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Clinical Approaches to Pediatric Urinary Incontinence: Current Trends and Challenges



ABSTRACT 
Pediatric urinary incontinence is a common condition characterized by the involuntary loss of urine in children beyond the age at which bladder control is typically achieved, usually around five years. It encompasses a range of presentations, including nocturnal enuresis (bedwetting) and daytime incontinence, and can be classified as either monosymptomatic or non-monosymptomatic. The etiology is often multifactorial, involving functional, behavioral, anatomic, neurologic, and sometimes psychological components. A thorough evaluation, including medical history, physical examination, and basic investigations such as urinalysis and ultrasound, is essential to determine the underlying cause. Management strategies focus on education, behavioral interventions, lifestyle modifications, and, when necessary, pharmacologic therapy such as desmopressin or anticholinergic agents. Most children respond well to treatment, and the prognosis is generally favorable, especially with early diagnosis and supportive care.
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1. INTRODUCTION 

Lower urinary tract (LUT) function and malfunction are challenging to identify in children. Incomplete voiding and bedwetting are regarded as natural symptoms in toddlers but pathological in school-age children. Urinary incontinence is the involuntary leakage of urine1, and is one such symptom. When discussing incontinence in children, it is crucial to take into account the central nervous system's maturity.
Urinary continence in children varies with age, but by age five, more than 90% are continent during the day. Nighttime continence takes more time to achieve2. Urinary incontinence can be intermittent or chronic, and is defined as the involuntary voiding of urine at least twice a month, either during the day or at night1,3. 
Urinary incontinence during the day: Diurnal incontinence (or diurnal wetting) or daytime incontinence
Urinary incontinence at night: Enuresis/Nocturnal incontinence (or bed-wetting) or night-time incontinence
Enuresis affects about 30% of children at age 4, 10% at age 7, 3% at age 12, and 1% at age 18. About 0.5% of adults continue to have nocturnal wetting episodes. Boys are more likely to experience enuresis, and when there is a family history of it2. 
Diurnal (daytime) incontinence is usually not diagnosed until age 5 or 6. Nocturnal (nighttime) incontinence (that is, enuresis) is usually not diagnosed until age 7. Enuresis is commonly known as night-time wetting before this point5, and considered a part of maturation.
1.1 DEVELOPMENT AND MATURATION OF LOWER URINARY TRACT FUNCTION

The detrusor muscle forms between weeks 9–12 of gestation, while bladder development starts in weeks 4-6. Micturition at birth involves higher CNS centerscentres, and the baby typically wakes up, if only momentarily, to void. Due to detrusor-sphincter dyscoordination, voiding is frequently incomplete during the first few years of life; however, this resolves once bladder control is achieved. About 5–10% of 7-year-olds experience nocturnal enuresis and/or daytime incontinence, and a small percentage are unlikely to outgrow it. Detrusor overactivity is typically the cause of childhood daytime incontinence, though it's not always obvious how much the micturition reflex or the detrusor itself is overactive6. 
Enuresis– nocturnal incontinence– is caused by either nocturnal polyuria and/or nocturnal detrusor overactivity, in both cases combined with high arousal thresholds. 
Childhood bladder problems are associated with an increased likelihood of developing or continuing bladder problems in adulthood. 

2.	ETIOLOGY

Compared to adult urine incontinence, pediatric urinary incontinence has a completely different etiology and treatment options. The etiology of incontinence usually differs depending on whether it is primary or secondary, nocturnal or diurnal, even if some disorders cause both. 
The majority of primary incontinence, or enuresis, occurs at night and is not caused by an organic disorder6. 
Enuresis can be classified as either monosymptomatic (occurring solely during sleep) or complex (other abnormalities are present, such as diurnal incontinence and/or urinary symptoms). About 30% of cases have organic illnesses, which are more prevalent in complex enuresis than in monosymptomatic enuresis. Although the cause6-11 of the remaining majority of instances is unknown, some of the organic causes7 are mentioned in Figure 1. 
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2.1 FACTORS CONTRIBUTING TO PEDIATRIC INCONTINENCE

