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Abstract:

Background: Nocturnal enuresis (NE), or bedwetting, is a highly prevalent chronic condition
affecting up to 24% of the pediatric population. Despite its commonality, NE carries a
significant psychosocial burden, negatively impacting a child’s self-esteem and quality of life.
The condition’s etiology is complex and multifactorial, involving nocturnal polyuria, reduced
bladder capacity, and impaired arousal mechanisms.

Aim: This comprehensive review analyzes the evidence from various studies evaluating the
current understanding of pathophysiology, diagnostic classification, and evidence-based
management strategies for nocturnal enuresis in children.

Materials and Methods: The review included scientific papers sourced from the PubMed and
Google Scholar databases.

Results: The literature review confirms the multifactorial etiology of nocturnal enuresis,
including strong genetic predisposition, reduced nocturnal bladder capacity, and an association
with upper airway obstruction. Key treatment methods include the enuresis alarm and
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desmopressin, with the lyophilisate. Desmopressin is generally safe when fluid restrictions are
maintained. NE significantly negatively impacts the child's quality of life and places a
psychological burden on caregivers.

Conclusions: Nocturnal enuresis is a common and complex condition with inconsistent
diagnostic criteria and a multifactorial etiology. Effective treatment requires a combined
approach of non-pharmacological methods (with the enuresis alarm as first-line therapy) and
pharmacological methods (led by desmopressin), while second and third-line drugs carry
greater risks. Due to the significant negative impact of NE on the quality of life of patients and
their families, empathetic care and education are crucial. Further research is necessary to
standardize therapeutic protocols and evaluate new interventions, such as vitamin
supplementation.

Key words: Nocturnal Enuresis, Nocturnal Polyuria, Desmopressin, Children, Enuresis Alarm
Therapy

Introduction:

Nocturnal enuresis (NE) is a condition defined as involuntary bedwetting during sleep
which occurs at least twice a week. It can be diagnosed in children aged 5 or older. According
to the Standardisation Committee of the International Children’s Continence Society NE can be
divided into two main subtypes - monosymptomatic and nonmonosymptomatic. The
differentiation is based on the occurrence of lower urinary tract symptoms (excluding nocturia)
as well as history of bladder dysfunction in the nonmonosymptomatic kind. (Nevéus et al.,
2006). Those symptoms may include dysuria, frequent urination, hesitancy, incontinence, low
or high daytime voiding volumes (voiding fewer than four or more than seven times per day),
straining to void, urgency and weak stream. (Burgers et al., 2013).

Monosymptomatic NE can be further divided into primary and secondary conditions.
Patients suffering from secondary monosymptomatic nocturnal enuresis have experienced a
minimum a 6 months period with continuous nighttime dryness before the recurrence of
bedwetting. Those criteria are not met in primary monosymptomatic NE. (Nevéus et al., 2006).

Research materials and methods

A comprehensive literature review was conducted using the PubMed and Google Scholar
databases. The search focused on systematic reviews, meta-analyses, and key clinical trials
published on the topic of pediatric nocturnal enuresis. To cover all relevant aspects, the search
strategy included keywords such as "nocturnal enuresis," "bedwetting," "nocturnal enuresis
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pathophysiology,", "desmopressin," and "alarm therapy."

Diagnosis

There is a disparity in the diagnostic criteria of NE. The fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM V) defines the condition as involuntary or
involuntary or intentional voiding of urine in bed at least twice a week in children aged more



than 5 years, having ruled out congenital or acquired diseases of the central nervous system.
(von Gontard et al., 2013). International Children’s Continence Society (ICCS) defines enuresis
as incontinence while asleep at a ““socially unacceptable’” age with a frequency of more than 1
episode per month and sets age 5 years as the limit of normal (Austin et al., 2016) According
to the ICD-10 classification nocturnal enuresis can be diagnosed in children who experience at
least 1 episode of bedwetting per month for more than 3 months maintaining the age criteria of
5 years old or more. (World Health Organization, 1992).

