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ABSTRACT

Children with Hirschsprung disease have postoperative long-term sequelae in
defecation that contribute to morbidity and mortality and significantly impact
their quality of life. Pediatric patients experience ongoing long-term defeca-
tion concerns, which can include fecal incontinence (FI) and postoperative
obstructive symptoms, such as constipation and Hirschsprung-associated
enterocolitis. The American Pediatric Surgical Association has developed
guidelines for management of these postoperative obstructive symptoms and
FI. However, the evaluation and management of patients with postoperative
defecation problems varies among different pediatric gastroenterology cen-
ters. This position paper from the Neurogastroenterology & Motility Commit-
tee of the North American Society for Pediatric Gastroenterology, Hepatology,
and Nutrition reviews the current evidence and provides suggestions for the
evaluation and management of postoperative patients with Hirschsprung dis-
ease who present with persistent defecation problems.
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irschsprung disease (HD) is a congenital abnormality of
the enteric nervous system characterized by the absence of
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What Is Known

e Pediatric patients with Hirschsprung disease (HD)
can experience long-term defecation disorders after
their pull-through surgery including fecal inconti-
nence and obstructive symptoms such as constipa-
tion and Hirschsprung-associated enterocolitis.

e The evaluation and management of patients with
postoperative defecation problems varies among
different pediatric gastroenterology centers.

What Is New

e This position paper offers evidence-based general
principles for the evaluation and management of
postoperative patients with HD who present with
defecation problems.

e |t demonstrates the indispensable collaborative
effort between Gastroenterology and Surgery sub-
specialties in the care of patients with HD.

ganglion cells within the submucosal and myenteric plexuses (1).
The aganglionic segment fails to relax during peristalsis produc-
ing a functional obstruction. Patients commonly present in the first
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year of life with delayed passage of meconium, feeding intolerance,
abdominal distention, vomiting, Hirschsprung-associated entero-
colitis, and intestinal obstruction (1-3). Hirschsprung-associated
enterocolitis is the most recognized complication of HD with a
mortality rate of 1%-10% and may present preoperatively in up
to 60% of patients (4-8). Patients undergo pull-through surgery
after histopathological confirmation of the diagnosis. There are 3
well-described pull-through techniques: Swenson, Yancey/Soave,
and Duhamel (Fig. 1). The goal of surgery is to remove the agan-
glionic segment of bowel, relieve the functional obstruction, and
preserve the continence mechanism. Comprehensive review of the
epidemiology, clinical presentation, diagnostic testing, and surgical
treatment of HD can be found in the Supplemental Digital Content,
http://links.Ilww.com/MPG/D60).

Advances in diagnostic and surgical techniques have
improved outcomes, but a significant number of patients continue
to struggle with postoperative defecation disorders that negatively
impact their quality of life (9). Children with HD may experience
fecal incontinence (FI) and/or postoperative obstructive symptoms
such as constipation, undernutrition, and Hirschsprung-associated
enterocolitis (10). Timely recognition, evaluation, and manage-
ment of a postsurgical patient with these symptoms is essential
to decrease their morbidity and mortality. The American Pediatric
Surgical Association recently developed guidelines for the man-
agement of postoperative obstructive symptoms and FI (6,11).
However, the evaluation and management of a postsurgical patient
with HD who presents with symptoms varies considerably among
different Pediatric Gastroenterology Centers. The objective of this
societal position paper is to review the current literature and pro-
vide suggestions for pediatricians and pediatric gastroenterolo-
gists regarding the evaluation and management of the postsurgical
patient with HD who presents with postoperative sequelae and def-
ecation problems.

METHODS
A literature search was conducted using PubMed/MEDLINE/
EMBASE databases applying the following terms: Hirschsprung
disease, Hirschsprung, aganglionic megacolon, congenital mega-
colon, rectosigmoid colon aganglionosis, rectosigmoid agangli-
onosis, congenital intestinal aganglionosis, colonic aganglionosis,
and Hirschsprung associated enterocolitis. Literature searches

Swenson

Duhamel

were conducted through August 2022. Non-English literature was
excluded. The authors of this position paper contributed, reviewed,
and edited the content of this position paper. Recommendations and
best practices expressed in this position paper are devised from the
available literature and the expert opinion of the North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition
Neurogastroenterology & Motility special interest group members.
The authors used electronic and phone communication to resolve
disagreement, reach consensus, and modify the recommendations
and best practices of this position paper.

