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Abstract
Objective: To examine the frequency of hyponatremia and potentially related symp-
toms in clinical trials of eslicarbazepine acetate (ESL) in adults with focal‐ (partial‐) 
onset seizures.
Methods: This post hoc, exploratory analysis included data from three controlled phase 
3 trials of adjunctive ESL (400‐1200 mg once daily), two phase 3 trials of ESL mono-
therapy (1200‐1600 mg once daily), and their open‐label extension studies. Exploratory 
endpoints included clinical laboratory measurements of serum sodium concentra-
tions ([Na+]), incidences of hyponatremia‐related treatment‐emergent adverse events 
(TEAEs), and incidences of TEAEs that are potential symptoms of hyponatremia.
Results: The controlled trials of adjunctive ESL and ESL monotherapy included 1447 
(placebo, n = 426; ESL, n = 1021) and 365 (ESL, n = 365) patients, respectively; 639 and 
274 patients continued onto uncontrolled, open‐label extensions. In the controlled and un-
controlled trials ≤3.3% of patients taking ESL had a minimum postdose [Na+] measure-
ment ≤125 mEq/L, <9% had a >10 mEq/L decrease in [Na+] from baseline, <6% had a 
hyponatremia‐related TEAE, and <2% discontinued the controlled trials due to a hypona-
tremia‐related TEAE. Hyponatremia appeared to be more frequent in the monotherapy 
(vs adjunctive therapy) trials; in the controlled trials of adjunctive ESL and ESL mono-
therapy, incidence generally increased with increasing ESL dose. The majority of patients 
with an investigator‐reported TEAE of “hyponatremia” or “blood sodium decreased” did 
not have a corresponding laboratory [Na+] measurement ≤125 mEq/L. Some symp-
toms potentially related to hyponatremia (including nausea and vomiting) were more  
frequent in patients with a minimum postdose [Na+] measurement ≤125 mEq/L.
Significance: Reductions in serum sodium concentrations and hyponatremia‐related 
TEAEs occurred in a small number of patients taking ESL. Suspected hyponatremia 
should be confirmed and monitored via [Na+] measurements.
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1 |  INTRODUCTION

Eslicarbazepine acetate (ESL) is a once‐daily (QD), oral 
antiepileptic drug (AED) for the treatment of focal‐ 
(partial‐) onset seizures in patients 4 years of age or older.1 
ESL is a member of the dibenzazepine carboxamide class of 
putative voltage‐gated sodium channel blocking AEDs, 
which also includes carbamazepine (CBZ) and 
oxcarbazepine (OXC).

Hyponatremia (ie, low blood sodium) may occur with the 
use of dibenzazepine carboxamide AEDs,2‒9 selective sero-
tonin reuptake inhibitors (SSRIs),10 thiazide diuretics,11 or 
tricyclic antidepressants.12 The risk of developing hypona-
tremia with dibenzazepine carboxamides may be greater with 
increased fluid intake, older age, AED polypharmacy, or con-
current use of sodium‐wasting medications.2,12,13

Minimum serum sodium concentrations ([Na+]) of 
125 mEq/L or less are generally considered to be clinically 
concerning.12,14 Nevertheless, AED‐induced hyponatremia 
(which is typically subacute to chronic) is usually asymp-
tomatic, even with [Na+] ≤125  mEq/L; symptoms rarely 
occur until levels drop below 120  mEq/L.2,12,15 It is there-
fore important to evaluate whether patients with confirmed 
reductions in [Na+], or investigator‐reported adverse events 
(AEs) of suspected hyponatremia, also experienced hypona-
tremia‐related side effects. Furthermore, common symptoms 
of hyponatremia (eg, nausea, vomiting, headache, confusion, 
restlessness, and seizures) are similar to AEs frequently re-
ported with AED use. Therefore, in the current article, we 
evaluated whether the occurrence of these AEs was associ-
ated with low [Na+] in clinical trials of ESL.

The main goal of this post hoc exploratory analysis was 
to examine the frequency of hyponatremia in five controlled 
phase 3 trials of ESL and their open‐label extensions (OLEs). 
In addition, we sought to determine whether any of the poten-
tial symptoms of hyponatremia (eg, somnolence, headache, 
nausea, or vomiting) were related to low [Na+] in these trials.

2 |  METHODS

2.1 | Study design
Data from five controlled phase 3 trials of ESL, as well as 
their OLEs, were analyzed.

2.1.1 | Trials of adjunctive ESL
Data from three randomized, double‐blind, placebo‐
controlled “controlled” trials of ESL were analyzed: 
BIA‐2093‐301 (NCT00957684), ‐302 (NCT00957047), and 
‐304 (NCT00988429). The study designs and primary results 
of these trials have been previously reported in full.16‒18

Briefly, patients were 18 years of age or older (Studies 
301 and 302) or 16  years of age or older (Study 304), 
with refractory focal‐onset seizures, despite stable treat-
ment with ≥1 AED (OXC use was an exclusion criterion). 
Patients were randomized equally to receive placebo or ad-
junctive ESL 400 mg (Studies 301 and 302 only), 800 mg, 
or 1200 mg QD. Patients continued to receive stable doses 
of baseline concomitant AEDs throughout the studies. The 
controlled studies comprised an 8‐week baseline period, 
followed by a 2‐week titration period, and a 12‐week main-
tenance period.

