only 2 patients (4.6%) of 43
patients with onset seizures suffered late epilepsy. In
multivariate analysis, there was no significant statistical
correlation of onset seizure and late epilepsy (OR 1.03,
95% CI10.91-1.17; p=0.08)

Risk factors of late epilepsy

Recent retrospective clinical studies found late or recurrent
epilepsy in 7% to 12% of their SAH populations™”'>*".
The observed frequency of epilepsy after SAH in our study
of 3.1% at 22 months is comparable to that of prior reports
of 7 to 12%. From these data, a number of predictors have
been implicated, including ischemia and postoperative
vasospasm, poor preoperative neurologic grade, anterior
circulation aneurysm location, general severity of hemor-

rhage as reflected by blood on CT, rebleeding, large intra-



cerebral hemorrhage and shunt-dependent hydrocepha-
2712152029 Tn our study (Table 3), late epilepsy was asso-
ciated with hydrocephalus, cortical infarction, Fisher grade
IIT and IV, and younger age (< 40 years). As stated above, onset
seizures however, were not predictive of late epilepsy. The
discrepancy of risk factors between previous reports and

lus

ours may accrue because of varying inclusion criteria and

follow-up length, along with different treatment modality.

Other risk factors

As suggested for posttraumatic and poststroke seizures,
mechanisms underlying acute seizures and late seizures may
be substantially different. In this paradigm, early seizures
are attributed to cellular biochemical dysfunction and late
seizures to gliosis and the development of meningocerebral
cicatrix, respectively”'?. The surgical insult resulted from
craniotomy and clip application as a risk factor for late epil-
epsy is controversial. Kvam et al.'” suggested that seizures
after elective craniotomy may be due to postoperative
hematoma, metabolic abnormalities, inadequate seizure
prophylaxis, pre-existing epilepsy, and severity of surgical
insult. Surgical insult to the brain seems to generate free
radicals, which in turn leads to formation of epileptogenic
focus. However, some recent studies have not supported
the prophylactic efficacy of AEDs in most craniotomized
patients, but further studies are required'®. We excluded
patients with endovascular coil embolization, hence the
contribution of surgical insult as a risk factor for late
epilepsy could not be compared with that of minimally
invasive endovascular technique. There was no reported
seizure in 28 patients treated solely with endovascular coil
embolization at our institution. But, this result is insigni-
ficant because of too small case volume. According to Byrne
et al.”, 233 patients treated solely by coil embolization had
no seizure in the periprocedural period despite a 11%
incidence of onset seizures. Late epilepsy occurred de novo
in only 0.85% during a follow up of as many as 7.7 years
(mean 21.9 months). In International Subarachnoid Aneu-
rysm Trial (ISAT) collaborate group, the risk of epilepsy
was substantially lower in patients allocated to endovascular

treatment'”.

Limitations and future perspectives

Several limitations of this study include chance of over-
reporting, with other neurological events being labeled as
seizure or epilepsy because medical and nursing personnel
rarely witness the seizures on the spot and there was no
electroencephalographic (EEG) evidence. Hence, we might
have slightly overestimated the real incidence of epilepsy
after SAH. Second, we excluded endovascular treatment from
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our study conducted in a single center, which may cause selec-
tion bias. Third, routine prescription of AEDs in most pati-
ents, beginning at the time of hospitalization without specific
indication hampered evaluating efficacy of the AEDs
prophylaxis for late epilepsy. Fourth, our study could not
identify the relationship between the seizure occurrence and
characteristics of AED such as classification and duration of
use. Fifth, there might be bias and error because of retros-
pective study design. Therefore, randomized, prospective,
multcenter studies should be recommended in future.

CONCLUSION

In this study we found that perioperative seizures, from
ictus to 1 week postoperatively, do not have significant
predictive value for development of late epilepsy after
microsurgery for aneurysmal SAH. Because AEDs can not
sufficiently prevent early postoperative seizures (< 1 week)
and available AEDs potentially cause unexpected side
effects, long-term use for AEDs after aneurysmal SAH
should be readjusted and selected in such high-risk patients
with Fisher grade III and IV on CT scan and cortical
infarction, and possibly with younger age (< 40 years) and
hydrocephalus. To estimate the efficacy and safety of AEDs
for preventing or reducing late epilepsy after aneurysmal
SAH, prospectively designed multicenter study with
unified regimen should be followed.
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