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INTRODUCTION — Urinary incontinence is a common problem in children. At five
years of age, 15 percent of children are incompletely continent of urine. Most of
these children have isolated nocturnal enuresis (monosymptomatic nocturnal
enuresis).
An overview of the causes and evaluation of nocturnal enuresis in children will be
presented here. The management of nocturnal enuresis and dysfunctional voiding
are discussed separately. (See "Management of nocturnal enuresis in children" and
"Etiology and clinical features of voiding dysfunction in children" and "Evaluation
and diagnosis of voiding dysfunction in children" and "Management of voiding
dysfunction in children".)
TERMINOLOGY — The International Children’s Continence Society (ICCS) has
developed standardized terminology for lower urinary tract function and malfunction
in children [1].
Enuresis (synonymous with intermittent nocturnal incontinence) refers to discrete
episodes of urinary incontinence during sleep in children ≥5 years of age [1].
Enuresis is divided into monosymptomatic and non-monosymptomatic forms.
Monosymptomatic enuresis is defined as enuresis in children without any other
lower urinary tract symptoms and without a history of bladder dysfunction [1].
Monosymptomatic nocturnal enuresis usually is divided into primary and secondary
forms. Children who have never achieved a satisfactory period of nighttime dryness
have primary enuresis. An estimated 80 percent of children with nocturnal

enuresis have this form. Children who develop enuresis after a dry period of at least
six months have secondary enuresis [2]. Secondary enuresis often is ascribed to
an unusually stressful event (eg, parental divorce, birth of a sibling) at a time of
vulnerability in a child's life. However, the exact cause of secondary enuresis
remains unknown.
Non-monosymptomatic enuresis is defined as enuresis in children with other
lower urinary tract symptoms, including [1]:
 Consistently increased (≥8 times/day) or decreased (≤3 times/day) voiding
frequency
 Daytime incontinence
 Urgency
 Hesitancy (difficulty initiating voiding)
 Straining (application of abdominal pressure to initiate and maintain voiding)
 A weak stream
 Intermittency (micturition occurs in several discrete spurts)
 Holding maneuvers (strategies used to postpone voiding)
 A feeling of incomplete emptying
 Postmicturation dribble
 Genital or lower urinary tract pain
The pathogenesis, evaluation, and treatment of monosymptomatic nocturnal
enuresis and non-monosymptomatic nocturnal enuresis overlap [3]. Approximately
20 percent of children who have nighttime wetting also have significant daytime
symptoms [4]. Patients who have nocturnal enuresis with daytime symptoms are
described as having dysfunctional voiding (also called complex or complicated
enuresis). The daytime symptoms may be limited to urgency and frequency, but
often include incontinence. Urologic (eg, detrusor instability, recurrent urinary tract
infection) and neurologic disorders (eg, spinal dysraphism) are more common
among children with daytime symptoms than those with monosymptomatic enuresis
[5]. Approximately 15 percent of children with nighttime wetting also have
troublesome encopresis [5]. Children who have associated urinary and bowel
symptoms

often

are

described

as

having

dysfunctional

elimination

syndrome [6] or bladder bowel dysfunction (BBD).
This topic review will focus on the causes and evaluation of monosymptomatic
enuresis in children. Dysfunctional voiding is discussed separately. (See "Etiology
and clinical features of voiding dysfunction in children" and "Evaluation and
diagnosis

of

voiding

dysfunction

dysfunction in children".)

in

children" and

"Management

of

voiding

EPIDEMIOLOGY

AND

NATURAL

HISTORY — Monosymptomatic

nocturnal

enuresis is common in children. The prevalence varies according to age ( graph 1)
[7-9]:
 5 years: 16 percent
 6 years: 13 percent
 7 years: 10 percent
 8 years: 7 percent
 10 years: 5 percent
 12 to 14 years: 2 to 3 percent
 ≥15 years: 1 to 2 percent
Monosymptomatic nocturnal enuresis is twice as common among boys as girls. It
resolves spontaneously at a rate of approximately 15 percent per year [10,11]. The
longer the enuresis persists, the lower the probability that it will spontaneously
resolve [8,10].
BLADDER MATURATION — Normal bladder function depends upon a complex
interrelationship between autonomic and somatic nerves, which are integrated at
various sites in the spinal cord, brainstem, midbrain, and higher cortical centers
(figure 1). The complex coordination permits urine storage at low pressure with
high outlet resistance and voiding with low outlet resistance and sustained detrusor
(bladder wall muscle) contraction.
At birth, bladder function is thought to be coordinated through the lower spinal cord
and/or primitive brain centers. Voiding at this stage is efficient but uncontrolled:
uninhibited contraction is caused by progressive and sustained bladder filling.
Voiding in the newborn also may be initiated by neurologically stimulating activities,
such as feeding, bathing, tickling, etc.
During the first three years of life, bladder capacity increases disproportionately
relative to body surface area. By four years of age, most children void five to six
times per day [12,13].
Development of bladder control appears to follow a progressive maturation whereby
the child first becomes aware of bladder filling, then develops the ability to suppress
detrusor contractions voluntarily and, finally, learns to coordinate sphincter and
detrusor function. These skills usually are achieved, at least during the day, by
approximately four years of age. Nighttime bladder control is achieved months to
years after daytime control, but is not expected until five to seven years of age
[14,15].
Incomplete development of bladder control results in more complex wetting
problems that almost always are associated with daytime incontinence. These

