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Abstract Seizures and seizure-like activity may occur in

patients experiencing aneurysmal subarachnoid hemor-

rhage. Treatment of these events with prophylactic

antiepileptic drugs remains controversial. An electronic

literature search was conducted for English language arti-

cles describing the incidence and treatment of seizures

after aneurysmal subarachnoid hemorrhage from 1980 to

October 2010. A total of 56 articles were included in this

review. Seizures often occur at the time of initial presenta-

tion or aneurysmal rebleeding before aneurysm treatment.

Seizures occur in about 2% of patients after invasive

aneurysm treatment, with a higher incidence after surgical

clipping compared with endovascular repair. Non-convul-

sive seizures should be considered in patients with poor

neurological status or deterioration. Seizure prophylaxis

with antiepileptic drugs is controversial, with limited data

available for developing recommendations. While antiepi-

leptic drug use has been linked to worse prognosis, studies

have evaluated treatment with almost exclusively

phenytoin. When prophylaxis is used, 3-day treatment

seems to provide similar seizure prevention with better

outcome compared with longer-term treatment.

Keywords Antiepileptic drug � Epileptiform �
Non-convulsive � Phenytoin � Seizure � Tonic

Introduction

Seizures and seizure-like phenomena are not uncommon

after aneurysmal subarachnoid hemorrhage (SAH). At the

time of the acute presentation, frank tonic/clonic seizures

can occur, as well as seizure-like tonic movements related

to herniation or increased intracranial pressure [1–8]. Both

generalized and focal seizures may also occur during

hospitalization for SAH and during follow-up.

The significance of and appropriate treatment for

seizures related to SAH are areas of debate. While anti-

epileptic drugs (AEDs) may be prescribed to prevent

seizures and additional neurological injury after SAH,

well-designed, randomized, controlled trials to provide

solid data to develop evidence-based practice guidelines

are lacking. The need for routine antiepileptic drugs

treatment after SAH and the appropriate duration of anti-

convulsant prophylaxis are controversial; there are limited

controlled data supporting benefits as well as the potential

for medication-related side effects.

Methods

An electronic literature search was performed of the National

Library of Medicine, EBSCO, EMBASE (Ovid), Cochrane

Library from 1980 to October 2010 to identify articles
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addressing the incidence and significance of seizures in

patients with SAH and the effect of prophylactic treatment.

In press articles that were available to be viewed online prior

to the cut-off of October 2010 were also included. Candidate

articles were identified by searching titles and abstracts for

the key word ‘‘subarachnoid hemorrhage’’ and at least one of

the following additional key words: ‘‘seizures,’’ ‘‘epilepsy,’’

‘‘convulsive status,’’ ‘‘non-convulsive status,’’ ‘‘convul-

sion,’’ ‘‘antiepileptic drug,’’ ‘‘anticonvulsant,’’ ‘‘phenytoin,’’

‘‘levetiracetam,’’ or ‘‘carbamazepine.’’

Abstracts for potential selection were screened to see

whether they described studies that involved human sub-

jects, and the full manuscript was published in English.

Both original research and review articles were included.

Studies addressing traumatic SAH were excluded. Selected

articles were those that directly addressed the proposed

areas of interest (seizure occurrence and AED prophy-

laxis). Following identification of articles to be included in

this review, additional references were identified by

reviewing citations provided in the list of references cited

in each paper to determine additional studies likely to meet

inclusion criteria. Original research studies were evaluated

for quality of data and strength of recommendations using

the GRADE approach [9].

Summary of the Pertinent Literature

A total of 56 papers were identified for this review. A

sample of data from 23 representative original research

studies are cataloged in Table 1, which describes study

design, outcome, level of research, and balance of potential

benefits versus risks [1, 2, 4, 5, 10–28]. In all but one case

[18], quality of evidence was very low or low. None of the

studies were able to be assigned a recommendation

strength, due to insufficient data.

Incidence of Seizures

Seizures occurring at the time of SAH are called onset

seizures. The reported incidence of onset seizures varies

between 4 and 26% [1–6, 13, 24, 29, 30]. This wide vari-

ation in reported events is in part related to the occurrence

of seizure-like tonic phenomena related to hyperextension

that can occur secondary to herniation or increased intra-

cranial pressure [1–6]. These events may be difficult to

distinguish from true seizures. Often, the description of

these events is provided by non-medical bystanders with

insufficient background to differentiate tonic events from

seizures.

Seizures occurring after hospital admission but prior to

aneurysm treatment are often a symptom of rebleeding.

Data from the International Subarachnoid Aneurysm Trial

(ISAT) indicate that pretreatment seizures often herald

rebleeding [18]. Among the 2,143 SAH patients included in

the ISAT sample, 14 patients (0.65%) suffered seizures

after hospitalization but before treatment of the aneurysm.

In 9 of these 14 cases, seizure was associated with

rebleeding.

Seizure incidence after aneurysm treatment may vary

based on treatment. In the ISAT sample, seizures occurred

in 2.3% after treatment of the index aneurysm and until

discharge [18]. The frequency of seizures after treatment

and before discharge was doubled in patients treated with

surgical clipping (3%) compared with those receiving

endovascular treatment (1.4%) [18]. The difference in

seizures frequency between the two treatment modalities

was particularly marked in older patients. In a subgroup

analysis of 278 patients > 65 years old in the ISAT

cohort, seizures occurred in 0.7% of patients treated with

coil embolization and in 12.9% of those treated with sur-

gical clipping (P < 0.001) [31]. In the Intraoperative

Hypothermia for Aneurysm Surgery Trial (IHAST), overall

seizure incidence was similar among patients randomly

assigned to intraoperative hypothermia (7%) or normo-

thermia (6%) [32]. Seizures beginning > 2 weeks after

surgery for SAH treated with aneurysm clipping are

uncommon [33].

