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Abstract: Background: Functional constipation (FC) affects up to 32% of the pediatric population,
and some of these patients are referred to pediatric surgery units to manage their constipation and/or
fecal incontinence. The aim of the current paper is to report the recent updates on the evaluation
and management of children with FC as a part of a manuscript series on bowel management in
patients with anorectal malformations, Hirschsprung disease, spinal anomalies, and FC. Methods: A
literature search was performed using Medline/PubMed, Google Scholar, Cochrane, and EMBASE
databases and focusing on the manuscripts published within the last 5–10 years. Results: The first
step of management of children with FC is to exclude Hirschsprung disease with a contrast study,
examination under anesthesia, anorectal manometry (AMAN). If AMAN shows absent rectoanal
inhibitory reflex, a rectal biopsy is performed. Internal sphincter achalasia or high resting pressures
indicate botulinum toxin injection. Medical management options include laxatives, rectal enemas,
transanal irrigations, and antegrade flushes. Those who fail conservative treatment require further
assessment of colonic motility and can be candidates for colonic resection. The type of resection
(subtotal colonic resection vs. Deloyer’s procedure) can be guided with a balloon expulsion test.
Conclusion: Most of the patients with FC referred for surgical evaluation can be managed conserva-
tively. Further studies are required to determine an optimal strategy of surgical resection in children
unresponsive to medical treatment.

Keywords: bowel management; functional constipation; botox; botulinum toxin; fecal incontinence;
enema; laxatives; constipation; colorectal surgery; resection

1. Introduction

Functional constipation (FC) affects up to 32% of children, with a higher frequency in
toddlers [1–5]. The condition is a high burden on the U.S. healthcare system contributing
to 10% of emergency department visits for abdominal pain and 10–25% of gastroenterology
consults [6–8] with 2.5 million physician visits in the United States per year [9,10]. Half of
the children with functional defecation disorders managed by a gastroenterologist have
persistent symptoms 5 years after referral, and 10% are still constipated at a 10-year follow-
up [11], with one-third of children remaining constipated into adolescence [6]. The disorder
significantly impacts the quality of life, limiting routine activities and causing social and
physical distress [12–17].

FC manifestations vary from mild forms, usually responsive to laxatives, fiber, and
behavioral modifications, to severe cases refractory to standard medical and behavioral
management and referred for surgical evaluation [18]. Of patients with FC seeking surgical
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assessment, 75% are struggling with fecal incontinence with only 10–30% of patients
requiring a surgical intervention [18,19]. This emphasizes the importance of throughout
evaluation and dedicated bowel management in these children. A structured approach
to bowel management is the key to treating constipated children and is effective in 87%
of adherent patients with FC [20] leading to a dramatic decrease in hospital admissions,
emergency department (ED) visits, and healthcare costs [21,22].

We present a review of bowel management protocols for patients with functional
constipation referred for surgical evaluation. This review includes updates on evaluation
and medical and surgical management options in these children and belongs to a series
of manuscripts on bowel management aspects for patients with anorectal malformations
(ARMs), Hirschsprung disease (HD), spinal anomalies, and functional constipation [23].

2. Methods

A review of the literature published before March 2023 in the Medline/PubMed,
Google Scholar, Cochrane, and EMBASE databases, including original studies, meta-
analyses, randomized controlled trials, and systematic reviews, was performed focusing
on manuscripts and books published over the last 5–10 years in English. Search keywords
included: “bowel management”, “functional constipation”, “Botox”, “botulinum toxin”,
“fecal incontinence”, “enema”, “laxatives”, “constipation”, “colorectal surgery”, and “resec-
tion”. The reference lists of the retrieved articles were checked for other relevant articles
not found during the initial search. Articles providing novel insights or addressing current
challenges in the field were prioritized. One hundred and eleven of the selected articles
were included in the current review. The data was reported in a narrative format focusing
on the recent updates in the bowel management of patients with FC and used to inform an
in-depth, stepwise protocol for bowel management. The search was age limited, including
patients up to 21 years of age. The section on the management of pelvic floor dyssynergia
includes studies in adults to report the recent outcomes of pelvic floor physiotherapy and
biofeedback that could be potentially implemented in the pediatric population.

3. Initial Evaluation

When consulting a patient with chronic constipation, past medical history, including
prior surgical procedures, past diagnostic tests, the current stooling pattern, and bowel
regimen, should be reviewed. In addition to ARMs, HD, and spinal anomalies, the potential
causes of constipation include endocrine and metabolic disorders (hypothyroidism, celiac
disease), medications, connective tissue disorders, milk protein intolerance, and other
conditions that should be carefully addressed during the initial evaluation [24–26].

Patients with FC can present with overflow incontinence secondary to constipation
that can be visualized on a contrast enema which helps assess colonic anatomy and stool
passage [1]. Some gastroenterological studies do not suggest using radiology for the
initial diagnosis of FC [27–29] with a complete medical history and throughout physical
examination being sufficient for the diagnosis establishment [27,30]. However, patients
with persistent constipation referred to a pediatric surgeon require other anatomic causes
of constipation to be excluded with a contrast enema. Colon dilatation down to the
levator muscle complex is a characteristic feature of FC on contrast enema (Figure 1), while
rectosigmoid redundancy could potentially lead to poor response to medical treatments.
However, if the patient responds to laxative treatment, the severity of rectosigmoid dilation
was reported not to be associated with the laxative dosage required to achieve social
continence [24].

