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Abstract

Constipation in children is a major health issue around the world, with a global
prevalence of 9.5%. They present to clinicians with a myriad of clinical signs. The
Rome IV symptom-based criteria are used to diagnose functional constipation.
Functional constipation is also a huge financial burden for healthcare system and
has a detrimental impact on health-related quality of life of children. There are
various risk factors identified globally, including centrally connected factors such
as child abuse, emotional and behavioral issues, and psychological stress.
Constipation is also precipitated by a low-fiber diet, physical inactivity, and an
altered intestinal microbiome. The main pathophysiological mechanism is stool
withholding, while altered rectal function, anal sphincter, pelvic floor, and colonic
dysfunction also play important roles. Clinical evaluation is critical in making a
diagnosis, and most investigations are only required in refractory patients. In the
treatment of childhood constipation, both nonpharmacological (education and de-
mystification, dietary changes, toilet training, behavioral interventions,
biofeedback, and pelvic floor physiotherapy), and pharmacological (osmotic and
stimulant laxatives and novel drugs like prucalopride and lubiprostone) inter-
ventions are used. For children with refractory constipation, transanal irrigation,
botulinum toxin, neuromodulation, and surgical treatments are reserved. While
frequent use of probiotics is still in the experimental stage, healthy dietary habits,
living a healthy lifestyle and limiting exposure to stressful events, are all
beneficial preventive measures.
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Core Tip: Constipation is a public health problem. It has a high prevalence and a multitude of risk factors.
The main pathophysiological mechanisms are stool withholding and colonic and anorectal dysfunction in
younger and older children, respectively. Constipation is a clinical diagnosis based on the Rome IV
criteria. Polyethylene glycol-based therapy is the mainstay in the management of constipation, while other
osmotic and stimulant laxatives are used as adjunct therapies. Colonic washouts and surgical interventions
are reserved for refractory constipation. A well-planned preventive strategy is useful in preventing
functional constipation in children and would be able to reduce healthcare costs and improve health-
related quality of life.

Citation: Rajindrajith S, Devanarayana NM, Benninga MA. Childhood constipation: Current status, challenges, and
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INTRODUCTION

Childhood functional constipation (FC) is characterized by the presence of infrequent, and painful
bowel motions, fecal incontinence, stool withholding behavior, and occasional passage of large diameter
stools. Epidemiologically it amounts to a global health problem as developed and developing countries
show a high prevalence[1]. Children with constipation suffer from a variety of symptoms unrelated to
their gastrointestinal system and the disease detrimentally affects their quality of life, often
unrecognized by the healthcare systems[2]. A large sum of public funds is also being spent on caring for
children with constipation due to repeated hospital admissions, emergency room visits, and regular
clinic visits because of recurrent exacerbations of their symptoms[3]. All these factors demand a fresh
look at childhood constipation. Therefore, in this frontier article, we critically review the current
literature to develop a new paradigm on epidemiology and risk factors, pathophysiology, investig-
ations, and management of children with constipation.

Identifying children with constipation: The Rome criteria

Constipation had been defined using a large number of definitions. An unambiguous, universal
definition was needed for epidemiological, pathophysiological, and clinical trials at the turn of the
century. These demands paved the way to defining functional gastrointestinal disorders (FGIDs) in the
Rome process. In 2006, Rome III criteria were established to diagnose childhood constipation. The
duration of constipation was reduced from 3 mo used in Rome II criteria to 2 mo, clearly defining
constipation in a more practical way[4]. Rome III criteria were more useful in clinical diagnosis of
constipation in children and has a good construct validity. However, the inter- and intra-observer
reliability of Rome criteria has been poor, indicating the necessity to develop more robust, clinically
valuable criteria[5]. The Rome IV criteria were released in 2016[6] (Table 1). Apart from changing the
duration of symptoms from 2 mo to 1 mo from onset to diagnosis, the other criteria remain as the same
in Rome III. The change has not increased the number of children diagnosed with constipation, and both
Rome IIT and Rome IV criteria were in excellent agreement[7]. However, the reduction of the duration of
symptoms required to diagnose constipation is an important move as it is essential to start therapeutic
interventions as early as possible to minimize both physiological and psychological consequences of late
diagnosis and treatments.

Epidemiology

FC is a common FGID throughout childhood. In the last 2 decades, several systematic reviews reported
that the prevalence of FC changes with the definition used, but prevalence does not change with age or
sex and FC is found all over the world. The prevalence of FC is lower in Asian children compared to
American and European children. Although the exact reason for this observation is not clear, it is
possible that dietary, cultural factors, and social factors related to toilet training may play a role[1,8].
The relationship between socioeconomic status and FC is controversial. Several studies have reported
that FC is not associated with low level of parental education, low family income, or maternal and
paternal employment[9,10]. However, a Nigerian study reported a higher prevalence among children
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Table 1 Rome IV diagnostic criterial for constipation in children

Diagnostic criteria must include at least 2 of the following features of constipation in a child with a development age of at least 4 yr with
insufficient criteria to diagnose irritable bowel syndrome

Two or fever defecations in the toilet per week

History of retentive posturing or excessive volitional stool retention
History of painful or hard bowel motion

Presence of a large fecal mass in the rectum

History of large diameter stools which may obstruct the toilet

After appropriate evaluation, the fecal incontinence cannot be explained by another medical condition

with low social class[11]. Other important factors reported in epidemiological studies include positive
family history and health problems among family members[9,10]. Recent studies using Rome IV criteria
reported a significantly high prevalence of FC in infants and young children. A study from China noted
that 7% of children aged 0-4 years were suffering from FC and among infants in Malaysia it was 1.1%
[12,13]. A systematic review on FGIDs in infants and toddlers reported a prevalence of FC as 11.6% at
the age of 3 mo according to Rome III criteria[14].