include dysfunctional voiding, overactive bladder, underactive bladder, recurrent
urinary tract infections, and some cases of vesicoureteral reflux. (See "Etiology and
clinical features of voiding dysfunction in children", section on 'Daytime urinary
incontinence' and "Etiology and clinical features of voiding dysfunction in children",
section on 'Associated conditions'.)
CAUSES — Monosymptomatic nocturnal enuresis may result from one or a
combination of several possible factors in a given child [16-18]. The major
pathogenetic mechanisms include nocturnal polyuria, detrusor overactivity, and
disturbed sleep [3]. Other factors that are believed to contribute include
maturational delay, genetics, and abnormal secretion of antidiuretic hormone (ADH,
vasopressin). Psychologic and behavioral abnormalities appear to be a result, rather
than a cause, of enuresis [19-21]. (See 'Associated conditions' below.)
Maturational delay — In almost all cases, monosymptomatic nocturnal enuresis
resolves

(graph

spontaneously

1). This observation suggests that delayed

maturation of a normal developmental process plays a role in nocturnal enuresis
[22-24]. Some studies have demonstrated an increased incidence of delayed
language and gross motor development and slowed motor performance among
children with enuresis [25,26]. The hypothesis that there is a difference in the
central nervous system maturation in children with primary enuresis compared with
controls is supported by neurophysiologic data [27-29].
Enuretic

episodes

are

associated

with

characteristic

urodynamic

and

electroencephalographic (EEG) findings. Many children who have enuresis are noted
to have progressive maturation of bladder stability in conjunction with EEG findings
that suggest increased central nervous system recognition of bladder fullness and
the ultimate ability to suppress the onset of bladder contraction [29]. These findings
support the hypothesis that delayed maturation of bladder control plays a role in
monosymptomatic nocturnal enuresis.
Genetics — There

is

a

genetic

tendency

toward

nocturnal

enuresis.

The

concordance among monozygotic twins is almost twice that among dizygotic twins
(68 versus 36 percent) [30]. When one or both parents have a history of prolonged
nighttime wetting, approximately one-half and three-quarters, respectively, of the
offspring are affected [31]. On the other hand, when neither parent has a history of
nocturnal enuresis, only 15 percent of offspring are affected. An autosomal
dominant form of primary nocturnal enuresis with a penetrance greater than 90
percent has been identified in Danish families and linked to a locus on chromosome
13q13-q14.3 (MIM %600631) [32]. Additional genetic loci for enuresis have been
identified on chromosomes 12q13-q21 (MIM %600808) and 22q11 [33].
Parents who experienced nocturnal enuresis as children may derive some
reassurance from the knowledge of the role of genetics in enuresis, which may help

them to understand that their child's problem will resolve as their own did.
However, data from genetic studies have not yet been helpful in the development of
treatment strategies.
Small bladder capacity — At birth, bladder volume is approximately 60 mL;
bladder volume increases with age at a relatively steady rate of approximately 30
mL per year. Normal bladder capacity (in ounces) can be estimated by adding 2 to
the child's age in years, until 10 years of age [34]. Children with nocturnal enuresis,
even those who do not have daytime symptoms, have been noted to have a smaller
bladder capacity than age-matched children who do not have nocturnal enuresis
[35-39]. Clinical findings suggestive of reduced bladder capacity include urinary
frequency, and associated constipation or cystitis [40].
The reduced bladder capacity appears to be functional rather than anatomical. This
was illustrated by a study in which bladder capacity was measured in the awake
state as well as under general anesthesia in children with nocturnal enuresis, and
compared with functional bladder capacity among controls [41]. Compared with
control children, the average volume of urine voided by enuretic children in the
awake state was reduced: 135 versus 180, 165 versus 240, and 180 versus 360
among children aged four to six years, seven to eight years, and 9 to 11 years,
respectively. However, the average bladder volume measured during general
anesthesia in the enuretic children was 206 mL, 229 mL, and 283 mL in the
respective age groups.
In another study, the maximal endurable bladder capacity during the daytime was
similar between children with enuresis and controls [42]. However, among children
with enuresis, the maximal voided volume during the night was significantly smaller
than the maximal daytime bladder capacity, suggesting that inability to hold urine
during sleep plays a role in nocturnal enuresis.
Nocturnal polyuria — Increased nighttime urine output appears to play an
important role in nocturnal enuresis [3,43,44]. Mechanisms for increased nighttime
urine output may include increased fluid intake before bedtime [40], reduced
response to antidiuretic hormone (ADH, vasopressin), and decreased secretion of
ADH [45-49]. Clinical findings suggestive of or associated with nocturnal polyuria
include majority of fluid intake during the late afternoon and evening; soaking of or
through absorbent underpants; and large-volume first morning void despite
nocturnal enuresis [40]
Role of ADH — In children who do not have enuresis, urine output decreases
during the night because the secretion of ADH and other regulatory hormones
follows a circadian pattern, with increased secretion at night [50-52].