Seizures occurring during hospitalization have been

linked to a variety of disease severity markers, with cor-

relations found with poor neurological status at admission,

prolonged loss of consciousness at presentation, middle

cerebral artery aneurysm location, higher cisternal clot

burden, rebleeding, and the presence of intracerebral

hematomas, hydrocephalus, and cerebral ischemia [2, 4, 5,

10, 15, 17, 22, 26, 34–37]. These same risk factors have

also been linked with late seizures occurrence [26, 38, 39].

Contrasting data exist about the correlation between

in-hospital seizures and poor outcome. In a retrospective

analysis of prospectively collected data from 527 patients

with SAH, seizures occurring during hospitalization did not

correlate with worse outcome [19]. These data suggested

that seizures in patients with SAH are an indication of more

severe disease rather than being an independent predictor

of poorer outcome. Similar data were reported by Lin and

coworkers in a retrospective study of 137 patients with

SAH [25]. They found that higher-grade SAH on presen-

tation was predictive of seizure, but the presence of

seizures itself was not a significant predictor of prognosis

after 1-year follow-up. Conversely, other studies have

reported that seizures after SAH are associated with poor

outcome [1, 40].

During the first year after discharge, the incidence of

seizures is approximately 1.3% after endovascular treat-

ment and 2.2% after surgery [18]. The risk of new-onset

248 Neurocrit Care (2011) 15:247–256

123



T
a

b
le

1
S

u
m

m
ar

y
o

f
th

e
li

te
ra

tu
re

d
at

a

A
u

th
o

rs
an

d

y
ea

r

M
et

h
o

d
s

P
o

p
u

la
ti

o
n

T
re

at
m

en
t

as
si

g
n

m
en

t
F

in
d

in
g

s
A

n
eu

ry
sm

tr
ea

tm
en

t

Q
u

al
it

y

o
f

ev
id

en
ce

B
al

an
ce

o
f

b
en

efi
t

v
s.

h
ar

m

H
as

an
et

al
.

[1
0
]

R
S

3
8

1
P

H
T

O
v

er
al

l
ep

il
ep

sy
:

9
%

E
ar

ly
ep

il
ep

sy
5

%

L
at

e
ep

il
ep

sy
3

%

H
ig

h
ci

st
er

n
al

b
lo

o
d

an
d

re
b

le
ed

in
g

re
la

te
d

to
ep

il
ep

sy
(P

=
0

.0
4

,
0

.0
1

6
),

ev
en

af
te

r

ex
cl

u
si

o
n

o
f

p
at

ie
n

ts
tr

ea
te

d
w

it
h

p
ro

p
h

y
la

ct
ic

A
E

D
s

(P
=

0
.0

0
6

)

C
li

p
p

in
g

L
o

w
N

A

B
ak

er
et

al
.

[1
1
]

R
S

3
9

8
P

T
H

(9
4

.6
%

)
O

v
er

al
l

se
iz

u
re

ra
te

5
.4

%

R
u

p
tu

re
d

E
ar

ly
p

o
st

o
p

er
at

iv
e

se
iz

u
re

s
1

.5
%

L
at

e
se

iz
u

re
s

3
.0

%

U
N

R
U

P
T

U
R

E
D

E
ar

ly
p

o
st

o
p

er
at

iv
e

se
iz

u
re

s
2

.6
%

L
at

e
se

iz
u

re
s

4
.4

%

N
o

st
at

is
ti

ca
l

as
so

ci
at

io
n

b
et

w
ee

n
d

u
ra

ti
o

n
s

o
f

A
E

D
s

an
d

ri
sk

o
f

ea
rl

y
o

r
la

te
se

iz
u

re
s

C
li

p
p

in
g

L
o

w
U

n
ce

rt
ai

n

tr
ad

e-
o

ff
s

P
in

to
et

al
.

[4
]

R
S

o
f

p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d
d

at
a

2
5

3
P

H
T

O
S

:
6

.3
%

L
S

:
0

.3
%

H
em

ip
ar

es
is

,
p

o
o

r
cl

in
ic

al
g

ra
d

e,
F

is
h

er

3
–

4
p

re
d

is
p

o
si

n
g

fa
ct

o
rs

fo
r

o
n

se
t

se
iz

u
re

s

(P
<

0
.0

2
)

S
ev

er
e

d
is

ab
il

it
y

m
o

re
fr

eq
u

en
t

in
p

at
ie

n
ts

w
it

h
o

n
se

t
se

iz
u

re
s

(P
<

0
.0

5
)

O
S

n
o

t
si

g
n

ifi
ca

n
t

p
re

d
ic

to
r

o
f

d
is

ab
il

it
y

o
r

d
ea

th

C
li

p
p

in
g

L
o

w
N

A

B
u

tz
k

u
ev

en

et
al

.
[1

]

