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An 18-year-old woman is brought to the emergency department after having had a 
seizure. She was up late with friends the night before and drank some alcohol. 
Shortly after waking this morning, she collapsed without warning, injuring her face. 
Her boyfriend witnessed her having a generalized tonic–clonic seizure with cyanosis 
during which she bit the side of her tongue. Her first memory was waking in the 
ambulance. She has had no previous seizures; specifically, she has not had any invol-
untary jerks of the arms and legs on awakening, blank spells, or sensitivity to flash-
ing lights (e.g., sunlight flashing through trees, as seen while riding in a car). How 
should this patient be further evaluated and treated?

The Clinic a l Problem

The incidence rate of a single unprovoked seizure among adults 
is 23 to 61 cases per 100,000 person-years.1 A seizure may substantially af-
fect a person’s social interactions, employment, and driving eligibility. After 

a first unprovoked seizure, the overall risk of recurrence may be as high as 60% 
(Fig. S1 in the Supplementary Appendix, available with the full text of this article 
at NEJM.org), and this risk is highest within the first 2 years.2 Epilepsy affects 
0.65% of adults worldwide,3 and this incidence is highest in developing countries. 
Epilepsy is diagnosed after two unprovoked seizures that occur more than 24 hours 
apart or after a single event that occurs in a person who is considered to have a 
high risk of recurrence (>60% risk in a 10-year period).4 Abnormal findings on 
electroencephalography (EEG), an abnormal neurologic status, and a second sei-
zure all increase the probability of seizure recurrence.5 These three factors allow 
clinicians to stratify low, medium, and high risks (Table 1) and help in guiding 
decisions about the initiation of antiseizure medication.

Occasionally, serial seizures or status epilepticus will manifest as a first sei-
zure, and these conditions may be life-threatening. The management of these 
conditions is described elsewhere.6

S tr ategies a nd E v idence

Diagnosis and Evaluation

Expert history taking is essential in the diagnosis of an epileptic seizure. Tele-
phoning an eyewitness is often invaluable, and home video recordings of patients 
with frequent seizures can help in the diagnosis. Table 2 summarizes the main 
differential diagnoses of a first generalized tonic–clonic seizure and provides in-
formation on the history taking, examination, and initial investigations. Careful 
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history taking can usually distinguish the three 
main causes of transient loss of consciousness: 
epileptic seizure (provoked or unprovoked), syn-
cope (reflex, orthostatic, or cardiac), and psycho-
genic nonepileptic seizure (which mimics a 
seizure but is caused by psychological distress 
rather than abnormal electrical activity in the 
brain).

Provoked seizures might follow transient cere-
bral insults such as alcohol withdrawal, the use 
of illicit drugs such as cocaine and methamphet-
amine, and metabolic disturbances (e.g., hypo-
glycemia or hyponatremia). They also may sug-
gest a structural cause such as hemorrhagic 
stroke, encephalitis, venous sinus thrombosis, or 
tumor.

Seizures and epilepsy are classified according 
to seizure type (generalized, focal, or unknown8), 
epilepsy type, and epilepsy syndrome.9 Table  3 
and Table S1 provide common examples of each.

The presentation of a seizure depends on its 
site of onset (generalized or focal) and pattern 
of spread. Seizures can occur at any age and in 
any situation. In some cases, a lack of warning 
suggests a generalized onset, although a lack of 
warning is also compatible with focal-onset sei-
zures, especially in the frontal lobe. In other 
cases (usually focal-onset seizures), there is a 
specific but often “indescribable” aura — such 
as déjà vu, an epigastric “rising” sensation, or 
tastes or smells — usually followed by transient 
altered awareness.

A convulsive seizure typically has a tonic (stiff-
ening) phase and then a clonic (convulsing) phase. 

Together these phases last 1 to 3 minutes, typi-
cally while the patient has open eyes, apnea, and 
cyanosis. Patients awaken many minutes later 
feeling tired and achy, and they sometimes have 
a lateral tongue bite.

Physical examination may reveal findings that 
point to a cause other than seizure or a condi-
tion predisposing to seizure. Attention should be 
paid to the skin (e.g., to detect facial angiofibro-
mas, hypomelanotic macules suggestive of tuber-
ous sclerosis, or scars from self-harm that are 
often associated with psychogenic nonepileptic 
seizures), the cardiovascular system (an aortic 
ejection murmur may indicate cardiac syncope, 
and postural blood-pressure changes may indi-
cate orthostatic hypotension), and findings on 
funduscopic examination (e.g., elevated intracra-
nial pressure).

Basic blood tests to measure levels of electro-
lytes, glucose, calcium, and magnesium may help 
to identify potential causes of seizure or coexist-
ing conditions. An evaluation with 12-lead electro-
cardiography (ECG) is indicated in all patients 
(especially older adults) who have had a first 
seizure or unexplained blackout spell to look for 
evidence of previous myocardial infarction be-
cause of the risk of ventricular tachycardia or of 
rare but potentially fatal (and often familial) 
disorders, including hypertrophic cardiomyopa-
thy and long QT syndromes.10

Brain Imaging

Urgent brain imaging is warranted in patients 
who present with a first epileptic seizure. Com-

Key Clinical Points

Initial Management of Seizure in Adults

•	 The clinical diagnosis of an epileptic seizure requires a detailed history taking and, ideally, an eyewitness 
account of the seizure.

•	 Evaluation with 12-lead electrocardiography is essential in a patient who has had a first seizure or an 
unexplained blackout spell.

•	 In children and teenagers, interictal electroencephalography, ideally within 24 hours after a first seizure, 
is particularly important.

•	 All patients who have had a suspected focal-onset seizure should undergo detailed magnetic resonance 
imaging of the head.

•	 Patients who have had an epileptic seizure should be informed about factors that may provoke seizures 
(e.g., sleep deprivation and alcohol use), the risk of a seizure occurring while driving or engaging in 
solitary activities, and the risks of harm from further seizures.

•	 Data from long-term pragmatic trials suggest that the first-line medication for patients with focal-onset 
seizures is either lamotrigine or levetiracetam, although other reasonable options are available; for patients 
with generalized-onset seizures, the first choice is sodium valproate, except for women of childbearing 
potential, in whom the first-line medication is usually levetiracetam.
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puted tomography is useful and widely available. 
However, in most adults with a first seizure 
(especially a focal-onset seizure) or early epilepsy, 
detailed magnetic resonance imaging (MRI; 
ideally 3-T MRI with <3-mm slice thickness on 
T2-weighted imaging and fluid-attenuated inver-
sion recovery11) is warranted to identify more 
subtle underlying causes such as hippocampal 
sclerosis, focal cortical dysplasia, or tumor that 
may be treated surgically.

Electroencephalography

Interictal EEG that is performed in a patient who 
has had a first seizure is unlikely to capture 
another seizure, although the procedure may 
provoke psychogenic nonepileptic seizures. EEG 
is most informative in patients younger than 25 
years of age because these patients are most 
likely to have subclinical interictal generalized 
activity that may confirm a generalized seizure 
tendency and that strongly predicts further sei-
zures (70% positive predictive value).12,13

EEG that is performed soon after a patient 
has had a first seizure identifies more epilepti-
form abnormalities than later EEG; one study 
involving 300 consecutive adults and children 
identified abnormalities in 51% of those who 
underwent EEG within 24 hours and in 34% of 
those who underwent EEG later.14 EEG that is 
performed in ambulatory or sleep-deprived pa-
tients further increases the diagnostic yield in 
patients in whom an epileptic seizure is likely 
even though the routine interictal EEG findings 

are normal.15 The presence of interictal epilepti-
form discharges in either of these investigations 
increases the 1-year risk of seizure recurrence by 
a factor of 1.5.16

M a nagemen t

Antiseizure Medications

The medical management of epilepsy predomi-
nantly involves seizure suppression with the long-
term use of oral medication (Table 4 and Table S2). 
Antiseizure medication is primarily indicated 
when the risk of further spontaneous seizures is 
judged to exceed 60% over the next 10 years.