Further diagnostic and treatment steps will cover the management of patients with
FC referred for surgical evaluation. Examination under anesthesia (EUA) is required to
assess the anorectal area for visual anomalies and anal stenosis. If the operating room time
is not available, the examination can be performed in the clinic. Digital rectal examination
is vital to rule out anal stenosis, dilated hemorrhoidal veins, and anal fissures that could
cause chronic constipation and unpleasant defecation experience [25,26]. If a patient has a
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rectosigmoid index on contrast enema less than 1, Hirschsprung disease should be ruled
out with anorectal manometry and/or rectal biopsy (with a full-thickness rectal biopsy
remaining the gold standard) [31,32].
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Figure 1. For a patient who has not had reconstructive surgery but suffers from severe constipation, a
water-soluble contrast study is helpful. The characteristic image is a megarectosigmoid with dilation
of the colon down to the level of the levator mechanism (on the left) compared to patients with
Hirschsprung disease (on the right).

Since 2016, Rome IV criteria have been utilized for FC diagnosis, differentiating
children with no stooling pattern (up to 4 years of age) and those who are toilet trained.
According to these guidelines, patients with FC experience at least two conditions for at
least one month: 1–2 defecations per week, excessive stool withholding, painful or hard
defecation, large stools, and fecal impaction. When inadequately treated, incomplete colonic
emptying accumulates a larger amount of stool and megacolon, leading to overflow soiling.
Thus, in older, toilet-trained children, one or more soiling episodes per week and large-
diameter feces obstructing the toilet are additional criteria for an FC diagnosis [11,33–35].
Once the organic causes of constipation are considered and cannot fully explain symptoms,
and Rome IV criteria for constipation are met, the diagnosis of FC is confirmed.

4. Factors Affecting Continence Potential

Children with FC have normal anal sphincters, a normal spine, and no congeni-
tal anatomic diseases of the anorectal area. Fecal continence in these children depends
on three main factors: (1) sphincters, (2) anal canal sensation, and (3) colonic motility,
which will be addressed in the further sections of the manuscript. In addition to the
anatomic characteristics and motility, other factors such as age, behavioral and neurologic
concerns, socioeconomic status, and demographics can affect the patient’s likelihood of
continence [18,36].

4.1. Age

Children with FC can face significant challenges associated with their condition [37,38].
In comparison to other colorectal anomalies, FC develops as the child grows leading to
severe psychosocial distress for both the patients and their caregivers. There are three time
points when children are at higher risk of developing constipation: (1) introduction of solid
and high-fiber food in the diet, (2) toilet training, and (3) start of school [36]. When solid
food enriched with fiber is introduced to a child, the stool becomes firmer and is harder to
pass, therefore, these dietary changes can cause difficulties at defecation. Toilet training,
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which normally occurs in children by the age of 4 years, is a significant milestone in the
child’s development and is associated with the increased anxiety of the child struggling to
achieve independence and justify their parents’ expectations [39–41]. As school education
starts, children face new challenges associated with defecation exaggerated by social
pressure in the novel environment. Insecurity and bullying at school can lead to depression
and low self-esteem and need to be addressed [13,42,43].

All the factors described above lead to high emotional stress associated with defecation.
With a desire to avoid the frightening or painful experience, the child would try to decrease
the frequency of defecations and start holding the stool in [44]. The stasis in the colon
leads to increased water absorption, and therefore firmer feces that are more difficult to
pass through. These events result in a vicious cycle where the longer the child tries to
avoid defecation, the more painful the defecation becomes (Figure 2) [45]. Addressing the
psychosocial concerns is crucial for the development of a trusting patient–family physician
relationship, promotion of open conversation about the disorder, and adherence to the
treatment plan [46,47].
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Figure 2. Pathogenesis of withholding behavior in patients with constipation. Children that have
had frightening or painful defecations start holding the stool to avoid this unpleasant experience.
The longer the stool stays in the colon, the more water is absorbed, leading to firmer stool, which is
even more difficult to pass. In this way, the more a child tries to hold the stool in, the more difficulties
they experience during defecation.

4.2. Neurologic and Psychiatric Issues

Of patients with FC referred to a pediatric surgeon, 26–38% are neurodiverse with an
associated neurologic (12%) or psychiatric (26%) diagnosis or behavioral concerns [48–50].
The statement that these conditions can affect the continence potential remains controver-
sial [18,51,52] with only developmental delay having been reported to be associated with a
worse prognosis for continence [18]. Other diseases, such as attention deficit hyperactivity
disorder (ADHD), depression, and obsessive-compulsive disorder have not been proven
to affect the outcomes [18]. Anxiety and developmental delay have been reported to be
associated with increased use of antegrade continence enemas (ACEs) in FC patients [52];
however, there is no significant difference in the time required to achieve continence be-
tween neurodiverse and neurotypical patients [53]. Recently, Seidler et al. reported that
participation in a dedicated BMP led to significant improvement of FC (up to 90%) and
urinary continence (up to 91%) in both neurodiverse and neurotypical patients [50].

4.3. Socioeconomic Factors

Socioeconomic factors such as public insurance, lower education level, and lower
income are associated with a higher constipation prevalence [13,54–57] and a higher risk of
overflow incontinence in patients with FC [18].
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The child–parent relationship is another important factor affecting the outcomes.
Niu et al. emphasized the importance of family communication where the parents blaming
a child for having accidents, a conflict between the parents, an authoritarian or doting
parenting style, anxiety or temper control in children, and anxiety or depression in the
parents predicted the development of constipation in children of preschool age [57,58].
Poor bowel habits and the child’s picky eating are also associated with an increased risk
of FC [58]. Psychosocial assessment of the families could be beneficial to address the
factors affecting the child’s constipation [57], discuss the possible changes in the family
environment and possibly improve the outcomes.

5. Stepwise Bowel Management Protocol

The goal of treatment is to empty the colon daily and reduce symptoms associated
with constipation such as overflow fecal incontinence. Most patients with FC can be
successfully treated with behavior modification and laxative medication [11]. Even though
it has been hypothesized that dietary modifications can affect constipation, there are
limited data supporting the role of nutrition in the management of these children [59]. The
stepwise bowel management protocol for patients with FC referred to a pediatric surgeon
is demonstrated in Figure 3.