R
S

4
1

0
N

o
sp

ec
ifi

ed
O

S
7

.8
%

L
S

5
.1

%

O
S

co
rr

el
at

ed
w

it
h

th
e

ex
te

n
t

o
f

b
lo

o
d

o
n

in
it

ia
l

C
T

(O
R

1
.1

,
P

=
0

.0
5

)

D
is

ab
il

it
y

in
d

ep
en

d
en

tl
y

p
re

d
ic

te
d

b
y

O
S

(P
=

0
.0

4
)

L
S

in
d

ep
en

d
en

tl
y

re
la

te
d

to
re

b
le

ed
in

g

(O
R

9
4

,
P

<
0

.0
1

)
an

d
O

S
(O

R
2

7
,

P
<

0
.0

1
)

N
S

V
er

y
lo

w
N

A

Neurocrit Care (2011) 15:247–256 249

123



T
a

b
le

1
co

n
ti

n
u

ed

A
u

th
o

rs
an

d

y
ea

r

M
et

h
o

d
s

P
o

p
u

la
ti

o
n

T
re

at
m

en
t

as
si

g
n

m
en

t
F

in
d

in
g

s
A

n
eu

ry
sm

tr
ea

tm
en

t

Q
u

al
it

y

o
f

ev
id

en
ce

B
al

an
ce

o
f

b
en

efi
t

v
s.

h
ar

m

R
h

o
n

ey
et

al
.

[5
]

R
S

9
5

P
H

T
6

4
%

C
ar

b
am

az
ep

in
e

2
3

%

V
al

p
ro

ic
ac

id
2

%

O
S

1
7

.9
%

In
-h

o
sp

it
al

se
iz

u
re

s
4

.1
%

L
o

n
g

er
h

o
sp

it
al

st
ay

s
in

p
at

ie
n

ts
w

it
h

se
iz

u
re

(2
4

v
s.

1
4

d
ay

s,
P

=
0

.0
2

)

N
o

d
if

fe
re

n
ce

s
in

G
O

S

A
E

D
s

ad
v

er
se

ef
fe

ct
s

1
3

%

C
li

p
p

in
g

in

8
9

%
o

f

p
at

ie
n

ts

V
er

y
lo

w
U

n
ce

rt
ai

n

tr
ad

e-
o

ff
s

O
la

fs
so

n

et
al

.
[1

2
]

R
S

4
4

N
o

t
sp

ec
ifi

ed
A

ct
u

ar
ia

l
ri

sk
fo

r
ep

il
ep

sy
:

1
y

ea
r:

1
8

%

2
y

ea
rs

:
2

3
%

5
y

ea
rs

:
2

5
%

A
ct

u
ar

ia
l

ri
sk

fo
r

ep
il

ep
sy

(p
ts

w
it

h
O

S
):

1
y

ea
r:

6
0

%

2
y

ea
rs

:
7

0
%

A
ct

u
ar

ia
l

ri
sk

o
f

ep
il

ep
sy

(p
ts

w
it

h
o

u
t

O
S

):

1
y

ea
r:

6
%

2
y

ea
rs

:
9

%

5
y

ea
rs

:
1

2
%

R
el

at
iv

e
ri

sk
o

f
ep

il
ep

sy
in

p
at

ie
n

ts
w

it
h

o
n

se
t

se
iz

u
re

s:
6

.0

C
li

p
p

in
g

L
o

w
N

A

L
ab

o
v

it
z

et
al

.
[1

3
]

R
S

9
0

4
st

ro
k

es
;

5
0

S
A

H
N

o
t

sp
ec

ifi
ed

E
ar

ly
se

iz
u

re
s

8
%

S
ta

tu
s

ep
il

ep
ti

cu
s

2
%

(O
R

2
.4

)

E
ar

ly
se

iz
u

re
s

n
o

p
re

d
ic

to
r

o
f

3
0

-d
ay

ca
se

fa
ta

li
ty

N
S

V
er

y
lo

w
N

A

D
en

n
is

et
al

.

[1
4
]

R
S

2
3

3
p

at
ie

n
ts

P
ro

p
h

y
la

ct
ic

P
H

T

If
N

C
S

E
d

ia
g

n
o

se
d

o
r

if

se
iz

u
re

s
m

an
if

es
te

d
o

r

p
er

si
st

ed
,

ad
d

it
io

n
al

P
H

T

1
0

1
/2

3
3

co
m

at
o

se
p

at
ie

n
ts

In
2

6
/1

0
1

p
er

fo
rm

ed
cE

E
G

m
o

n
it

o
ri

n
g

N
C

S
E

in
8

%
o

f
al

l
S

A
H

p
at

ie
n

ts
an

d
3

1
%

o
f

p
at

ie
n

ts
u

n
d

er
g

o
in

g
to

cE
E

G
m

o
n

it
o

ri
n

g

R
is

k
fa

ct
o

rs
fo

r
N

C
S

E
:

p
o

o
r

g
ra

d
e,

o
ld

er
ag

e,

v
en

tr
ic

u
lo

st
o

m
y

,
ce

re
b

ra
l

ed
em

a
(P

<
0

.0
1

)

N
S

L
o

w
N

A

250 Neurocrit Care (2011) 15:247–256

123



T
a

b
le

1
co

n
ti

n
u

ed

A
u

th
o

rs
an

d

y
ea

r

M
et

h
o

d
s

P
o

p
u

la
ti

o
n

T
re

at
m

en
t

as
si

g
n

m
en

t
F

in
d

in
g

s
A

n
eu

ry
sm

tr
ea

tm
en

t

Q
u

al
it

y

o
f

ev
id

en
ce

B
al

an
ce

o
f

b
en

efi
t

v
s.