Patients who completed the double‐blind treatment phase 
of Study 301 or 302 (in any treatment group) had the option 
to continue into an “uncontrolled” OLE. Patients received 
add‐on ESL at a starting dose of 800 mg QD. After 1 month 
of treatment, the dose could be adjusted (400‐1200 mg QD).

2.1.2 | Trials of ESL monotherapy
Data from two randomized, dose‐blind, conversion‐to‐ESL 
monotherapy “controlled” trials were analyzed: 093‐045 
(NCT00866775) and ‐046 (NCT01091662). Both studies 
used a historical control comparator.19 The two study designs 
were identical; the study designs and primary results of the 
trials have been reported in full.5,20,21

Briefly, patients were 16 to 70 years of age, with refrac-
tory focal‐onset seizures, despite stable treatment with 1‐2 
AEDs (OXC was allowed as a baseline AED). Patients were 
randomized (2:1) to receive ESL 1600 mg or 1200 mg QD. 
The controlled studies comprised an 8‐week baseline period, 
followed by a 2‐week titration period, a 6‐week conversion 
period (baseline AEDs withdrawn), and a 10‐week ESL 
monotherapy period.

Key Points
• In controlled and uncontrolled phase 3 trials, 

≤3.3% of patients taking ESL had a minimum 
postdose [Na+] measurement ≤125 mEq/L

• Of patients taking ESL as actual monotherapy 
during the open label extension, 8.8% had a 
>10 mEq/L decrease in [Na+] from baseline

• Of patients taking ESL, >66% had minimum post-
dose [Na+] measurements >135 mEq/L, that is, no 
evidence of hyponatremia

• In controlled trials of ESL monotherapy, 5.8% of 
patients had a hyponatremia‐related TEAE; 1.6% 
discontinued due to a hyponatremia TEAE

• Some symptoms of hyponatremia (eg, nausea and  
vomiting) were more frequent in patients with low  
[Na+] measurements
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Patients who completed at least the first 3  weeks of 
dose‐blind treatment in Study 045 or 046 had the option 
to continue into an “uncontrolled” OLE (Study 093‐050 
[NCT00910247]). In Study 050, patients received ESL mono-
therapy at a starting dose of 1600 mg QD (or 1200 mg QD 
if the patient had a dose reduction in the preceding study). 
The dose could be adjusted (800‐2400 mg QD) after 1 week. 
Addition of up to two concomitant AEDs (not OXC) was 
allowed.

2.2 | Assessments and data collection
We report data for the safety population of the adjunctive 
ESL studies, and the intent‐to‐treat (ITT) population of the 
ESL monotherapy studies. Both populations comprised all 
patients who received at least one dose of ESL. The “ac-
tual ESL monotherapy” population comprised patients who 
started monotherapy during Study 045/046 and did not re-
quire reintroduction of additional AEDs (non‐rescue/non-
emergency) during Study 050.

Demographic and clinical characteristics were exam-
ined. Exploratory endpoints included clinical laboratory 
measurements of [Na+] and incidences of hyponatremia‐
related treatment‐emergent AEs (TEAEs) during the con-
trolled (double/dose‐blind) and uncontrolled (OLE) study 
periods of the adjunctive ESL and ESL monotherapy clin-
ical trials.

In each study, TEAEs were defined as AEs that oc-
curred between the time of the first dose of study med-
ication (or the date of randomization if the date of first 
dose was missing) and up to 30 days after the last dose of 
study medication. TEAEs were reported by investigators; 
supportive [Na+] measurements were not required to re-
port a hyponatremia‐related TEAE. For all studies, AEs 
were recoded according to MedDRA version 13.1, prior to 
summarization.

In Studies 301, 302, and 304, [Na+] was assessed at 
screening, baseline, and weeks 1, 8, and 14 (as well as at 
week 18 in Study 301 and week 2 in Study 304), and after 1, 
6, and 12 months of open‐label treatment. In Studies 045 and 
046, [Na+] was assessed at screening, baseline, weeks 1, 2, 5, 
8, 11, 14, 18, and 19, and after 1, 3, 6, 9, and 12 months of 
open‐label treatment.

Minimum postdose [Na+] measurements were defined as 
the lowest [Na+] measurement at any point during the study; 
patients were categorized based on their [Na+] as follows: 
Group A (marked hyponatremia): ≤125  mEq/L; Group B 
(moderate hyponatremia): >125 to ≤130  mEq/L; Group C 
(mild hyponatremia): >130 to ≤135  mEq/L; and Group D 
(no hyponatremia): >135 mEq/L.

Selected patient factors were listed for all patients with a 
TEAE of “hyponatremia” or “blood sodium decreased” and/
or with a clinically meaningful minimum postdose [Na+] 
measurement (≤125 mEq/L) during the controlled trials.

In the controlled monotherapy studies, the association be-
tween minimum postdose [Na+] measurement and ESL dose 
was calculated via Fisher's exact test.