The aim of management is no seizures and 
minimal adverse effects of treatment. However, 
if these goals prove to be impossible, then the 
priority is complete control of major convulsive 
seizures, which are potentially dangerous because 
they may increase the risk of sudden unexpected 
death in epilepsy (SUDEP) above the estimated 
absolute risk among patients with epilepsy over-
all (1.2 cases per 1000 patient-years).23

The initiation of long-term use of antiseizure 
medication is a major decision that is made by 
the patient and the clinician. This decision re-
quires reasonable certainty of an epilepsy diag-
nosis; the use of medication for a trial period 
in patients in whom the diagnosis is uncertain 
should be avoided.

The Medical Research Council Multicentre 
Trial for Early Epilepsy and Single Seizures24 
showed that the risk of seizure recurrence was 

Table 1. Probability of Another Seizure after a Single Seizure or Early Epilepsy and Recommendations for Use  
of Antiseizure Medications.*

Level of Risk and 
No. of Seizures

Neurologic Disorder 
or Abnormal EEG Probability of Another Seizure

Usual Recommendation 
for Antiseizure 

Medication

By 1 yr By 3 yr By 5 yr

Low risk: 1 seizure Neither 0.19 0.28 0.30 No

Medium risk

1 Seizure Either 0.35 0.50 0.56 Consider

2–3 Seizures Neither 0.35 0.50 0.56 Consider

High risk

1 seizure Both 0.59 0.67 0.73 Yes

2–3 seizures Either 0.59 0.67 0.73 Yes

>3 seizures Neither 0.59 0.67 0.73 Yes

*	�Adapted from Kim et al.5 EEG denotes electroencephalogram.



n engl j med 385;3  nejm.org  July 15, 2021254

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Ta
bl

e 
2.

 D
iff

er
en

tia
l D

ia
gn

os
is

 o
f G

en
er

al
iz

ed
 T

on
ic

–C
lo

ni
c 

Se
iz

ur
e 

in
 A

du
lts

.*

V
ar

ia
bl

e

G
en

er
al

iz
ed

 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fo
ca

l t
o 

B
ila

te
ra

l 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fr
on

ta
l-L

ob
e 

Se
iz

ur
e

R
ef

le
x 

(V
as

ov
ag

al
) 

Sy
nc

op
e

O
rt

ho
st

at
ic

 
Sy

nc
op

e
C

ar
di

ac
 S

yn
co

pe

Ps
yc

ho
ge

ni
c 

N
on

ep
ile

pt
ic

 
Se

iz
ur

e
Pa

ni
c 

A
tt

ac
k

N
on

-R
EM

 
Pa

ra
so

m
ni

a†

Ty
pi

ca
l d

em
o-

gr
ap

hi
c 

ch
ar

-
ac

te
ri

st
ic

s

Yo
un

g 
(<

25
 y

r)
; 

of
te

n 
no

 s
ei

-
zu

re
 h

is
to

ry
 

re
po

rt
ed

 
(a

lth
ou

gh
 

on
 d

ir
ec

t 
qu

es
tio

ni
ng

, 
pa

tie
nt

 m
ay

 
de

sc
ri

be
 

ab
se

nc
es

, 
m

yo
cl

on
us

, 
ph

ot
os

en
si

-
tiv

ity
, o

r 
al

l 
th

es
e 

sy
m

p-
to

m
s)

A
ny

 a
ge

; o
ft

en
 

w
ith

 p
re

vi
-

ou
sl

y 
un

re
c-

og
ni

ze
d 

ep
i-

so
de

s 
of

 d
éj

à 
vu

, e
pi

ga
st

ri
c 

“r
is

in
g”

 s
en

-
sa

tio
n,

 b
la

nk
 

sp
el

ls
 w

ith
 

au
to

m
at

is
m

 
(e

.g
., 

lip
 

sm
ac

ki
ng

 a
nd

 
pi

ck
in

g 
at

 
cl

ot
he

s)
, a

nd
 

to
ng

ue
 b

iti
ng

 
on

 w
ak

in
g

A
ny

 a
ge

, a
lth

ou
gh

 
pa

tie
nt

s 
ar

e 
of

te
n 

ch
ild

re
n 

(m
ed

ia
n 

on
se

t, 
14

 y
r)

; 
po

ss
ib

le
 fa

m
-

ily
 h

is
to

ry
 o

f 
fr

on
ta

l-l
ob

e 
se

iz
ur

e 
(a

ut
o-

so
m

al
 d

om
i-

na
nt

)

Yo
un

g;
 o

ft
en

 
he

al
th

y,
 w

ith
 

hi
st

or
y 

of
 

fa
in

tin
g

O
ld

er
 a

ge
, e

sp
e-

ci
al

ly
 in

 p
a-

tie
nt

s 
w

ith
 a

u-
to

no
m

ic
 fa

il-
ur

e 
(d

ia
be

te
s 

or
 a

ut
on

om
ic

 
ne

ur
op

at
hy

) 
or

 u
se

 o
f v

as
o-

di
la

to
r 

m
ed

i-
ca

tio
ns

O
ld

er
 a

ge
, w

ith
 

va
sc

ul
ar

 r
is

k 
fa

ct
or

s 
(e

sp
e-

ci
al

ly
 p

re
vi

ou
s 

m
yo

ca
rd

ia
l 

in
fa

rc
tio

n)

A
ny

 a
ge

; o
f-

te
n 

w
ith

 
co

ex
is

tin
g 

de
pr

es
si

on
, 

pa
ni

c 
di

s-
or

de
r,

 d
ru

g 
or

 a
lc

oh
ol

 
de

pe
nd

en
ce

, 
se

lf-
ha

rm
, 

or
 a

dv
er

se
 

ch
ild

ho
od

 
ev

en
ts

A
ny

 a
ge

; p
os

-
si

bl
y 

w
ith

 
co

ex
is

tin
g 

de
pr

es
si

on
, 

an
xi

et
y,

 
dr

ug
 o

r 
al

co
ho

l d
e-

pe
nd

en
ce

, 
se

lf-
ha

rm
, 

or
 a

dv
er

se
 

ch
ild

ho
od

 
ev

en
ts

Yo
un

g;
 u

su
al

ly
 

w
ith

 o
ns

et
 

in
 c

hi
ld

ho
od

 
an

d 
re

m
it-

ta
nc

e 
in

 
ad

ol
es

ce
nc

e;
 

of
te

n 
a 

fa
m

-
ily

 h
is

to
ry

 o
f 

pa
ra

so
m

ni
a

O
cc

ur
re

nc
e 

in
 

sp
ec

ifi
c 

si
tu

a-
tio

ns

U
su

al
ly

 o
cc

ur
s 

w
ith

in
 1

 h
r 

af
te

r 
w

ak
in

g

M
ay

 o
cc

ur
 a

t a
ny

 
tim

e,
 in

cl
ud

-
in

g 
du

ri
ng

 
sl

ee
p

U
su

al
ly

 o
cc

ur
s 

du
ri

ng
 s

le
ep

C
om

m
on

ly
 s

itu
-

at
io

na
l (

e.
g.