Internal anal 
sphincter 
achalasia

Absent 
RAIR

Hirschsprung 
disease

Surgery

Present 
RAIR

High resting pressure

• Botox every 3 months

• Medical management

Anorectal 
manometry

Pelvic floor dyssynergia Pelvic floor physiotherapy

Rectal 
biopsy

• Normal/low resting pressure

• No pelvic floor dyssynergia

Transanal irrigations,
ACE flushes

Indications:

• Failed rectal enemas

• Desire to avoid long-term 
laxatives

• Intolerance to rectal route 
(neurodiverse patients) –
indication for ACEs

Laxatives
Rectal 
enemas

Figure 3. Algorithm of evaluation and treatment of patients refractory to medical therapy with laxa-
tives and/or rectal enemas based on the anorectal manometry results. ACE—antegrade continence
enema; RAIR—rectoanal inhibitory reflex.

5.1. Laxatives

Initially, treatment can include stimulant laxatives (with or without water-soluble
fiber) if the child has soft stool, while patients with hard or dense stools may benefit from
osmotic laxatives. Long-term use of senna-based stimulant laxatives was proven to be
effective and safe in pediatric patients [60] inducing fluid secretion into the bowel lumen
as well as directly stimulating colonic contractions [61]. Bisacodyl has been reported to be
effective in 57% of patients, with 55% being successfully weaned off the medication at the
median follow-up of 1.5 years [62]. In 8% of patients, bisacodyl can lead to abdominal pain
and fecal incontinence [62].

Initially, a 7-day trial with stimulant laxatives is performed to assess the evacuation of
stool based on radiographic findings [21]. The start dose of laxatives is defined empirically,
taking into consideration the degree of colonic dilation and the child’s weight. [63]. After
the regimen is started, its effectiveness is assessed based on the stooling pattern and the
abdominal X-rays and adjusted as needed [21]. Further information on the organization of
a structured bowel management program can be found in a related manuscript “Pediatric
Bowel Management Options and Organizational Aspects” [64].
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Controversy exists regarding what should be considered a “failure” of medical man-
agement. The criteria are defined as (1) previous participation in a structured bowel
management program, (2) persistent severe constipation, (3) failure to pass stool with ab-
dominal distention on high laxatives doses. Patients who meet these criteria are switched to
mechanical treatment options (rectal enemas, transanal irrigations, or antegrade continence
enemas) [63].

5.2. Rectal Enemas

If a patient experiences abdominal cramping due to overstimulation of the colon in
response to stimulant laxatives or is irresponsive to laxatives, the child is switched to
rectal enemas. Importantly, mechanical emptying of the colon (rectal enemas, transanal
irrigations, antegrade flushes) must not be used with laxatives as enemas empty the colon,
while laxatives lead to further contractions of the bowel and result in leakage of stool.
Some patients do not respond to rectal enemas and require further motility assessment to
guide treatment.

5.3. Assessment of Anorectal Motility

Passage of stool through the colon and the anorectal region requires coordinated
contraction of smooth muscles of the gastrointestinal tract to allow for propulsion of stool.
Disruption of neuromotor regulation leads to impaired passage of stool and can be revealed
on manometry studies of the anorectal region and/or colon.

Children unresponsive to medical management with rectal enemas require further
evaluation of anorectal function using anorectal manometry (AMAN) which provides infor-
mation about the rectoanal inhibitory reflex (RAIR), sphincter resting pressures, dynamics
of defecation, and rectal sensation (Figure 4) [42,65,66] to determine further management
strategy. The procedure takes approximately 30 min, during which the patient’s cooperation
in following the instructions is required.

• Patient remains still 
for 30 seconds

• Baseline pressure 
is measured

1. Resting pressure

Resting Pressures

Squeeze strength 
is measured

2. Squeeze pressure

Defecation starts

3. Push pressure

• Rectal pressure 
increases

• Anal sphincters relax

Balloon is filled with 
50 mL of water/air

5*. Balloon expulsion 
test

Patient is asked to 
push the balloon out

E
xt

E
xt

Normal ranges:
Balloon expelled in ≤ 60 seconds.

Balloon is inflated

4. RAIR

Internal sphincter 
relaxation

Contraction

Relaxation

Rest

Measured 
Parameters

Anorectal Manometry 
Tracing 

Defecation 
Physiology

Rectal 
Pressure

Sphincter 
Pressure

Figure 4. Cont.
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• Patient remains still 
for 30 seconds

• Baseline pressure 
is measured

1. Resting pressure

Resting Pressures

Squeeze strength 
is measured

2. Squeeze pressure

Defecation starts

3. Push pressure

• Rectal pressure 
increases

• Anal sphincters relax

Balloon is filled with 
50 mL of water/air

5*. Balloon expulsion 
test

Patient is asked to 
push the balloon out

E
xt

E
xt

Normal ranges:
Balloon expelled in ≤ 60 seconds.

Balloon is inflated

4. RAIR

Internal sphincter 
relaxation

Contraction

Relaxation

Rest

Measured 
Parameters

Anorectal Manometry 
Tracing 

Defecation 
Physiology

Rectal 
Pressure

Sphincter 
Pressure

Figure 4. Anorectal manometry: the technique, steps of physiologic defecation tested, and examples
of tracing reflecting the tested parameters. * Balloon expulsion test can be performed at the time of
the anorectal manometry.

In neurodiverse patients who cannot follow instructions, AMAN can be performed under
sedation and allows assessment of only the RAIR and resting sphincter pressures [65,67,68].
The same parameters can be evaluated in children who are not toilet trained (younger than
4 years) and have not learned to coordinate defecation.