3 |  RESULTS

3.1 | Patients

3.1.1 | Trials of adjunctive ESL
The safety population of the controlled trials of adjunctive 
ESL included 1447 patients (placebo, n = 426; ESL 400 mg, 
n = 196; ESL 800 mg, n = 415; ESL 1200 mg, n = 410); 
639 patients continued into the uncontrolled OLEs (Table 1). 
During the OLE, the median ESL daily dose was 818 mg.

Baseline demographic and clinical characteristics have 
been reported previously.16‒18 Mean ages were 38.1 years in 
the ESL groups and 37.8 years in the placebo group. Patients 

T A B L E  1  Controlled and uncontrolled study analysis populations

Adjunctive ESL Placebo ESL 400 mg ESL 800 mg ESL 1200 mg
Flexible ESL 
dosing

Controlled trials (301, 302, 304)a 426 196 415 410 ‐

Uncontrolled OLEs (301, 302) ‐ ‐ ‐ ‐ 639

ESL monotherapy ESL 1200 mg ESL 1600 mg
Flexible ESL 
dosing

Flexible ESL dosing: “actual ESL 
monotherapy”

Controlled trials (045, 046)b 123 242 ‐ ‐

Uncontrolled OLE (050) ‐ ‐ 274 140

Abbreviation: ESL, eslicarbazepine acetate; ITT, intent‐to‐treat; OLE, open‐label extension.
Numbers are patients in each treatment arm of the controlled or uncontrolled studies.
aSafety population. 
bITT population. 
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60 years of age or older comprised 3.9% and 4.2% of the ESL 
and placebo groups, respectively. CBZ (51.3% of patients), 
lamotrigine (23.9%), valproic acid (21.4%), and levetirac-
etam (17.2%) were the most frequently used concomitant 
AEDs in the ESL group. SSRIs (citalopram, escitalopram, 
fluoxetine, paroxetine, or sertraline) were used by 62 patients 
(4.4%), and thiazides (chlorothiazide or hydrochlorothiazide) 
by 15 patients (1.0%). One patient (<1%) was taking both an 
SSRI and a thiazide.

3.1.2 | Trials of ESL monotherapy
The ITT population of the controlled trials of ESL mono-
therapy included 365 patients (ESL 1600  mg, n  =  242; 
ESL 1200 mg, n = 123); 274 patients continued into the 
uncontrolled OLE (Table 1). The “actual ESL monother-
apy” population comprised 140 patients. The median ESL 
daily dose during the OLE was 1597.3  mg for the full 
ITT population and 1590.6 mg in the actual monotherapy 
subgroup.

Baseline demographic and clinical characteristics have 
been reported previously.20,21 Median age was 38.0  years, 
with 6.0% of patients 60 years of age or older. CBZ (27.4% of 
patients), levetiracetam (24.9%), valproic acid (19.5%), and 
lamotrigine (16.4%) were the most frequently used baseline 
AEDs. SSRIs were used by 33 patients (9.2%) and thiazides 
by 12 patients (3.3%). One patient (<1%) was taking both an 
SSRI and a thiazide.

3.2 | Primary results

3.2.1 | Trials of adjunctive ESL
In the controlled clinical trials of adjunctive ESL, a mini-
mum postdose [Na+] measurement ≤125  mEq/L was re-
ported in 11/993 patients (1.1%) taking ESL, and none 
taking placebo; incidence appeared to be related to ESL 
dose (Table 2). In the uncontrolled OLEs, a minimum post-
dose [Na+] measurement ≤125  mEq/L was reported for 
10/636 patients (1.6%). Proportions of patients in Groups 
A‐D (representative of minimum post‐dose [Na+]) are re-
ported in Table 3; the minimum postdose [Na+] measure-
ment was >135 mEq/L for the majority of patients (80.9%) 
in the controlled trials.

When examining the number of patients taking sodium‐
wasting medications in Groups A‐D, concomitant use of 
thiazides did not appear to be associated with [Na+] measure-
ment category, whereas concomitant SSRI use appeared to be 
slightly more frequent in patients with lower [Na+] (Table 4). 
Reductions from baseline in [Na+] were comparable between 
patients who were or were not taking an SSRI at baseline 
(+SSRI: −2.6 standard deviation [SD] 4.1 mEq/L; −SSRI: 
−2.4, SD 3.6 mEq/L). One of the 11 patients with a minimum 

postdose [Na+] measurement ≤125 mEq/L in the controlled 
trials was taking an SSRI. A single patient was taking both an 
SSRI and a thiazide; this patient was in Group B (minimum 
postdose [Na+] >125 to ≤130 mEq/L).

In the controlled trials, a >10 mEq/L decrease in [Na+] 
from baseline was reported for 51/993 patients (5.1%) tak-
ing ESL and 3/421 patients (0.7%) taking placebo, with inci-
dence increasing with ESL dose (Table 2). In the uncontrolled 
OLEs, a >10  mEq/L decrease in [Na+] from baseline was 
reported for 30/636 patients (4.7%). In the controlled trials, 
mean [Na+] decreased by between 0.1 and 0.8 mEq/L across 
doses between baseline and end of study in patients taking 
ESL, but did not decrease in those taking placebo (Table 2); 
[Na+] did not decrease between baseline and end of study in 
the uncontrolled OLEs.