, 
m

ay
 o

cc
ur

 in
 

ba
th

ro
om

 o
r 

re
st

au
ra

nt
) 

an
d 

of
te

n 
pr

o-
vo

ke
d 

(e
.g

., 
w

hi
le

 s
ta

nd
-

in
g,

 w
ith

 th
e 

si
gh

t o
f b

lo
od

, 
af

te
r 

ex
er

tio
n)

M
ay

 o
cc

ur
 w

ith
 

st
an

di
ng

 a
ft

er
 

ly
in

g 
do

w
n

R
ar

el
y 

si
tu

at
io

na
l, 

oc
ca

si
on

al
ly

 
oc

cu
rs

 d
ur

in
g 

ex
er

tio
n

C
om

m
on

ly
 

si
tu

at
io

na
l, 

es
pe

ci
al

ly
 

w
he

n 
pa

tie
nt

 
is

 a
w

ak
e 

an
d 

no
t a

lo
ne

; 
of

te
n 

oc
cu

rs
 

w
ith

 s
tr

es
s-

fu
l s

itu
a-

tio
ns

, b
ut

 
pa

tie
nt

 m
ay

 
re

po
rt

 n
o 

tr
ig

ge
r

C
om

m
on

ly
 

oc
cu

rs
 in

 
st

re
ss

fu
l 

si
tu

at
io

ns

A
lw

ay
s 

oc
cu

rs
 

du
ri

ng
 s

le
ep

, 
es

pe
ci

al
ly

 
du

ri
ng

 fi
rs

t 
th

ir
d 

of
 th

e 
ni

gh
t; 

w
or

se
 

w
ith

 s
le

ep
 

de
pr

iv
at

io
n,

 
al

co
ho

l u
se

, 
an

d 
st

re
ss

W
ar

ni
ng

 
 p

ro
dr

om
e

U
nc

om
m

on
C

om
m

on
, o

cc
ur

s 
w

ith
 p

re
ce

d-
in

g 
m

in
or

 s
ei

-
zu

re
 (

au
ra

)

N
on

e;
 o

cc
ur

s 
w

he
n 

pa
tie

nt
 

is
 a

sl
ee

p

C
om

m
on

; p
re

ce
d-

in
g 

na
us

ea
 

is
 s

tr
on

gl
y 

su
gg

es
tiv

e;
 

oc
cu

rs
 in

 h
ot

 
en

vi
ro

nm
en

t, 
w

ith
 li

gh
th

ea
d-

ed
ne

ss
, v

is
ua

l 
bl

ac
ko

ut
, o

r 
bo

th

C
om

m
on

; o
cc

ur
s 

w
ith

 li
gh

th
ea

d-
ed

ne
ss

, v
is

ua
l 

bl
ac

ko
ut

, o
r 

bo
th

U
nc

om
m

on
C

om
m

on
; o

c-
cu

rs
 w

ith
 

fe
ar

, p
an

ic
, 

an
d 

al
te

re
d 

m
en

ta
l s

ta
te

, 
or

 p
at

ie
nt

 
m

ay
 r

ep
or

t 
no

 w
ar

ni
ng

A
lm

os
t i

nv
ar

i-
ab

le
; o

cc
ur

s 
w

ith
 fe

ar
, 

pa
ni

c,
 a

nd
 

al
te

re
d 

m
en

-
ta

l s
ta

te

N
on

e;
 o

cc
ur

s 
w

he
n 

pa
tie

nt
 

is
 a

sl
ee

p



n engl j med 385;3  nejm.org  July 15, 2021 255

Clinical Pr actice

V
ar

ia
bl

e

G
en

er
al

iz
ed

 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fo
ca

l t
o 

B
ila

te
ra

l 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fr
on

ta
l-L

ob
e 

Se
iz

ur
e

R
ef

le
x 

(V
as

ov
ag

al
) 

Sy
nc

op
e

O
rt

ho
st

at
ic

 
Sy

nc
op

e
C

ar
di

ac
 S

yn
co

pe

Ps
yc

ho
ge

ni
c 

N
on

ep
ile

pt
ic

 
Se

iz
ur

e
Pa

ni
c 

A
tt

ac
k

N
on

-R
EM

 
Pa

ra
so

m
ni

a†

O
ns

et
 a

nd
 s

ig
ns

Su
dd

en
 o

ns
et

; 
hi

gh
ly

 
st

er
eo

ty
pi

-
ca

l: 
to

ni
c 

(s
tif

fe
ni

ng
) 

ph
as

e,
 

th
en

 c
lo

ni
c 

(c
on

vu
ls

-
in

g)
 p

ha
se

, 
to

ge
th

er
 

la
st

in
g 

1–
3 

m
in

, t
yp

i-
ca

lly
 w

ith
 

ey
es

 o
pe

n,
 

ap
ne

a,
 a

nd
 

cy
an

os
is

G
ra

du
al

 o
r 

su
d-

de
n 

on
se

t; 
st

er
eo

ty
pi

ca
l: 

au
ra

 o
r 

fo
-

ca
l s

ei
zu

re
 

m
ay

 p
re

ce
de

 
co

nv
ul

si
on

; 
in

 to
ni

c 
ph

as
e,

 h
ea

d 
an

d 
ga

ze
 d

e-
vi

at
io

n 
to

 th
e 

si
de

 c
on

tr
a-

la
te

ra
l t

o 
se

i-
zu

re
 fo

cu
s,

 o
r 

“s
ig

n 
of

 fo
ur

” 
(o

ne
 a

rm
 

ex
te

nd
ed

, t
he

 
ot

he
r 

fle
xe

d)

Su
dd

en
 o

ns
et

; 
va

ri
ab

le
 a

l-
th

ou
gh

 h
ig

hl
y 

st
er

eo
ty

pi
ca

l 
w

ith
in

 a
n 

in
di

vi
du

al
 

pa
tie

nt
 (

e.
g.

, 
dr

am
at

ic
 p

re
-

se
nt

at
io

n 
w

ith
 

sc
re

am
in

g,
 

se
m

ip
ur

po
se

-
fu

l m
ot

or
 

au
to

m
at

is
m

, 
in

cl
ud

in
g 

ru
n-

ni
ng

, o
r 

as
ym

-
m

et
ri

c 
to

ni
c 

po
st

ur
in

g 
w

ith
 k

ic
ki

ng
 

an
d 

cy
cl

in
g)

G
ra

du
al

 o
ns

et
; 

br
ie

f l
os

s 
of

 
co

ns
ci

ou
s-

ne
ss

 (
<1

 
m

in
),

 p
al

lo
r,

 
so

m
et

im
es

 
lim

b 
je

rk
s 

an
d 

po
st

ur
in

g

G
ra

du
al

 o
r 

su
d-

de
n 

on
se

t; 
br

ie
f l

os
s 

of
 

co
ns

ci
ou

s-
ne

ss
 (

<1
 

m
in

),
 p

al
lo

r,
 

so
m

et
im

es
 

lim
b 

je
rk

s 
an

d 
po

st
ur

in
g

Su
dd

en
 o

ns
et

; 
us

ua
lly

 b
ri

ef
 

bu
t o

cc
as

io
n-

al
ly

 p
ro

lo
ng

ed
 

lo
ss

 o
f c

on
-

sc
io

us
ne

ss
, 

pa
llo

r,
 a

nd
 

sw
ea

tin
g;

 
so

m
et

im
es

 
lim

b 
je

rk
s 

an
d 

po
st

ur
in

g

G
ra

du
al

 o
ns

et
; 

of
te

n 
pr

o-
lo

ng
ed

 (
>2

 
m

in
) 

w
ith

 
ey

es
 c

lo
se

d,
 

br
ea

th
in

g 
an

d 
co

lo
r 

m
ai

nt
ai

ne
d,

 
ra

pi
d 

sh
ak

-
in

g 
(e

sp
e-

ci
al

ly
 h

ea
d 

an
d 

ar
m

s)
, 

ba
ck

 a
rc

h-
in

g;
 fl

uc
tu

at
-

in
g 

se
ve

ri
ty

G
ra

du
al

 o
ns

et
; 

va
ri

ab
le

 d
u-

ra
tio

n,
 w

ith
 

ey
es

 c
lo

se
d,

 
br

ea
th

in
g 

m
ai

nt
ai

ne
d 

or
 r

ap
id

, 
an

d 
co

lo
r 

m
ai

nt
ai

ne
d

O
ns

et
 d

ur
-

in
g 

sl
ee

p;
 