5.3.1. Non-Relaxing Sphincters

AMAN is a useful screening tool for HD in children of all ages [69,70,70,71] that makes
it possible to avoid a more invasive rectal biopsy that can lead to bleeding, perforation,
or infection [70]. An absent RAIR indicates a full-thickness rectal biopsy to differentiate
HD [31,65,69] from internal anal sphincter achalasia in which the anal sphincters fail to relax
despite the presence of rectal ganglion cells [31,72,73]. Resting pressures can be measured
in patients after the first month of life as the anal sphincter progressively matures in the
first weeks of life [70] (Figure 5).

Patients with high resting pressures, as well as children with internal anal sphincter
achalasia, require botulinum toxin injections to allow for sphincter relaxation [65,74–78].
Given the possible need for a rectal biopsy and botulinum toxin injections after manometry,
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the EUA, AMAN, rectal biopsy, and botulinum toxin injections can be performed under
the same anesthesia [31].
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The dosage of the toxin varies in the literature from 12 to 200 units or 6 U/kg, depend-
ing on the age of the patient and the surgeon’s preferences [77,79–82]. At our institutions,
100 units are circumferentially injected into the anal sphincter at the level of the dentate
line [31,76], avoiding the anterior rectal wall to prevent damage to the urethra. Further
studies are required to define the optimal dose calculation.

The effect from botulinum toxin has been reported to dissolve after 3–6 months [10]
indicating repeat injections as needed; however, in some cases, it can remain for longer
than one year [82]. If the symptoms do not improve, the frequency of the injections can be
increased, or another brand of botulinum toxin changed. Botulinum toxin injections can
lead to fecal incontinence, which resolves within a week [82].

5.3.2. Pelvic Floor Dyssynergia

Once the child is toilet trained (usually by the age of four), defecation dynamics can
be assessed. Pelvic floor dyssynergia is uncoordinated contractions between the pelvic
floor and abdominal muscles during defecation leading to constipation and difficulty
with defecation. In order to help the patients train to contract and relax the external anal
sphincter, improve rectal sensation, and coordinate contractions of the internal and external
anal sphincters, pelvic floor physiotherapy (PFPT) is performed [63,65,83,84]. There is
limited evidence on the use of botulinum toxin injections in this group of patients [85–88];
thus, they cannot be currently recommended as a part of a standardized treatment protocol.

Until recently, there were limited data available on the outcomes of PFPT on FC
management. A multicenter randomized controlled trial showed PFPT to be more effective
than laxative treatment without PFPT in children with FC. Outcomes include increased
cessation of laxative use as well as improvement of patient and parental quality of life [89].
Another recent double-blind randomized study showed a significant impact of pelvic floor
physiotherapy combined with interferential electrical stimulation on constipation treatment
when compared to the non-PFPT group (88% vs. 43%) [90].

Biofeedback is a method of PFPT using visual or other sensory guidance performed
either in the office or at home [91] aiming to teach the patients with a satisfaction rate of up
to 91% [84,92], improvement of clinical characteristics [93–100] and manometric parameters
leading to increased rectal sensation, improved RAIR and defecation dynamics [93–95].
The American Neurogastroenterology and Motility Society and the European Society
of Neurogastroenterology and Motility recommend biofeedback for the management of
constipation in patients with pelvic floor dyssynergia and soiling [65].

5.4. Transanal Irrigations and Antegrade Continence Enemas

If the treatment described above is ineffective, transanal irrigations (TAIs) or antegrade
continence enemas (ACEs) are initiated. Other indications for these management options
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include the patient and family’s desire to avoid long-term laxative treatment and inability
to tolerate rectal enemas, for example, in neurodiverse patients with behavioral disorders
and autism [63], which makes ACE flushes preferable [63,101].

Transanal irrigations are performed using a rectal catheter through which the solution
is administered into the bowel under pressure [102]. Of all groups of colorectal patients
suffering from fecal incontinence, children with FC have the best response to transanal
irrigations (TAIs) [103] with their effectiveness highly dependent on the parents’ training
to perform the irrigations at home that increases adherence to the regimen [104]. TAIs
have been reported to be effective in patients with FC [105,106] and associated with an 86%
parental satisfaction rate [107].

ACE was proven to be an effective treatment option in children with FC including
those with pelvic floor dyssynergia and neurological or behavioral conditions [53,83]. At a
median follow-up of 2.5 years, 90% of FC patients were reported to be socially continent
with 15% of children transitioning to laxatives with no further need for ACE flushes [83]. Of
patients with pelvic floor dyssynergia, ACEs are used as an addition to or as a next step after
pelvic floor physiotherapy with 92% of these children achieving continence [83]. Jacobs
et al. reported 1.3–1.7 months being required for patients with FC presenting with soiling
to achieve continence with long-term success maintained in 90% of the children. The time
required for constipation to improve also did not depend on their underlying neurological
or behavioral disorders [53]. For further information on ACE procedure updates, please
refer to the related article on organizational aspects of a bowel management program [64].

5.5. Assessment of Colonic Motility

If antegrade flushes are ineffective for achieving bowel management goals, colonic
motility can be assessed using colonic manometry (CMAN) [108]. If colonic manometry is
not available, nuclear scintigraphy or sitz mark study can be performed to assess colonic
transit; however, these tests have several limitations and lack a standardized protocol for
the assessment of colonic motility [109,110]. Sitz marker study is associated with increased
radiation exposure and multiple visits required for assessment of colonic motility, while
colonic scintigraphy is an expensive test with limited availability across institutions [109].
There are three possible results of the colonic motility evaluation:

(1) Normal motility with the presence of high-amplitude propagated contractions (HAPCs)
throughout the colon;

(2) Segmental dysmotility (usually sigmoid);
(3) Diffuse colonic dysmotility (no HAPCs in the entire colon).