Epidemiology

Reported prevalence of the condition differs depending on the population studied and
chosen criteria. A 2023 study by Alamri et al conducted on the Saudi Arabia population
(children aged 5-15) reported an overall 24% prevalence of NE. (Alamri et al., 2023). On the
other hand an assessment performed by Spanish researchers on groups of children aged 6, 10
and 13 years old found the prevalence to be 2.8% applying the DSM-IV-TR/DSM-5 criteria (n
= 51) compared to 3.7% with the DSM-III-TR criteria (n = 67) or 5.0% with the ICCS criteria
(n = 92). (Diaz et al., 2021). Regardless of the criteria applied, age of children studied and
geographic location studies show greater prevalence of NE in boys compared to girls. The ratio
is found to oscillate around 3:1.

Pathophysiology and risk factors of NE

There are a number of factors which are believed to contribute to enuresis such as family
history, psychological and behavioral abnormalities, maturation delay, upper airway
abnormalities, abnormal secretion of antidiuretic hormone, reduced bladder capacity and
detrusor overactivity. Zhu et al. analyzed the risk factors for childhood enuresis using a
retrospective survey study involving 146 children aged 6 to 13 years. The study employed
logistic regression analysis to identify the independent factors contributing to the condition.
The results confirmed that stubborn personality, nocturnal polyuria, sleep-wake disorders, and
bladder dysfunction were significant independent risk factors for childhood enuresis (all were
statistically significant with p<0.05) (Zhu et al., 2024). Neuroimaging findings indicate that
NE is also associated with both structural and functional alterations in the brain. (Dang et al.,
2021).

Von Gontard et al. collected data from over 8,000 children and their parents in a
questionnaire about NE and urinary incontinence. Odds ratios were calculated for parent/child
sets. The incidence of NE in children was found to be increased if one or both parents reported
suffering from NE themselves. Specifically the odds for severe child NE were 3.63 times higher
in maternal NE and 1.85 times higher in paternal NE. The results showed a statistically
significant association between parental and child NE. (Von Gontard et al., 2011).

Evidence for reduced bladder capacity during the nighttime comes from studies such as
the one conducted by Borg et al in 2018 on a group of 103 aged 5-15. Estimated nocturnal
bladder capacity (eNBC) was assessed separately each night as the total nocturnal urine
production (NUP) causing a wet night. If NUP during a wet night was less than maximal voided
volume (MVV), it was considered to be reduced eNBC during that particular night. During the
two week duration of the study 84% of children experienced at least one wet night. Of those,
the mean percentage of wet nights with reduced eNBC was 49%(SD+31) and the percentage of
nights with NUP greater than estimated bladder capacity was 23% (SD+22). (Borg et al., 2018)

Another study analyzed the role of upper airway obstruction and snoring in the etiology
of NE. Among 225 children aged 5-16 participating in the study 112 suffered from MNE, 113
did not. It was found that adenoid score (p = 0.016), septal deviation (p = 0.017), and snoring
(p = 0.007) were significantly different between the groups, thus identifying them as possible



etiological factors. (Karakas et al., 2017). Further research by Andreu-Codina et al determined
that NE is more prevalent in children with Obstructive Sleep Apnea. Of 298 children aged 2-12
NE was present in 39.2% of children with OSA compared to 28% in the control group (p =0.04)
(Andreu-Codina et al., 2024).

A 2025 study by Agar et al. carried out on 150 patients with primary NE raised the role
of vitamin supplementation in enhancing the therapy. It was found that vitamin supplementation
(25-hydroxyvitamin D (250HD) and vitamin B12) alone resulted in successful enuresis
management in 77.6% of the patients. (Agar et al., 2025).

Treatment of NE

The treatment of NE rests on two main pillars - non-pharmacological and
pharmacological. The first includes health education and behavioural interventions while the
latter aims to reduce incidence of bedwetting by means of drug therapy. Both strategies should
be implemented simultaneously in order to achieve the best results possible.