Risk factors for constipation

Several risk factors for FC have been identified. All these factors finally lead to anorectal dysfunction
and fecal retention in the rectum and the colon leading to passage of infrequent, hard, and painful
stools. It is understood that FC is a disorder of gut brain interactions. Therefore, the risk factors
involving childhood FC is divided into two main categories namely, centrally mediated and gut related
mechanisms.

CENTRAL RISK FACTORS

Stressful life event

Subtle perceived stressors, such as separation from best friend, failure in exam in school, being bullied
at school, and change of school and home related stressors, such as divorce or separation of parents, loss
of job of a parent, and severe illnesses in the family may precipitate FC[15]. Other home related risk
factors reported were frequent domestic fights, marital disharmony, and sibling rivalry[16,17].

Abuse and child maltreatment

Psychological trauma associated with abuse and maltreatment is known to associate with FC. A study
from Sri Lanka reported exposure to all three major forms of abuse (physical, emotional, and sexual)
predispose children to develop FC[18]. It also showed that these children had more severe bowel
symptoms and somatization. At the molecular level, abuse influences DNA methylation and lead to
changes in epigenetic structure and mechanisms[19]. Stress generated during the period of exposure to
abuse and psychological influences that last longer and changes in the epigenetic structure may
contribute to permanent alterations in the dialogue between the brain and the large bowel leading to FC.

Other psychological and behavioral factors

Studying children with FC using the child behavior check list, several authors reported behavioral traits
such as internalization and externalization are more frequent among these children[20,21]. FC is also
associated with psychological maladjustment, anxiety, and depression[22-24]. Using the strength and
difficulty questionnaire, Cagan-Appak and co-workers[25] noted emotional and peer problems to be
more common among children with FC.

Parental rearing style and psychological state
The rearing style of parents is a significant factor during the early life of a child, particularly during the
time of toilet training. Parents with high autonomy may try to train their children too strictly and
parents with lower autonomy could neglect toilet training leading to fecal retention and constipation.
Studies have noted that parents of children with FC have strict and authoritative parenting styles and
are over protective and have rigid attitudes[21,25,26]. In addition, FC in children is also associated with
depression and anxiety of parents[25]. All these factors could negatively affect the developing minds of
children, adversely affecting their brain-gut connections and lead to FC.
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Toilet training

Poor toilet training is a major risk factor for the development of FC in toddlers. Toilet training/ potty
training should be started between 18-30 mo[27]. However, socioeconomic factors and cultural norms
also play a significant role in determination of the timing. Indeed, a comparative study between
children from Vietnam and Sweden reported that toilet training was started at 6 mo of age in 89% of
Vietnamese children and was achieved in 98% of children by 24 mo, whereas only 5% of Swedish
children had started training by 24 mo[28]. Some young children develop stool toileting refusal due to

fear of defecation using the toilet or strained family dynamics which enhances withholding behavior
[27].

PERIPHERAL RISK FACTORS
Diet

Several dietary factors have been identified as increasing the risk to develop FC. Fiber is an important
component of the human diet. Several studies have shown an association between consumption of a
diet low in fiber content, including fruits and vegetables, and FC in children[9,10,29]. An observational
study noted an association between consumption of fast food and FC[30]. Cow’s milk protein allergy is
also considered as a potential risk factor for FC in children. Several studies have reported the association
between consumption of cow’s milk and FC[31-33]. In an elegant study, Borrelli et al[32] showed that
children with cow’s milk allergy-related constipation had increased rectal mast cell density and
increased spatial interaction between mast cells and nerve fibers. In addition, anorectal motor
abnormalities were found which may result in constipation. These abnormalities resolved on an
elimination diet.

Physical activity
Physical activity is an integral part of day-to-day life and has a number of positive health benefits
including improved cardiometabolic and bone health. Sedentary lifestyle has been associated with FC

[30,34]. Likewise, others have also noted the beneficial effects of physical activity in preventing FC[35,
36].

Abnormal microbiota

The microbiome of the large intestine plays a crucial role in health and disease. Its concentration is
estimated up to 10"-10" cell/ g luminal content in the large bowel[37]. This large body of live organisms
serves the human body with a variety of physiological functions including digestion and absorption,
immunity, prevention of growth of pathogenic organisms, and production of multiple bioactive
products. In addition, the microbiome significantly contributes to the stool bulk. de Meij and co-workers
[38] reported increased Bacteroides (B. fragilis, B. ovatus) and Bifidobacteria (B. longum) in children with
FC. Another study reported increased Bifidobacteria and Clostridia in children with FC[39]. In contrast
a reduction of Bifidobacteria and Lactobacilli were noted in adults with FC[40]. When summarizing
these data, it is not possible to clearly identify a pattern of organisms associated with FC. Therefore,
there is no definitive evidence that the microbiome contributes significantly to predispose children to
develop FC.

Pathophysiology

The etiology of FC in children is largely unknown. However, the understanding of the potential
pathophysiological mechanisms is rapidly advancing with the aid of evolving novel technological
advances, such as high resolution anorectal and colonic manometry and functional magnetic resonance
imaging (fMRI) imaging. Growing evidence suggests that voluntary withholding, anorectal
dysfunctions (altered sensation, increased compliance, anal achalasia, and dyssynergic defecation),
colonic dysfunctions (altered electrophysiology and altered motility), and central mechanisms operating
through the brain-gut-microbiota axis and hypothalamo-pituitary-adrenal axis contribute to the
pathophysiological mechanisms.