The relationship between ADH secretion and nighttime urinary flow rates remains
controversial. Abnormalities in ADH secretion appear to play a role in at least some
patients with nocturnal enuresis. However, whether these abnormalities are primary
or secondary (eg, to bladder capacity or maturational delay) is not clear.
Various observations regarding ADH secretion in enuretic children have been used
to explain nocturnal enuresis:
 Initial studies in enuretic children suggested that they had a blunted response
to vasopressin compared with age-matched controls. It was postulated that
this abnormality might permit urinary flow rates at night sufficiently high to
exceed bladder capacity, resulting in enuresis. Subsequent studies failed to
reproduce this observation.
 Other studies have indicated that children with nocturnal enuresis have
decreased nocturnal secretion of ADH [45-49], which also would cause
increased nocturnal urine output. One of the reasons may be small bladder
capacity, since ADH secretion is thought to increase with bladder distension
[53].
Neither of these observations (blunted response to ADH or decreased nocturnal
secretion of ADH) explains why the children do not wake to void. However, the
observations that the urine osmolality of enuretic and nonenuretic children is
similar, and that early morning osmolality tends to increase with age, suggest that
the ADH secretion response may be a maturational one [54]. (See 'Maturational
delay' above.)
Detrusor overactivity — Urodynamic testing in children who have daytime
incontinence demonstrates a variety of significant functional detrusor abnormalities.
In contrast, no clear pattern of urodynamic abnormality has been demonstrated in
children with primary monosymptomatic nocturnal enuresis. Nonetheless, bladder
dysfunction should be considered in children who have refractory monosymptomatic
primary nocturnal enuresis [55]. (See "Etiology and clinical features of voiding
dysfunction in children", section on 'Daytime urinary incontinence'.)
Most studies suggest that the incidence of uninhibited bladder activity in children
with primary monosymptomatic nocturnal enuresis is similar to the incidence of
uninhibited activity in normal children (between 3 and 5 percent) [56-58]. However,
children with monosymptomatic nocturnal enuresis may have a defect in the
circadian rhythm of detrusor inhibition [59].
When urodynamic studies are performed during sleep, the only difference between
enuretic and non-enuretic children is the increased rate of bladder contractions that
occur in association with the enuretic episode [60]. In addition, urodynamic studies

during sleep demonstrate a relationship between nocturnal enuresis and pelvic floor
activity.

When

pelvic

floor

activity

increased

in

association

with

detrusor

contractions, wetting was usually avoided, and the patient would often awaken
subsequently to void. In contrast, when pelvic floor activity did not increase, the
detrusor contraction usually was associated with a wetting episode [61,62].
Disturbed sleep — Whether abnormally deep sleep contributes to enuresis is
controversial. Parents often describe their children with enuresis as excessively
deep sleepers [63,64]. This may be a bias of observation, since parents rarely
attempt to wake non-enuretic children. Nonetheless, in one sleep laboratory study
of 33 boys aged 7 to 12 years (15 with enuresis and 18 age-matched controls),
attempts at arousal were more often successful in control subjects than in boys with
enuresis (40 versus 9 percent) [65]. Excessively deep sleep also appears to
contribute to nocturnal enuresis in adolescents and adults [66].
Another sleep study found that children with severe and refractory enuresis (≥5 wet
nights/week) slept more lightly than controls but did not wake before voiding [67].
Enuretic subjects had frequent cortical arousals but inability to waken completely.
The cortical arousals were associated with unstable bladder contractions, suggesting
to the authors that the arousal center may be paradoxically suppressed by signals
from the bladder.
Other sleep studies show that sleep patterns among children with and without
enuresis are similar [68,69]. These studies indicate that enuretic episodes may
occur at random throughout the night, but primarily during nonrapid eye movement
(non-REM) sleep [70]. However, some children wet during phases of early
awakening.
Psychologic — Although psychologic abnormalities have been considered to play a
role in nocturnal enuresis, this relationship has not been proven. Children whose
enuresis has resolved do not develop substitute symptoms, which would be
expected if there was ongoing psychopathology [19,20,71]. In addition, perceived
adjustment problems tend to improve after resolution of enuresis, suggesting that
the behavioral abnormalities are a result, rather than a cause, of the enuresis [1921].
ASSOCIATED

CONDITIONS — Nocturnal

enuresis

may

be

associated

with

neuropsychiatric problems, including cognitive problems, low self-esteem, and
attention deficit hyperactivity disorder [72-74]. Disturbed sleep may contribute to or
exacerbate these problems [75]. (See "Evaluation of suspected obstructive sleep
apnea in children", section on 'Daytime'.)