The terminology commonly used to assess the effects of the treatment is as follows.
Non-responders demonstrate <50% reduction in the number of wet nights, partial
responders >50% but <90% reduction, responders >90% reduction, and full responders
demonstrate a 100% reduction. (Bauer et al., 2007)

Non-pharmacological

Non-pharmacological treatment of NE depends heavily on modifying the patterns in an
affected child's behaviour. Consequently, it is crucial to achieve patients' involvement in the
treatment. Because of that a reward strategy is commonly suggested to parents and guardians.
An example of that is setting a goal such as a 7 consecutive nights without bedwetting after
which an agreed upon reward is given by the parents.Having the patient keep record of wet and
dry nights should be used simultaneously. This strategy has been proven to gradually reduce
the number of episodes of bedwetting. (Franco et al., 2012). Behavioral interventions have low
costs and lack side effects. That is why parents who may worry about using medications are
prone to agreeing on this line of treatment. (Liao et al., 2024).

The first line non-pharmacological method in treatment of NE is enuresis alarm. It is a
device which produces a stimuli, usually a loud noise, when its detector located in bed or child’s
clothing is activated by urine. After being woken up the child should turn off the alarm and use
the bathroom. The principle of such treatment is to train the patient to wake up at the sensation
of wetness during sleep. The success rate of this method has been found to be between 50% and
70%. Motivated children and families are more likely to benefit from this line of treatment.
(Neve us et al., 2019). The main issue with this line of treatment is disrupting both child’s and
guardians sleep which may result in fatigue during the day. Effectiveness of enuresis alarm can
be assessed after minimum 6-8 weeks of continuous treatment. (Song et al., 2019).

There are still a number of misconceptions regarding behavioral methods of treatment.
One such method which effects when used as the only therapy has been mostly disproven is dry
bed training (DBT). In a 2008 systematic review comparing the effects of DBT with no
treatment after 8-24 weeks, DBT was found to be no more effective than no treatment at all.
The proportion of children failing to achieve 14 consecutive dry nights was 77% with DBT
compared to 93% without treatment ( RR for failure 0.82 ; 95% CI 0.66 to 1.02) (Glazener et
al., 2013). However this method compared with enuresis alarm was proven to be effective.
(Kiddoo 2015)

Another crucial non-pharmacological part of the treatment is education. The first step
in therapy must be ensuring the children that they are not to be blamed for their condition.



Another important information is that there are strategies proven to be effective in treating NE.
Medical professionals should ensure that parents and patients understand and accept the chosen
strategy. Health education helps decrease the burden NE has on families by reducing anxiety.
Understanding of the condition has been shown to improve the quality of life which is a
significant aspect in those who are affected by NE. (Oztorun et al., 2022; Liao et al., 2024).

Pharmacological

The first line drug used in the treatment of NE is desmopressin. It is an analogue of the
human antidiuretic hormone (vasopressin). Desmopressin similarly to vasopressin binds to the
receptors in the renal tubules. This results in the reuptake of water molecules and sodium ions.
Consequently the urine becomes more concentrated, thus decreasing its volume. The
antidiuretic effect of desmopressin lasts about 8-12 hours making it the perfect drug to use
before bedtime in children suffering from NE (Drug Bank, n.d.).

Desmopressin is administered 60 min before bedtime. Standard dosage is 0.2 - 0.4 mg
for the tablets and 120 - 240 ug for the lyophilizate. There are two approaches when starting the
therapy. The patient may either be prescribed the full dosage which is later titrated down or a
lower dose to be increased after careful monitoring of the effects achieved. After first starting
desmopressin its effects may be assessed about 1-2 weeks later. If there is none then it is not
justified to continue the treatment. (Neveus et al., 2020). Due to the fact that the drug effect
only lasts one night it should be administered every day. On the other hand because of the
importance of the psychological component some clinicians suggest another approach,
especially later in the therapy. That is using the drug only before “important nights” such as
sleepovers away from home. (Wang et al., 2019).