va
ri

ab
le

 
co

m
pl

ex
ity

, 
no

t h
ig

hl
y 

st
er

eo
ty

pi
-

ca
l, 

la
st

in
g 

se
co

nd
s 

to
 3

0 
m

in
; 

co
nf

us
io

na
l 

ar
ou

sa
ls

; 
sl

ee
pw

al
ki

ng
 

w
ith

 s
em

i-
pu

rp
os

ef
ul

 
be

ha
vi

or
 

(e
.g

., 
dr

es
s-

in
g 

or
 e

at
-

in
g)

 o
r 

sl
ee

p 
te

rr
or

s

C
on

sc
io

us
ne

ss
 

an
d 

re
sp

on
-

si
ve

ne
ss

N
ot

 d
ur

in
g 

ep
i-

so
de

Pa
rt

ia
l d

ur
in

g 
w

ar
ni

ng
 

(a
ur

a)
 b

ut
 

no
t d

ur
in

g 
ep

is
od

e

M
ay

 b
e 

at
 le

as
t 

pa
rt

ia
lly

 r
e-

ta
in

ed

N
ot

 d
ur

in
g 

ep
i-

so
de

N
ot

 d
ur

in
g 

ep
i-

so
de

N
ot

 d
ur

in
g 

ep
i-

so
de

V
ar

ia
bl

e,
 e

ve
n 

w
ith

in
 e

pi
-

so
de

; s
tim

u-
la

tio
n 

ca
n 

te
rm

in
at

e 
ep

is
od

e

V
ar

ia
bl

e;
 p

at
ie

nt
 

m
ay

 b
e 

re
-

sp
on

si
ve

Pa
tie

nt
 p

oo
rl

y 
re

sp
on

si
ve

 
du

ri
ng

 e
pi

-
so

de

In
co

nt
in

en
ce

C
om

m
on

C
om

m
on

C
om

m
on

O
cc

as
io

na
l

O
cc

as
io

na
l

O
cc

as
io

na
l

O
cc

as
io

na
l

R
ar

e
R

ar
e

In
ju

ry
C

om
m

on
, i

n-
cl

ud
in

g 
la

t-
er

al
 to

ng
ue

 
bi

tin
g,

 fa
ci

al
 

in
ju

ry
, o

r 
po

st
er

io
r 

sh
ou

ld
er

 
di

sl
oc

at
io

n

C
om

m
on

, i
nc

lu
d-

in
g 

la
te

ra
l 

to
ng

ue
 b

it-
in

g;
 w

ar
ni

ng
 

lim
its

 r
is

k 
of

 
in

ju
ry

C
om

m
on

, d
e-

sp
ite

 r
et

ai
ne

d 
aw

ar
en

es
s

O
cc

as
io

na
l m

in
or

, 
ra

re
 to

ng
ue

 
bi

tin
g

U
nc

om
m

on
 (

w
ith

 
w

ar
ni

ng
)

C
om

m
on

, i
nc

lu
d-

in
g 

to
ng

ue
 

bi
tin

g

O
cc

as
io

na
l 

to
ng

ue
 a

nd
 

ch
ee

k 
bi

tin
g,

 
w

ri
st

 in
ju

ry
, 

ca
rp

et
 b

ur
n;

 
oc

ca
si

on
al

 
di

re
ct

ed
 v

io
-

le
nc

e

O
cc

as
io

na
l m

i-
no

r 
to

ng
ue

 
an

d 
ch

ee
k 

bi
tin

g

U
nc

om
m

on

R
ec

ov
er

y
Sl

ow
; p

at
ie

nt
 is

 
dr

ow
sy

, c
on

-
fu

se
d,

 a
nd

 
ha

s 
m

us
cl

e 
ac

he
s

Sl
ow

; p
at

ie
nt

 
is

 d
ro

w
sy

, 
co

nf
us

ed
, a

nd
 

ha
s 

m
us

cl
e 

ac
he

s

R
ap

id
R

ap
id

 r
eg

ai
ni

ng
 

of
 c

on
sc

io
us

-
ne

ss
, b

ut
 

pa
tie

nt
 o

ft
en

 
fa

tig
ue

d

O
ft

en
 r

ap
id

, u
n-

le
ss

 p
at

ie
nt

 
re

m
ai

ns
 in

 
up

ri
gh

t p
os

i-
tio

n 
du

ri
ng

 
ep

is
od

e

O
ft

en
 r

ap
id

O
ft

en
 s

lo
w

U
su

al
ly

 r
ap

id
Pa

tie
nt

 ty
pi

ca
lly

 
re

tu
rn

s 
to

 
sl

ee
p



n engl j med 385;3  nejm.org  July 15, 2021256

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

V
ar

ia
bl

e

G
en

er
al

iz
ed

 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fo
ca

l t
o 

B
ila

te
ra

l 
To

ni
c–

C
lo

ni
c 

Se
iz

ur
e

Fr
on

ta
l-L

ob
e 

Se
iz

ur
e

R
ef

le
x 

(V
as

ov
ag

al
) 

Sy
nc

op
e

O
rt

ho
st

at
ic

 
Sy

nc
op

e
C

ar
di

ac
 S

yn
co

pe

Ps
yc

ho
ge

ni
c 

N
on

ep
ile

pt
ic

 
Se

iz
ur

e
Pa

ni
c 

A
tt

ac
k

N
on

-R
EM

 
Pa

ra
so

m
ni

a†

Fi
nd

in
gs

 o
n 

 e
xa

m
in

at
io

n 
an

d 
in

iti
al

 
te

st
s

La
te

ra
l t

on
gu

e 
bi

tin
g,

 fa
-

ci
al

 in
ju

ry
; 

in
te

ri
ct

al
 

EE
G

 s
ho

w
s 

sp
ik

e–
po

ly
sp

ik
e-

an
d-

w
av

e 
pa

tt
er

ns
; 

M
R

I o
f h

ea
d 

no
rm

al
, 

in
di

ca
te

d 
pa

rt
ic

ul
ar

ly
 

fo
r 

at
yp

ic
al

 
fe

at
ur

es
 

(i
nc

lu
di

ng
 

pe
rs

is
te

nc
e 

of
 s

ei
zu

re
s 

de
sp

ite
 u

se
 

of
 a

nt
is

ei
-

zu
re

 m
ed

i-
ca

tio
n)

; 
12

-le
ad

 
EC

G
 u

se
d 

to
 e

xc
lu

de
 

pr
op

en
si

ty
 

fo
r 

ca
rd

ia
c 

ar
rh

yt
hm

ia
 

m
im

ic
ki

ng
 

se
iz

ur
e

La
te

ra
l t

on
gu

e 
bi

tin
g,

 c
ra

ni
al

 
sc

ar
s 

fr
om

 
pr

ev
io

us
 in

ju
-

ry
 o

r 
su

rg
er

y,
 

he
m

ia
tr

op
hy

 
(s

ug
ge

st
in

g 
m

ild
 c

er
eb

ra
l 

pa
ls

y)
; M

R
I 

of
 h

ea
d 

m
ay

 
sh

ow
 u

nd
er

ly
-

in
g 

st
ru

ct
ur

al
 

ca
us

e;
 in

-
te

ri
ct

al
 E

EG
 

m
ay

 s
ho

w
 

fo
ca

l s
ha

rp
, 

sp
ik

e,
 a

nd
 

sl
ow

 w
av

es
; 

12
-le

ad
 

EC
G

 u
se

d 
to

 e
xc

lu
de

 
pr

op
en

si
ty

 
fo

r 
ca

rd
ia

c 
ar

rh
yt

hm
ia

 
m

im
ic

ki
ng

 
se

iz
ur

e

C
ra

ni
al

 s
ca

rs
 

fr
om

 p
re

vi
-

ou
s 

in
ju

ry
 o

r 
su

rg
er

y;
 M

R
I 

of
 h

ea
d 

m
ay

 
sh

ow
 u

nd
er

ly
-

in
g 

st
ru

ct
ur

al
 

ca
us

e;
 E

EG
 

m
ay

 s
ho

w
 

fo
ca

l s
ha

rp
, 

sp
ik

e,
 a

nd
 

sl
ow

 w
av

es
 o

r 
m

us
cl

e 
ar

ti-
fa

ct
 o

nl
y,

 e
ve

n 
du

ri
ng

 s
ei

-
zu

re
s 

(d
ee

p 
fo

cu
s)