STOOL WITHHOLDING

Stool withholding is the commonest pathophysiological mechanism for developing FC in young
children. Faulty toilet training and painful defecation due to passage of hard and large fecal masses lead
children to withhold stools. The rectal mucosa, which is designed to absorb water in stools, absorbs
water in feces, and the fecal mass in the rectum becomes rock hard and difficult to evacuate. Occasional
passage of the fecal mass causes pain in the perianal region, which further aggravates withholding. The
rectal wall stretches due to the enlarging fecal mass and accommodates more fecal matter, sometimes
leading to a megarectum, which further reduces the desire to pass stools, and augmenting symptoms
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[41]. Stretched rectal walls may lose its normal contractility, which is necessary to propel feces. All these
pathophysiological factors set up a vicious cycle of stool withholding, painful defecation, and alteration
of rectal physiology.

ALTERED RECTAL COMPLIANCE

Increased rectal compliance was noted in children with long-standing fecal impaction. It is difficult to
determine whether altered rectal compliance is a primary pathology leading to fecal impaction or
secondary to bowel damage caused by prolonged fecal stasis. Children with higher rectal compliance
have more severe symptoms, such as fecal incontinence[42]. However, it had been shown that increased
rectal compliance has no relationship to the treatment success by noticing that children with high rectal
compliance also recovered fully despite their abnormal physiology[42]. In addition, it is important to
note that high rectal compliance persists in some children despite them being successfully treated and
having no features of FC for many years[43].

ANAL SPHINCTER AND PELVIC FLOOR DYSFUNCTION

During the act of defecation, when the intra-rectal pressure rises to a critical point anal sphincters need
to be relaxed to facilitate expulsion of feces. In a subset of children with FC, a paradoxical contraction of
external anal sphincter was observed with an increase of intra-rectal pressure, widely known as
dyssynergic defecation. Both conventional manometry and the novel three-dimensional high-resolution
anorectal manometry have shown the existence of dyssynergic defecation due to dysfunction of the
sphincter complex, puborectalis muscle, and internal anal sphincter achalasia[44]. Internal anal
sphincter achalasia is a rare condition, which could present with refractory FC. The exact patho-
physiological mechanism has not been delineated and the condition is thought to be due to altered
intramuscular innervation leading to a dysfunctional anal sphincter[45].

COLONIC DYSFUNCTION

One of the main physiological functions of the colon is to store and propel fecal matter. Several
pathological processes, such as neuropathies, myopathies, and reduction of the number of Intestinal
Cells of Cajal, which are considered as the pacemaker cells of the large intestine, could contribute to
poor colonic transit. Studies have shown that children with intractable constipation have slow colonic
transit using nuclear transit studies[46]. Other methods, such as conventional and high-resolution
colonic manometry studies, have shown the lack of high amplitude propagatory contractions, reduction
in retrograde cyclic motor pattern, and failure to induce a meal response with cyclic motor pattern in
children with constipation[47]. Accumulation of feces might lead to dilatation and elongation of the
colon leading to premature termination of high amplitude propagatory contractions and the release of
nitric oxide, which inhibits myenteric neurons inducing secondary colonic dysfunction[48].

IMPACT OF FC

Economic and burden on hospitals

Being one of the commonest FGIDs, FC has serious ramifications on existing healthcare systems across
the world. Emergency room visits for fecal impaction and abdominal pain, regular clinic visits, regular
medications (which could be needed for months), sophisticated investigations, such as anorectal and
colonic manometry, and occasional surgical intervention in refractory cases, contribute to the cost. In
addition. analysis of national emergency department data from the US showed that fecal impaction due
to FC is an important reason to visit the emergency room[49]. In a birth cohort study of children
younger than 5 years, FC was reported to have the highest number of first-time medical visits compared
to other chronic gastrointestinal disorders, including abdominal pain and gastroesophageal reflux[50]. A
study conducted in Victoria, Australia, noted that FC represented 6.7% of annual hospital admission
with annual cost of 5.5 million Australian dollars[3]. Using a nationally representative household
survey, the annual cost of managing FC in children in the US was noted to be 3.9 billion for urinary
stone disease[51]. All these studies indicate the economic burden of FC on healthcare systems and on
national healthcare expenditure.
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QUALITY OF LIFE AND IMPACT ON EDUCATION

Health related quality of life (HRQoL) is an indirect measure of the impact of a disease in a given
individual. It is calculated as a composite numerical figure, including several components such as social,
emotional, physical, and school functions. HRQoL has also been identified as one of the secondary
outcome measures in clinical trials of FC. Several studies have reported poor HRQoL in children with
FC. In a case-controlled study, Youssef reported that children with FC have a lower HRQoL than
children with severe organic diseases, such as inflammatory bowel disease or gastroesophageal reflux,
indicating the magnitude of the problem[52]. A hospital-based, case-control study from China also
reported poor physical, emotional, social, and school related quality of life in children with FC[53]. A
recent systematic review and a meta-analysis has clearly emphasized the negative impact of FC on
HRQoL in children[2]. There are multitude of reasons for this observation. Symptoms of FC, such as
pain during defecation and lower abdominal discomfort due to fecal impaction, could be troublesome to
children. Associated fecal incontinence (FI) also leads to significant embarrassment and shame. Finally,
psychological comorbidities associated with FC, including emotional and behavioral issues,
maladjustment, and abnormal personality traits, also could negatively affect the quality of life of
children[20,22,23].