Incidences of investigator‐reported hyponatremia‐related 
TEAEs, that is, “blood sodium decreased” and “hyponatre-
mia,” are reported in Table 5. In the controlled trials, hypo-
natremia‐related TEAEs were reported for 25 patients (2.4%) 
taking ESL, and one (0.2%) taking placebo. The incidence 
of hyponatremia‐related TEAEs appeared to increase with 
increasing ESL dose. In the uncontrolled OLEs, hyponatre-
mia‐related TEAEs were reported for 15 patients (2.3%). In 
the controlled trials, 179 patients (17.5%) taking ESL had a 
TEAE leading to discontinuation; five of these patients (0.5% 
of all patients taking ESL) discontinued due to a hyponatre-
mia‐related TEAE.

Overall, hyponatremia (either a minimum postdose 
[Na+] measurement ≤125  mEq/L or an investigator‐re-
ported hyponatremia‐related TEAE) occurred in a total of 
31 patients during the controlled studies of adjunctive ESL 
(Table S1). Hyponatremia‐related TEAEs were reported for 
2/58 patients age 60 years or older; they were aged 71 and 
65 years and taking ESL 800 mg. Two patients with hypo-
natremia were taking an SSRI and one a thiazide; 19/31 
were taking concomitant CBZ. Three patients with hypona-
tremia had a ≥50% increase in seizure frequency, and 9/31 
patients (29%) were responders (had a ≥50% decrease in 
seizure frequency).

Incidences of TEAEs according to minimum postdose 
[Na+] are shown in Table 6. Somnolence (36.4% vs 13.9%), 
headache (18.2% vs 12.6%), nausea (36.4% vs 10.6%), vomit-
ing (18.2% vs 7.0%), convulsion (10.0% vs 0.2%), and partial 
seizures with secondary generalization (10.0% vs 0.3%) oc-
curred more frequently (>5% difference) in Group A (marked 
hyponatremia) than in Group D (no hyponatremia), and diz-
ziness (9.1% vs 20.7%) less frequently in Group A than in 
Group D. It is important to note that Group A contained 
only a small number of patients (n = 11). TEAEs occurring 
more frequently in Group B (moderate hyponatremia) than 
in Group D (no hyponatremia) were dizziness (42.0% vs 
20.7%), nausea (18.0% vs 10.6%), blurred vision (10.0% vs 
4.2%), and diplopia (30.0% vs 7.6%).



   | 1345WECHSLER Et aL.

T
A

B
L

E
 2

 
Pr

op
or

tio
ns

 o
f p

at
ie

nt
s w

ith
 a

 m
in

im
um

 p
os

t‐d
os

e 
[N

a+
] m

ea
su

re
m

en
t ≤

12
5 

m
Eq

/L
 o

r >
 1

0 
m

Eq
/L

 d
ec

re
as

e 
in

 [N
a+

] f
ro

m
 b

as
el

in
e,

 a
nd

 c
ha

ng
es

 fr
om

 b
as

el
in

e 
in

 [N
a+

]

 

A
dj

un
ct

iv
e 

ES
La

ES
L 

m
on

ot
he

ra
py

b

D
ou

bl
e‐

bl
in

d 
pe

ri
od

O
LE

D
os

e‐
bl

in
d 

pe
ri

od
O

LE

Pl
ac

eb
o 

n 
=

 4
26

ES
L 

40
0 

m
g 

n 
=

 1
96

ES
L 

80
0 

m
g 

n 
=

 4
15

ES
L 

12
00

 m
g 

n 
=

 4
10

To
ta

l E
SL

 
n 

=
 1

02
1

Fl
ex

ib
le

 E
SL

 
do

sin
g 

n 
=

 6
39

ES
L 

12
00

 m
g 

n 
=

 1
23

ES
L 

16
00

 m
g 

n 
=

 2
42

To
ta

l E
SL

 
n 

=
 3

65

Fl
ex

ib
le

 E
SL

 
do

sin
g 

n 
=

 2
74

“A
ct

ua
l  

m
on

ot
he

ra
py

” 
pa

tie
nt

s 
n 

=
 1

40

 
n 

=
 4

21
n 

=
 1

94
n 

=
 4

01
n 

=
 3

98
n 

=
 9

93
n 

=
 6

36
n 

=
 1

21
n 

=
 2

38
n 

=
 3

59
n 

=
 2

61
c

n 
=

 1
36

Pa
tie

nt
s w

ith
 [N

a+
] 

≤
12

5 
m

Eq
/L

, n
 (%

)
0

1 
(0

.5
)

4 
(1

.0
)

6 
(1

.5
)

11
 (1

.1
)

10
 (1

.6
)

5 
(4

.1
)

7 
(2

.9
)

12
 (3

.3
)

4 
(1

.5
)

2 
(1

.5
)

Pa
tie

nt
s w

ith
 >

 1
0 

m
Eq

/L
 

de
cr

ea
se

 in
 [N

a+
] f

ro
m

 
ba

se
lin

e,
 n

 (%
)

3 
(0

.7
)

6 
(3

.1
)

19
 (4

.7
)

26
 (6

.5
)

51
 (5

.1
)

30
 (4

.7
)

8 
(6

.6
)

20
 (8

.4
)

