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Valproate-induced enuresis: a prospective study
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AIM The aim of this study was to determine the frequency and characteristics of secondary

enuresis in children initiated on valproate treatment.

METHOD This was a prospective study conducted in children aged 5 to 12 years with

suspected newly diagnosed epilepsy and maintained on valproate for at least 1 month.

Adverse events spontaneously reported by parents were recorded at each follow-up visit. In

addition, we specifically asked about enuresis and other side effects known to occur with

valproate treatment. We assessed the frequency of enuresis and its association with a

number of variables.

RESULTS Seventy-two children (43 males and 29 females) with a mean age of 8 years

7 months (range 5–12y) were included in this study. Secondary enuresis developed in 17

(24%) of these children after, on average, 19.8 days of exposure to valproate. The data

obtained from a multivariate analysis indicate that age was the only significant factor in

predicting the development of enuresis. Enuresis ceased in all children after discontinuation

of valproate use, and in 10 out of 11 children still on the drug.

INTERPRETATION Secondary enuresis is a common adverse event associated with valproate

use in children, which is not usually spontaneously reported and is reversible in most cases.

Valproate is a broad-spectrum antiepileptic drug approved
as monotherapy and adjunctive therapy for the treatment
of simple and complex partial seizures in adults and chil-
dren 10 years or older; as adjunctive therapy for the treat-
ment of multiple seizure types, including absence seizures;
for the treatment of acute manic episodes in those with
bipolar disorder older than 18 years of age; and as a pro-
phylactic agent for migraine headaches in adults and chil-
dren older than 16 years.1 Adverse events associated with
valproate include idiosyncratic reactions, such as hepato-
toxicity and pancreatitis, and dose-related adverse events
including weight gain, hair thinning, tremor, drowsiness,
nausea, vomiting, ataxia, and thrombocytopenia.2–4

Primary and secondary nocturnal enuresis is common in
children, with a peak prevalence of 15% to 25% at age
5 years.5 Although enuresis typically disappears as the child
matures, it can be distressing for children and their families
and can prompt treatment with desmopressin or imipra-
mine, or behavioural interventions.5,6

An association between the emergence of enuresis and
treatment with valproate has been suggested but is not well
characterized in the literature.7–11 A recently published
review, which comprehensively described the adverse events
of valproate, failed to mention enuresis as a side effect of
this drug.12

In this study, we prospectively assessed the frequency of
enuresis in children with suspected newly diagnosed epi-
lepsy, naive to antiepileptic drug treatment, and initiated
on valproate. We also attempted to elucidate the character-
istics of and the risk factors for the development of valpro-
ate-induced enuresis.

METHOD
Children eligible for this study were identified from those
already enrolled in an ongoing prospective study, which
started more than 3 years ago, in children and adults
with suspected newly diagnosed epilepsy. Adult and paedi-
atric neurologists from across Lebanon refer patients
with newly diagnosed suspected seizures/epilepsy to the
American University of Beirut Medical Center, where a
full neurological evaluation, 3-hour sleep-deprived video-
electroencephalography, and epilepsy protocol brain mag-
netic resonance imaging are performed. For each patient,
the results of this workup are conveyed to the referring
physician, who then decides whether or not to initiate
treatment and, if so, which antiepileptic drug to use.
Patients were subsequently evaluated every 3 months dur-
ing the first year and every 6 months thereafter, with addi-
tional visits as needed based on seizure recurrence or
adverse events.
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Definition of nocturnal enuresis
For a diagnosis of nocturnal enuresis, a child between 5
and 6 years old should have two or more bedwetting epi-
sodes per month, and a child of older than 6 years of age
should have one or more bedwetting episodes per month.
Primary nocturnal enuresis was diagnosed when a child did
not achieve any periods of night-time dryness over a period
of 6 consecutive months. For the purpose of this study, we
used the International Children’s Continence Society defi-
nition of secondary nocturnal enuresis, which was consid-
ered present when a child had a period of night-time
dryness for at least six consecutive months but then
relapsed.13

Inclusion criteria
We included all children within the age range 5 to
12 years evaluated over a 2-year period (October 2010–
October 2012), and who were initiated and maintained on
valproate for at least 1 month and attended at least one
follow-up appointment. Children with psychomotor delay
who required nappies and those with primary enuresis were
excluded.

Assessment of enuresis
At the follow-up visit, parents were initially asked about
seizure control and each child’s seizure diary was reviewed.
In addition, the spontaneously reported adverse events
associated with valproate were recorded. Subsequently,
parents were specifically asked about the occurrence of
nocturnal enuresis and its frequency (d/mo). In addition,
parents were specifically queried about the occurrence of
the following adverse events commonly associated with val-
proate: tremor, dizziness, drowsiness, ataxia, headache, irri-
tability, nausea, vomiting, anorexia, diarrhoea, hair loss,
increased appetite, and weight gain.