; v
id

eo
 

m
ay

 c
ap

tu
re

 
ty

pi
ca

l e
ve

nt
 

if 
fr

eq
ue

nt

Lo
w

 b
lo

od
 p

re
s-

su
re

; b
ed

si
de

 
po

st
ur

al
 

bl
oo

d-
pr

es
-

su
re

 r
ea

di
ng

 
us

ua
lly

 n
ot

 
ne

ce
ss

ar
y 

or
 

he
lp

fu
l; 

12
-

le
ad

 E
C

G
 u

se
d 

to
 e

xc
lu

de
 

pr
op

en
si

ty
 

fo
r 

ca
rd

ia
c 

ar
-

rh
yt

hm
ia

; 
he

ad
-u

p 
til

t-
ta

bl
e 

te
st

 (
if 

do
ub

t r
em

ai
ns

 
af

te
r 

hi
st

or
y,

 
ex

am
in

at
io

n,
 

an
d 

EC
G

) 
m

ay
 

sh
ow

 a
br

up
t 

br
ad

yc
ar

di
a 

an
d 

hy
po

te
n-

si
on

 a
ft

er
 

15
–3

0 
m

in

B
ed

si
de

 b
lo

od
 

pr
es

su
re

 d
e-

cr
ea

se
s 

ov
er

 a
 

pe
ri

od
 o

f a
 fe

w
 

m
in

ut
es

 w
hi

le
 

pa
tie

nt
 is

 in
 

up
ri

gh
t p

os
i-

tio
n,

 w
ith

ou
t 

co
m

pe
ns

at
or

y 
ta

ch
yc

ar
di

a;
 

12
-le

ad
 E

C
G

 
us

ed
 to

 e
x-

cl
ud

e 
pr

op
en

-
si

ty
 fo

r 
ca

rd
ia

c 
ar

rh
yt

hm
ia

; 
am

bu
la

to
ry

 
bl

oo
d-

pr
es

-
su

re
 m

on
ito

r-
in

g 
if 

do
ub

t 
re

m
ai

ns

Si
gn

s 
of

 c
on

ge
s-

tiv
e 

ca
rd

ia
c 

fa
ilu

re
, e

je
c-

tio
n 

sy
st

ol
ic

 
m

ur
m

ur
 (

ao
r-

tic
 s

te
no

si
s 

or
 

hy
pe

rt
ro

ph
ic

 
ca

rd
io

m
yo

pa
-

th
y)

, o
r 

bo
th

; 
12

-le
ad

 E
C

G
 

us
ed

 to
 id

en
-

tif
y 

pr
op

en
si

ty
 

fo
r 

ca
rd

ia
c 

ar
-

rh
yt

hm
ia

 
(e

sp
ec

ia
lly

 if
 

pa
tie

nt
 h

as
 

ha
d 

pr
ev

io
us

 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n)

; 
tr

an
st

ho
ra

ci
c 

ec
ho

ca
rd

io
- 

gr
ap

hy
 u

se
d 

to
 

id
en

tif
y 

un
de

r-
ly

in
g 

st
ru

ct
ur

al
 

ca
rd

ia
c 

ca
us

e;
 

co
ns

id
er

 
ur

ge
nt

 c
ar

di
ol

-
og

y 
re

fe
rr

al

Sc
ar

s 
fr

om
 s

el
f-

ha
rm

; c
ar

pe
t 

bu
rn

s;
 v

id
eo

 
of

 e
ve

nt
s 

if 
fr

eq
ue

nt
 

to
 lo

ok
 fo

r 
gr

ad
ua

l 
on

se
t, 

lo
ng

 
du

ra
tio

n;
 

pa
tie

nt
 h

as
 

ey
es

 c
lo

se
d,

 
ra

pi
d 

br
ea

th
-

in
g,

 a
bs

en
ce

 
of

 c
ya

no
si

s,
 

lim
b 

th
ra

sh
-

in
g,

 b
ac

k 
ar

ch
in

g;
 E

EG
 

m
ay

 c
ap

tu
re

 
ty

pi
ca

l e
ve

nt
 

(e
sp

ec
ia

lly
 

w
ith

 p
ho

tic
 

st
im

ul
at

io
n)

 
w

ith
 o

nl
y 

ic
ta

l m
ov

e-
m

en
t a

rt
ifa

ct

Pa
tie

nt
 a

pp
ea

rs
 

an
xi

ou
s;

 v
id

-
eo

 o
f e

ve
nt

s 
if 

fr
eq

ue
nt

 
to

 lo
ok

 fo
r 

gr
ad

ua
l 

on
se

t, 
lo

ng
 

du
ra

tio
n;

 
pa

tie
nt

 
ha

s 
pa

rt
ia

l 
aw

ar
en

es
s,

 
an

xi
ou

s 
ex

pr
es

si
on

, 
ey

es
 c

lo
se

d,
 

ra
pi

d 
br

ea
th

in
g;

 
EE

G
 m

ay
 

ca
pt

ur
e 

ty
pi

ca
l e

ve
nt

 
(e

sp
ec

ia
lly

 
w

ith
 p

ho
tic

 
st

im
ul

a-
tio

n)
 w

ith
 

on
ly

 ic
ta

l 
m

ov
em

en
t 

ar
tif

ac
t

N
or

m
al

 e
x-

am
in

at
io

n;
 

vi
de

o 
of

 
ev

en
ts

 u
se

d 
to

 d
is

tin
-

gu
is

h 
fr

om
 

fr
on

ta
l-l

ob
e 

ep
ile

ps
y;

 
EE

G
 w

hi
le

 
pa

tie
nt

 is
 

as
le

ep
 m

ay
 

ca
pt

ur
e 

ty
pi

-
ca

l e
ve

nt

*	�
EC

G
 d

en
ot

es
 e

le
ct

ro
ca

rd
io

gr
ap

hy
, M

R
I 

m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g,
 a

nd
 R

EM
 r

ap
id

 e
ye

 m
ov

em
en

t.
†

	�D
at

a 
ar

e 
fr

om
 D

er
ry

.7

Ta
bl

e 
2.

 (C
on

tin
ue

d.
)



n engl j med 385;3  nejm.org  July 15, 2021 257

Clinical Pr actice

lower in the first 2 years after the first seizure 
among patients who received immediate initia-
tion of medication (generally carbamazepine or 
sodium valproate) than among those who re-
ceived delayed treatment pending a second sei-
zure (32% vs. 39%), but earlier initiation of treat-
ment did not affect longer-term seizure remission. 
Adverse events were significantly more common 
with immediate treatment than with delayed 
treatment (in 39% and 31% of the patients), and 
quality-of-life measures were similar in the two 
groups. Therefore, clinicians usually advise with-
holding medication in patients who have had a 
single seizure unless the recurrence risk is par-
ticularly high.4 Despite a low estimated risk of 
recurrence, some patients choose to receive med-

ication because they have had a particularly se-
vere or injurious first seizure or because they live 
in areas such as the United Kingdom where a 
second seizure might extend the driving restric-
tion from 6 months to 12 months.