Until recently, the preferred timing of CMAN was at the time of AMAN to perform
a full assessment of anorectal and colonic motility to guide further management with
segmental dysmotility being the most common type (80% of patients with refractory
functional constipation) and indication for sigmoid resection [101]. In 2022, Ahmad et al.
reported that 92% of patients with segmental dysmotility respond to ACE flushes and
might not require a segmental resection [111], which changed the evaluation protocol. With
this new data, even if a patient is diagnosed with dysmotility (i.e., segmental dysmotility
in most cases), a resection will be required in only 8% of patients, which makes colonic
motility assessment more reasonable only in patients who fail antegrade flushes.

5.6. Surgical Strategy

Failure of medical management with laxatives and mechanical treatment options (rec-
tal enemas, transanal irrigations, and antegrade continence enemas) is the main indication
for a surgical procedure in patients with FC [112] followed by persistent fecal incontinence
and significant rectosigmoid dilation [63]. The wide range of surgical procedures per-
formed for refractory FC has been described in the literature including a diverting ostomy,
sigmoid resection with or without a simultaneous ACE procedure, Deloyers procedure,
pull-through variations, proctocolectomy with an ileoanal anastomosis, colon resection
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with an ileorectal anastomosis [63,101,113,114]. The focus of this manuscript is the current
protocol used in this patient group as demonstrated in Figure 6.
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Figure 6. Algorithm of evaluation and treatment for patients with refractory functional constipa-
tion. Planning of surgical management in patients who failed antegrade flushes based on colonic
motility. ACE—antegrade continence enema; BET—balloon expulsion test; HAPC—high-amplitude
propagated contraction.

Normal colonic contractility and segmental dysmotility, as described above, are man-
aged with ACE flushes, with sigmoid resection required in 8% of patients with segmen-
tal dysmotility.

Patients with diffuse colonic dysmotility are very challenging to manage. Recently,
the strategy of their management has been broadly discussed among the leading pedi-
atric colorectal centers. One of the key aspects of surgical interventions in FC children
is the preservation of the rectum, and thus, the continence mechanism which prevents
postoperative fecal incontinence [114].

There is an ongoing study on the role of the balloon expulsion test as a preoperative tool
to define the optimal surgical treatment for patients with diffuse dysmotility [115]. The bal-
loon expulsion test (BET) is a tool utilized for the diagnosis of defecation disorders such as
pelvic floor dyssynergia and pelvic outlet obstruction [116–119]. The test makes it possible
to assess the patient’s ability to expel a balloon that imitates the stool. While the technique
and criteria for passing or failing the test vary throughout the studies [117,118,120–122].
The balloon is inserted into the rectum, filled with 50 mL of water or air (Figure 4), and the
patient is asked to expel it as fast as possible with the goal being to do so within 60 s [115].

It is hypothesized that if the child can expel the balloon, they will be able to evacuate
stool after a colonic resection [115]. For this reason, subtotal colectomy with an ileorectal
anastomosis is hypothesized to be the optimal surgical procedure for these children [115].
Pelvic floor dyssynergia, which is also associated with the patient’s ability to pass the BET, can
play a role in the ability to achieve success after the resection and needs further investigation.

While passed BET is an indicator of appropriate defecation dynamics, patients who
fail the BET require additional help to pass the stool out. For this purpose, they undergo
a Deloyers procedure (derotation maneuver) with a simultaneous ACE procedure that
allows for antegrade flushes to mechanically empty the preserved right colon (Figure 7).
A similar technique flushes has been described for patients with segmental dysmotility
and megarectosigmoid who underwent a sigmoid resection with an ACE creation that
made it possible to decrease the need for laxatives in these children [101,123]. After the
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Deloyers procedure, the patient is referred to pelvic floor physiotherapy or biofeedback
to train coordinated defecation. Once the patient can pass the BET, a subtotal colectomy
and ACE takedown can be performed [115]. If a Deloyers procedure with ACE flushes is
ineffective or presents with failure to thrive (usually under 3 years of age), an ileostomy is
performed [63,115] with an annual colonic motility assessment [63].
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Figure 7. Derotation maneuver (Deloyers procedure) performed in patients who fail the balloon
expulsion test with a simultaneous antegrade continence enema procedure (ACE) in the right colon.
ACE flushes help to mechanically empty the colon until the patient trains to pass the stool out (i.e.,
pass the BET). Modified from Jouvin, I.; Pocard, M.; Najah, H. Deloyers procedure. J Visc Surg. 2018,
155, 493–501 [124].

5.7. Other Treatment Options

Anal dilations, internal anal sphincter myectomy, and sacral and tibial nerve stimula-
tion were described as alternative options of treatment in patients with retractable FC. Anal
dilations have not been proven to be effective when compared to a placebo [68,125]. There
was no difference in outcomes between myectomy and botulinum toxin injections [126],
while myectomy leads to soiling and thus is not widely used [63].

Until recently, there has been poor evidence on the use of sacral and percutaneous tibial
nerve stimulation (SSN, PTNS) in children with FC. Since the last review covering stepwise
management of refractory FC was published [63], there have been two randomized trials
on SNS in patients with constipation conducted [127,128]. The response rate was 57–60% at
6 months [128] and 55% at a 1-year follow-up [127]. However, there were complications after
the SNS mentioned in the literature, including severe infections (20%), pain associated with
device implementation (25%), and non-compliance (5%) [127,128] with a strong persistent
placebo effect associated with SNS suggested [128]. Abreu et al. conducted a randomized
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clinical trial on the effectiveness of parasacral transcutaneous nerve stimulation in children
with neurogenic bladder and bowel [129]. The results suggested a positive impact of
the intervention when compared to a control group [129]. A randomized, double-blind,
controlled that demonstrated PTNS in combination with PFPT as an effective method of
constipation management in patients with dyssynergic defecation [130].