h
ar

m

C
la

as
se

n

et
al

.
[1

5
]

R
S

2
4

7
P

H
T

N
ew

-o
n

se
t

ep
il

ep
sy

7
%

4
%

o
n

ly
o

n
e

se
iz

u
re

af
te

r
d

is
ch

ar
g

e

P
re

d
ic

to
r

o
f

ep
il

ep
sy

:
su

b
d

u
ra

l
h

em
at

o
m

a

(O
R

9
.9

,
9

5
%

C
I

1
.9

–
5

2
.8

),
ce

re
b

ra
l

in
fa

rc
ti

o
n

(O
R

3
.9

,
9

5
%

C
I

1
.4

–
1

1
.3

)

A
t

1
2

m
o

n
th

s,
ep

il
ep

sy
in

d
ep

en
d

en
tl

y
as

so
ci

at
ed

w
it

h
se

v
er

e
d

is
ab

il
it

y
(m

R
S

>
3

)
(O

R
1

0
.3

,
9

5
%

C
I

1
.1

–
2

2
.2

)

E
p

il
ep

sy
n

o
as

so
ci

at
ed

w
it

h
co

g
n

it
iv

e
im

p
ai

rm
en

t

N
S

V
er

y
lo

w
N

A

B
y

rn
e

et
al

.

[1
6
]

R
S

2
4

3
N

o
t

sp
ec

ifi
ed

O
S

1
1

%

C
o

rr
el

at
io

n
w

it
h

M
C

A
lo

ca
ti

o
n

(P
<

0
.0

5
),

L
O

C

(P
<

0
.0

1
),

A
E

D
p

re
sc

ri
p

ti
o

n
(P

<
0

.0
0

1
)

L
S

in
3

%
o

f
p

at
ie

n
ts

(i
n

1
.4

%
,

p
re

ex
is

ti
n

g
ep

il
ep

sy
)

L
S

co
rr

el
at

ed
w

it
h

p
re

v
io

u
s

se
iz

u
re

s
(P

<
0

.0
5

),

C
S

F
sh

u
n

t
(P

<
0

.0
5

),
u

se
o

f
A

E
D

s
(P

<
0

.0
1

)

C
o

il
in

g
V

er
y

lo
w

N
A

L
in

et
al

.

[1
7
]

R
S

2
1

7
P

H
T

O
v

er
al

l
se

iz
u

re
ra

te
:

2
1

.2
%

O
S

7
.8

%

P
re

o
p

er
at

iv
e

se
iz

u
re

s
2

.3
%

P
o

st
o

p
er

at
iv

e
se

iz
u

re
s

1
.8

%

L
at

e
ep

il
ep

sy
6

.9
%

Y
o

u
n

g
ag

e
(O

R
6

.6
,

P
=

0
.0

0
1

),
F

is
h

er
g

re
at

er

th
an

2
(O

R
4

.3
,

P
=

0
.0

0
8

),
L

O
C

fo
r

m
o

re
th

an

1
h

(O
R

4
.3

,
P

=
0

.0
0

8
)

si
g

n
ifi

ca
n

tl
y

re
la

te
d

to
o

n
se

t
se

iz
u

re
s

O
S

p
re

d
ic

to
r

o
f

p
er

si
st

en
t

n
eu

ro
lo

g
ic

al
d

efi
ci

ts
(O

R

4
.2

,
P

=
0

.0
0

6
)

F
ac

to
rs

p
re

d
ic

ti
n

g
la

te
ep

il
ep

sy
:

L
O

C
m

o
re

th
an

1
h

(O
R

3
.6

,
P

=
0

.0
2

6
),

p
er

si
st

en
t

p
o

st
o

p
er

at
iv

e

n
eu

ro
lo

g
ic

al
d

efi
ci

ts
(O

R
7

.1
,

P
=

0
.0

0
1

)

C
li

p
p

in
g

V
er

y
lo

w
N

A

M
o

ly
n

eu
x

et
al

.
[1

8
]

P
ro

sp
ec

ti
v

e,

ra
n

d
o

m
iz

ed
,

co
n

tr
o

ll
ed

cl
in

ic
al

tr
ia

l

2
,1

4
3

N
o

t
sp

ec
ifi

ed
S

ei
zu

re
s

af
te

r
h

o
sp

it
al

iz
at

io
n

0
.6

5
%

S
ei

zu
re

s
in

ci
d

en
ce

af
te

r
tr

ea
tm

en
t

an
d

b
ef

o
re

d
is

ch
ar

g
e

2
.2

8
%

:

C
li

p
p

in
g

g
ro

u
p

3
%

C
o

il
in

g
g

ro
u

p
1

.4
%

D
u

ri
n

g
fi

rs
t

y
ea

r
af

te
r

d
is

ch
ar

g
e:

C
li

p
p

in
g

g
ro

u
p

2
.2

C
o

il
in

g
g

ro
u

p
1

.3

C
o

il
in

g
(n

=

1
,0

7
3

)

C
li

p
p

in
g

(n
=

1
,0

7
0

)