One adverse effect which must be considered and thus proactively prevented is
hyponatremia. Because of that when prescribed the drug parents should be informed of the need
to reduce fluid intake 1 hour before and 8 hours after administering the drug. Provided those
precautions are taken, therapy was proven to produce no significant changes in serum
osmolality, urine osmolality, and serum sodium concentration. In a 2016 study by TAS et al
blood and urine samples were collected from 35 children aged 5-15 before administering
desmopressin and on the third and seventh day of the treatment. Blood sodium values were
137.0 + 1.85 mEq/L before the treatment and 138.0 +£ 2.07 mEq/L and 137.0 + 1.95 mEq/L on
the third and seventh days of treatment, respectively. Blood osmolality values were 254.9 +
20.15 mOsm/kg H2 O at the beginning and 260.5 + 23.9 mOsm/ kg H2 O and 260.4 + 24.47
mOsm/kg H2 O on the third and seventh days of the study, respectively. Urine
calcium/creatinine values were 0.03 + 0.01 mg/mg at the beginning, 0.06 = 0.02 mg/mg on the
third day, and 0.04 + 0.01 mg/mg on the seventh day of the study. There were no significant
changes of serum sodium level, serum osmolality, urine osmolality, or urine calcium/creatinine
ratio (p = 0.618, p=10.135, p = 0.088, and p = 0.423 respectively). (TAS et al., 2016).

Currently there are two formulations of the drug available for use - oral tablets and orally
disintegrating lyophilisate tablets (melt). A 2013 study by Juul et al. compared the results of
those two formulations. A group of 221 patients aged 5-15 years old was randomized to receive
either the tablet form or melt. The results revealed that it was significantly more probable to
achieve both partial and full response by administering the melt formulation compared to oral
tablets (OR, 2.0; CI, 1.07-3.73; p=0.03). (Juul et al., 2013).

Desmopressin has been found to be a relatively safe and well tolerated drug. A 2014
study by van Herzeele focused on the safety profile of the oral desmopressin tablet in children
with primary NE. Among the 744 children aged 5—15 years participating in the study 222 (30%)
patients experienced 404 treatment-emergent adverse events (TEAEs). Of those,174/744 (23%)
were classified as mild TEAEs, 64/744 (9%) were classified as moderate, 18/744 (2%) were
classified as severe TEAEs and only 7/744 (1%) of the patients experienced serious TEAE:s.



The most common adverse effects were found to be headache (28/744, 4%), vomiting (22/744,
3%) and nasopharyngitis (21/744, 3%). (van Herzeele et al., 2014). Because of that,
desmopressin can be used long term in the treatment of NE.

In children resistant to desmopressin a second line therapy drug which may be used is
an anticholinergic medication - oxybutinin. It works by reducing the detrusor muscle activity
thus causing the relaxation of the bladder and preventing the urge to void. (Drug Bank, n.d.).
Oxybutynin was shown to be effective mainly in patients with NMNE and those nonresponsive
to desmopressin therapy. (Yeung et al., 1999). Clinically relevant side effects include
constipation, residual urine postvoid and feeling of dryness in the mouth. (Van Arendonk et al.,
20006).

Similarly to desmopressin, oxybutynin is administered 1 hour before bedtime. It can be
used either alone or additionally to desmopressin. The dosage ranges between 2,5 - Smg. Effects
of the therapy may be assessed after 1-2 months. In cases of not full response it should be
decided individually whether to increase the dose of oxybutynin or add desmopressin if it was
not a part of the therapy prior. In case any of the adverse side effects occur the child should be
seen by a medical professional. The decision may be made to temporarily discontinue the drug
in order to address such problems. Reintroduction of oxybutynin often leads to achieving a
satisfying response. (Neveus et al., 2020).

In cases when the first and second line of therapy proves ineffective the third choice
drug is the tricyclic antidepressant imipramine. It is unclear how imipramine reduces the
number of dry nights. Authors contribute its beneficial effect to a number of mechanisms such
as noradrenergic, serotoninergic and anticholinergic activity, as well as the action on urine
production and arousal mechanisms. (Hunsballe et al 1997; Gepertz et al., 2004).