Factors Guiding Medication Choice

The choice of medication should be guided by 
the type of seizure and epilepsy syndrome (broad-
ly, valproate or levetiracetam is used in patients 
with generalized-onset seizures and lamotrigine 
or levetiracetam is used in those with focal-onset 
seizures) as well as by the effectiveness, adverse-
event profile, and pharmacodynamic and pharma-
cokinetic properties of a given drug. Coexisting 
conditions must also be considered. For example, 

Table 3. Common Types of Seizures in Adolescents and Adults.*

Seizure Type Description and Common Examples

Generalized onset The patient’s symptoms or description of the seizure by a witness do not indi-
cate an anatomical localization of the seizure. It is thought to start within 
and rapidly engage bilaterally distributed cerebral networks.

Motor Myoclonic seizures manifest as involuntary “jumps” of the arms, legs, or 
head, especially shortly after waking and with sleep deprivation; general-
ized tonic–clonic seizures typically occur without warning, although they 
may follow myoclonic or absence seizures and are most likely to occur 
within 1 hr after waking and with sleep deprivation.

Nonmotor Typical absences manifest as a brief loss of awareness, with an abrupt onset 
and offset, provoked by hyperventilation, often with eyelid flickering, and 
ictal 3-Hz generalized spike-and-wave activity on EEG; atypical absences 
have a less abrupt onset and offset, with an atypical, generalized spike-
and-wave activity on EEG that is slower (<2.5 Hz) than that in typical 
seizures.

Focal onset Most new-onset seizures in adults, including tonic–clonic seizures, are of 
focal onset. There is clinical evidence of seizure onset localized to one 
part of the brain, regardless of whether it subsequently involves the re-
mainder of the brain. The site of onset determines the features: temporal 
lobe (epigastric “rising” sensation, déjà vu, and smell or taste), frontal 
lobe (features are often sleep-related, with adversive head turn, arm and 
leg jerking, and speech arrest), occipital lobe (elementary visual halluci
nations in the contralateral visual field), parietal lobe (lateralized sensory 
symptoms, including pain), or insular cortex (laryngeal constriction, dys-
pnea, and contralateral somatosensory symptoms).

Awareness In focal-onset aware (formerly called simple partial) seizures, awareness of 
the self or environment is retained; in focal-onset impaired awareness 
(formerly called complex partial) seizures, awareness of the self or envi-
ronment is impaired.

Motor features Motor seizures include automatisms (e.g., lip smacking and picking at 
clothes) and atonic, tonic, clonic, and myoclonic features; nonmotor 
seizures include autonomic, behavior arrest, cognitive, emotional, and 
sensory features.

Secondary generalization In focal to bilateral tonic–clonic (formerly called secondarily generalized) sei-
zures, the focal seizure develops into a tonic–clonic seizure. Such seizures 
often first occur during sleep.

Unknown onset The origin of a seizure is often uncertain, especially after only one seizure.

*	�Data are from Fisher et al.8



n engl j med 385;3  nejm.org  July 15, 2021258

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Ta
bl

e 
4.

 F
ir

st
-L

in
e 

A
nt

is
ei

zu
re

 M
ed

ic
at

io
ns

.

M
ed

ic
at

io
n 

an
d 

In
di

ca
tio

n
M

ec
ha

ni
sm

 a
nd

 
Ph

ar
m

ac
ok

in
et

ic
 P

ro
fil

e
D

os
e 

in
 A

du
lts

A
dv

er
se

 E
ff

ec
ts

In
te

ra
ct

io
ns

C
om

m
en

ts

La
m

ot
ri

gi
ne

 (
La

m
ic

ta
l)

 
fo

r 
fo

ca
l-o

ns
et

 s
ei

-
zu

re
s17

, 1
8 ; 

ef
fe

ct
iv

e 
fo

r 
ge

ne
ra

liz
ed

-o
ns

et
 

to
ni

c–
cl

on
ic

 s
ei

zu
re

s 
bu

t m
ay

 e
xa

ce
rb

at
e 

m
yo

cl
on

us
 a

nd
 a

b-
se

nc
es

St
ab

ili
ze

s 
vo

lta
ge

-d
ep

en
de

nt
 s

o-
di

um
 c

ha
nn

el
s;

 5
0%

 p
ro

te
in

-
bo

un
d;

 m
et

ab
ol

iz
ed

 in
 li

ve
r;

 
ha

lf-
lif

e 
of

 1
2–

60
 h

r

M
on

ot
he

ra
py

: s
ta

rt
 2

5 
m

g 
da

ily
 (

in
tr

od
uc

e 
sl

ow
ly

 to
 a

vo
id

 
ra

sh
);

 in
iti

al
 m

ai
n-

te
na

nc
e 

th
er

ap
y,

 
10

0–
20

0 
m

g 
da

ily
, i

n 
1 

or
 2

 d
os

es

D
os

e-
re

la
te

d 
ef

fe
ct

s:
 d

ro
w

si
ne

ss
, 

in
so

m
ni

a,
 h

ea
da

ch
e,

 d
ip

lo
pi

a;
 

id
io

sy
nc

ra
tic

 e
ffe

ct
: r

as
h 

(i
n 

ap
-

pr
ox

im
at

el
y 

3.
5%

 o
f p

at
ie

nt
s19

) 
so

m
et

im
es

 s
ev

er
e 

in
 c

hi
ld

re
n 

(S
te

ve
ns

–J
oh

ns
on

 s
yn

dr
om

e)
, 

es
pe

ci
al

ly
 w

he
n 

ta
ke

n 
w

ith
 

va
lp

ro
at

e;
 te

ra
to

ge
ni

ci
ty

: d
os

e-
re

la
te

d 
lo

w
 r

is
k 

of
 m

aj
or

 m
al

-
fo

rm
at

io
ns

 a
nd

 o
ra

l c
le

ft
s

Ef
fe

ct
 o

n 
ot

he
r 

ag
en

ts
: 

in
cr

ea
se

s 
ca

rb
am

az
e-

pi
ne

 e
po

xi
de

 (
di

zz
i-

ne
ss

, d
ip

lo
pi

a)
; w

ith
 

hi
gh

er
 d

os
es

 (
>3

00
 m

g 
da

ily
),

 lo
w

er
s 

co
nt

ra
-

ce
pt

iv
e 

pi
ll 

co
nc

en
tr

a-
tio

n 
(u

nc
er

ta
in

 m
ec

ha
-

ni
sm

) 
bu

t n
o 

de
fin

ite
 

ev
id

en
ce

 o
f c

on
tr

ac
ep

-
tio

n 
fa

ilu
re

; e
ffe

ct
 o

f 
ot

he
r 

ag
en

ts
: v

al
pr

oa
te

 
in

hi
bi

ts
 it

s 
m

et
ab

o-
lis

m
, s

o 
th

at
 o

nl
y 

ha
lf 

th
e 

us
ua

l d
os

e 
of

 
va

lp
ro

at
e 

is
 n

ec
es

sa
ry

; 
ho

rm
on

al
 c

on
tr

ac
ep

-
tiv

es
 a

nd
 p

re
gn

an
cy

 
lo

w
er

 it
s 

co
nc

en
tr

a-
tio

n,
 p

ot
en

tia
lly

 w
ith

 
br

ea
kt

hr
ou

gh
 s

ei
zu

re
s

Sl
ow

ly
 in

tr
od

uc
ed

 to
 a

vo
id

 r
as

h,
 

so
 th

er
ap

eu
tic

 d
os

e 
no

t 
re

ac
he

d 
fo

r 
4–

6 
w

k,
 a

nd
 a

dd
i-

tio
na

l a
nt

is
ei

zu
re

 m
ed

ic
at

io
n 

m
ay

 b
e 

w
ar

ra
nt

ed
 in

 th
at

 ti
m

e;
 