Clinical evaluation

A thorough history and a complete physical examination are sufficient to diagnose constipation. The
main components of the clinical history are given in the Table 2. The modified Bristol Stool Scale Form
can be used to identify the type of stools in children to facilitate the diagnosis[54]. A complete physical
examination, specifically designed to spot general growth and dysmorphic syndromes that could be
associated with constipation, should be undertaken as a part of clinical evaluation (Table 3). Alarm
features that indicate possible organic diseases also will be revealed during clinical evaluation (Table 4).
Presence of such features demands further evaluation of the child for possible organic disorders. In the
majority of children with FC, it is not necessary for such investigations; however, a thorough
understanding of anorectal physiology, neurophysiology, and morphology is essential when symptoms
become refractory despite adequate medical interventions.

COMMON INVESTIGATIONS

Several reviews have summarized the value of plain abdominal radiograph in identifying FC[55,56].
According to these reviews and clinical experiences, a plain abdominal radiograph does not provide any
useful insights for management. Similarly, most of the routine blood tests, such as thyroid function tests,
screening for cow’s milk allergy or celiac disease, and checking for electrolyte abnormalities
(hypokalemia, hypercalcemia) are not very helpful in day-to-day management of FC[55].

COLONIC FUNCTION

Colonic transit time

Colonic transit studies measure the ability of the colon to propel fecal matter and are useful in assessing
overall colonic motor function. Delayed colonic transit time (CTT) was noted in children with FC due to
anorectal dysfunction as well as colonic dysfunction[57]. Currently CTT is utilized only to differentiate
constipation associated fecal incontinence from functional nonretentive fecal incontinence when a
clinical differentiation is not possible[56].

Colonic manometry

Colonic physiology in children with FC is poorly understood. High-resolution colonic manometry is a
valuable method to study physiological function, including motor and propulsive activity of the colon.
In the beginning, the fasting motility is recorded, and the gastrocolic reflexes are assessed after a meal.
Bisacodyl is instilled into the colon only when high amplitude propagatory contractions are not
identified after a meal. Absence of high amplitude propagatory contractions, generalized colonic
hypomotility, absence of response stimulant laxatives, and lack of increase in the cyclic retrograde
propagatory motor patterns after a test meal are characteristic features in children with FC indicating
neuromuscular dysfunction. In addition, premature termination of the propagation of contractions
possibly indicates the presence of a segmental dysmotility[58]. These observations are helpful in
decision making in management, such as surgery of refractory cases. However, there are several
limitations, including limited availability, need for general anesthesia, high initial cost, and lack of
normal data in children.
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Table 2 Clinical history-taking

Component and subcomponents

Onset of symptoms and duration of the disease

Bowel habits
Frequency of stools
Nature of the stools
Fecal incontinence
Blood in stools
Passage of meconium
Other associated symptoms
Withholding behavior
Somatic symptoms
Past medical and surgical history
Bowel surgeries
Medications
Neuromuscular diseases
Dietary history
Fiber continent in the diet
Frequency of junk food
Family history
Psychological history

Developmental history

Jaishideng®
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ANORECTAL FUNCTION

Anorectal manometry

Anorectal manometry provides details on the length of the anal canal, rectal sensation, and squeeze
sphincter pressures, rectoanal reflexes, and pressure changes in attempted balloon expulsion mimicking
defecation. However, its main use is to exclude Hirschsprung disease in young children with
constipation by demonstrating the absence of the rectoanal inhibitory reflex[55]. It is generally
measured using either solid state or water perfused catheters.

Wireless motility capsule

The wireless motility capsule (WMC) is useful in measuring the transit through the different parts of the
gastrointestinal transit. It is a non-invasive test that does not expose the patient to radiation. The
pediatric studies using WMC, on the other hand are still in the early phase and have only been
described as case studies[59]. The test is well tolerated up until the age of 8 years. WMC is beneficial in
detecting the delayed colonic transit time in children with refractory constipation, and the results show
a strong correlation with colonic transit time evaluated using radiopaque markers[60]. Therefore, the
utility of WMC in children with FC should be investigated in future studies, particularly when FC is
resistant to standard management strategies.

OTHER INVESTIGATIONS

Lower GI contrast studies in children are used to differentiate FC from Hirschsprung disease and assess
the length of the aganglioinic segment in Hirschsprung disease. However, the test is insensitive, and
once a transitional zone is detected, a biopsy is needed to confirm the diagnosis. Defecography is not
useful in the day-to-day management of constipation in children as the procedure exposes children to a
significant amount of radiation and rectoceles, and rectal intussusceptions are rare in children. Similarly
endoscopy is also not recommended in children with FC[61]. Although the use of ultrasonography in
diagnosing FC has been reported, further refinements of the technique are needed before it is used in
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Table 3 Physical examination

Component and subcomponents

General examination
Assessment of growth
Assessment of development
Abdominal examination
Abdominal distension
Surgical scars
Palpable fecal masses
Perianal observation
Position of the anus
Perianal excoriation and dermatitis
Scars, fissures, and tags
Patulous anus
Neurological evaluation

Spine

Lower limb neurological assessment

Table 4 Red flag features and their clinical relevance

Features and subfeatures

Hirschsprung disease
Delayed passage of meconium
Positive family history
Ribbon like stools
Significant abdominal distension
Child sexual abuse
Extreme fear of anal examination
Scars in the perianal region
Fissures in children > 2 yr of age