For children who developed enuresis, we recorded the
time from the initiation of valproate treatment to the onset
of enuresis, the dose of valproate (mg/kg/d) at enuresis
onset, and the weight of the child at initiation of valproate
and at the time of follow-up. At follow-up visits, the time
to resolution of enuresis (whether spontaneous or after dis-
continuation of valproate) was ascertained, and the dura-
tion of treatment with valproate was calculated.

Ethical approval
This study was approved by the Institutional Review Board
of the American University of Beirut Medical Center and
all children enrolled in this study provided an informed
consent form signed by one of their parents.

Statistical analysis
For continuous variables, descriptive statistics (mean, med-
ian, range, and frequencies) with percentages were calcu-
lated. Statistical analyses were performed using v2 tests for
categorical variables, and Student’s t-tests for continuous
variables.

A univariate binary logistic regression analysis was per-
formed with ‘the occurrence of enuresis’ as the dependent
variable and each of the following continuous independent
variables: age, weight, change in weight (%), duration of
treatment with valproate, and maintenance daily dose of
valproate. The multivariate analysis was performed using
stepwise forward multivariate logistic regression analysis.
We included the following independent variables in the
model: age, weight, change in weight (%), duration of
treatment with valproate, and maintenance daily dose of
valproate. The alpha level for all tests of hypotheses of no
effect was set to 0.05.

RESULTS
A total of 96 children aged between 5 and 12 years were
initiated on valproate. Of these children, 12 were
excluded because they were treated with valproate for
<1 month for the following reasons. Eight children were
diagnosed with non-epileptic spells resulting in the dis-
continuation of valproate, two children experienced signif-
icant adverse events (irritability, poor concentration,
alopecia, and weight gain) leading to withdrawal of the
drug, and two children were diagnosed with a matura-
tional epilepsy; one of them was switched to carbamaze-
pine by his treating physician; in the other, treatment was
discontinued. Twelve additional children were excluded:
seven failed to attend a follow-up visit, two had severe
developmental delay and were using nappies, and three
had primary nocturnal enuresis.

The remaining 72 children (43 males and 29 females,
mean age 8y 7mo, range 5–12y) were included in this study
and initiated on valproate (mean dose 13.6mg/kg/d). The
type of valproate used and the titration schedule were at
the discretion of the referring physician. In general, chil-
dren were initiated on slow-release formulation tablets if
they were able to swallow pills or on a liquid valproate for-
mulation otherwise. Although the titration schedule was
not uniform, the maintenance dose was reached within
16 days for all children.

Sixty-eight (94%) of the participants had epilepsy, one
experienced a single unprovoked seizure, one experienced
an acute symptomatic seizure, and two children presented
with paroxysmal spells, the nature of which has not yet
been fully elucidated. Of the 68 children with epilepsy,
idiopathic generalized epilepsy was diagnosed in 23, idio-
pathic focal epilepsy in 18, and symptomatic focal epi-
lepsy in the remaining 27. The results of physical and
neurological examinations were normal for all of these
children.

What this paper adds
• Enuresis is a common adverse event of valproate exposure in children.

• Enuresis rapidly resolves in all children after discontinuation of valproate.

• Enuresis also resolves eventually in the vast majority of children maintained
on valproate.

• Physicians should specifically inquire about this valproate-induced adverse
event.
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Children with enuresis
Seventeen (10 males and 7 females) of the 72 children
developed secondary enuresis after exposure to valproate.
None of these children experienced diurnal urinary incon-
tinence. This adverse event was spontaneously reported by
parents in only three instances (4%), while the remaining
14 instances were reported only when parents were asked
directly. Children who developed secondary enuresis did so
after a mean exposure time to valproate of 19.8 days. The
characteristics of children who developed secondary enure-
sis compared with those who did not are summarized in
Table I.

Factors associated with the occurrence of secondary
enuresis
In a univariate analysis using binary logistic regression,
there was evidence that age and weight were significant in
the model for predicting the probability of occurrence of
nocturnal enuresis (Table I). In addition, there was evi-
dence of a strong linear correlation between age and
weight (r=0.68, p<0.016). However, a multivariate analysis

suggested that only age could significantly predict the
occurrence of enuresis (p=0.022).

There is no evidence that maintenance valproate dose
(mg/kg/d), weight change (%), or duration of treatment
with valproate can predict the occurrence of enuresis.

When the frequency of secondary enuresis was stratified
by age (Fig. 1), it was highest for children 8 years old or
younger, occurring in 11 out of 30 (37%) children in this
age range, compared with only 6 out of 42 (14%) children
of more than 8 years of age (p=0.03, v2).

