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Abstract
Nocturnal enuresis (NE) is a very frequent problem, characterized by involuntary voiding during sleep in
individuals aged five years or more, after exclusion of organic causes. This set of associated symptoms may lead to
deterioration of bladder function, upper urinary tract and, in extreme cases, even renal failure. The prevalence of
voiding dysfunctions is as high as 10% of the world's pediatric population. This commentary discusses the etiology,
pathophysiology, and current approaches to therapeutic management of NE. Different studies have shown
associations with genetic predisposition, hormonal and metabolic factors, and central nervous system maturation
delay. The major pathogenetic mechanisms include nocturnal polyuria, detrusor over activity, and disturbed sleep.
Psychologic and behavioral abnormalities seem to be a result, rather than a cause, of NE. We highlight the need for
this condition not to be understood as an isolated phenomenon but as a combination of several possible factors in a
particular child. Bedwetting is only part of a complex set of changes in children’s lives, which leads to important
functional impairments and psychosocial disorders, often ignored by the family and even by the health professionals.
The scenario of associated disorders demonstrates the need for a comprehensive approach.
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Introduction
The acquisition of sphincter control is influenced by multiple factors
and it is considered a milestone in child development [1]. The age of
five years is a marker for lower urinary tract dysfunctions, as this is the
age used by international organizations, including the International
Children's Continence Society (ICCS) [2], World Health Organization
(International Statistical Classification of Diseases and Related Health
Problems 10th Revision) [3] and American Psychiatric Association
(Diagnostic and Statistical Manual of Mental Disorders, 5th edition)
[4] to determine urinary continence or incontinence.
Urinary incontinence is the involuntary loss of urine that can be
continuous or intermittent. Continuous incontinence refers to constant
losses of urine (day and night); it is usually associated with: (i)
congenital malformations, including ectopic ureter, extrophy variant;
(ii) dysfunction or loss of external urethral such as sphincter in the
external sphincterotomy; and (iii) iatrogenic causes, e.g. vesicovaginal
fistula. Intermittent incontinence is the loss of urine in discrete
quantities, which occurs while awake, and it is called diurnal
incontinence; if the loss occurs exclusively during periods of sleep, it is
called enuresis or nocturnal enuresis (NE) [2].
There are four subtypes of NE: (1) primary, with no prolonged dry
period; (2) secondary, with the presence of a dry period for at least six
consecutive months, but with recurrence symptoms; (3)
Monosymptomatic nocturnal enuresis (MNE) with losses only during
sleep, and (4) Nonmonosymptomatic nocturnal enuresis (NMNE) with
the presence of lower urinary tract symptoms; such as daytime wetting,
post-voiding residual, vesicoureteral reflux, urinary tract infection,
bacteriuria, etc. This set of associated symptoms may lead to
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deterioration of bladder function, upper urinary tract and, in extreme
cases, and even renal failure [2].
The prevalence of voiding dysfunctions is as high as 10% of
the world's children population. NE is the most common disorder
among them. The subtype MNE affects 18.4% of children aged five to
seven years; this subtype is more common in boys. However, for the
same age interval, the prevalence of NMNE subtype is 16.0% in
children, and girls are more affected. Among teenagers, this prevalence
decreases up to 4% in boys and 2% in girls. About 15 to 30% of
children with NE may also have daytime urinary incontinence.
Daytime urinary incontinence is present in 7.8% of children up to
seven years of age, with at least two episodes per week, being more
common in girls than in boys [5-7].

Etiology and Pathophysiology
The etiology in NE is not fully understood. The most accepted
theory to explain the pathophysiology of NE is based on three
conditions: (1) polyuria due to decreased release of vasopressin with
increased urine output during the night; (2) bladder instability or
detrusor over activity, and; (3) increase in arousal from sleep threshold
[6]. However, NE has been reported as a neural development disorder
[8,9], and brainstem maturation deficit is considered the possible cause
of the dysfunction. However, the developmental delay seems not to be
specific for bladder control [10,11]. Niemczyk et al. [12] have reported
behavioural changes such as Attention Deficit Hyperactivity Disorder
(ADHD), Oppositional Defiant Disorder (ODD), anxiety and
depression strongly associated with NE, with a 10.3% prevalence in a
study with more than 2000 children.
Recently, research has shown that children with NE present motor
performance below expectations for their chronological age. They
present deficits in fine and gross motor function, slowing motor
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responses in sequential and repetitive movements [13], reduced spatial
and visuomotor perception, dysarthria and incoordination [14].
Pavione et al. [15] have found postural misalignments, with anterior
pelvic tilt, forward trunk lean, and protrusion of the head. Balance
deficits with an increased body sway area in different sensory
conditions were found, with worst results in children less than 11 years
old compared to teenagers. Motor skills performance, such as balance,
posture and coordination, requires both the interaction of neural and
musculoskeletal systems and cognitive resources that involve attention
and planning [16]. Motor impairment in children with NE may be due
to a delay in maturation of central nervous system. Altered cerebellar–
thalamus–frontal functional connectivity, including the left and right
dorsolateral prefrontal cortex, thalamus, and cerebellar hemisphere,
has been demonstrated in enuretic children. These brain areas are
linked not only to motor control and cognitive functions, including
decision-making, motor planning and movement execution but also to
voluntary voiding control. For example, the thalamus whose functions
involve motor and sensory signals transmission to the cortex also plays
an important role in sleep cycle regulation and relaying sensory
afferent information from the bladder [17].
In fact, polysomnography studies have shown alterations in the
architecture of sleeping in children with NE [18], characterizing a
fragmented sleep. This sleep disturbance generates a state of sleep
deprivation and increases the arousal from sleep threshold, which may
explain the difficulty response to bladder filling [19-21]. Other sleep
disorders have an association with NE, such as apnea [22], snoring
[23], parasomnias [24], insomnia [25] and restless legs syndrome.
Approximately 50% of children with NE present an episode of
tachycardia (and thus an autonomic awakening) before the urination
event, in addition to an increase in blood pressure and suppressed
plasma levels of all hormones regulating sodium absorption [26,27].
Also, molecular genetic studies have pointed to possible genetic
alterations in regions of chromosomes 8, 12, 13 and 22 related to NE
[11].

Conclusion
NE should not be understood as an isolated phenomenon, but
rather as a combination of several possible factors in a given
child. Bedwetting is only part of a complex set of changes in children’s
lives, which leads to important functional impairments and
psychosocial disorders, often ignored by the family and even by the
health professionals.
The scenario of associated disorders demonstrates the need for a
comprehensive approach, with multidisciplinary team assistance with
all aspects of the child being assessed. Each professional intervention
needs to be aligned and discussed in an integrative way, in order to
allow the stimulation of general development. The urinary disorder
will probably follow the improvement of all the altered aspects of the
child.
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