DIFFERENTIAL DIAGNOSIS — Other causes of nocturnal enuresis that may
require additional evaluation and/or treatment should be considered in children with
enuresis. These include [38,76-78]:
 Unrecognized underlying medical disorders (eg, sickle cell disease, seizures,
diabetes mellitus, diabetes insipidus, hyperthyroidism) (see appropriate topic
reviews)
 Encopresis

or

constipation

(see

"Definition, clinical

manifestations, and

evaluation of functional fecal incontinence in infants and children", section on
'Clinical

manifestations' and

"Constipation

in

children:

Etiology

and

diagnosis", section on 'Constipation and enuresis')
 Dysfunctional voiding (usually associated with daytime symptoms) (see
"Etiology and clinical features of voiding dysfunction in children", section on
'Daytime urinary incontinence')
 Urinary tract infection (see "Clinical features and diagnosis of urinary tract
infections in children", section on 'Clinical presentation')
 Chronic kidney disease (see "Clinical presentation and evaluation of chronic
kidney disease in children", section on 'Clinical presentation')
 Spinal

dysraphism

(see

"Pathophysiology

and clinical

manifestations

of

myelomeningocele (spina bifida)", section on 'Spinal cord')
 Upper airway obstruction (ie, obstructive sleep apnea) [79-82] (see "Evaluation
of suspected obstructive sleep apnea in children", section on 'Diagnostic
evaluation')
 Pinworms [83,84] (see "Enterobiasis and trichuriasis", section on 'Clinical
manifestations' and "Enterobiasis and trichuriasis", section on 'Diagnosis')
 Psychogenic polydipsia (see "Diagnosis of polyuria and diabetes insipidus",
section on 'Primary polydipsia')
EVALUATION — The evaluation of the child with monosymptomatic nocturnal
enuresis includes history, physical examination, and urinalysis. The history,
including a voiding diary, is the mainstay of the evaluation [3,40,85].
The main goal of the evaluation is to determine whether the child has dysfunctional
voiding or enuresis as a manifestation of an underlying medical problem (eg,
posterior urethral valves or other anatomic abnormality, spinal dysraphism,
diabetes, etc.) [3]. Additional evaluation may be necessary to exclude these
disorders. (See 'Differential diagnosis' above.)
History — Important issues to be considered in the history include ( table 1)
[3,38,40,76,85]:

 Presence of daytime wetting or symptoms, including urgency, holding
maneuvers, interrupted micturition, weak stream, and straining (see
'Terminology' above); urologic and neurologic disorders are more common
among children with daytime symptoms
 Any prolonged period of dryness
 Frequency and trend of nocturnal enuresis (eg, number of wet nights per week
or month, number of episodes per night, time of episodes, approximate
volume of each episode)
 Fluid intake diary (does the majority of fluid intake occur during the late
afternoon and evening?); this may help to identify children with diabetes,
kidney disease, or psychogenic polydipsia
 Stooling history and history of soiling (to determine whether there is associated
constipation or encopresis, an important cause of secondary enuresis) (see
"Constipation in children: Etiology and diagnosis")
 Determination of which interventions the family has tried
 Medical history (eg, review of systems for symptoms of sleep apnea, diabetes,
sickle cell disease or trait, urinary tract infection, gait or neurologic
abnormalities)
 Family history of nocturnal enuresis
 Social history (particularly important in secondary enuresis because somatic
and psychologic comorbidities are more common among children with
secondary enuresis) [2,86]
 Assessment of how the problem has affected the child and family; the risk of
treatment resistance is increased in children who are not bothered by their
enuresis. Postponement of therapy until the child is motivated may be
warranted.
 Behavioral

history

or

behavior

screening

questionnaire

(to

screen

for

psychiatric comorbidity) (see "Developmental and behavioral screening tests
in primary care", section on 'Behavioral screening tests')
Voiding diary — A voiding diary is helpful in identifying children with nonmonosymptomatic enuresis or other conditions that may require additional
evaluation or referral. The diary should include [3,40]:
 The number of daytime voids
 Usual volume of voided urine (to estimate bladder capacity)
 Maximum length of time between voids
 Lower urinary tract symptoms (eg, difficulty starting or stopping stream;
dribbling; sensation of incomplete emptying)
 Timing of voids in relation to events such as meals, school breaks, play
activities, etc.

Sample frequency-volume charts are available from the International Children's
Continence Society.
Physical examination — The physical examination of the child with primary
monosymptomatic nocturnal enuresis usually is normal. Aspects of the physical
examination that may indicate an underlying medical etiology for enuresis include
(table 2) [3,40]:
 Poor growth and/or hypertension (calculator 1 and calculator 2) may indicate
renal disease.
 Detection of wetness in the undergarments is a sign of daytime incontinence.
 Palpation of stool in the abdomen suggests constipation or encopresis.
 Perianal excoriation or vulvovaginitis may indicate pinworm infection. (See
"Enterobiasis and trichuriasis".)
 Presence of abnormalities of the lumbosacral spine (eg, abnormal tuft of hair or
an abnormality in the gluteal fold) and/or abnormalities on neurologic
examination of the perineum and lower extremities may indicate occult
spinal cord abnormalities. (See "Pathophysiology and clinical manifestations
of myelomeningocele (spina bifida)".)
 Detection of incomplete bladder emptying by percussion and/or palpation or
observation of voiding that demonstrates slow urinary stream, dribbling, or
intermittent stream may indicate urologic abnormalities (eg, posterior
urethral valves, ectopic ureter). (See "Clinical presentation and diagnosis of
posterior urethral valves", section on 'Clinical manifestations' and "Ectopic
ureter", section on 'Clinical presentation'.)
 Undescended testicles, underdeveloped scrotum, and abnormal location or
characteristics