28
 (7

.8
)

23
 (8

.8
)

12
 (8

.8
)

 
n 

=
 4

21
n 

=
 1

94
n 

=
 4

01
n 

=
 3

98
n 

=
 9

93
n 

=
 6

36
n 

=
 1

14
n 

=
 2

26
n 

=
 3

40
n 

=
 1

93
n 

=
 9

8

M
ea

n 
(S

D
) c

ha
ng

e 
in

 
[N

a+
]; 

ba
se

lin
e 

(o
r O

L 
ba

se
lin

e)
 to

 e
nd

 o
f s

tu
dy

, 
m

Eq
/L

0.
1 

(2
.7

)
−

0.
1 

(2
.8

)
−

0.
8 

(3
.5

)
−

0.
7 

(3
.6

)
−

0.
6 

(3
.4

)
0.

6 
(3

.9
)

−
1.

1 
(3

.6
)

−
1.

2 
(3

.5
)

−
1.

2 
(3

.5
)

−
1.

4 
(4

.0
)

−
1.

3 
(4

.4
)

A
bb

re
vi

at
io

n:
 E

SL
, e

sl
ic

ar
ba

ze
pi

ne
 a

ce
ta

te
; I

TT
, i

nt
en

t‐t
o‐

tre
at

; [
N

a+
], 

se
ru

m
 so

di
um

 c
on

ce
nt

ra
tio

n;
 O

L,
 o

pe
n‐

la
be

l; 
O

LE
, o

pe
n‐

la
be

l e
xt

en
si

on
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n.
Pe

rc
en

ta
ge

s a
re

 c
al

cu
la

te
d 

ba
se

d 
on

 th
e 

nu
m

be
r o

f p
at

ie
nt

s w
ith

 ≥
1 

po
st

‐b
as

el
in

e 
as

se
ss

m
en

t f
or

 a
 g

iv
en

 p
ar

am
et

er
.

a Sa
fe

ty
 p

op
ul

at
io

n.
 

b IT
T 

po
pu

la
tio

n.
 

c Pa
tie

nt
s w

ho
 h

ad
 n

or
m

al
 [N

a+
] v

al
ue

s (
ie

, >
13

5 
m

Eq
/L

) a
t b

as
el

in
e.

 



1346 |   WECHSLER Et aL.

3.2.2 | Trials of ESL monotherapy
In the controlled clinical trials of ESL monotherapy, a min-
imum postdose [Na+] measurement ≤125 mEq/L was re-
ported for 12/359 patients (3.3%); incidence did not appear 
to be related to ESL dose (Table 2). A minimum postdose 
[Na+] measurement ≤125  mEq/L was reported for 4/261 
patients (1.5%) in the uncontrolled OLE, and in 2/136 
patients (1.5%) in the “actual monotherapy” subgroup of 
the OLE (Table 2). Proportions of patients in Groups A‐D 
(representative of minimum post‐dose [Na+]) are reported 
in Table 3; in the controlled trials, there was no significant 
association between the two ESL dose groups (1600  mg 
and 1200  mg) and the proportions of patients in Groups 
A‐D (P = 0.46), with 66.9% of patients being in Group D 
(minimum postdose [Na+] measurement >135 mEq/L, ie, 
no hyponatremia).

Concomitant use of sodium‐wasting medications was 
most frequent in Group A (minimum postdose [Na+] mea-
surement ≤125  mEq/L), followed by Group C, Group B, 
and then Group D (minimum postdose [Na+] measurement 
>135 mEq/L; Table 4). Reductions from baseline in [Na+] 
were numerically greater in patients who were taking an 
SSRI at baseline than in those who were not (+SSRI: −5.5, 
SD 4.8 mEq/L; −SSRI: −3.5, SD 3.9 mEq/L). One‐third 
of the 12 patients with a minimum postdose [Na+] mea-
surement ≤125  mEq/L were taking an SSRI or thiazide 
(SSRI only, n = 3; SSRI + thiazide, n = 1); at baseline, all 
four patients’ [Na+] measurements were >135 mEq/L (no 
hyponatremia).

A >10  mEq/L decrease in [Na+] from baseline was re-
ported for 28/359 patients (7.8%) in the controlled trials, 
23/261 patients (8.8%) in the uncontrolled OLE, and 12/136 

patients (8.8%) in the “actual monotherapy” subgroup of 
the OLE (Table 2). Median decrease in [Na+] was 1 mEq/L 
after 2 weeks of treatment with ESL. Mean [Na+] decreased 
(by 1.1‐1.2 mEq/L) between baseline and end of study in the 
controlled trials and by 1.4 mEq/L in their uncontrolled OLE 
(Table 2).

Incidences of investigator‐reported hyponatremia‐related 
TEAEs, that is, “blood sodium decreased” and “hyponatre-
mia,” are reported in Table 5. In the controlled trials, hypo-
natremia‐related TEAEs were reported for 21 patients (5.8%) 
and incidence appeared to be related to ESL dose. In the un-
controlled OLE, hyponatremia‐related TEAEs were reported 
for 15 patients (5.5%). In the controlled trials, 47 patients 
(12.9%) had a TEAE that led to discontinuation; 6 of these 
patients (1.6% of all patients taking ESL) discontinued due to 
a hyponatremia‐related TEAE.