im
po

rt
an

t i
nt

er
ac

tio
ns

 w
ith

 
ot

he
r 

an
tis

ei
zu

re
 m

ed
ic

at
io

ns
 

(n
ot

ab
ly

 v
al

pr
oa

te
 o

r 
ca

rb
am

-
az

ep
in

e)
 w

ar
ra

nt
 d

os
e 

ad
ju

st
-

m
en

ts
; d

at
a 

su
pp

or
t s

af
et

y 
in

 p
re

gn
an

cy
 (

ea
rl

y 
co

nc
er

n 
re

ga
rd

in
g 

in
cr

ea
se

d 
ri

sk
 o

f 
cl

ef
t d

ef
ec

t n
ot

 s
up

po
rt

ed
 b

y 
su

bs
eq

ue
nt

 s
tu

di
es

);
 s

er
um

 
co

nc
en

tr
at

io
n 

de
cr

ea
se

s 
in

 
pr

eg
na

nc
y,

 s
o 

co
ns

id
er

 m
ea

-
su

ri
ng

 s
er

um
 c

on
ce

nt
ra

tio
n 

an
d 

te
m

po
ra

ry
 d

os
e 

in
cr

ea
se

s 
to

 a
vo

id
 b

re
ak

th
ro

ug
h 

se
i-

zu
re

s

Le
ve

tir
ac

et
am

 (
K

ep
pr

a,
 

R
ow

ee
pr

a,
 a

nd
 

Sp
ri

ta
m

) 
fo

r 
fo

ca
l-

on
se

t s
ei

zu
re

s18
, 2

0  o
r 

ge
ne

ra
liz

ed
-o

ns
et

 
se

iz
ur

es
21

; f
ir

st
-li

ne
 

tr
ea

tm
en

t f
or

 fo
ca

l-
on

se
t s

ei
zu

re
s 

in
 

se
le

ct
ed

 p
at

ie
nt

s 
an

d 
fo

r 
ge

ne
ra

liz
ed

-o
ns

et
 

se
iz

ur
es

 in
 w

om
en

 
of

 c
hi

ld
be

ar
in

g 
po

-
te

nt
ia

l

B
in

ds
 to

 s
yn

ap
tic

 v
es

ic
le

 g
ly

-
co

pr
ot

ei
n 

2A
; n

ot
 p

ro
te

in
-

bo
un

d;
 n

ot
 m

et
ab

ol
iz

ed
 in

 
liv

er
; e

xc
re

te
d 

by
 k

id
ne

ys
 

la
rg

el
y 

un
ch

an
ge

d;
 h

al
f-l

ife
 

of
 6

–8
 h

r

St
ar

t 2
50

 m
g 

da
ily

; 
in

iti
al

 m
ai

nt
en

an
ce

 
th

er
ap

y,
 1

00
0–

20
00

 
m

g 
da

ily
 d

iv
id

ed
 in

to
 

2 
do

se
s

D
os

e-
re

la
te

d 
ef

fe
ct

: f
at

ig
ue

; i
di

o-
sy

nc
ra

tic
 e

ffe
ct

s:
 ir

ri
ta

bi
lit

y,
 

an
xi

et
y,

 a
nd

 m
oo

d 
ch

an
ge

s;
 

te
ra

to
ge

ni
ci

ty
: l

ow
 r

is
k 

of
 m

aj
or

 
m

al
fo

rm
at

io
ns

Ef
fe

ct
 o

n 
ot

he
r 

ag
en

ts
: 

no
 m

aj
or

 e
ffe

ct
s,

 b
ut

 
m

on
ito

r 
fo

r 
to

xi
c 

ef
-

fe
ct

s 
(e

.g
., 

do
ub

le
 

vi
si

on
 a

nd
 d

iz
zi

ne
ss

) 
if 

ad
de

d 
to

 c
ar

ba
-

m
az

ep
in

e;
 e

ffe
ct

 o
f 

ot
he

r 
ag

en
ts

: n
o 

m
aj

or
 

ef
fe

ct
s

Ef
fe

ct
iv

e 
fo

r 
bo

th
 fo

ca
l-o

ns
et

 a
nd

 
ge

ne
ra

liz
ed

-o
ns

et
 s

ei
zu

re
s;

 
th

er
ap

eu
tic

 d
os

e 
ac

hi
ev

ed
 

qu
ic

kl
y,

 s
o 

w
id

el
y 

us
ed

 fo
r 

ra
pi

d 
se

iz
ur

e 
co

nt
ro

l; 
no

 m
ed

i-
ca

tio
n 

in
te

ra
ct

io
ns

, s
o 

su
ita

bl
e 

fo
r 

pa
tie

nt
s 

re
ce

iv
in

g 
ot

he
r 

m
ed

ic
at

io
ns

 (
e.

g.
, w

ar
fa

ri
n)

; 
da

ta
 s

up
po

rt
 g

oo
d 

sa
fe

ty
 p

ro
-

fil
e 

in
 p

re
gn

an
cy



n engl j med 385;3  nejm.org  July 15, 2021 259

Clinical Pr actice

patients with substantial anxiety may prefer lamo
trigine over levetiracetam, whereas those with 
obesity or migraines may choose topiramate, 
which can suppress appetite and reduce the in-
cidence of headaches. An overriding consider-
ation for women is the effects of medication on 
potential pregnancy.

Although a detailed discussion of the use of 
antiseizure medication in women who may become 
pregnant is beyond the scope of this article, so-
dium valproate carries high risks in pregnancy. 
Approximately 10% of babies exposed to sodium 
valproate in utero have major congenital anoma-
lies,25 and up to 40% have measurable neurode-
velopmental delay.26 In the European Registry of 
Antiepileptic Drugs and Pregnancy (EURAP) Study 
Group prospective study involving 7555 preg-
nancies,27 10.3% of the infants had major con-
genital malformations after in utero exposure 
to valproate, 5.5% had these malformations after 
exposure to carbamazepine, 3.9% after topira-
mate, 3.0% after oxcarbazepine, 2.9% after lamo
trigine, and 2.8% after levetiracetam (as com-
pared with a 2.6% risk among infants who had 
not been exposed in utero to antiseizure medica-
tion28). The possible contribution of maternal 
seizures to the risks of congenital anomalies 
and neurodevelopmental delay remains unclear.

The EURAP study also showed that major 
congenital malformations associated with valpro-
ate were dose-related and included cardiac defects 
and hypospadias, each of which was found in 
2% of infants with exposure to valproate; cleft 
lip; gastrointestinal, renal, and neural-tube de-
fects; and polydactyly. Cognitive assessments in 
6-year-old children who had had in utero expo-
sure to valproate showed significant dose-related 
inverse associations with IQ, verbal ability, and 
nonverbal ability; these effects were not observed 
in children with in utero exposure to other anti-
seizure medications.26 Thus, valproate should 
generally be avoided in women of childbearing 
potential; if valproate is used, effective measures 
should be taken to prevent pregnancy unless the 
woman is fully informed about the risks. As part 
of a licensing requirement since 2018 in the 
United Kingdom and the European Union, wom-
en who receive valproate must use highly reliable 
contraception (a hormonal implant or an intra-
uterine device) or undergo monthly pregnancy 
tests, and they must sign an annual risk-acknowl-
edgment form.29
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Data from pregnancy registries have shown no 
consistent safety signals for lamotrigine or leve-
tiracetam30 and no clear evidence of neurodevel-
opmental delay associated with these agents.31 
In observational studies, maternal folate supple-
mentation has been associated with a reduced 
risk of neurocognitive abnormalities among ba-
bies with in utero exposure to antiseizure medi-
cations,32 and such supplements are routinely 
recommended in women who may become preg-
nant while receiving such medication.

Effectiveness of Medications

A single-center observational study involving 525 
patients with epilepsy of various types showed 
that approximately half became seizure-free for 
at least 1 year after they began to receive a first 
antiseizure medication.33 Many randomized, con-
trolled trials of the efficacy of new antiseizure 
medications have assessed their use as add-on 
medications in patients with treatment-resistant 
epilepsy. In these short-term trials, these new 
medications reduced the frequency of seizures 
2 to 4 times more than placebo34 but often at 
doses that were higher than those generally used 
in practice.