Neurological abnormalities

Hair tuft/hemangioma/scars on spine
Abnormal anal and cremasteric reflex
Deficiencies in lower limb neurology

Developmental delay

Other organic disorders

Bilious vomiting
Blood in stools
Failure to thrive

Malposition of the thyroid gland

JBaishideng®

current clinical practice[62]. MRI of the spine is only indicated in children who show features of
intractable constipation and features suggestive of spinal anomaly indicated by a tuft of hair,
hemangiomas, or scars in the lower spine and neurological signs in lower limbs.
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Management

Clinical management of constipation has several facets. The main approaches are non-pharmacological
interventions (education and demystification, dietary adjustment, toilet training, behavioral
interventions, use of biofeedback, and pelvic floor physiotherapy), pharmacological interventions (oral
and/or rectal laxatives, including novel drugs such as prucalopride and lubiprostone), and surgical
interventions (antegrade enema and bowel resection), and other novel modalities, such as neuromodu-
lation (Figure 1). The majority respond to one or combination of above-mentioned therapeutic
strategies. It is crucial to understand that untreated or poorly managed children with FC tend to have
significant complications. Therefore, it is quite important to treat these children effectively at the early
stages to relieve symptoms.

POOR PROGNOSTIC FACTORS

Presence of poor prognostic factors may interfere with treatment success. Table 5 provides the possible
factors that could influence prognosis[55]. It is imperative that the clinician looks into these factors at the
initial assessment and use these factors in decision making while determining therapeutic options.

CLEAN UP THE RECTUM AND COLON

The majority of children with FC have a large fecal mass in their rectum. Therefore, the first step in the
management is to clean up the rectal fecal mass and the impacted colon as much as possible. This
facilitates the passage of stools during the maintenance phase as the colon and rectum impacted with
hard fecal matter may not respond to the drugs commonly used in the management of FC. In a
comparative study, both polyethylene glycol (PEG, 1.5 g/kg) and enemas for 3-6 d were equally
effective in disimpaction. Both modalities had similar frequency of adverse effects with the exception of
fecal incontinence, which was significantly more common in the group receiving PEG[63]. However, the
oral route is generally well tolerated in children and therefore should be the first line therapy when
available. In children where medical therapy is not effective or the rectum is impacted with an
enormous scybalous, manual evacuation of impacted feces in the rectum is recommended.

MAINTENANCE THERAPY

In the maintenance stage, children are encouraged to pass stools regularly while using laxatives for at
least 2 mo. This is to keep stools soft and make defecations less painful and less frightening. After
disimpaction, this is achieved by using both pharmacological and proven nonpharmacological
interventions using a step-down model with gradual tailing off of laxatives. Once regular defecation
pattern is established, children with FC are managed with regular use of toilet and a balanced diet with
adequate fluid and fiber intake.

NONPHARMACOLOGICAL INTERVENTIONS

Toilet training

The majority (80%-100%) of young children with FC demonstrate features of stool withholding and
most of the stool withholders (> 80%) refuse to pass stools in the toilet (stool toileting refusal)[64].
Parents should encourage their child to sit on the potty or toilet for 5 min after wakening and after lunch
and dinner. They need to be instructed on proper seating method, how to keep legs and feet relaxed,
how to relax the perineum, and how to strain to expel stools using a model toilet or a video. The process
needs to be a conscious effort, and using mobile phones or tabs as rewards while sitting on the potty
would be counterproductive. It is also imperative to counsel parents to reinforce the positive behavior of
the child, especially when the child passes stools in the toilet/potty[65].

Behavioral and psychological intervention

There are many learned behavioral problems related to FC. They include toilet refusal, stress, and fear
related to defecation. These behavior traits frequently lead to development and perpetuation of
symptoms of FC. Therefore, in some children behavior therapy might be helpful in addition to medical
treatment[66]. Novel therapeutic interventions, such as the use of principles of positive psychology,
including resilience, optimism, and self-regulation providing a framework to achieve subjective well-
being. These treatment modalities, when starting early in the disease process might be able to prevent
the patient developing maladaptive coping habits, engage in high physical and psychological symptom
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Table 5 Factors negatively affect the prognosis of functional constipation

Factor

Constipation during the 1st yr of life

Longer duration of symptoms before presentation
Low defecation frequency at presentation
Presence of fecal incontinence

Large diameter stools

Stool withholding

Nighttime urinary incontinence

Presence of fecal mass in abdomen/rectum
Prolonged colonic transit > 100 h

Failed balloon expulsion test

reporting, and exhibit poor, costly disease outcomes[67]. These new therapeutic modalities need to be
explored in children with FC early in the disease process before bowel and psychological damage take
place leading to poor long-term prognosis.

Dietary interventions

Fiber is an important dietary component with significant long term health benefits. The current
recommendation from the American Health Foundation is to consume at least “age in years plus 5 g -
10 g” of fiber per day for children over 2 years[68]. Low fiber intake is a risk factor to develop FC in
children[10]. In the last decades, 9 different fiber types have been tried as therapeutic agents for children
with FC. They include cocoa husk, glucomannan, partially hydrolyzed guar gum, combination of acacia
fiber, corn fiber, soy fiber, psyllium fiber, and fructose, galactooligosaccharides, and inulin-type
fructose. A systematic review studying 10 randomized trials showed some beneficial effects of using
fiber in treating children with FC. However, due to different types of fibers, different study designs, and
small sample size, it is difficult to make strong recommendations[69]. Indeed, the ESPGHAN/
NAPGHAN guideline recommends ensuring normal amount of dietary fiber intake for children with
FC[55].