H
ig

h
N

A

Neurocrit Care (2011) 15:247–256 251

123



T
a

b
le

1
co

n
ti

n
u

ed

A
u

th
o

rs
an

d

y
ea

r

M
et

h
o

d
s

P
o

p
u

la
ti

o
n

T
re

at
m

en
t

as
si

g
n

m
en

t
F

in
d

in
g

s
A

n
eu

ry
sm

tr
ea

tm
en

t

Q
u

al
it

y

o
f

ev
id

en
ce

B
al

an
ce

o
f

b
en

efi
t

v
s.

h
ar

m

N
ai

d
ec

h

et
al

.
[1

9
]

R
et

ro
sp

ec
ti

v
e

an
al

y
si

s
o

f
a

p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d

d
at

ab
as

e
o

f
ad

u
lt

p
at

ie
n

ts
w

it
h

S
A

H

5
2

7
E

x
p

o
su

re
to

P
H

T
.

N
o

ac
ti

v
e

as
si

g
n

m
en

t

5
%

o
f

p
at

ie
n

ts
h

ad
se

iz
u

re
s

d
u

ri
n

g
h

o
sp

it
al

iz
at

io
n

1
3

%
o

f
p

at
ie

n
ts

ex
p

o
se

d
to

P
H

T
>

1
4

d
ay

s

P
H

T
b

u
rd

en
as

so
ci

at
ed

w
it

h
p

o
o

r
fu

n
ct

io
n

al

o
u

tc
o

m
e

at
1

4
d

ay
s

(O
R

1
.5

,
P

<
0

.0
0

1
)

In
-h

o
sp

it
al

se
iz

u
re

s
as

so
ci

at
ed

w
it

h
fu

n
ct

io
n

al

d
is

ab
il

it
y

in
u

n
iv

ar
ia

te
m

o
d

el
(O

R
4

.1
,

P
=

0
.0

0
2

)

C
li

p
p

in
g

3
4

4

(6
5

%
),

C
o

il
in

g
8

3

(1
6

%
)

N
o

re
p

ai
r

1
0

0

(1
9

%
)

V
er

y
lo

w
U

n
ce

rt
ai

n

tr
ad

e-
o

ff

C
la

as
se

n

et
al

.
[2

0
]

O
b

se
rv

at
io

n
al

7
5

6
p

at
ie

n
ts

cE
E

G
m

o
n

it
o

ri
n

g
an

d

3
-m

o
n

th
m

R
S

av
ai

la
b

le
in

1
1

6
p

at
ie

n
ts

P
H

T
P

re
se

n
ce

o
f

P
E

D
in

d
ep

en
d

en
tl

y
as

so
ci

at
ed

w
it

h

p
o

o
r

o
u

tc
o

m
e

(O
R

9
,

P
=

0
.0

1
1

)

C
li

p
p

in
g

in

6
2

%
o

f

ca
se

s

L
o

w
N

A

C
la

as
se

n

et
al

.
[2

]

R
S

2
9

,9
9

8
N

o
t

sp
ec

ifi
ed

G
C

S
E

in
0

.2
%

o
f

p
at

ie
n

ts

G
C

S
E

in
d

ep
en

d
en

tl
y

as
so

ci
at

ed
w

it
h

h
ig

h
er

h
o

sp
it

al
m

o
rt

al
it

y
(4

8
%

v
s.

3
3

%
,

P
=

0
.0

0
2

)
an

d

lo
n

g
er

h
o

sp
it

al
st

ay
(9

v
s.

7
d

ay
s,

P
=

0
.0

1
6

)

C
li

p
p

in
g

an
d

co
il

in
g

L
o

w
N

A

L
it

tl
e

et
al

.

[2
1
]

R
S

3
8

9
C

o
m

b
in

at
io

n
o

f
A

E
D

s

(P
H

T
,

le
v

et
ir

ac
et

am
,

p
h

en
o

b
ar

b
it

al
;

lo
ra

ze
p

am
an

d

p
en

to
b

ar
b

it
al

se
co

n
d

-

li
n

e
th

er
ap

y
)

N
C

S
E

in
3

%
o

f
p

at
ie

n
ts

O
ld

ag
e,

fe
m

al
e

se
x

,
v

en
tr

ic
u

lo
st

o
m

y
,

p
o

o
r

n
eu

ro
lo

g
ic

al
g

ra
d

e,
th

ic
k

ci
st

er
n

al
b

lo
o

d
cl

o
ts

,

st
ru

ct
u

ra
l

le
si

o
n

s,
co

m
m

o
n

fi
n

d
in

g
s

in
N

C
S

E

(P
<

0
.0

5
)

4
9

%
cl

ip
p

in
g

4
2

%

en
d

o
v

as
cu

la
r

tr
ea

tm
en

t

L
o

w
N

A

R
o

se
n

g
ar

t

et
al

.
[2

2
]

R
et

ro
sp

ec
ti

v
e

an
al

y
si

s
o

f

p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d
d

at
a

3
,5

5
2

p
at

ie
n

ts
en

ro
ll

ed
in

to

4
p

ro
sp

ec
ti

v
e,

d
o

u
b

le
-

b
li

n
d

,
p

la
ce

b
o

-c
o

n
tr

o
ll

ed

tr
ia

ls
in

v
es

ti
g

at
in

g
th

e

u
se

fu
ln

es
s

o
f

ti
ri

la
za

d
in

S
A

H

P
H

T
in

5
2

.8
%

P
h

en
o

b
ar

b
it

al
in

1
8

.7
%

C
ar

b
am

az
ep

in
e

in
2

.3
%

In
tr

ac
la

ss
co

rr
el

at
io

n
co

ef
fi

ci
en

t
(P

<
0

.0
0

1
):