Course of enuresis
Enuresis resolved in 16 of the 17 children (94%) who
developed secondary enuresis. In 10 of these children, it
resolved spontaneously while the children were still main-
tained on valproate, whereas, in the remaining six children,
enuresis abated after discontinuation of the drug.

The mean time required for spontaneous resolution of
enuresis was 210 days (median 150, range 30–630). The
mean ages of the children at the time of emergence of
enuresis and at the time of its spontaneous resolution were

Table I: Comparison of variables between children with or without secondary enuresis

Children with enuresis Children without enuresis

paMean Median Range Mean Median Range

Age (y:mo) 7:6 7:0 5:5–10:8 8:11 9:2 5:0–12:0 0.012
Weight (kg) 25.9 28.3 17–35 34.1 31.7 15.5–70.5 0.006
Initial valproate dose (mg/kg/d)b 12.8 12.5 4.7–22.2 13.8 12.5 3.6–27.8 0.6
Maintenance valproate dose (mg/kg/d)c 22.4 22.3 8.3–34.1 21.9 20.7 7.3–37.8 0.8
Weight change (%) 1 1 �1 to 2 1 1 �1 to 4 0.13
Duration of valproate therapy (mo) 21.2 24 1–30 19.3 21 1–38 0.44
Dose of valproate (mg/kg/d) at the time of enuresisd 21.6 19.8 14.7–34.1
Time of occurrence of enuresis after initiating valproate (d) 19.8 14 1–60
Frequency of enuresis (occurrences/mo) 11.9 7 1–30

aCalculated using the binary logistic regression model. bDaily valproate dose the child was initially started on. cDaily valproate dose
reached at the end of the titration phase. dDaily valproate dose the child was taking at the onset of enuresis.
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Figure 1: Frequency of secondary enuresis stratified by age group. The vertical lines represent standard errors.

Valproate-Induced Enuresis Wissam R Yamak et al. 739

 14698749, 2015, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.12737 by H
IN

A
R

I-L
E

B
A

N
O

N
, W

iley O
nline L

ibrary on [16/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 years 9 months (range 5y 10mo–10y 8mo) and 8 years
4 months (range 6y–10y 11mo), respectively. There was no
significant correlation between the frequency of enuresis
(d/mo) and the time to its resolution. Similarly, there was
no significant correlation between the age of these children
and the time to enuresis resolution. Only one child was
still experiencing enuresis after 18 months while main-
tained on valproate.

Enuresis resolved in five of the six children in whom val-
proate treatment was discontinued after a mean duration of
16.4 days (median 7, range 4–60). The remaining child
experienced a gradual improvement of enuresis that even-
tually abated 10 months after stopping the drug.

In no case was valproate discontinued because of enure-
sis. It was stopped because of severe irritability in two chil-
dren, because of seizure remission for 1 to 2 years in three
children, and because of lack of efficacy in one child.

Other adverse events
The other adverse events experienced by children while on
valproate treatment are tabulated by type and severity
(Table II). There were no significant correlations between
secondary enuresis and the frequencies of the following
specific adverse events: tremor, dizziness, drowsiness,
ataxia, headache, irritability/nervousness, nausea, vomiting,
anorexia, diarrhoea, gastrointestinal distress, alopecia,
increased appetite, or weight gain.

DISCUSSION
This is the first prospective study specifically aimed at
defining the frequency and evaluating the characteristics
and risk factors associated with the development of second-
ary nocturnal enuresis in children after exposure to valpro-
ate. Our study has established that enuresis is a common
adverse event associated with valproate, occurring in
approximately 24% of children between the ages of 5 and
12 years treated with this drug.

Some previous studies and case reports evaluating the
adverse events associated with valproate mentioned enuresis

as a possible side effect of this drug with a frequency, when
reported, ranging between 2% and 7%.7–11,14,15 In a retro-
spective study of 100 children, which evaluated the fre-
quency and amount of weight gain after exposure to
valproate, nocturnal enuresis was reported in 7% of partici-
pants; however, further details, other than the fact that
enuresis spontaneously abated after a few months, were not
provided.7 In a prospective comparative trial of phenobar-
bital, primidone, and valproate for the prevention of febrile
seizures, 1 child out of 48 children (2%) exposed to valpro-
ate was reported to have developed enuresis.9 Another
study evaluating the adverse event profile of valproate in
children with epilepsy mentioned that 5 out of 88 children
(6%) developed nocturnal enuresis.8

A substantially higher frequency of secondary enuresis
was documented in our study, most likely because we specifi-
cally inquired about this adverse event. In fact, enuresis was
spontaneously reported by the parents of only 3 out of 72
children (4%) in this study, which is within the reported fre-
quency range of these previous studies. Therefore, this
emphasizes the importance of paediatricians or paediatric
neurologists specifically enquiring about nocturnal enuresis
since this adverse event is rarely spontaneously reported.