The management of epilepsy, which is a long-
term condition, is largely informed by the Stan-
dard and New Antiepileptic Drugs (SANAD) 
trials, which involved long-term, head-to-head, 
unblinded comparisons of existing standard 
agents with newer medications. The first SANAD 
trial involving patients with generalized and un-
classified epilepsies compared valproate (then 
the standard of care) with lamotrigine or topira-
mate and showed the superiority of valproate 
over topiramate with respect to treatment failure 
and the superiority over lamotrigine with respect 
to 12-month remission.22 For focal epilepsies, 
lamotrigine was superior to carbamazepine (then 
the standard of care), gabapentin, and topira-
mate with respect to treatment failure and was 
noninferior to carbamazepine with respect to 
12-month remission.17 More recently, the SANAD 
II trial involving patients with generalized and 
unclassified epilepsies did not show noninferior-
ity of levetiracetam to valproate with respect to 
12-month remission; valproate resulted in a high-
er incidence of 12-month remission (36% vs. 
26%) and a similar incidence of adverse events, 
and it was more cost-effective.21 For focal epilep-
sies, zonisamide but not levetiracetam was non-

inferior to lamotrigine with respect to 12-month 
remission; however, as compared with both leve-
tiracetam and zonisamide, lamotrigine resulted 
in lower incidences of treatment failure and ad-
verse events, and it was more cost-effective.18

Thus, the first-line medication for patients 
with generalized-onset seizures is sodium val-
proate, or levetiracetam for girls and women of 
childbearing potential. For patients with focal-
onset seizures, lamotrigine is usually the first-
line medication, although levetiracetam or other 
agents may have advantages in some patients 
(Table 4 and Fig. S2).

The main disadvantage of lamotrigine is its 
low starting dose, with increases to the full 
treatment dose over a period of several weeks. 
This gradual dose adjustment is necessary to re-
duce the risk of the Stevens–Johnson syndrome 
and toxic epidermal necrolysis (from 1.0% to 
approximately 0.01 to 0.10%)35; initial coverage 
with another antiseizure medication may be war-
ranted. The main adverse effects of levetiracetam 
are irritability and anxiety, especially in patients 
with preexisting anxiety.

Lifestyle Factors

Clinicians should engage in joint decision mak-
ing with patients and share verbal and written 
information. Information on driving eligibility is 
particularly important. In the United Kingdom 
and the European Union, a 6-month driving re-
striction is mandated for patients who have had 
a single seizure with a low risk of recurrence, 
and a 12-month restriction is mandated for pa-
tients with epilepsy, including those who have 
had a single seizure and who have a high risk of 
recurrence (e.g., those with an abnormal EEG, 
neurologic deficit, or both). In the United States, 
eligibility for a driver’s license in persons who 
have had a single seizure or in those with epilepsy 
varies among states,36 although the rules are 
generally less restrictive than those in Europe.

Advice from clinicians regarding other activi-
ties depends on the characteristics and frequency 
of the patient’s seizures; these factors are bal-
anced against individual priorities. Clinicians 
should inform patients of the risks associated 
with seizures, including drowning and SUDEP; 
the likelihood of seizure recurrence (Table  1); 
and suggested lifestyle modifications (e.g., avoid-
ing being alone during certain activities such as 
caring for children or bathing, so that another 
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person can help if a seizure occurs, and appreci-
ating the risks of ladders and heights).

Patients should be encouraged to adhere to 
the regimen of antiseizure medication and a 
regular sleep schedule and to limit the use of 
alcohol. Considerable observational data provide 
support for a relationship between insufficient 
sleep and seizure risk or abnormal EEG activ-
ity.37 A short-term randomized trial38 involving 
84 patients with medication-resistant focal epi-
lepsy in whom the dose of antiseizure medica-
tion was being tapered showed no significant 
differences in seizure frequency between the 
group of patients with sleep deprivation and the 
control group. However, these trial findings may 
not be applicable to patients with early epilepsy, 
and the promotion of sleep hygiene in patients 
with epilepsy remains prudent. Alcohol use is an 
important seizure precipitant, mainly because of 
the risk of seizure during alcohol withdrawal 
and the tendency of alcohol to disrupt sleep, 
interfere with adherence to antiseizure medica-
tions, or both. A meta-analysis of observational 
studies showed a dose–response relationship be-
tween the amount of alcohol consumed daily 
and the probability of development of epilepsy; 
for an average of 4, 6, and 8 drinks daily, the 
relative risks were 1.81 (95% confidence interval 
[CI], 1.59 to 2.07), 2.44 (95% CI, 2.00 to 2.97), 
and 3.27 (95% CI, 2.52 to 4.26).39 Alcohol absti-
nence is probably unnecessary, but consumption 
should be limited to modest amounts. Illicit 
drugs that disrupt sleep, especially cocaine and 
amphetamine, should be avoided, but high-
quality data on the recreational use of cannabis 
in persons with epilepsy are lacking.

A r e a s of Uncerta in t y

The clinical diagnosis of epilepsy may be incor-
rect in up to 20% of patients40 unless episodes 
are captured on EEG with video. Many patients 
with a diagnosis of epilepsy are later recognized 
to have psychogenic seizures, and additional 
psychogenic seizures may later develop in per-
sons with established epilepsy. Clinicians must 
repeatedly question the diagnosis in patients 
with medication-resistant epilepsy.

The potential long-term effects of new anti-
seizure medications, which are typically pre-
scribed as lifelong treatments, warrant further 
study. Notoriously, for 8 years after licensing, 

vigabatrin was used worldwide to manage sei-
zures until it was recognized that long-term use 
of this agent caused permanent visual-field 
defects in more than half of patients.41 Data are 
lacking to inform pregnancy and offspring out-
comes associated with new antiseizure medica-
tions; several worldwide pregnancy registries 
regularly update clinicians on the teratogenicity 
of these agents (Table S3).30

Genetic characterization has enabled both 
targeting of more effective treatments for some 
complex epilepsies (e.g., stiripentol for the Dra-
vet syndrome42 and a ketogenic diet for glucose 
transporter type 1 deficiency syndrome43) and 
screening for the HLA-B*1502 allele in Han Chi-
nese populations to predict the carbamazepine-
induced Stevens–Johnson syndrome.44 Further 
understanding of the effect of genetic factors on 
the risk of recurrent seizures and on the efficacy 
and risks of various medications is needed to 
guide treatment decisions.

Guidelines

In 2015, the American Academy of Neurology 
and the American Epilepsy Society provided joint 
guidelines on the management of unprovoked 
first seizure in adults.2 The 2012 guidelines45 of 
the National Institute for Health and Care Excel-
lence in the United Kingdom are undergoing 
revision. The current recommendations differ 
from these older guidelines with respect to spe-
cific medications recommended, since the re-
sults of the SANAD II trial were published after 
these guidelines were issued.

Conclusions a nd 
R ecommendations

In the patient described in the vignette, the first 
generalized tonic–clonic seizure developed after 
sleep loss and alcohol use. Careful questioning 
revealed that this was an isolated event, with no 
previous myoclonic jerks or absences. Evaluation 
should include MRI of the head, interictal EEG, 
and 12-lead ECG. I would discuss with the pa-
tient lifestyle factors such as the importance of 
regular sleep and limiting alcohol consumption, 
the risks associated with seizures (including 
drowning and SUDEP), and driving eligibility. 
Antiseizure medications are not routinely recom-
mended for patients who have had a single seizure; 



n engl j med 385;3  nejm.org  July 15, 2021262

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

however, if interictal EEG showed spike-and-
wave activity, indicating a high risk of recurrent 
seizure, I would recommend initiation of an 
antiseizure medication. Provided that this pa-
tient did not have depression or anxiety, I would 
favor levetiracetam administered with a folate 
supplement since the patient is of childbearing 

potential. I would arrange follow-up in 2 months 
to review the patient’s response and adherence to 
the medication regimen and any adverse effects.

No potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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