POSTOPERATIVE COMPLICATIONS OF HD

The majority of HD patients following surgery recover well,
stool spontaneously, and have bowel control. Despite significant
development in the understanding of the pathophysiology and
improvements in the operative management, HD for some patients
remains a lifelong condition with multiple late postoperative mor-
bidities including obstructive symptoms, Hirschsprung-associated
enterocolitis, undernutrition, constipation, FI, and psychosocial
issues (12). These complications are not uncommon, occur in
infancy and can extend into adulthood (10). Long-term postop-
erative problems include Hirschsprung-associated enterocolitis
(25%-37%) (8) and disorders of defecation such as constipation
(6%—-40%) (13—16) and FI (8%—74%) (14,17,18). The incidence of
postoperative problems varies in the literature because of heteroge-
neous clinical definitions and study end points, study methodology,
surgical technique/medical treatment, and clinical length of follow-
up (14).

A recent study aiming to evaluate quality of life outcomes
using validated functional and quality of life questionnaires in
HD patients between 2 and 10 years of age showed that patients
with HD scored significantly lower in psychosocial quality of life
compared to healthy children. Furthermore, FI, constipation, and
dysfunctional elimination significantly decreased the total quality
of life score and FI alone decreased physical quality of life in the
studied patient population (9). This data supports the importance
of long-term care and the involvement of a psychologist or men-
tal health professional in the management of children with HD to
improve social and emotional quality of life outcomes.

Given multiple complexities associated with HD and the
reported deterioration of functional outcome and quality of life

||

Yancey/Soave

FIGURE 1. Diagrams of 3 common pull-through operations for Hirschsprung disease. From left to right: full-thickness rectosigmoid dissec-
tion (Swenson), a recto-rectal pouch procedure (Duhamel), an endorectal dissection (Soave).
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with age (19), children with HD should be followed closely by
a multi-disciplinary care team through adulthood (20) consist-
ing of providers who have expertise in HD; a colorectal surgeon,
gastroenterologist/neurogastroenterologist, ~ dietitian,  nurse/
advanced practice nurse, social worker, and a psychologist (21).
A multi-disciplinary and collaborative team approach in this
specialized patient population allows for combined medical and
surgical decision, facilitates therapy, and can improve patient
outcomes (22).

OVERVIEW OF ASSESSMENT OF A
SYMPTOMATIC POSTSURGICAL PATIENT

1. Children who experience postoperative problems should have a
detailed history to assess for new onset or worsening symptoms
with emphasis on identifying postoperative complications.

2. Thorough physical examination should be performed includ-
ing growth parameters, abdominal examination, and perineal/
rectal examination if possible.

3. The original pathology should be reviewed by an experienced
pathologist to ensure that there is no residual aganglionosis or
transition zone pull-through. If the pathology is inadequate or
not available, a re-biopsy can be done at the time of rectal exam
under anesthesia to ensure normal enteric innervation of the
pull-through bowel

4. Diagnostic imaging, including abdominal X-ray and contrast
enema, should be considered in order to evaluate for mechani-
cal or anatomical abnormalities.

5. Rectal exam under anesthesia should be performed by an ex-
perienced surgeon to assess for mechanical causes for obstruc-
tion and to evaluate the integrity of the anorectum.

6. Once the anatomic and pathologic evaluation has been com-
pleted and is negative, then a functional assessment of the
anorectum and colon should be considered at a designated
Neurogastroenterology & Motility Center.

7. Anorectal Manometry (ARM) is used to evaluate the voluntary
(sensation, squeeze, and ability to bear down) and the involun-
tary (resting anal pressure and the presence and characteristics
of the recto-anal inhibitory reflex) properties of the anorectum
(23). Some children may have elevated intra-anal pressures and
benefit from botulinum toxin injection into the anal sphincter.
Others may have abnormal (deficient) intra-anal pressures or
squeeze pressures indicative of damage to the anal sphincter
complex.