There are several factors that contribute in causing the pediatric incontinence which are represented in table 1 and table 2.
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3. PATHOPHYSIOLOGY

Bladder function has a storage phase and a voiding phase. Primary or secondary incontinence may result from abnormalities in any phase 12. 
Storage phase: The bladder serves as a reservoir for urine during the storage phase. The size and compliance of the bladder determine storage capacity. Storage capacity increases as children grow. 
Recurrent infections or obstruction of the outlet can reduce compliance, resulting in hypertrophy of the bladder muscles. Urine storage may also be reduced if the colon and/or rectum externally compress the bladder. 
Voiding phase: The external urinary sphincter and the bladder neck opening coordinate with the bladder contraction during the voiding phase. Incontinence may result from a dysfunction in the coordination or sequence of voiding. 
There are numerous causes of dysfunction. For instance, inflammation of the bladder can cause irregular bladder contractions and asynchrony of the voiding pattern, which can lead to incontinence. A urinary tract infection (UTI) or anything pushing on the bladder (such as a dilated rectum caused by constipation) can cause bladder irritation13. 
The maturation of the voiding pattern is different in infants than in adults. Infant. Infant’s reflex pattern of micturition is when the bladder wall contractions occur due to increased outlet resistance. Meanwhile, in adults, bladder contractions are suppressed by the pontine micturition center. 
A transition phase occurs during maturation, in which external sphincter contractions oppose detrusor contractions2. The neurotypical patient has voluntary muscle control of the external sphincter. Development of control occurs during toilet training.

4. CLASSIFICATION OF PEDIATRIC URINARY INCONTINENCE 

Continuous incontinence is constant urine leakage, which is nearly always linked to congenital abnormalities such as ectopic ureters or iatrogenic injury to the external urethral sphincter.
Intermittent incontinence is urine leakage in discrete amounts. Children who are at least five years old are susceptible to it, and it can happen during the day or at night.
Diurnal/Daytime incontinence is incontinence during the day
Enuresis/nocturnal incontinence means intermittent incontinence while sleeping. enuresis is any kind of wetting episode that happens in discrete amounts while asleep.
Monosymptomatic nocturnal enuresis (MNE) is defined as bedwetting that occurs only at night without any accompanying daytime urinary issues. 
Complex/Non-monosymptomatic nocturnal enuresis (NMNE) is bedwetting accompanied by other LUT symptoms during the day, such as urgency, frequency, urge incontinence, or daytime incontinence.
Nocturnal Incontinence is classified as:
Primary incontinence: Children have never achieved urinary continence for ≥ 6 months. 
Secondary incontinence: Children developed incontinence after a period of at least 6 months of urinary control. It is more likely to have an organic etiology. 
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5. EVALUATION AND DIAGNOSIS

The assessment of pediatric urinary incontinence relies on a comprehensive history and physical examination, which also determines which diagnostic tests, if any, should be considered.
5.1 HISTORY

History20 is the most crucial diagnostic tool in the assessment of a child with urinary incontinence. The history should be comprehensive yet specific and include information from the child and the caregiver/parent. 