of

the

urethral

meatus

also

may

indicate

urologic

abnormalities. (See "Undescended testes (cryptorchidism) in children and
adolescents" and "Hypospadias".)
Urinalysis — Urinalysis should be performed in all children with monosymptomatic
enuresis [3]. The urinalysis (including specific gravity) is obtained as a screen for
diabetic ketoacidosis, diabetes insipidus, water intoxication, and/or occult urinary
tract infection [40]. Urine culture is not necessary unless indicated by the presence
of white blood cells or nitrites on urinalysis. (See appropriate topic reviews).
Imaging — Urologic imaging (renal sonogram and voiding cystourethrogram) is
reserved for children who have significant daytime complaints, a history of urinary
tract infection(s) not previously evaluated, and/or signs and symptoms of structural
urologic abnormalities [3,40,87]. Ultrasonography may be helpful in estimating
bladder capacity, post-void residual volume, and bladder wall thickness.

Neurologic imaging (usually magnetic resonance imaging of the spine) is indicated
in children who are noted to have abnormalities of the lower lumbosacral spine on
neurologic examination of the perineum and lower extremities [88].
REFERRAL — Children who have clinical or radiographic findings suggestive of
renal/urologic abnormality or bladder overactivity should be referred to a pediatric
nephrologist/urologist for further evaluation. Such findings include [3]:
 Daytime incontinence; urgency; holding measures; increased (≥8 times/day)
or

decreased

(≤3

times/day)

voiding

frequency

(possible

voiding

dysfunction)
 Weak stream, use of abdominal pressure, continuous incontinence, micturition
in more than

one phase (possible neurogenic

bladder

or

anatomic

abnormalities)
 Proteinuria, nausea, weight loss, or fatigue (possible kidney disease)
 Excessive thirst, need for nighttime drinking (possible polydipsia or kidney
disease)
Referral to an enuresis specialist may be warranted for children who have nightly
enuresis since the prognosis in such children is unfavorable [3,89].
Referral to a pediatric neurosurgeon may be warranted for children with clinical or
radiographic findings suggestive of occult spinal dysraphism (eg, abnormalities of
the lower lumbosacral spine).
RESOURCES — The International Children's Continence Society provides guidelines
for the evaluation and treatment of monosymptomatic enuresis, as well as
information for the general public.
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education
materials, “The Basics” and “Beyond the Basics.” The Basics patient education
pieces are written in plain language, at the 5th to 6th grade reading level, and they
answer the four or five key questions a patient might have about a given condition.
These articles are best for patients who want a general overview and who prefer
short, easy-to-read materials. Beyond the Basics patient education pieces are
longer, more sophisticated, and more detailed. These articles are written at the
10th to 12th grade reading level and are best for patients who want in-depth
information and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage
you to print or e-mail these topics to your patients. (You can also locate patient
education articles on a variety of subjects by searching on “patient info” and the
keyword(s) of interest.)

 Basics topics (see "Patient information: Bedwetting (The Basics)")
 Beyond the Basics topics (see "Patient information: Bedwetting in children")
SUMMARY AND RECOMMENDATIONS
 Enuresis refers to discrete episodes of urinary incontinence during sleep in
children who are ≥5 years of age. Monosymptomatic enuresis refers to
enuresis in children without any other lower urinary tract symptoms and
without a history of bladder dysfunction. (See 'Terminology' above.)
 Monosymptomatic

nocturnal

enuresis

has

a

high

rate

of

spontaneous

resolution: the prevalence decreases from 15 percent among five-year-old
children to 1 to 2 percent among those ≥15 years ( graph 1). (See
'Epidemiology and natural history' above.)
 Monosymptomatic nocturnal enuresis may result from one or a combination of
several possible factors. The major pathogenetic mechanisms include
nocturnal polyuria, detrusor overactivity, and disturbed sleep. Other factors
may include maturational delay, genetics, and abnormal secretion of
antidiuretic hormone. (See 'Causes' above.)
 The evaluation of children with nocturnal enuresis should include a complete
history (table 1), voiding diary, physical examination (table 2), and
urinalysis. The main purpose of the evaluation is to determine whether the
child has complex enuresis or enuresis as a manifestation of an underlying
medical problem. (See 'Differential diagnosis' above and 'Evaluation' above.)
 Children who have clinical or radiographic findings suggestive of renal/urologic
abnormality or bladder overactivity should be referred to a pediatric
nephrologist/urologist

for

further

evaluation.

Referral

to

a

pediatric

neurosurgeon may be warranted for children with clinical or radiographic
findings suggestive of occult spinal dysraphism. (See 'Referral' above.)