Probiotics

Dysbiosis is known to occur in children, although our knowledge of this important area is still in its
infancy[38]. A systematic review published in 2017 assessed seven randomized controlled trials (RCTs)
using probiotics for FC. In this systematic review the authors found that Lactobacillus rhamnosus casei
Lcr35 is no more effective than a placebo in treating FC in children. None of the probiotics were effective
in reducing frequency of fecal incontinence[70]. Other studies showed that Lactobacillus rhamnosus GG
was not effective as adjunct therapy or with polyethylene glycol[71] in treating FC.

Other dietary modifications

Cow’s milk protein allergy had been considered as a possible associated factor with FC. Two studies
evaluated the clinical utility of cow’s milk elimination diet in treating children with FC with variable
results[72,73]. A recent trial conducted by Bourkheili et al[74], showed the efficacy of cow’s milk
elimination diet in children who did not respond to laxatives. However, the open-label nature of the
study leads to a high degree of bias in their findings. The ESPGHAN-NASPGHAN guideline
recommends cow’s milk protein-free diet only in laxative resistant constipation and under the guidance
of an expert[55]. Increasing water intake or hyperosmolar fluid has no significant effect on defecation
frequency or improvement of consistency of stools[75]. The ESPGHAN-ESPGHAN guideline does not
support the use of extra fluid intake in the treatment of FC[55]. Other studies of dietary interventions,
such as Cassia Fistula emulsion and Descurainia Sophia seeds, showed high risk of bias and, therefore,
could not recommended as therapeutic interventions[76,77].

Biofeedback and pelvic floor physiotherapy

Biofeedback gives a visual display of physiological monitoring of anorectal function while providing
input by a therapist to retrain anorectal and perineal muscles. A systematic review concluded that
biofeedback is not recommended for children with FC[78]. Similarly, the ESPGHAN-NASPGHAN
guideline also does not recommend biofeedback as a therapeutic intervention for children with FC[55].
Pelvic floor physiotherapy uses motor relearning. The components of pelvic floor physiotherapy include
supporting toilet training, increase awareness of sensation, and pelvic floor muscle training. A
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pragmatic trial using the Dutch pelvic floor physiotherapy protocol compared pelvic floor physio-
therapy plus standard medical care with standard medical care. The primary outcome of the study was
defined as the absence of FC according to the 6 Rome III criteria. In this study 24 out of 26 (92.3%)
children receiving pelvic floor physiotherapy with standard medical care showed treatment success
compared to 17/27 (63.0%) who received standard medical care (adjusted OR 11.7; 95%CI 1.8-78.3; P =
0.011)[79]. However, there are several limitations in this trial, including lack of blinding, small sample
size, and alteration and adjustment of the protocol during the trial. Potential benefits of pelvic floor
physiotherapy as a therapeutic option for FC need further elaboration.

Pharmacological interventions
Pharmacological interventions are the mainstay of therapy for childhood FC. There are several
therapeutic agents that can effectively and safely be used either alone or in combination.

OSMOTIC LAXATIVES

A Cochrane systematic review reported that polyethylene glycol (PEG) was found to be superior to
placebo, lactulose, and milk of magnesia to improve stool frequency[80]. In addition, they showed that a
high dose of (0.7 g/kg) PEG was more effective at increasing stool frequency than a low dose (0.3 g/kg).
The common adverse effects of PEG include flatulence, abdominal pain, nausea, diarrhea, and
headache. Another meta-analysis found that PEG is also more effective in disimpaction than non-PEG
laxatives, such as lactulose, magnesium hydroxide, and liquid paraffin[81]. Based on the current
evidence, PEG is the most suitable drug for both disimpaction and maintenance of FC in children.

There are no RCTs comparing lactulose with placebo. Two trials compared lactulose with liquid
paraffin[82,83]. When pooling the data using a fixed-effect model, liquid paraffin was shown to be more
effective than lactulose in increasing stool frequency[80]. Other trials comparing lactulose with partially
hydrolyzed guar gum found no difference in clinical efficacy between those therapeutic modalities and
lactulose[84]. Lactulose is recommended to use as the first line maintenance therapy when PEG is not
available[55].

STIMULANT LAXATIVES AND FECAL SOFTENERS

Bisacodyl is a stimulant laxative. It has a local prokinetic effect and stimulates intestinal secretion.
Bisacodyl is a useful adjunct drug to osmotic laxatives in treating children with FC[55]. Senna is a
natural laxative made from the leaves and fruits of the senna plant and is another stimulant laxative that
is frequently used in treating children with FC. In a retrospective chart review from the US, it was noted
that senna was effective as a laxative in the treatment of FC, and only 15% of the patients reported
significant side effects, including abdominal cramps and diarrhea. None of the patients had to stop the
laxative due to adverse effects[85]. Sodium picosulphate is the other available stimulant laxative used in
clinical practice. Mineral oil is a time-tested fecal softener and is only recommended as an add-on
therapy in the maintenance phase when the response to osmotic laxatives is suboptimal[55].