8. Colonic manometry (CM) is used to evaluate the neuromuscu-
lar integrity of the colon and for planning medical and surgical
management (23-26). CM by a neurogastroenterology and mo-
tility expert should be considered in patients who continue to
have symptoms refractory to treatment in whom all anatomic
and pathologic causes for obstruction have been ruled out.

Postoperative Obstructive Symptoms (Fig. 2)

An 18-month-old female with HD, who has undergone a one-
stage Yancey/Soave pull-through at 2 weeks of life, presents with
failure to thrive, constipation, and recurrent Hirschsprung-associ-
ated enterocolitis.

History

Patients with postoperative obstructive symptom may present
with abdominal distention, vomiting, failure to thrive, or recurrent
Hirschsprung-associated enterocolitis (6,17,27). They may have
severe constipation, with or without associated FI that is refractory
to laxative treatment rendering some patients dependent on rectal
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therapy or trans-anal irrigations. Others may present with recur-
rent or chronic enterocolitis, also concerning for an obstructive
etiology. Mechanical or functional obstruction may lead to stasis,
bacterial overgrowth, and increased risk of bacterial translocation
and enterocolitis (28). Thus, in patients with recurrent or chronic
Hirschsprung-associated enterocolitis it is important to initiate a
timely work-up to evaluate for underlying mechanical, histological,
and functional etiologies.

Histopathology

The histological evaluation is necessary for all patients with
HD who have undergone corrective surgery and continue to have
postoperative problems. Histopathological etiologies of a defeca-
tion disorder include residual or acquired aganglionosis, skip area,
and a transition zone pull-through (28-30). The original pathol-
ogy should be reviewed by an experienced pathologist who is well
versed in the diagnosis of HD and the above-listed pathological
aberrations. A detailed discussion differentiating these etiologies
is beyond the scope of this paper and can be reviewed in Kapur
et al (28). It is important to note that if a histological review is
not possible or if, once completed, it is inconclusive, then a repeat
full thickness biopsy should be done at the time of the rectal exam
under anesthesia to ensure normal enteric innervation of the pull-
through bowel (6).

Anatomy

Children with HD who have undergone corrective surgery
and present with obstructive symptoms warrant an evaluation
of their anatomy looking for mechanical causes of obstruction
(Fig. 3). An anastomotic stricture can be identified on digital rec-
tal examination or during rectal exam under anesthesia (6,27). The
contrast enema may show a narrowing of the lumen at the anasto-
motic site with proximal dilatation (27). A tight muscular cuff, in
patients who had a Yancey/Soave procedure, can be palpated on a
rectal exam under anesthesia, and can be further delineated by a
widened presacral space on a contrast enema (31). A kink or a twist
of the pull-through colon may be identified on rectal exam under
anesthesia or seen on a contrast enema (32,33). Patients who have
had the Duhamel procedure may have a retained spur that can lead
to stool impacting in the native rectum, and because of the spur
this stool presses back onto the sacrum, obstructing the ganglion-
ated pull-through. Also, the Duhamel pouch can become dilated
with retained stool and cause an obstruction; both scenarios can
be characterized on the contrast enema (34,35). Additionally, some
patients may have a retained aganglionic segment or transition zone
pull through that can be suspected on the contrast enema (34) and
confirmed by repeat biopsy.

Management

Hirschsprung-Associated Enterocolitis

Patients with Trisomy 21 and congenital malformations,
prior history of Hirschsprung-associated enterocolitis, long-seg-
ment disease, and those with obstructive symptoms are at increased
risk of developing Hirschsprung-associated enterocolitis (8,36,37).
The presentation can range from mild nonspecific symptoms to
abdominal distention, fever, diarrhea, rectal bleeding, vomiting,
lethargy, and septic shock (8). Early recognition and prompt inter-
vention with hydration, antibiotics, and rectal irrigations are the
mainstay of management. Gosain et al (8) developed a guideline
for diagnosis and grading of Hirschsprung-associated enterocoli-
tis (probable, definite, severe) based on clinical history, physical
examination, and radiographic findings. They proposed a guideline
for management based on the diagnostic grading. Please refer to
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Obstructive Symptoms +/- HAEC
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Anatomy