REFERENCES
1. Nevéus T, von Gontard A, Hoebeke P, et al. The standardization of terminology of
lower urinary tract function in children and adolescents: report from the
Standardisation Committee of the International Children's Continence Society. J Urol
2006; 176:314.
2. von Gontard A, Mauer-Mucke K, Plück J, et al. Clinical behavioral problems in dayand night-wetting children. Pediatr Nephrol 1999; 13:662.
3. Neveus T, Eggert P, Evans J, et al. Evaluation of and treatment for
monosymptomatic enuresis: a standardization document from the International
Children's Continence Society. J Urol 2010; 183:441.
4. Koff, S. Enuresis. In: Campbell's Urology, 7th ed, Walsh, P, Retik, A Jr, et al (Eds),
WB Saunders, Philadelphia 1998. p.2055.
5. Rushton HG. Wetting and functional voiding disorders. Urol Clin North Am 1995;
22:75.

6. Feng WC, Churchill BM. Dysfunctional elimination syndrome in children without
obvious spinal cord diseases. Pediatr Clin North Am 2001; 48:1489.
7. Fergusson DM, Horwood LJ, Shannon FT. Factors related to the age of attainment of
nocturnal bladder control: an 8-year longitudinal study. Pediatrics 1986; 78:884.
8. Bakker E, van Sprundel M, van der Auwera JC, et al. Voiding habits and wetting in a
population of 4,332 Belgian schoolchildren aged between 10 and 14 years. Scand J
Urol Nephrol 2002; 36:354.
9. Howe AC, Walker CE. Behavioral management of toilet training, enuresis, and
encopresis. Pediatr Clin North Am 1992; 39:413.
10. Forsythe WI, Redmond A. Enuresis and spontaneous cure rate. Study of 1129
enuretis. Arch Dis Child 1974; 49:259.
11. Klackenberg G. Nocturnal enuresis in a longitudinal perspective. A primary problem
of maturity and/or a secondary environmental reaction? Acta Paediatr Scand 1981;
70:453.
12. Esperanca M, Gerrard JW. Nocturnal enuresis: studies in bladder function in normal
children and enuretics. Can Med Assoc J 1969; 101:324.
13. Bloom DA, Seeley WW, Ritchey ML, McGuire EJ. Toilet habits and continence in
children: an opportunity sampling in search of normal parameters. J Urol 1993;
149:1087.
14. Michel RS. Toilet training. Pediatr Rev 1999; 20:240.
15. Stadtler AC, Gorski PA, Brazelton TB. Toilet training methods, clinical interventions,
and recommendations. American Academy of Pediatrics. Pediatrics 1999; 103:1359.
16. Wille S. Primary nocturnal enuresis in children. Background and treatment. Scand J
Urol Nephrol Suppl 1994; 156:1.
17. Nørgaard JP, Djurhuus JC. The pathophysiology of enuresis in children and young
adults. Clin Pediatr (Phila) 1993; Spec No:5.
18. Nørgaard JP. Pathophysiology of nocturnal enuresis. Scand J Urol Nephrol Suppl
1991; 140:1.
19. Baker BL. Symptom treatment and symptom substitution in enuresis. J Abnorm
Psychol 1969; 74:42.
20. Young GC, Morgan RT. Conditioning techniques and enuresis. Med J Aust 1973;
2:329.
21. Longstaffe S, Moffatt ME, Whalen JC. Behavioral and self-concept changes after six
months of enuresis treatment: a randomized, controlled trial. Pediatrics 2000;
105:935.
22. Järvelin MR. Developmental history and neurological findings in enuretic children.
Dev Med Child Neurol 1989; 31:728.
23. Light L. Children with enuresis. Most cases of primary nocturnal enuresis are caused
by isolated developmental immaturity. BMJ 1998; 316:777.
24. Koff SA. Cure of nocturnal enuresis: why isn't desmopressin very effective? Pediatr
Nephrol 1996; 10:667.
25. Järvelin MR, Moilanen I, Kangas P, et al. Aetiological and precipitating factors for
childhood enuresis. Acta Paediatr Scand 1991; 80:361.
26. von Gontard A, Freitag CM, Seifen S, et al. Neuromotor development in nocturnal
enuresis. Dev Med Child Neurol 2006; 48:744.
27. Iscan A, Ozkul Y, Unal D, et al. Abnormalities in event-related potential and
brainstem auditory evoked response in children with nocturnal enuresis. Brain Dev
2002; 24:681.
28. Freitag CM, Röhling D, Seifen S, et al. Neurophysiology of nocturnal enuresis:
evoked potentials and prepulse inhibition of the startle reflex. Dev Med Child Neurol
2006; 48:278.
29. Watanabe H, Azuma Y. A proposal for a classification system of enuresis based on
overnight simultaneous monitoring of electroencephalography and cystometry.
Sleep 1989; 12:257.
30. Bakwin H. Enuresis in twins. Am J Dis Child 1971; 121:222.
31. Bakwin, H. The genetics of enuresis. In: Bladder Control and Enuresis, Kolvin, RM,
Meadows, SR (Eds), Medical Books Ltd, London, 1973. p.73.