Unlike our study, these published studies did not evalu-
ate the characteristics of valproate-induced secondary
enuresis.7–9 Our data strongly support a causal relationship
between valproate and enuresis, because of the close tem-
poral relationship between the initiation of valproate treat-
ment and the onset of enuresis. Among those children who
developed enuresis, this adverse event started, on average,
20 days after the initiation of valproate treatment. This is
consistent with the few published case reports which docu-
mented that the onset of enuresis occurs within 2 to
14 days of starting valproate treatment.10,15 In addition,
the existence of a causal relationship is strengthened by the
fact that enuresis stopped, on average, 16 days after valpro-
ate discontinuation. In contrast, although enuresis eventu-
ally resolved in the vast majority of children still
maintained on valproate, this resolution occurred after an
average duration of 210 days. The reversibility of enuresis
while on valproate suggests the development of tolerance
to this adverse event, or an age-related phenomenon. In
fact, the mean age of affected children increased from
7 years 8 months at the time of emergence of enuresis to
8 years 4 months at the time of its resolution.

In addition, we established that valproate-induced sec-
ondary enuresis is an age-related adverse event, affecting
nearly 37% of children aged 8 years or younger but only
14% of children older than 8 years. We also showed that
other variables, including daily valproate dose, duration of
treatment, and amount of weight gain, were not signifi-
cantly associated with the occurrence of secondary enure-
sis. Furthermore, the mean daily dose of valproate was not
significantly different among children who developed this
adverse event and those who did not, a finding that sug-
gests that the occurrence of secondary enuresis is not dose
related. Data from individual case reports suggest that, at

Table II: Other adverse events related to valproate treatment stratified
by type and severity

Adverse event (n=72) Mild (%) Moderate (%) Severe (%)

Tremor 4 (6) 0 0
Dizziness 3 (6) 1 (1) 0
Drowsiness 7 (10) 4 (6) 1 (1)
Ataxia 1 (6) 0 0
Headache 3 (4) 0 0
Irritability/nervousness 9 (13) 4 (6) 7 (10)
Nausea 4 (6) 1 (1) 0
Vomiting 2 (3) 1 (1) 1 (1)
Anorexia 0 0 1 (1)
Diarrhoea 0 0 1 (1)
Gastrointestinal distress 4 (6) 1 (1) 0
Alopecia 2 (3) 6 (8) 4 (6)
Increased appetite 14 (19) 14 (19) 10 (14)
Weight gain 14 (19) 8 (11) 7 (10)

740 Developmental Medicine & Child Neurology 2015, 57: 737–741
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least in some children, nocturnal enuresis is dose related
since it was noted only when valproate dose was
increased.10,14,15

Drug-induced secondary enuresis is an uncommon
adverse event that has mainly been described after treat-
ment with atypical antipsychotics. This class of drugs has
been reported to induce secondary enuresis in 21%, 10%,
7%, and 6% of patients aged 15 to 64 years treated with
clozapine, olanzapine, quetiapine, and risperidone, respec-
tively.16 In addition, case reports have documented the
occurrence of secondary enuresis in children after initiation
of treatment with risperidone.17,18

The mechanism of enuresis is believed to be multifacto-
rial and includes sleep disorders, genetic factors, decreased
functional bladder capacity, and the absence of a circadian
nocturnal rise in the secretion of the antidiuretic hormone
arginine vasopressin.5 One sleep disorder associated with
enuresis is obstructive sleep apnoea,19 which can be wors-
ened by weight gain, a known adverse event of valproate
treatment.7 However, this mechanism for valproate-
induced enuresis is unlikely, since we have established that
the emergence of enuresis is not associated with weight
gain. Another potential aetiology of enuresis is ‘deeper
sleep’ with inability to arouse,5,6,20 a sleep architectural
change that was reported after valproate intake.21,22 One
study reported that the percentage of deep sleep increased
from 19% to 30% after treatment with valproate,21 while

another found that total sleep time significantly decreased
after discontinuation of valproate.22 Our study cannot con-
firm or reject this hypothesis since we did not perform
polysomnography on our cohort.

In summary, valproate-induced secondary enuresis is an
underreported but frequent adverse event in children, espe-
cially in those aged between 5 years and 8 years, is typi-
cally not spontaneously reported by parents, and is
reversible upon discontinuation of valproate. It is impor-
tant for clinicians to be aware of this adverse event, since
enuresis in children with epilepsy might lead to the suspi-
cion of unwitnessed nocturnal seizures and an unwarranted
increase in the dose of valproate or in the addition of
another antiepileptic drug. In addition, enuresis can have a
psychological impact on children including social avoid-
ance, unhappiness, shame, low self-esteem, and behavioural
problems.23–25
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