History of present illness inquires about the time of day or night, the location (at home or at school/public place), the frequency (daily or once a week), and the amount (small or large volume) of leakage, whether symptoms are continuous (ie, constant dribbling) or intermittent are crucial. Information about bowel habits is also crucial, including the frequency and consistency of bowel movements as well as the existence of any bowel accidents. Assessment for constipation should always be part of the evaluation because it can contribute to both nocturnal and diurnal incontinence. Data regarding elimination and voiding behaviors can be obtained with the use of frequency-volume charts7, often known as bladder/voiding diaries, including timing, frequency, and volume of voids, which can be helpful. Polydipsia, dysuria, urgency, frequency, dribbling, and straining are significant concomitant symptoms. 
It is important to record the position and strength of the urine stream during voiding. Children who have incontinence may employ holding techniques, including squatting or crossing their legs, to stop leaks (often with their hand or heel put against their perineum). Holding techniques can make some kids more susceptible to UTIs. A stooling diary, like the voiding diary, can be used to detect constipation. It's necessary to record the age at which toilet training began and whether total dryness has been attained since then. 
In order to identify a cause, systems should be reviewed for symptoms such as constipation (frequency, size, and consistency of stools); UTI (fever, abdominal pain, dysuria, and hematuria); perianal itching and vaginitis (pinworm infection); and polyuria and polydipsia (snoring or breathing pauses during sleep; diabetes insipidus or sleep apnea). The children should be screened for diabetes mellitus and sexual abuse, which is too significant to ignore despite being a rare cause. 
Past medical history7 must identify recognized potential causes, like history of UTIs, neurologic conditions, renal disorders, and perinatal traumas or birth defects (such as spina bifida). A potential organic cause (such as diabetes mellitus) is suggested by excessive thirst, diurnal incontinence and enuresis, and weight loss. 
In addition to a list of current drug history, it is important to mention any past or present incontinence treatments and how they were implemented.
Developmental history should address developmental delays or other conditions linked to voiding dysfunction (such as attention-deficit/hyperactivity disorder, which raises the risk of incontinence).
Any urologic diseases and enuresis should be noted in the family history. 
Social history should include any stressors that occurred up to the start of symptoms, such as problems at home, at school, or with friends. However, incontinence is not a psychological illness, stress can cause a brief wetting episode. In order to make informed treatment options, clinicians should also inquire about the child's experience with incontinence. 
5.2 PHYSICAL EXAMINATION

A review of vital signs for fever (UTI), weight loss (diabetes), and hypertension (renal disease) is the primary element in the examination. A head and neck examination should reveal mouth breathing, swollen tonsils, or inadequate growth (sleep apnea). 
Abdominal examination should detect any masses that could indicate a full bladder or feces. 
Examination of the back – to look for the signs of obvious or impending meningo-myelocoele like, sacral dimple, tuft of hairs, etc.
In girls, during genital examination, look for any signs of sexual abuse, such as scarring or labial adhesions. An ectopic ureteral orifice is often difficult to see but should be sought. In boys, ItInfact, vaginal pooling of the urine or continuous dribbling of urine from the vagina can be seen. In boys, it is important to examine boys for meatal irritation and any sores on the glans, anus, or rectum. Perianal lesions may indicate pinworms in either sex. Vaginitis, urethritis, anal or rectal itching (particularly at night), or a combination of these conditions may be a sign of pinworms. Any midline deformities (such as a deep sacral indentation or a sacral hair patch) should be observed on the spine. 
Neurologic evaluation7 is essential and should focus on lower-extremity strength, sensation, and deep tendon reflexes, sacral reflexes (such as the anal wink), and, in males, the cremasteric reflex to identify possible spinal dysraphism19. 
Rectal examination may help detect constipation or a decrease in rectal tone. Children who have hard or unusually large stools and trouble eliminating (and occasionally palpable feces on examination) should be evaluated for constipation if no other abnormalities are found. Digital rectal examination should be done with the little finger only, if needed, to avoid pain in infants and children.
There are a few red flags (Table 3) that needs to be identified prior to initiating assessment. 
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5.3 DIAGNOSTIC TOOLS