6. Conclusions

On referral for surgical consultation and management, patients with functional con-
stipation refractory to medical and behavioral management should undergo evaluation
with a contrast study, anorectal examination under anesthesia, anorectal manometry, and a
full-thickness rectal biopsy. Anal botulinum toxin injections are administered in those with
internal sphincter achalasia or high resting anosphincteric pressures. Bowel management
options include laxative medications, rectal enemas, transanal irrigations, and antegrade
flushes. If medical management does not achieve treatment goals, then patients require an
assessment of colonic motility and possible colonic resection. Further studies are required
to determine the outcomes of the existing surgical treatment options and the role of the
balloon expulsion test in preoperative planning.
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Therapy for Chronic Constipation in Children. Coll. Antropol. 2002, 26, 93–101. [PubMed]

95. Weber, J.; Ducrotte, P.; Touchais, J.Y.; Roussignol, C.; Denis, P. Biofeedback Training for Constipation in Adults and Children. Dis.
Colon Rectum 1987, 30, 844–846. [CrossRef] [PubMed]

96. Jarzebicka, D.; Sieczkowska, J.; Dadalski, M.; Kierkus, J.; Ryzko, J.; Oracz, G. Evaluation of the Effectiveness of Biofeedback
Therapy for Functional Constipation in Children. Turk. J. Gastroenterol. 2016, 27, 433–438. [CrossRef] [PubMed]

97. Kajbafzadeh, A.-M.; Sharifi-Rad, L.; Ghahestani, S.M.; Ahmadi, H.; Kajbafzadeh, M.; Mahboubi, A.H. Animated Biofeedback: An
Ideal Treatment for Children with Dysfunctional Elimination Syndrome. J. Urol. 2011, 186, 2379–2384. [CrossRef]

98. Ladi-Seyedian, S.; Kajbafzadeh, A.-M.; Sharifi-Rad, L.; Shadgan, B.; Fan, E. Management of Non-Neuropathic Underactive
Bladder in Children with Voiding Dysfunction by Animated Biofeedback: A Randomized Clinical Trial. Urology 2015, 85, 205–210.
[CrossRef]

99. Ladi-Seyedian, S.-S.; Sharifi-Rad, L.; Amini, E.; Kajbafzadeh, A.-M. Resolution of Hydronephrosis in Children with Dysfunctional
Voiding After Biofeedback Therapy: A Randomized Clinical Trial. Appl. Psychophysiol. Biofeedback 2020, 45, 259–266. [CrossRef]

100. Vasconcelos, M.; Lima, E.; Caiafa, L.; Noronha, A.; Cangussu, R.; Gomes, S.; Freire, R.; Filgueiras, M.T.; Araújo, J.; Magnus, G.; et al.
Voiding Dysfunction in Children. Pelvic-Floor Exercises or Biofeedback Therapy: A Randomized Study. Pediatr. Nephrol 2006,
21, 1858–1864. [CrossRef]

101. Gasior, A.; Reck, C.; Vilanova-Sanchez, A.; Diefenbach, K.A.; Yacob, D.; Lu, P.; Vaz, K.; Di Lorenzo, C.; Levitt, M.A.; Wood, R.J.
Surgical Management of Functional Constipation: An Intermediate Report of a New Approach Using a Laparoscopic Sigmoid
Resection Combined with Malone Appendicostomy. J. Pediatr. Surg. 2018, 53, 1160–1162. [CrossRef]

102. Märzheuser, S.; Karsten, K.; Rothe, K. Improvements in Incontinence with Self-Management in Patients with Anorectal Malforma-
tions. Eur. J. Pediatr. Surg. 2016, 26, 186–191. [CrossRef]

103. Caruso, A.M.; Milazzo, M.P.M.; Bommarito, D.; Girgenti, V.; Amato, G.; Paviglianiti, G.; Casuccio, A.; Catalano, P.; Cimador, M.;
Di Pace, M.R. Advanced Management Protocol of Transanal Irrigation in Order to Improve the Outcome of Pediatric Patients
with Fecal Incontinence. Children 2021, 8, 1174. [CrossRef]

104. Lallemant-Dudek, P.; Cretolle, C.; Hameury, F.; Lemelle, J.L.; Ranke, A.; Louis-Borrione, C.; Forin, V. Multicentric Evaluation of
the Adherence to Peristeen® Transanal Irrigation System in Children. Ann. Phys. Rehabil. Med. 2020, 63, 28–32. [CrossRef]

105. Ng, J.; Ford, K.; Dalton, S.; McDowell, S.; Charlesworth, P.; Cleeve, S. Transanal Irrigation for Intractable Faecal Incontinence and
Constipation: Outcomes, Quality of Life and Predicting Non-Adopters. Pediatr. Surg. Int. 2015, 31, 729–734. [CrossRef] [PubMed]

106. Nasher, O.; Hill, R.E.; Peeraully, R.; Wright, A.; Singh, S.J. Peristeen© Transanal Irrigation System for Paediatric Faecal Inconti-
nence: A Single Centre Experience. Int. J. Pediatr. 2014, 2014, 954315. [CrossRef] [PubMed]

107. Koppen, I.J.N.; Kuizenga-Wessel, S.; Voogt, H.W.; Voskeuil, M.E.; Benninga, M.A. Transanal Irrigation in the Treatment of Children
With Intractable Functional Constipation. J. Pediatr. Gastroenterol. Nutr. 2017, 64, 225. [CrossRef] [PubMed]

108. Di Lorenzo, C.; Solzi, G.F.; Flores, A.F.; Schwankovsky, L.; Hyman, P.E. Colonic Motility After Surgery for Hirschsprung’s Disease.
Am. J. Gastroenterol. 2000, 95, 1759. [CrossRef]