NOVEL THERAPEUTIC OPTIONS

Several prosecretory agents have shown to be effective in treating constipation in adults. They include
prucalopride, lubiprostone, linaclotide, and plecanatide. These agents stimulate secretory function of the
intestine at various levels and improve stool consistency and stool volume, leading to increase bowel
movements. Prucalopride is a highly affinity 5-HT4 receptor agonist with significant prokinetic
properties. Studies in adults have shown beneficial effects of prucalopride in treating chronic
constipation[86,87]. However, a large multicenter placebo-controlled randomized trial including 213
children (6-18 years) showed no significant difference in improvement in stool frequency and episodes
of fecal incontinence between prucalopride and placebo[88]. Differences in mechanisms of constipation
between children and adults, usage of different end points between studies (e.g., inclusion of fecal
incontinence in the pediatric study), and inclusion of a large number of children with refractory
constipation may have contributed to the lack of response of prucalopride in childhood constipation.
Lubiprostone is a CIC-2 chloride channel activator and cystic fibrosis transmembrane conductance
regulator. Studies in adults have shown clinical efficacy of lubiprostone in adults with chronic
constipation, as well as IBS-C[89-91]. A large double-blind, placebo-controlled, multicenter study
including more than 600 children with FC fulfilling the Rome IV criteria showed that 12 wk of
lubiprostone treatment did not result in a statistically significant improvement in bowel movement
frequency (to more than three times per week) in children with FC compared to placebo[92]. The
reasons for not observing the desirable outcome of the trial may be similar to the prucalopride trial.
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Linaclotide and plecanatide are guanylate cyclase C receptor agonists that promote secretion of fluid
into the intestine. Although studies in adults show the efficacy of these two drugs in relieving
constipation, no pediatric trials have been conducted. A retrospective chart review of 60 children with
FC on linaclotide revealed that 45% had a positive response at 2.5 mo after starting the drug. However,
about 1/3 of children on linaclotide had adverse events such as diarrhea, abdominal pain nausea, and
bloating severe enough to stop treatment[93]. It is imperative to understand why these novel therapies
are not working in children and find a way forward. Although the drugs make stools less hard and
improve colonic motility by stimulating smooth muscles, none of these drugs address the main
pathophysiological mechanisms of FC specially in younger children, i.e. stool withholding.

TRANSANAL IRRIGATION

Transanal irrigation systems irrigate the rectum and colon to clear accumulated feces. It is useful in
children with constipation with severe recurrent fecal impaction resistant to conventional medical
management. Three retrospective studies including children with constipation and FI (both organic and
functional) have demonstrated improvement of FI when using transanal irrigation[94,95].

Surgical interventions

Surgical interventions are generally reserved for children whose symptoms are refractory to medical
interventions. Around 10% of constipated children referred to a pediatric surgeon require some form of
surgical intervention[96]. All these children need colonic and anorectal manometry and contrast enema
of the lower bowel to delineate the physiological function and the anatomy before embarking into
invasive surgical procedures.

ANTEGRADE CONTINENT ENEMA

In antegrade continent enema (ACE), a stoma is usually created to flush the colon from proximal to the
distal direction using several surgical techniques. The initial procedure described was the Malone
appendicocecostomy, where the appendix is brought out through the umbilicus, creating a conduit with
a valve through which a catheter can be passed to irrigate the colon[97], or cecostomy, where a catheter
is kept permanently. Novel techniques, such as creating a neoappendix using a colonic flap, laparo-
scopic-assisted cecostomy tube insertion, and inserting a percutaneous cecostomy button following
interventional radiological procedures, have also been invented to establish the flushing mechanism
[98]. A systematic review showed that both procedures (appendicostomy and cecostomy) are equally
effective achieving continence (80% vs 70%, respectively)[99].

SURGICAL RESECTION AND STOMAS

Several surgical resection techniques have been described in the management of intractable
constipation. They include segmental resection, including proctocolectomy with reservoir and ileoanal
anastomosis, laparoscopic or open sigmoidectomy with or without ACE, laparoscopic low anterior
resection, ileostomy, and colostomy[100]. However, there is no consensus on the definition of intractable
constipation, and the type of surgical pathway that should follow. The decision that has to be taken after
careful discussion between a motility specialist and pediatric surgeon. The physiological function of the
colon needs to be carefully studied using contrast studies, transit studies, defecography and, when
available, colonic manometry. However, complications, such as fecal incontinence, persistence of
constipation following surgery, leaking from stomas, stoma prolapse, and small bowel obstructions, are
known complications of these surgical interventions.

BOTULINUM TOXIN INJECTION

Botulinum toxin A is a neurotoxin, and acts as a muscle relaxant. When injected into intersphincteric
area, botulinum toxin relaxes the internal anal sphincter and facilitates the passage of stools. The
intervention is reported to be successful in the majority of children with constipation and only a few
who received the first dose needed a second injection[58]. Minor complications such as pain, transient
urinary and fecal incontinence are known to occur in some children. Large prospective placebo-
controlled trials with a long follow-up are needed to evaluate the true effectiveness of this invasive and
costly treatment.

WJCP | https://www.wjgnet.com 397 September 9,2022 | Volumel1l | Issue5 |



Rajindrajith S et al. Childhood constipation

Jaishideng®

NEUROMODULATION

Neuromodulation is an evolving therapeutic modality where a selective group of nerve fibers is
electrically stimulated to alter the physiological function of a desired organ through neural activity. This
can be achieved using transcutaneous stimulation of the posterior tibial nerve, transabdominal
stimulation, and an electrode insertion surgically into the sacral foramen. Sacral neuromodulation
improves colonic motility by increasing both antegrade and retrograde propagatory contractions[101,
102]. Neuromodulation has been shown to be clinically effective (improving number of bowel motions
and reducing frequency of fecal incontinence) in treating children with intractable constipation and
slow transit constipation[103,104]. In addition, several systematic reviews have also shown the benefits
of neuromodulation in children with constipation[105,106]. However, most of these studies are
underpowered with a small number of patients, some were retrospective studies, and the majority had
number of biases. In addition, there is no consensus on the frequency of stimulation or the duration of
therapy. Therefore, it is difficult to draw firm conclusions in using neuromodulation as a treatment for
chronic constipation in children.