32. Eiberg H, Berendt I, Mohr J. Assignment of dominant inherited nocturnal enuresis
(ENUR1) to chromosome 13q. Nat Genet 1995; 10:354.
33. Loeys B, Hoebeke P, Raes A, et al. Does monosymptomatic enuresis exist? A
molecular genetic exploration of 32 families with enuresis/incontinence. BJU Int
2002; 90:76.
34. Koff SA. Estimating bladder capacity in children. Urology 1983; 21:248.
35. MUELLNER SR. Development of urinary control in children: some aspects of the
cause and treatment of primary enuresis. J Am Med Assoc 1960; 172:1256.
36. Starfield B. Functional bladder capacity in enuretic and nonenuretic children. J
Pediatr 1967; 70:777.
37. Wu HH, Chen MY, Lee YH, et al. Urodynamic studies in primary nocturnal enuresis.
Zhonghua Yi Xue Za Zhi (Taipei) 1988; 41:227.
38. Jalkut MW, Lerman SE, Churchill BM. Enuresis. Pediatr Clin North Am 2001;
48:1461.
39. VULLIAMY D. The day and night output of urine in enuresis. Arch Dis Child 1956;
31:439.
40. Robson WL. Clinical practice. Evaluation and management of enuresis. N Engl J Med
2009; 360:1429.
41. Troup CW, Hodgson NB. Nocturnal functional bladder capacity in enuretic children.
Wis Med J 1971; 70:171.
42. Kawauchi A, Tanaka Y, Naito Y, et al. Bladder capacity at the time of enuresis.
Urology 2003; 61:1016.
43. POULTON EM. Relative nocturnal polyuria as a factor in enuresis. Lancet 1952;
2:906.
44. Rasmussen PV, Kirk J, Borup K, et al. Enuresis nocturna can be provoked in normal
healthy children by increasing the nocturnal urine output. Scand J Urol Nephrol
1996; 30:57.
45. Aikawa T, Kasahara T, Uchiyama M. The arginine-vasopressin secretion profile of
children with primary nocturnal enuresis. Eur Urol 1998; 33 Suppl 3:41.
46. Rittig S, Knudsen UB, Nørgaard JP, et al. Diurnal variation of plasma atrial
natriuretic peptide in normals and patients with enuresis nocturna. Scand J Clin Lab
Invest 1991; 51:209.
47. Pomeranz A, Abu-Kheat G, Korzets Z, Wolach B. Night-time polyuria and urine
hypo-osmolality in enuretics identified by nocturnal sequential urine sampling--do
they represent a subset of relative ADH-deficient subjects? Scand J Urol Nephrol
2000; 34:199.
48. Aceto G, Penza R, Delvecchio M, et al. Sodium fraction excretion rate in nocturnal
enuresis correlates with nocturnal polyuria and osmolality. J Urol 2004; 171:2567.
49. Rittig S, Schaumburg HL, Siggaard C, et al. The circadian defect in plasma
vasopressin and urine output is related to desmopressin response and enuresis
status in children with nocturnal enuresis. J Urol 2008; 179:2389.
50. Yeung CK, Sit FK, To LK, et al. Reduction in nocturnal functional bladder capacity is
a common factor in the pathogenesis of refractory nocturnal enuresis. BJU Int 2002;
90:302.
51. George CP, Messerli FH, Genest J, et al. Diurnal variation of plasma vasopressin in
man. J Clin Endocrinol Metab 1975; 41:332.
52. Rittig S, Matthiesen TB, Pedersen EB, Djurhuus JC. Circadian variation of
angiotensin II and aldosterone in nocturnal enuresis: relationship to arterial blood
pressure and urine output. J Urol 2006; 176:774.
53. Kawauchi A, Watanabe H, Nakagawa S, Miyoshi K. [Development of bladder
capacity, nocturnal urinary volume and urinary behavior in nonenuretic and enuretic
children]. Nippon Hinyokika Gakkai Zasshi 1993; 84:1811.
54. Kawauchi A, Watanabe H, Miyoshi K. Early morning urine osmolality in nonenuretic
and enuretic children. Pediatr Nephrol 1996; 10:696.
55. Yeung CK, Chiu HN, Sit FK. Bladder dysfunction in children with refractory
monosymptomatic primary nocturnal enuresis. J Urol 1999; 162:1049.