Overall, hyponatremia (either a minimum post‐dose 
[Na+] measurement ≤125  mEq/L or an investigator‐re-
ported hyponatremia‐related TEAE) occurred in a total of 
24 patients during the controlled studies (Table S1). Four of 
these patients were age ≥60 years (64, 66, 67, and 68 years; 
of a total of 22 patients aged ≥60 years in the trials of ESL 
monotherapy); all four patients were taking ESL 1600 mg 
and had baseline [Na+] measurements >135  mEq/L, and 
two of four were taking an SSRI or thiazide at baseline. 
Overall, 6 of 24 patients with hyponatremia were taking 
an SSRI, one of 24 a thiazide, and six of 24 CBZ or OXC 
at baseline. Eight of the 24 patients with hyponatremia 
(33.3%) were responders (had a ≥50% decrease in seizure 
frequency), whereas three had a ≥50% increase in seizure 
frequency.

TEAE incidences according to minimum postdose [Na+] 
are shown in Table 6. Dizziness (25.0% vs 19.2%), nausea 

T A B L E  3  Proportion of patients taking ESL in each minimum postdose [Na+] category

 

Adjunctive ESLa ESL monotherapyb

Double‐blind period OLE Dose‐blind period OLE

Total ESL 
n = 993c

Total ESL 
n = 636

Total ESL 
n = 359c

Total ESL 
n = 261d

Patients in minimum post‐dose [Na+] group, n (%)

Group A: ≤125 mEq/L 11 (1.1) 10 (1.6) 12 (3.3) 4 (1.5)

Group B: >125 to ≤130 mEq/L 50 (5.0) 31 (4.9) 25 (7.0) 22 (8.4)

Group C: >130 to ≤135 mEq/L 129 (13.0) 75 (11.8) 82 (22.8) 48 (18.4)

Group D: >135 mEq/L 803 (80.9) 520 (81.8) 240 (66.9) 187 (71.6)

Abbreviation: ESL, eslicarbazepine acetate; ITT, intent‐to‐treat; [Na+], serum sodium concentration; OLE, open‐label extension.
aSafety population. 
bITT population. 
cNumber of patients with ≥1 post‐baseline assessment of [Na+]. 
dPatients who had normal [Na+] values (ie, >135 mEq/L) at baseline. 
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(25.0% vs 9.2%), vomiting (33.3% vs 4.2%), fatigue (33.3% 
vs 12.1%), blurred vision (33.3% vs 4.6%), and nasopharyn-
gitis (16.7% vs 9.6%) occurred more frequently (>5% differ-
ence) in Group A (marked hyponatremia) than in Group D 
(no hyponatremia), and headache (8.3% vs 22.1%) occurred 
less frequently in Group A than Group D. However, Group A 
contained only a small number of patients (n = 12). TEAEs 
occurring more frequently in Group B (moderate hypona-
tremia) than in Group D (no hyponatremia) were dizziness 
(28.0% vs 19.2%) and nasopharyngitis (16.0% vs 9.6%).

3.2.3 | Consistency between investigator‐
reported TEAEs of hyponatremia and clinical 
laboratory analyses
In the controlled studies of adjunctive ESL and ESL mon-
otherapy, 15 patients had both an investigator‐reported 
hyponatremia‐related TEAE and a clinically meaningful 
minimum postdose [Na+] measurement (≤125 mEq/L) from 
clinical laboratory analyses (Table S1); the majority of pa-
tients (32/47; 68%) with an investigator‐reported hypona-
tremia‐related TEAE did not have a corresponding minimum 
postdose [Na+] measurement ≤125  mEq/L. Albeit, 21 pa-
tients had minimum postdose [Na+] measurements in Group 
B (moderate hyponatremia) and 10 in Group C (mild hypona-
tremia). In addition, hyponatremia‐related TEAEs were not 
reported for approximately one‐third (8/23) of the patients 
with a minimum postdose [Na+] measurement ≤125 mEq/L.

4 |  DISCUSSION

This analysis of serum sodium measurements and investiga-
tor‐reported TEAEs in the large number of patients in phase 
3 controlled and uncontrolled trials of ESL provides an un-
derstanding of the relationship between hyponatremia, ESL 
dose, concomitant medications, and potential symptoms of 
hyponatremia. Considering the small number of patients who 
were identified as experiencing hyponatremia in these trials 
of ESL, and the somewhat homogenous nature of patients 
recruited for these clinical trials, these results should be in-
terpreted with caution.

The data suggest that use of ESL (as either adjunctive 
therapy or monotherapy) may be associated with hypona-
tremia. In the controlled and uncontrolled trials of both 
adjunctive ESL and ESL monotherapy, 1.1%‐3.3% of pa-
tients taking ESL (but none taking placebo) had a minimum 
post‐dose [Na+] measurement (≤125 mEq/L) at some point 
during treatment. There is no comparative standard for pa-
tients in the monotherapy and uncontrolled trials because 
there was no placebo group. In addition, a decrease in [Na+] 
of >10 mEq/L from baseline was reported for 5% of patients 
taking adjunctive ESL, and for 8%‐9% of patients taking ESL 

monotherapy. However, the majority of patients (adjunctive 
ESL, >80%; ESL monotherapy, >66%) had minimum post-
dose [Na+] >135  mEq/L and therefore no laboratory evi-
dence of hyponatremia. Incidence of investigator‐reported 
hyponatremia‐related TEAEs was 5.8% with ESL monother-
apy and 2.4% with adjunctive ESL. Incidence of hyponatre-
mia‐related TEAEs leading to discontinuation was 1.6% with 
ESL monotherapy and 0.5% with adjunctive ESL.