Preventive measures

It is important to consider possible preventive measures that could be implemented for reducing
incidence of FC in children. It is well known that stress, in any form, predisposes children to develop
constipation. These events include minor home and school related events, child maltreatment, and
exposure to civil unrest[107]. It is imperative to understand that most of these events are beyond the
control of children. Teaching coping strategies with stress should be a part of modern school curricula,
and through early psychological interventions, it may be possible to prevent constipation that is
associated with psychological stress. In addition, identifying and addressing other psychological factors,
such as anxiety, depression, internalization, and externalization, which are common in children with FC,
need to be recognized and addressed early as primary or secondary preventive strategies[20,22,25,108].
Indrio and co-workers[109] provided evidence that prophylactic use of probiotics also would be able to
prevent developing FC in young children with significant reduction in healthcare cost. The mechanisms
of how probiotics play a role in prevention of FC is not entirely evident. However, it could possibly be
through improvement of intestinal permeability, reduction of visceral sensitivity, changing mast cell
density, and altering the cross talk between the brain and the gut through the brain-gut-microbiota axis.
More research into this unexplored area with more convincing evidence would provide a potential
window of opportunity to prevent constipation in the future. Improper or inadequate toilet training is a
common risk factor for children to develop FC. Raising public awareness regarding the importance of
timely toilet training would also help to reduce the prevalence of constipation. Additionally, educating
parents and children about the importance of eating a balanced diet with the recommended amount of
fiber and avoiding "junk food" is a critical step. Several studies have shown the association between
sedentary lifestyle and constipation in children[30,34]. Therefore, encouraging physical activity in
children would help in reducing the prevalence of FC. It is critical to recognize that, in today's
competitive society, parents are compelled to work longer hours and spend less time with their
children. Attention, attachment, appropriate parenting styles, and assisting children in developing
desirable core lifestyles by setting a healthy example with proper dietary and physical activity patterns
are also helpful in reducing the prevalence of FC.

Way forward into the future

It is evident that FC is a global public health problem with a significant physical, psychological,
economic, and societal burden. Furthermore, at individual levels, chronic FC leads to physical and
psychological consequences. The HRQoL of children is significantly affected due to both intestinal and
extraintestinal symptoms of FC. Therefore, clinicians, and public health experts need to understand the
gravity of the problem. Early aggressive, and effective medical therapy and other individualized non-
pharmacological treatments need to be commenced as early as possible to prevent progressive bowel
dysfunction and psychological consequences. Several therapeutic interventions may be used at the
beginning of treatment, with gradual reduction of interventions as the child respond to treatment. Most
of the novel investigations are only needed in children who do not respond to initial treatment. High
resolution colonic and anorectal manometry are important investigations and will further improve the
understanding of pathophysiology of chronic FC in children. In combination with a detailed clinical
history and thorough physical examination, these novel investigation modalities reveals most of the
pathophysiological processes that a clinician needs in decision making. The key drug in the medical
management of FC in children will be PEG during for the foreseeable future. The other novel drugs will
only be adjunct therapies. Researchers need to identify this reality, and novel drugs need to be tested in
combination with PEG in randomized trials to improve the therapeutic armory. Surgical interventions
are only needed in a minority of patients who are having severe and refractory constipation. Most of the
described surgical interventions are studied in a non-randomized manner for several reasons. We
believe more evidence is needed in major surgical procedures in the future to optimize the management
of FC. Clinical validity of novel treatment options, such as pelvic floor physiotherapy and botulinum
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toxin injection to the anal sphincter, need to be explored in well-designed randomized trails, as these
treatments can be made available to many centers with collaborative training. Preventive measures
should be explored widely across the world to minimize societal and economic burden of FC in
children.

CONCLUSION

Childhood FC is a common health problem across the globe. The high prevalence is partly due to a
multitude of risk factors which are highly prevalent among children. The aetiology of FC in children is
not clearly understood. Stool withholding play a major role in developing FC in younger children while
anorectal dysfunction, and colonic dysmotility significantly contribute to the development of FC in
older children. FC is a clinical diagnosis established using the standard Rome IV criteria after a
thorough clinical evaluation using clinical history and physical examination. Although commonly used
most of the routine investigations are not helpful in diagnosing or day to day management. Anorectal,
and colonic manometry are useful only in children who are refractory to conventional management
strategies. The majority of children have fecal impaction when they present to a clinician. The first step
in the management is to evacuate the rectal fecal mass either with oral PEG or enemas. The maintenance
therapy using either osmotic laxatives alone or osmotic laxatives combined with stimulant laxatives
aimed to prevent reaccumulation of fecal matter in the colon and the rectum. Although it may subject to
variations, most children recover within 3-6 mo of therapy. Novel pharmacological interventions such
as prucalopride, lubiprostone, and linaclotide need further clinical trials to prove their efficacy in
children. The surgical options such as antegrade continent enema, creation of stomas, and bowel
resection are only rarely needed in children and only reserved for refractory FC. It is imperative to
understand that FC contributes to a significant healthcare expenditure, and reduction of HRQoL.
Therefore, researchers should focus on developing preventive strategies to alleviate both the societal
and healthcare burden of FC in children.
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