S
tu

d
y

co
u

n
tr

y
0

.2
2

S
tu

d
y

ce
n

te
r

0
.6

6

P
at

ie
n

t
tr

ea
te

d
w

it
h

A
E

D
s

h
as

O
R

1
.8

7
fo

r
w

o
rs

e

n
eu

ro
lo

g
ic

al
o

u
tc

o
m

e
(P

=
0

.0
0

3
)

O
R

1
.8

7
fo

r
v

as
o

sp
as

m
(P

=
0

.0
0

1
)

O
R

1
.6

1
fo

r
n

eu
ro

lo
g

ic
al

d
et

er
io

ra
ti

o
n

(P
=

0
.0

0
1

)

O
R

1
.3

3
fo

r
ce

re
b

ra
l

in
fa

rc
ti

o
n

(P
=

0
.0

4
)

O
R

1
.3

6
fo

r
el

ev
at

ed
te

m
p

er
at

u
re

(P
=

0
.0

3
)

N
S

V
er

y
lo

w
U

n
ce

rt
ai

n

tr
ad

e-
o

ff

C
h

u
m

n
an

v
ej

et
al

.
[2

3
]

R
et

ro
sp

ec
ti

v
e

an
al

y
si

s
o

f

p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d
d

at
a

4
5

3
P

H
T

3
-d

ay
P

H
T

re
g

im
en

p
ro

d
u

ce
d

si
g

n
ifi

ca
n

t

re
d

u
ct

io
n

(P
=

0
.0

0
2

)
in

th
e

ra
te

o
f

P
H

T

co
m

p
li

ca
ti

o
n

s

C
li

p
p

in
g

V
er

y
lo

w
U

n
ce

rt
ai

n

tr
ad

e-
o

ff
s

S
za

fl
ar

sk
i

et
al

.
[2

4
]

R
S

6
,0

4
4

st
ro

k
es

:
1

6
9

p
at

ie
n

ts

w
it

h
S

A
H

N
o

t
sp

ec
ifi

ed
S

ei
zu

re
in

S
A

H
in

1
0

.1
%

w
it

h
in

2
5

h
N

S
L

o
w

N
A

252 Neurocrit Care (2011) 15:247–256

123



T
a

b
le

1
co

n
ti

n
u

ed

A
u

th
o

rs
an

d

y
ea

r

M
et

h
o

d
s

P
o

p
u

la
ti

o
n

T
re

at
m

en
t

as
si

g
n

m
en

t
F

in
d

in
g

s
A

n
eu

ry
sm

tr
ea

tm
en

t

Q
u

al
it

y

o
f

ev
id

en
ce

B
al

an
ce

o
f

b
en

efi
t

v
s.

h
ar

m

L
in

et
al

.

[2
5
]

R
S

1
3

7
8

1
%

o
f

p
at

ie
n

ts
tr

ea
te

d

w
it

h
P

H
T

A
cu

te
sy

m
p

to
m

at
ic

se
iz

u
re

s
in

1
1

.7
%

U
n

p
ro

v
o

k
ed

se
iz

u
re

s
in

3
.6

%

M
ea

n
G

O
S

3
.5

in
p

at
ie

n
ts

w
it

h
se

iz
u

re
s,

3
.1

in

p
at

ie
n

t
w

it
h

o
u

t
se

iz
u

re
s

S
ei

zu
re

s
n

o
t

si
g

n
ifi

ca
n

t
p

re
d

ic
to

r
o

f
p

ro
g

n
o

si
s

af
te

r

1
-y

ea
r

fo
ll

o
w

-u
p

C
o

il
in

g
in

5
7

p
at

ie
n

ts

C
li

p
p

in
g

in

8
0

p
at

ie
n

ts

L
o

w
N

A

C
h

o
i

et
al

.

[2
6
]

R
S

5
4

7
V

al
p

ro
at

e
in

7
2

.4
%

,

P
H

T
in

1
7

.6
%

);
o

th
er

A
E

D
s

in
1

0
%

O
v

er
al

l
se

iz
u

re
ra

te
1

5
.2

%

O
S

in
6

.2
%

P
er

io
p

er
at

iv
e

se
iz

u
re

s
in

3
.1

%

L
at

e
ep

il
ep

sy
in

3
.1

%

Y
o

u
n

g
ag

e
(O

R
3

.5
,

P
=

0
.0

0
1

),
p

o
o

r
cl

in
ic

al
g

ra
d

e

(O
R

2
.7

,
P

=
0

.0
1

5
),

h
y

d
ro

ce
p

h
al

u
s

(O
R

6
.6

,

P
=

0
.0

0
1

)
an

d
re

b
le

ed
in

g
(O

R
9

.1
,

P
=

0
.0

0
1

)

re
la

te
d

to
o

n
se

t
se

iz
u

re
s

In
it

ia
l

am
o

u
n

t
o

f
S

A
H

(O
R

1
.8

1
,

P
=

0
,0

3
8

)
an

d

co
rt

ic
al

in
fa

rc
ti

o
n

(O
R

2
.0

4
,

P
=

0
,0

0
1

)

in
d

ep
en

d
en

t
ri

sk
fa

ct
o

rs
o

f
la

te
ep

il
ep

sy

A
E

D
s

ad
v

er
se

ef
fe

ct
s

in
2

3
.4

%

C
li

p
p

in
g

L
o

w
N

A

L
ew

is
et

al
.