Incontinence is frequently diagnosed following a history and physical examination. For both sexes, routine urine cultures and urinalysis are typically performed. Diagnostic testing is helpful primarily when a physical examination or history indicates an organic cause.
Urinalysis20 should be performed in the majority of instances to identify infection (bacteriuria, pyuria, hematuria), renal damage with high urine output (proteinuria, low specific gravity), or diabetes (glucosuria) 
A bladder scan with postvoid residual (PVR)18 assessment is a simple test to include in any physical examination that provides crucial information about bladder emptying. This will aid the provider in knowing the child’s ability to empty the bladder and can prompt further studies when large PVRs are found on successive tests16. High PVRs are indicative of renal and bladder ultrasound, voiding cystourethrogram, and/or urodynamic studies. 
Uroflowmetry14,15 with external sphincter electromyography (EMG) provides details about the coordination of the pelvic floor during micturition21.
Urodynamics1 with external urethral sphincter electromyography and urethral pressure profilometry are indicated for those with a presumed or confirmed neurologic lesion, incontinent adolescent males with late diagnosis of posterior urethral valves, and in patients who fail behavioral or medical therapy. Similarly, anal manometry can be done if Hirschprung disease is suspected. 
It is recommended to perform kidney and bladder ultrasonography to examine the anatomy of the renal and urinary tracts17. It can also be used to measure rectal diameter and an abdominal x-ray may be performed to confirm a high stool burden if constipation is suspected. 
Magnetic resonance urography19 is recommended for patients older than six months in order to identify spinal cord and vertebral disease. A magnetic resonance urography can be done to rule out ectopic ureter or other anatomic causes of incontinence, such as common cloaca, urogenital sinus, or anorectal anomalies. 
In adolescents with UI and incontinent children with a history of febrile UTI, a voiding cystourethrogram (VCUG) or MR urography (MRU) should be performed19.
5.4 QUESTIONNAIRES USED TO ASSESS INCONTINENCE
The Pediatric Incontinence Questionnaire (PIN-Q) is used to determine the effect of incontinence on a child’s quality of life22. The Bristol Stool Scale can be used for patients to determine the quality and character of bowel movements. It'sIt is essential to ascertain whether the chosen questionnaire has been validated in a certain linguistic, social, and cultural environment23. 
6. MANAGEMENT

Family education regarding the etiology and clinical progression of incontinence is the most essential component of treatment. Education increases treatment adherence and lessens the detrimental psychological effects of urine incontinence. Parental and child involvement in the treatment plan is also essential for the successful management of urine incontinence. The treatment plan should be delayed until the child is ready to engage if they are immature, do not find the incontinence bothersome, or are unwilling to do so25,26. 
Any known cause should be the focus of treatment for urine incontinence, but often no cause is identified. The following therapies might be helpful in such cases. 
6.1 NON-PHARMACOLOGIC MANAGEMENT

The term urotherapy is used for all non-surgical and non-pharmacological treatment modalities in urinary incontinence7. 
Urgency containment exercises are one type of general measure. When a child feels the need to urinate, they are instructed to go to the bathroom. After that, they retain the urine for as long as they can before starting to urinate and pausing to start the urine stream again.  By strengthening the sphincter, this exercise helps kids feel more confident that they can get to the bathroom before they have an accident. Voiding intervals are gradually extended (if detrusor instability or dysfunctional voiding is suspected). 
The primary line of treatment for enuretic patients should be behavioral changes24. Changes consist of the following: consuming 80% of daily liquids before 5 PM in order to shift fluid intake toward earlier times of the day. consuming fewer beverages two hours prior to bed. Double voiding, or voiding twice in a row, before bed, and properly treating constipation. Behavioral changes (such as delaying urination) brought about by scheduled urine (timetimed voiding) and positive reinforcement: A clock that vibrates or sounds an alarm reminds kids to go to the restroom. Using the proper voiding techniques will also be helpful. 
A bed-wetting alarm27 is a suitable long-term solution when there are no organic causes. Complete symptom relief may require nightly use for up to four to six months. heThe alarm triggers when wetting occurs. Despite the fact that children still experience wetting episodes at first, they eventually come to identify the alarm with the feeling of a full bladder and wake up to void before an enuretic event.
Information from the voiding diary can help identify children with reduced functional bladder capacity, frequency, and urgency of urination, and urinary infrequency, all of whom may present with urinary incontinence. 
Pelvic floor muscle training (PFMT) in children can be given by using Biofeedback. It becomes difficult to make the children understand the contraction of pelvic floor muscles (PFM) using verbal cues. In order to restore and preserve health, this conservative, nonsurgical treatment is used to address urgency, pelvic pain, fecal incontinence, bladder dysfunction, and re-educate the pelvic floor muscles. To facilitate synergistic coordinated voiding, this treatment allows children to be assessed for and taught how to properly isolate, exercise, and engage the abdominal and pelvic floor muscles5,28,29. 
Neuromodulation: The foundation of neuromodulation is the idea that an electrical current can activate neuronal structures in the central nervous system, which can then alter the bladder's innervation5,24.
A number of research projects have demonstrated that electrical current stimulation is an effective therapeutic strategy for treating children with OAB. Given its effectiveness and lack of adverse effects, neuromodulation may be a viable treatment option for OAB in place of medication28. Currently available treatment options include parasacral transcutaneous electrical nerve stimulation (TENS; parasacral), percutaneous tibial nerve stimulation/Stoller afferent neuro-stimulation (PTNS/SANS) and implanted sacral nerve stimulation (implanted SNS). Of them, home-based TENS is the most widely used one. It has also been demonstrated that percutaneous neuromodulation (PTNS) is a successful treatment for OAB19,30. Similar results have been reported for parasacral TENS19
6.2 PHARMACOLOGIC MANAGEMENT
 