56. Nørgaard JP, Hansen JH, Nielsen JB, et al. Simultaneous registration of sleep-stages
and bladder activity in enuresis. Urology 1985; 26:316.
57. Norgaard, J. Urodynamic in enuretics: I. Reservoir function. Neurourol Urodynamics
1989; 8:199.
58. Norgaard, J. Urodynamics in enuretics: II. A pressure-flow study. Neurourol
Urodynamics 1989; 8:213.
59. Van Hoeck K, Bael A, Lax H, et al. Urine output rate and maximum volume voided in
school-age children with and without nocturnal enuresis. J Pediatr 2007; 151:575.
60. Nørgaard JP, Hansen JH, Nielsen JB, et al. Nocturnal studies in enuretics. A
polygraphic study of sleep-EEG and bladder activity. Scand J Urol Nephrol Suppl
1989; 125:73.
61. Nørgaard JP, Hansen JH, Wildschiøtz G, et al. Sleep cystometries in children with
nocturnal enuresis. J Urol 1989; 141:1156.
62. Broughton RJ. Sleep disorders: disorders of arousal? Enuresis, somnambulism, and
nightmares occur in confusional states of arousal, not in "dreaming sleep". Science
1968; 159:1070.
63. Wille S. Nocturnal enuresis: sleep disturbance and behavioural patterns. Acta
Paediatr 1994; 83:772.
64. Nevéus T, Hetta J, Cnattingius S, et al. Depth of sleep and sleep habits among
enuretic and incontinent children. Acta Paediatr 1999; 88:748.
65. Wolfish NM, Pivik RT, Busby KA. Elevated sleep arousal thresholds in enuretic boys:
clinical implications. Acta Paediatr 1997; 86:381.
66. Hunsballe
JM.
Increased
delta
component
in
computerized
sleep
electroencephalographic analysis suggests abnormally deep sleep in primary
monosymptomatic nocturnal enuresis. Scand J Urol Nephrol 2000; 34:294.
67. Yeung CK, Diao M, Sreedhar B. Cortical arousal in children with severe enuresis. N
Engl J Med 2008; 358:2414.
68. Ritvo ER, Ornitz EM, Gottlieb F, et al. Arousal and nonarousal enuretic events. Am J
Psychiatry 1969; 126:77.
69. Bader G, Nevéus T, Kruse S, Sillén U. Sleep of primary enuretic children and
controls. Sleep 2002; 25:579.
70. Nevéus T, Stenberg A, Läckgren G, et al. Sleep of children with enuresis: a
polysomnographic study. Pediatrics 1999; 103:1193.
71. Wille S, Anveden I. Social and behavioural perspectives in enuretics, former
enuretics and non-enuretic controls. Acta Paediatr 1995; 84:37.
72. Joinson C, Heron J, Butler R, et al. A United Kingdom population-based study of
intellectual capacities in children with and without soiling, daytime wetting, and
bed-wetting. Pediatrics 2007; 120:e308.
73. Hägglöf B, Andrén O, Bergström E, et al. Self-esteem before and after treatment in
children with nocturnal enuresis and urinary incontinence. Scand J Urol Nephrol
Suppl 1997; 183:79.
74. Baeyens D, Roeyers H, Hoebeke P, et al. Attention deficit/hyperactivity disorder in
children with nocturnal enuresis. J Urol 2004; 171:2576.
75. Nevéus T. Diagnosis and management of nocturnal enuresis. Curr Opin Pediatr
2009; 21:199.
76. Ullom-Minnich MR. Diagnosis and management of nocturnal enuresis. Am Fam
Physician 1996; 54:2259.
77. Robson WL, Leung AK. Secondary nocturnal enuresis. Clin Pediatr (Phila) 2000;
39:379.
78. Readett DR, Morris JS, Serjeant GR. Nocturnal enuresis in sickle cell
haemoglobinopathies. Arch Dis Child 1990; 65:290.
79. Cinar U, Vural C, Cakir B, et al. Nocturnal enuresis and upper airway obstruction.
Int J Pediatr Otorhinolaryngol 2001; 59:115.
80. Firoozi F, Batniji R, Aslan AR, et al. Resolution of diurnal incontinence and nocturnal
enuresis after adenotonsillectomy in children. J Urol 2006; 175:1885.
81. Brooks LJ, Topol HI. Enuresis in children with sleep apnea. J Pediatr 2003; 142:515.

82. Basha S, Bialowas C, Ende K, Szeremeta W. Effectiveness of adenotonsillectomy in
the resolution of nocturnal enuresis secondary to obstructive sleep apnea.
Laryngoscope 2005; 115:1101.
83. Mayers CP, Purvis RJ. Manifestations of pinworms. Can Med Assoc J 1970; 103:489.
84. Sachdev YV, Howards SS. Enterobius vermicularis infestation and secondary
enuresis. J Urol 1975; 113:143.
85. National Institute for Health and Clinical Excellence. Nocturnal enuresis - the
management
of
bedwetting
in
children
and
young
people.
http://www.nice.org.uk/guidance/index.jsp?action=download&o=51367 (Accessed
on February 28, 2011).
86. Robson WL, Leung AK, Van Howe R. Primary and secondary nocturnal enuresis:
similarities in presentation. Pediatrics 2005; 115:956.
87. Rushton HG. Evaluation of the enuretic child. Clin Pediatr (Phila) 1993; Spec No:14.
88. Pippi Salle JL, Capolicchio G, Houle AM, et al. Magnetic resonance imaging in
children with voiding dysfunction: is it indicated? J Urol 1998; 160:1080.
89. Yeung CK, Sreedhar B, Sihoe JD, et al. Differences in characteristics of nocturnal
enuresis between children and adolescents: a critical appraisal from a large
epidemiological study. BJU Int 2006; 97:1069.