The patients in the current analysis had a long history of 
treatment‐resistant epilepsy. In a study of newly diagnosed 
epilepsy patients receiving ESL as their first AED monother-
apy in a flexible dosing study, hyponatremia possibly related 
to study drug was reported in 2.5% of patients; none discon-
tinued due to hyponatremia.22 Use of other AEDs (diben-
zazepine carboxamide AEDs in particular) has also been 
associated with the occurrence of hyponatremia. For exam-
ple, a retrospective study of data from 1252 patients treated 
at tertiary epilepsy referral clinics found that hyponatremia 
([Na+] <135  mEq/L) occurred in 57% of patients taking 
OXC and 32% of patients taking CBZ.23 Another analysis of 
560 adult inpatients at a single center found that hyponatre-
mia occurred in 16% of patients taking CBZ, 43% of patients 
taking OXC, and 33% of patients taking ESL.24 A separate 
analysis of 1782 patients attending a tertiary epilepsy center 
found that hyponatremia ([Na+] ≤134 mEq/L) occurred in 
26% of patients taking CBZ and 46% of those taking OXC.6 
Furthermore, a recent register‐based case‐control study of 
Swedish patients found that odds ratios for hospitalization 
due to hyponatremia with newly initiated AEDs (compared 
with controls) were 9.63 for CBZ, 4.83 for phenytoin, 4.96 
for valproate, 1.67 for lamotrigine, 9.76 for levetiracetam, 
and 1.61 for gabapentin.25

Of interest, the majority of patients (32/47; 68%) with an 
investigator‐reported hyponatremia‐related TEAE did not 
have a corresponding [Na+] measurement ≤125 mEq/L, sug-
gesting that it might be useful to measure [Na+] in patients 
with suspected hyponatremia. Symptoms assumed to be in-
dicative of hyponatremia may have been unrelated to [Na+], 
but perhaps related to other effects of ESL. It is also possible 
that symptomatic hyponatremia may have occurred as a result 
of reductions in [Na+] that did not drop below 125 mEq/L, but 
perhaps to below 135 mEq/L in patients with higher pretreat-
ment sodium levels. Unfortunately, sodium measurements 
were not taken systematically when hyponatremia‐related 
TEAEs were reported in these trials.

AED‐induced hyponatremia is often asymptomatic,2,12,15 
so we also analyzed TEAE incidence in patients grouped ac-
cording to minimum postdose [Na+] level. Symptoms typi-
cally associated with hyponatremia (including somnolence, 
headache, nausea, vomiting, convulsion, and partial seizures 
with secondary generalization) were reported more fre-
quently in patients with the lowest minimum postdose [Na+] 
levels (Group A) than in patients with no postdose [Na+] 
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measurements below 135 mEq/L (Group D) in the adjunctive 
trials. Similarly, dizziness, nausea, blurred vision, and diplo-
pia were more frequent in patients with a moderate reduction 
in minimum postdose [Na+] level (Group B) compared with 
Group D. In the monotherapy trials, dizziness, nausea, vom-
iting, fatigue, blurred vision, and nasopharyngitis were more 
frequent in Group A than in in Group D, and dizziness and 
nasopharyngitis were more frequent in patients in Group B vs 
Group D. Overall, somnolence, headache, nausea, and vom-
iting, all of which can be symptoms of acute hyponatremia,26 
were generally more frequent in patients with low [Na+] in 
these trials of ESL, suggesting that [Na+] ≤125 mEq/L, and 
even ≤130 mEq/L, may sometimes be symptomatic.

The occurrence of minimum postdose [Na+] ≤125 mEq/L 
or >10 mEq/L decreases in [Na+] from baseline, as well as 
hyponatremia‐related TEAEs and TEAEs leading to discon-
tinuation, appeared to be more frequent in the trials of ESL 
monotherapy vs adjunctive therapy. The differences between 
these trials could be due to the higher ESL doses used in 
the monotherapy trials (1200 and 1600 mg vs 400, 800, and 
1200  mg QD). Indeed, incidences of hyponatremia‐related 
TEAEs and >10 mEq/L decreases in [Na+] from baseline ap-
peared to be related to ESL dose, and incidences were similar 
between the 1200  mg dose groups of both trial types. The 
relationship between ESL dose and occurrence of a mini-
mum postdose [Na+] measurement ≤125  mEq/L, however, 
was less clear‐cut. Incidence increased with dose in the ad-
junctive trials, but in the monotherapy trials, incidence was 
higher with ESL 1200 mg vs 1600 mg; incidences in both 
monotherapy dose groups were higher than in the adjunctive 
trials. Differences in patients’ medical history, such as sever-
ity of epilepsy and past medication exposures, between the 
two study designs also could explain the higher incidence of 
hyponatremia with ESL monotherapy than with adjunctive 
therapy. One possible explanation is that approximately 50% 
of patients in the adjunctive trials were taking CBZ at base-
line and thus may have been less susceptible to hyponatremia 
related to the use of dibenzazepine carboxamide AEDs (as 
patients who had previously experienced symptomatic hypo-
natremia on CBZ would probably have been discontinued and 
consequently perceived less suitable for enrollment in trials 
of ESL). By comparison, only 27.4% of patients were taking 
CBZ at baseline in the monotherapy trials. Therefore, it may 
be that the monotherapy trials included a larger proportion of 
patients who were naive to dibenzazepine exposure, and thus 
a greater proportion that was potentially prone to hyponatre-
mia. Another possible factor is that 13% of patients in the 
monotherapy trials were taking a concomitant sodium‐wast-
ing medication, whereas only 5% of patients in the adjunctive 
trials were using this type of medication. The higher use of 
concomitant sodium‐wasting medications in the monother-
apy trials may have increased the likelihood of hyponatremia 
occurring in these patients.