If the previously mentioned treatments are insufficient to attain continence, pharmacotherapy is indicated.
Anticholinergics have proven to be an effective first-line treatment for nocturnal enuresis in children. When behavioral therapy or physiotherapy fail to improve diurnal incontinence caused by voiding dysfunction, anticholinergics (oxybutynin and, tolterodine and solifenacin) may help31,32.
Antimuscarinic agents36,37 inhibit the overactive detrusor muscle by blocking acetylcholine receptors. However, the most frequent adverse effects of these medications are dry mouth, constipation, and impaired vision, all of which can impair compliance. Besides sympathetic system activation with facial flushing, heat stroke, tachycardia, sleepiness, or headache, patients may also exhibit psychological or personality abnormalities. The course of treatment lasts 6 - 12 months, and the dosage should be gradually reduced.
Oxybutynin has been the most frequently prescribed antimuscarinic drug. The U.S. Federal Drug Administration has approved it as the exclusive anticholinergic for treatment in children with OAB.
Propiverine is an antimuscarinic with additional calcium channel modulating properties that can also be used for treating incontinence.
Beta3-receptor agonist:  Children with symptoms of urine incontinence caused by overactive detrusor muscles that are resistant to anticholinergics have been treated with mirabegron26.
Tricyclic antidepressants (TCAs) are centrally active medications that have shown efficacy in reducing the symptoms of nocturnal enuresis. Desmopressin and imipramine are common drugs used for relieving symptoms of incontinence in children. 
Desmopressin (DDAVP) can reduce episodes of nighttime incontinence. However, Imipramine is not used frequently because of its cardiotoxic effects and the fact that most patients cannot maintain the results after discontinuing medication33,34,35. Now a days, apart from the nasal sprays, oral medications are also available. Oral tablets are better if nasal sprays look cumbersome to the parents or the child. 
Botulinum toxin A (BTA): For children with idiopathic detrusor overactivity who have not responded to noninvasive treatments such as urotherapy, PFM training, neuromodulation, and medication, botulinum toxin A (BTA) treatment is a third-line alternative38,39,40.
CONCLUSION
Urinary incontinence in children is a debilitating condition that can have a detrimental impact on them. It could have psychological effects on their social and personal lives. As a result, kids may lose confidence and self-worth. This disorder requires multidisciplinary management. Management strategies in the form of non-pharmacologic interventions are considered first-line management in comparison to pharmacologic interventions (due to the side effects). There are several potential therapy alternatives; however, they lack scientific evidence.  
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Table 3. Red flags of incontinence during childhood
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