109. Rybak, A.; Martinelli, M.; Thapar, N.; Van Wijk, M.P.; Vandenplas, Y.; Salvatore, S.; Staiano, A.; Benninga, M.A.; Borrelli, O.
Colonic Function Investigations in Children: Review by the ESPGHAN Motility Working Group. J. Pediatr. Gastroenterol. Nutr.
2022, 74, 681–692. [CrossRef]

110. Khoshbin, K.; Busciglio, I.; Burton, D.; Breen-Lyles, M.K.; Camilleri, M. Expanding criteria for slow colonic transit in patients
being evaluated for chronic constipation by scintigraphy. Neurogastroenterol Motil. 2020, 32, e13878. [CrossRef]

111. Ahmad, H.S.; Lewis, K.E.; Calkins, C.; Rentea, R.M.; Durham, M.M.; Wood, R.J. Antegrade Continence Enema Alone for the
Management of Segmental Dysmotility in Functional Constipation. In Proceedings of the APSA Annual Meeting, San Diego, CA,
USA, 12–15 May 2022.

112. Siminas, S.; Losty, P.D. Current Surgical Management of Pediatric Idiopathic Constipation: A Systematic Review of Published
Studies. Ann. Surg. 2015, 262, 925–933. [CrossRef]

https://doi.org/10.1007/BF02234461
https://www.ncbi.nlm.nih.gov/pubmed/11742168
https://doi.org/10.1053/j.gastro.2016.09.015
https://doi.org/10.1038/ajg.2017.459
https://doi.org/10.1016/S2468-1253(18)30266-8
https://doi.org/10.4414/smw.2001.06125
https://doi.org/10.1016/s0022-3476(80)80711-6
https://www.ncbi.nlm.nih.gov/pubmed/12674840
https://doi.org/10.1007/BF02555421
https://www.ncbi.nlm.nih.gov/pubmed/3677958
https://doi.org/10.5152/tjg.2016.16140
https://www.ncbi.nlm.nih.gov/pubmed/27782891
https://doi.org/10.1016/j.juro.2011.07.118
https://doi.org/10.1016/j.urology.2014.09.025
https://doi.org/10.1007/s10484-020-09474-z
https://doi.org/10.1007/s00467-006-0277-1
https://doi.org/10.1016/j.jpedsurg.2018.02.074
https://doi.org/10.1055/s-0034-1544050
https://doi.org/10.3390/children8121174
https://doi.org/10.1016/j.rehab.2019.04.003
https://doi.org/10.1007/s00383-015-3735-7
https://www.ncbi.nlm.nih.gov/pubmed/26163087
https://doi.org/10.1155/2014/954315
https://www.ncbi.nlm.nih.gov/pubmed/24895498
https://doi.org/10.1097/MPG.0000000000001236
https://www.ncbi.nlm.nih.gov/pubmed/27082102
https://doi.org/10.1111/j.1572-0241.2000.02183.x
https://doi.org/10.1097/MPG.0000000000003429
https://doi.org/10.1111/nmo.13878
https://doi.org/10.1097/SLA.0000000000001191


Children 2023, 10, 1078 17 of 17

113. Rodriguez, L.; Colliard, K.; Nurko, S.; Flores, A.; Buchmiller, T.L. Diverting Ileostomy in Children With Functional Constipation:
A Study Evaluating the Utility of Colon Manometry. J. Pediatr. Gastroenterol. Nutr. 2022, 75, 578–583. [CrossRef] [PubMed]

114. Vilanova-Sanchez, A.; Levitt, M.A. Surgical Interventions for Functional Constipation: An Update. Eur. J. Pediatr. Surg. 2020,
30, 413–419. [CrossRef] [PubMed]

115. Bokova, E.; Al-Shamaileh, T.; Feng, C.; Russell, T.L.; Tiusaba, L.; Jacobs, S.E.; Darbari, A.; Badillo, A.T.; Levitt, M.A.;
Bokova, E.; et al. The Balloon Expulsion Test as a Preoperative Tool to Determine the Surgical Plan for Patients with Refractory
Functional Constipation and Diffuse Colonic Dysmotility. In Proceedings of the Pediatric Colorectal and Pelvic Consortium
Annual Virtual Conference, Virtual, 3–4 November 2021.

116. Rao, S.S.C.; Mudipalli, R.S.; Stessman, M.; Zimmerman, B. Investigation of the Utility of Colorectal Function Tests and Rome II
Criteria in Dyssynergic Defecation (Anismus). Neurogastroenterol. Motil. 2004, 16, 589–596. [CrossRef] [PubMed]

117. Palit, S.; Thin, N.; Knowles, C.H.; Lunniss, P.J.; Bharucha, A.E.; Scott, S.M. Diagnostic Disagreement between Tests of Evacuatory
Function: A Prospective Study of 100 Constipated Patients. Neurogastroenterol. Motil. 2016, 28, 1589–1598. [CrossRef] [PubMed]

118. Minguez, M.; Herreros, B.; Sanchiz, V.; Hernandez, V.; Almela, P.; Añon, R.; Mora, F.; Benages, A. Predictive Value of the
Balloon Expulsion Test for Excluding the Diagnosis of Pelvic Floor Dyssynergia in Constipation. Gastroenterology 2004, 126, 57–62.
[CrossRef]

119. Belkind-Gerson, J.; Goldstein, A.M.; Kuo, B. Balloon Expulsion Test as a Screen for Outlet Obstruction in Children With Chronic
Constipation. J. Pediatr. Gastroenterol. Nutr. 2013, 56, 23. [CrossRef]

120. Rao, S.S.; Welcher, K.D.; Leistikow, J.S. Obstructive Defecation: A Failure of Rectoanal Coordination. Am. J. Gastroenterol. 1998,
93, 1042–1050. [CrossRef]