[2
7
]

R
S

1
0

7
1

6
%

p
at

ie
n

ts

le
v

et
ir

ac
et

am
,

8
4

%

p
at

ie
n

ts
P

H
T

S
ig

n
ifi

ca
n

t
d

if
fe

re
n

ce
s

fa
v

o
ri

n
g

le
v

et
ir

ac
et

am
g

ro
u

p

at
th

e
ti

m
e

o
f

th
e

d
is

ch
ar

g
e

(G
O

S
4

.5
9

v
s.

3
.3

3
,

P
<

0
.0

1
)

N
S

L
o

w
N

A

S
h

ah
et

al
.

[2
8
]

R
S

1
7

6
P

H
T

le
v

et
ir

ac
et

am
if

ad
v

er
se

ev
en

t
w

it
h

P
H

T

L
ev

et
ir

ac
et

am
h

as
su

p
er

io
r

to
le

ra
b

il
it

y

A
d

v
er

se
ev

en
ts

h
ig

h
er

in
P

H
T

g
ro

u
p

N
S

L
o

w
N

A

A
E

D
an

ti
ep

il
ep

ti
c

d
ru

g
,
C

S
F

ce
re

b
ro

sp
in

al
fl

u
id

,
C

T
co

m
p

u
te

d
to

m
o

g
ra

p
h

y
,
cE

E
G

co
n

ti
n

u
o

u
s

el
ec

tr
o

en
ce

p
h

al
o

g
ra

p
h

y
,
G

C
S

E
g

en
er

al
iz

ed
co

n
v

u
ls

iv
e

st
at

u
s

ep
il

ep
ti

cu
s,

G
O

S
G

la
sg

o
w

O
u

tc
o

m
e

S
ca

le
,
IC

H
in

tr
ac

er
eb

ra
l

h
em

o
rr

h
ag

e,
L

O
C

lo
ss

o
f

co
n

sc
io

u
sn

es
s,

L
S

la
te

se
iz

u
re

s,
m

R
S

m
o

d
ifi

ed
R

an
k

in
S

ca
le

,
N

A
n

o
t

ap
p

li
ca

b
le

,
N

C
S

E
n

o
n

-c
o

n
v

u
ls

iv
e

st
at

u
s

ep
il

ep
ti

cu
s,

N
S

n
o

t
sp

ec
ifi

ed
,
O

R
o

d
d

s
ra

ti
o

,
O

S
o

n
se

t
se

iz
u

re
s,

P
E

D
p

er
io

d
ic

ep
il

ep
ti

fo
rm

d
is

ch
ar

g
e,

P
H

T
p

h
en

y
to

in
,

R
S

re
tr

o
sp

ec
ti

v
e

st
u

d
y

,
S

A
H

su
b

ar
ac

h
n

o
id

h
em

o
rr

h
ag

e,
S

C
si

n
g

le
ce

n
te

r

Neurocrit Care (2011) 15:247–256 253

123



seizures after the first year remains low. While most

authors have reported no statistically significant correlation

between onset seizure (seizures occurring at the time of

SAH) and late epilepsy [5, 15, 17, 25, 26, 35, 41], one

study found onset seizures to be an independent risk factor

for delayed (< 6 weeks) seizures [1].

There is a trend toward decreasing incidence of seizures

after SAH over time [1, 12, 16, 22, 42]. This decreasing

trend probably reflects changes in treatment strategies over

time, such as the introduction of endovascular therapy

[10, 22].

Non-Convulsive Seizures

Most incidence data for seizures in patients with aneurys-

mal SAH reflect clinically evident seizures consisting of

either focal or generalized tonic/clonic activity. Non-

convulsive electrical epileptiform activity may also occur

after SAH. Non-convulsive seizures and status are not

associated with clinically evident phenomena and have

been reported after SAH, particularly in patients with poor

neurological condition. Claassen and colleagues performed

a retrospective analysis of 29,998 patients, using data from

the National Inpatient Sample (NIS) database collected

between 1994 and 2002 [2]. This study identified convul-

sive status epilepticus in about 0.2% of non-traumatic SAH

patients [2]. Using continuous electroencephalography

(cEEG) monitoring in patients with poor-grade SAH,

researchers identified non-convulsive status epilepticus in 8

of 101 SAH patients treated in a neurological intensive care

unit with unexplained coma or neurological deterioration

[14]. They postulated that routine postoperative cEEG

monitoring of patients with SAH who are at high risk for

non-convulsive status epilepticus might permit earlier

diagnosis and treatment to maximize treatment outcome.

Claassen and colleagues subsequently performed a retro-

spective study of 756 patients with SAH who received

cEEG [20]. Outcome was unfavorable in all patients with

periodic lateralized epileptiform discharges, absence of

sleep architecture, and electrographic status epilepticus,

and in 92% of patients with non-convulsive status epilep-

ticus. The authors concluded that the cEEG monitoring can

provide prognostic information in poor-grade SAH

patients. Despite the lack of evidence that cEEG monitor-

ing improves outcome, clinicians often favor using this in

SAH patients with depressed mental status to help diagnose

non-convulsive seizures and dictate AED initiation [21, 35,

43, 44].