Safety of imipramine is inferior to previously mentioned drugs used in the treatment of
NE. The most dangerous adverse effect being cardiotoxicity. Consequently before starting a
patient on imipramine an EKG should be obtained in order to measure the QT interval. Children
with prolonged QT interval., history of heart palpitations, syncope and sudden cardiac death in
the family cannot be prescribed the drug. (Varley, 2000). Imipramine is given 1 hour before
bedtime, in the dose of 25-50 mg, effects may be assessed after 1 month of continuous use of
the drug. (Neveus et al., 2020)

Impact of NE on mental health

Nocturnal enuresis is known to negatively affect the psychological aspects of the
patient's well-being. This includes adverse effects on a child's self esteem, interpersonal
relations and school performance. Evidence from various surveys prove bedwetting to be the
third most disruptive factor for children with NE, following divorce and parental conflict (Tai
et al., 2021; Huang et al., 2022)

There have been studies clearly indicating negative correlation of NE with the health-
related quality of life (HRQoL). The negative impact is more pronounced in adolescents,
particularly attending high school. (Aygun et al., 2025).

Since the condition occurs primarily in children who require a level of external care in
everyday activities, the effects of the conditions on their guardians cannot be omitted. The main
concern for parents or guardians seems to be increased burden of household work (in the form
of more frequent need to wash the bedsheets). Other problems arising from their child’s
condition include sleepovers outside of home, embarrassment and even occasional anger
towards the child. A survey of Thai children and their parents found that “most parents or
guardians reported being slightly (29.8 %), not at all (27.5 %), or moderately (23.8 %) affected
by primary NE.” (Sirimongkolchaiyakul et al., 2025). As females are more frequently the
primary guardians they seem to be the ones being affected by the situation.



The adverse effect of NE on the mental health of both patients and parents is clearly
indicated in the results of studies using questionnaires such as Beck Depression Inventory (BDI)
and Child Depression Inventory (CDI). A 2020 study which included otherwise healthy
individuals (particularly excluding those with a diagnosed mental condition) compared patients
suffering from NE with control groups. Results among the mothers revealed a mean BDI score
of 13.77 indicating mild depressive symptomatology compared to the control group which
showed a number within a normal range. In regards to the children the mean CDI score was not
indicative for depression. However the value was significantly higher than in the control group
(9.48 compared to 7.80 p=0.031). (Yaradilmis et al., 2020).

Conclusions

Nocturnal enuresis (NE) is a common yet complex pediatric condition, defined by a
persistence of involuntary nocturnal voiding in children over the age of five. Despite its high
prevalence both medical professionals and parents still lack knowledge on the condition. This
highlights the importance of education on the subject.

The diagnostic criteria of NE vary across major classifications like the DSM-V, ICCS,
and ICD-10. This review confirms the condition’s heterogeneous nature, highlighting its
multifactorial etiology which often involves a combination of genetic predisposition (strong
parental association), reduced nocturnal bladder capacity, and related conditions such as upper
airway obstruction and sleep-wake disorders. The recognition of those pathophysiological
mechanisms is crucial for tailoring effective intervention strategies.

Successful treatment of NE relies on a two parts approach. It combines non-
pharmacological and pharmacological strategies. Behavioral interventions, centered on health
education, motivational support, and particularly the use of the enuresis alarm, stand as the first-
line non-pharmacological methods. The first line treatment in pharmacological therapy is
desmopressin. That is because of its ability to reduce nocturnal urine output, offering high
efficacy with a manageable safety profile. It is however important to remind the patients and
their guardians of the necessary precautions in the form of strict fluid restriction. Second-line
drugs, such as oxybutynin (for nonmonosymptomatic NE) and imipramine, are to be
administered in refractory cases, acknowledging the cardiotoxicity risks associated with the
latter.

The condition causes a substantial negative impact on a child’s self-esteem and health-
related quality of life (HRQoL). In addition to that it imposes a psychological burden on primary
caregivers. Those factors enhance the necessity for empathetic, holistic care. Moving forward,
continued research into specific risk factors—such as the role of vitamin supplementation—
and further efforts to standardize diagnostic and treatment protocols are essential to optimize
outcomes for affected children and their families.
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