121. Noelting, J.; Ratuapli, S.K.; Bharucha, A.E.; Harvey, D.M.; Ravi, K.; Zinsmeister, A.R. Normal Values for High-Resolution
Anorectal Manometry in Healthy Women: Effects of Age and Significance of Rectoanal Gradient. Am. J. Gastroenterol. 2012,
107, 1530–1536. [CrossRef]

122. Caetano, A.C.; Santa-Cruz, A.; Rolanda, C. Digital Rectal Examination and Balloon Expulsion Test in the Study of Defecatory
Disorders: Are They Suitable as Screening or Excluding Tests? Can. J. Gastroenterol. Hepatol. 2016, 2016, 8654314. [CrossRef]

123. Eradi, B.; Hamrick, M.; Bischoff, A.; Frischer, J.S.; Helmrath, M.; Hall, J.; Peña, A.; Levitt, M.A. The Role of a Colon Resection in
Combination with a Malone Appendicostomy as Part of a Bowel Management Program for the Treatment of Fecal Incontinence. J.
Pediatr. Surg. 2013, 48, 2296–2300. [CrossRef]

124. Jouvin, I.; Pocard, M.; Najah, H. Deloyers procedure. J Visc Surg. 2018, 155, 493–501. [CrossRef]
125. Keshtgar, A.S.; Ward, H.C.; Clayden, G.S.; Sanei, A. Role of Anal Dilatation in Treatment of Idiopathic Constipation in Children:

Long-Term Follow-up of a Double-Blind Randomized Controlled Study. Pediatr. Surg. Int. 2005, 21, 100–105. [CrossRef]
126. Keshtgar, A.S.; Ward, H.C.; Clayden, G.S. Transcutaneous Needle-Free Injection of Botulinum Toxin: A Novel Treatment of

Childhood Constipation and Anal Fissure. J. Pediatr. Surg. 2009, 44, 1791–1798. [CrossRef]
127. Zerbib, F.; Siproudhis, L.; Lehur, P.-A.; Germain, C.; Mion, F.; Leroi, A.-M.; Coffin, B.; Le Sidaner, A.; Vitton, V.;

Bouyssou-Cellier, C.; et al. Randomized Clinical Trial of Sacral Nerve Stimulation for Refractory Constipation. Br. J. Surg. 2017,
104, 205–213. [CrossRef] [PubMed]

128. Yiannakou, Y.; Etherson, K.; Close, H.; Kasim, A.; Mercer-Jones, M.; Plusa, S.; Maier, R.; Green, S.; Cundall, J.; Knowles, C.; et al.
A Randomized Double-Blinded Sham-Controlled Cross-over Trial of Tined-Lead Sacral Nerve Stimulation Testing for Chronic
Constipation. Eur. J. Gastroenterol. Hepatol. 2019, 31, 653. [CrossRef]

129. De Abreu, G.E.; de Souza, L.A.; da Fonseca, M.L.V.; Barbosa, T.B.C.; de Mello, E.R.D.; Nunes, A.N.B.; de Oliveira Barroso, U.
Parasacral Transcutaneous Electrical Nerve Stimulation for the Treatment of Children and Adolescents with Bladder and Bowel
Dysfunction: A Randomized Clinical Trial. J. Urol. 2021, 205, 1785–1791. [CrossRef] [PubMed]

130. Yu, Z.-T.; Song, J.-M.; Qiao, L.; Wang, Y.; Chen, Y.; Wang, E.-H.; Zhang, S.-C. A Randomized, Double-Blind, Controlled Trial
of Percutaneous Tibial Nerve Stimulation With Pelvic Floor Exercises in the Treatment of Childhood Constipation. Am. J.
Gastroenterol. 2023, 118, 553–560. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/MPG.0000000000003579
https://www.ncbi.nlm.nih.gov/pubmed/35897140
https://doi.org/10.1055/s-0040-1716729
https://www.ncbi.nlm.nih.gov/pubmed/32987436
https://doi.org/10.1111/j.1365-2982.2004.00526.x
https://www.ncbi.nlm.nih.gov/pubmed/15500515
https://doi.org/10.1111/nmo.12859
https://www.ncbi.nlm.nih.gov/pubmed/27154577
https://doi.org/10.1053/j.gastro.2003.10.044
https://doi.org/10.1097/MPG.0b013e31826a909f
https://doi.org/10.1111/j.1572-0241.1998.00326.x
https://doi.org/10.1038/ajg.2012.221
https://doi.org/10.1155/2016/8654314
https://doi.org/10.1016/j.jpedsurg.2013.03.058
https://doi.org/10.1016/j.jviscsurg.2018.10.001
https://doi.org/10.1007/s00383-004-1336-y
https://doi.org/10.1016/j.jpedsurg.2009.02.056
https://doi.org/10.1002/bjs.10326
https://www.ncbi.nlm.nih.gov/pubmed/27779312
https://doi.org/10.1097/MEG.0000000000001379
https://doi.org/10.1097/JU.0000000000001579
https://www.ncbi.nlm.nih.gov/pubmed/33525925
https://doi.org/10.14309/ajg.0000000000002188
https://www.ncbi.nlm.nih.gov/pubmed/36734654

	Introduction 
	Methods 
	Initial Evaluation 
	Factors Affecting Continence Potential 
	Age 
	Neurologic and Psychiatric Issues 
	Socioeconomic Factors 

	Stepwise Bowel Management Protocol 
	Laxatives 
	Rectal Enemas 
	Assessment of Anorectal Motility 
	Non-Relaxing Sphincters 
	Pelvic Floor Dyssynergia 

	Transanal Irrigations and Antegrade Continence Enemas 
	Assessment of Colonic Motility 
	Surgical Strategy 
	Other Treatment Options 

	Conclusions 
	References