Anticonvulsants after SAH

AED prophylaxis after SAH is a common clinical practice

[26, 27, 45]. No randomized controlled trials have

investigated the safety and effectiveness of AEDs in SAH

after aneurysmal rupture. Most recommendations on sei-

zure prophylaxis after SAH are extrapolated from studies

in patients after head injury or intracerebral hemorrhage, or

patients with brain tumors [46–48]. Lack of data in aneu-

rysmal rupture patients results in uncertainty regarding the

need for AED prophylaxis, choice of drug, dosing, and

duration of treatment. Because of the lack of evidence, use

of AEDs in patients with SAH varies widely between

institutions and physicians [22]. In an analysis of four

randomized trials of tirilazad mesylate in SAH conducted

worldwide between 1992 and 1997, 65% of patients

received prophylactic AEDs. Those data contrast with

results from a survey of 100 German neurosurgical

departments about SAH management conducted in 2004

[49]. In that survey, AED prophylaxis was used routinely

by only 4% of the physicians surveyed. The current

uncertainty regarding the use of AEDs in SAH is reflected

in the cautious wording of the most recent update of the

guidelines of the American Heart Association published in

2009 that concluded that ‘‘the administration of prophy-

lactic anticonvulsants may be considered in the immediate

posthemorrhagic period (Class IIb, Level of evidence B)’’

[50]. A Cochrane review with the aim to assess the effects

of AEDs for the primary and secondary prevention of

seizures after SAH is ongoing [51].

Negative Impact of AEDs on Outcome

Due to lack of data and evidence-based guidelines, AED

treatment after SAH is determined predominately by the

individual treating physician, with substantial variability

among centers and countries worldwide. There is growing

evidence to suggest that AEDs, and especially phenytoin,

have a deleterious effect on outcome. A relationship

between AED treatment after SAH and outcome was

evaluated using pooled analysis of 3,552 patients with

patients enrolled in the four trilizad trials [22]. In this

sample, 65% of patients were treated with at least one

AED, 8% with two AEDs, and 0.1% AEDs. Phenytoin was

the most frequently prescribed AED (52.8%), followed by

phenobarbital (18.7%) and carbamazepine (2.3%). AED

usage varied dramatically among countries involved in the

study and within the same country among different centers.

In this subgroup analysis, 90% of patients underwent sur-

gical clipping. Outcome was defined by the Glasgow

Outcome Scale at 3 months, after adjusting for study

center, World Federation of Neurosurgeons (WFNS)

severity grade, patient age, and blood pressure. An unfa-

vorable outcome was more common in patients treated

with AEDs. Other secondary end points, including risk of

clinical vasospasm, neurological worsening, cerebral

infarction, and elevated temperature at day 8 of
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hospitalization, were also significantly more common in

patients treated with AEDs. Interpreting data from this

study is hampered by design limitations, such as the

inability to assess duration of AED treatment or to distin-

guish between patients treated with prophylactic AEDs and

patients administered AEDs after suffering a seizure.

Nevertheless, this large analysis of patients prospectively

enrolled in randomized studies supports safety concerns

with routine use of AEDs in patients with SAH.

Naidech and coworkers also linked phenytoin treatment

after SAH with neurological and cognitive recovery in a

sample of 527 patients [19]. In this study, phenytoin burden

was defined as the average serum phenytoin level multi-

plied by number of days between the first and last

measurements, up to a maximum of 14 days. These authors

linked prophylactic phenytoin with poor functional and

cognitive outcome in a dose-dependent manner [19].

Most of the studies available on the issue of AEDs and

seizures after SAH have analyzed the effects of phenytoin.

Thus, the potential risks and benefits of newer generation

AEDs are unknown and a potential topic for further studies

[28, 35, 52, 53].

Duration of AEDs Treatment

When prophylactic AEDs are used in patients with SAH,

evidence suggests that a short course of therapy may be as

effective as a longer course. In 453 patients with sponta-

neous SAH managed homogeneously at a single center, a

comparison was made between a routine 7-day prophylaxis

and a shorter 3-day course [23]. The authors reported a

significant reduction in phenytoin-associated complications

(P = 0.002) without a difference in the rate of seizures

using the shorter duration treatment [23]. In patients suf-

fering a seizure during hospitalization, the literature

describes continuation of AED therapy for a variable per-

iod (6 weeks to 6 months) [5, 11, 16, 19, 22, 23, 26, 33,

54, 55], although there are no strong data to support a

particular treatment duration.

Conclusions

Seizures and seizure-like phenomena are not uncommon at

the onset of SAH. In patients with an unsecured aneurysm,

a seizure is often the expression of rebleeding. Patients at

higher risk for developing seizures after SAH are patients

with intraparenchymal hematomas, cerebral infarct, middle

cerebral artery location, and hydrocephalus [49, 56, 57].

Patients with onset seizure do not appear to be at higher

risk for subsequent seizures. Non-convulsive seizures

should also be considered in SAH patients with unex-

plained coma or neurological deterioration. Patients

undergoing endovascular embolization have a low risk of

peri-procedural seizures [16, 18, 31]. AED prophylaxis

remains controversial; however, phenytoin prophylaxis

appears to be associated with worse outcome, especially

when treatment is more prolonged.
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