These possible explanations for the higher rate of hypona-
tremia in the monotherapy trials than in the adjunctive trials 
are similar to those identified during postmarketing surveil-
lance of ESL, where most hyponatremia cases were associ-
ated with high ESL doses (>1200 mg), dosing errors (eg, no 
uptitration and not following the administration guidelines), 
concomitant medications, and/or comorbidities.27

Use of SSRIs and thiazides has been associated previ-
ously with the development of hyponatremia.10,11 In these 
controlled trials of ESL, thiazides did not appear to be associ-
ated with the occurrence of low [Na+] (≤125 mEq/L). SSRIs, 
however, were used more frequently in patients with low (vs 
higher) [Na+] measurements, suggesting that they may have 
contributed to the development of hyponatremia (although 
<10% of patients used these medications, limiting the reli-
ability of this analysis). Indeed, in the monotherapy studies, 
greater reductions from baseline in [Na+] occurred in pa-
tients who were taking an SSRI at baseline compared with 
those who were not. A potential limitation of these analyses 
is that patients in these studies were on stable treatment with 
thiazides or SSRIs and had not already discontinued due to 
symptomatic hyponatremia, and therefore it may be that they 
represent a subset of patients who are less susceptible to thi-
azide‐ or SSRI‐induced hyponatremia. Furthermore, factors 
not investigated here (eg, comorbidities or use of other con-
comitant medications) may have contributed to the reports of 
hyponatremia in these trials. In addition, differences between 
baseline medications may have rendered patients differen-
tially sensitive to hyponatremia.

To gain further understanding of the types of patients who 
had hyponatremia during the ESL trials, we examined patient 
age, concomitant use of CBZ, OXC, and sodium‐wasting 
medications, and seizure frequency in all patients who expe-
rienced hyponatremia (patients with a hyponatremia‐related 
TEAE or a [Na+] measurement ≤125 mEq/L). First, despite 
the general acceptance that older patients are at particular risk 
of hyponatremia,28 we found that only 6 of 55 patients with 
hyponatremia in the controlled trials were 60 years of age or 
older (of a total of 80 patients aged ≥60 years). In addition, 
only 3 of 31 patients (10%) with hyponatremia in the adjunc-
tive trials were also taking a sodium‐wasting medication, 
compared with 7 of 24 (29%) patients with hyponatremia 
in the monotherapy trials, suggesting that (in the monother-
apy trials at least) concomitant use of SSRIs or thiazides 
may have been associated with the onset of hyponatremia. 
Furthermore, the proportions of patients with hyponatremia 
using CBZ or OXC were comparable to the proportions of 
patients in the full patient population using these AEDs, 
suggesting that use of multiple dibenzazepine carboxamide 
AEDs did not increase the risk of hyponatremia. This could 
be subject to selection bias, as only patients who had toler-
ated a dibenzazepine carboxamide AED would have entered 
the ESL clinical trials.
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It is of note that the threshold for clinically significant 
hyponatremia is not clear‐cut, and that different thresholds 
are used in different settings. For example, publications have 
defined hyponatremia as [Na+] <125  mEq/L (in line with 
this analysis),27,29 ≤132 mEq/L,30 ≤134 mEq/L (with severe 
hyponatremia defined as ≤128  mEq/L),6,31 <135  mEq/L,32 
and <137 mEq/L.33 Therefore, comparisons of hyponatremia 
rates across studies should be interpreted with caution.

In summary, this analysis of data from 1812 patients in 
controlled and uncontrolled trials of ESL demonstrates that 
marked reductions in [Na+] and hyponatremia‐related TEAEs 
occurred in a small number of patients taking ESL. Suspected 
hyponatremia should be confirmed by [Na+] measurements. 
Some clinicians may find it useful to document and moni-
tor [Na+] levels during treatment with ESL, particularly in 
patients with symptoms typically associated with hyponatre-
mia (eg, nausea, vomiting, malaise, headache, lethargy, con-
fusion, irritability, muscle weakness/spasms, obtundation, 
increased seizure frequency or severity), or those receiving 
other medications known to affect [Na+].
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