EUA, CE
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Mechanical
Stricture
Obstructive Cuff
Twist/kink
Duhamel pouch

Normal

\

Histopathology

Review, Re-Biopsy

v

Residual Aganglionosis
Transition Zone Pull-through
Skip Area Pull-through
Acquired Aganglionosis
Abnormal Innervation of
Ganglionic Bowel

'

Functional evaluation if no anatomic or
histologic abnormality is identified

FIGURE 2. Diagnostic approach to a postsurgical patient with Hirschsprung disease who has persistent obstructive symptoms and/or
Hirschsprung associated enterocolitis (HAEC). CE = contrast enema; EUA = rectal exam under anesthesia.

FIGURE 3. Mechanical causes of obstruction on contrast enema. (A) Twisted pull-through. (B) Retained Soave cuff as evidenced by increase

in pre-sacral space with fistula to a presacral space abscess. (C) Retained transition zone with ahuastral distal pull-through.
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the published guidelines by Gosain et al (8) for a comprehensive
review of diagnosis and management of Hirschsprung-associated
enterocolitis.

Obstructive Symptoms

Stimulant laxatives should be used in postoperative patients
with obstructive symptoms for whom no anatomic or pathologic
explanation of obstruction has been identified (Table 1). The goal
of treatment is to improve colonic emptying and to effectively
decompress the colon in order to decrease the risk of Hirschsprung-
associated enterocolitis and to prevent progressive neuromuscular

compromise of the large bowel. Sennosides and bisacodyl are stimu-
lant laxative with primary colonic site of action that increase fluid
secretion, decrease colonic transit, and alter colonic motility (38—40).
Both have been shown to be safe and effective in the short- and long-
term management of constipation (40—44). Please refer to Table 1 for
optimal dosing suggestions. The dose should be tailored to achieve
adequate colonic emptying with minimal intolerable symptoms such
as cramping. If a patient is refractory to oral laxative therapy with
significant obstructive symptoms (recurrent Hirschsprung-associated
enterocolitis, continued constipation/FI) then referral to a Neurogas-
troenterology & Motility Center should be considered.

TABLE 1.

Dosages of frequently used oral and rectal medications (including antegrade enemas)

Medication

Dosages

Oral stimulants

Sennosides

Bisacodyl

Anti-motility agents
Loperamide

Atropine/diphenoxylate

Hyoscyamine

Dicyclomine

Cholestyramine

Suppositories/low volume enemas

Glycerin

Bisacodyl

Docusate

High volume enemas/ACE solution

Solution
Normal Saline
GoLytely
Tap Water

Additives
Glycerin

Castile Soap
Bisacodyl

Tablet (8.6 mg/tab)/liquid (8.8 mg/5 mL)/chewable (15 mg/chew):
1 moto<2y:2.2mg QD-8.8mg QD

2yto<6y:4.4mg QD-17.6mg QD
6yto<12y:8.8mgQD-352mg QD

>12y: 17.6mg QD-70.4mg QD

Tablet (5mg/tab)

3-10y: Smg QD

10to <12 y: 5-10mg QD
>12y: 5-15mg QD

0.1-0.8 mg/kg/d divided TID to QID (max 16 mg/d)

0.3-0.4 mg/kg/d divided QID
(max 10mg/d diphenoxylate)

Oral drops, elixir, tablet (sublingual)
Dosing based on weight and age

10mg PO TID-QID (max 40 mg/d)
(children >8 y)

Toddler 2g QID
Child 2g BID to 4g TID
Adolescent 4 g BID to 4 g TID/QID

Suppository

Infants to 6 y: pediatric 1 g>2 w
>6y:adult2g

Enema

Infants to 6 y: PediaLax 2.8 g (4mL)
>6y: Fleet 5.4 g (7.5mL)

Suppository/enema

2-8 y: 5mg QD

>8 y and adolescents: 5-10mg QD

Enema

2 to <12 y: 100mg/5mL QD, 283 mg/SmL QD
>12y: 283 mg/5SmL QD to TID

10-20mL/kg (maximum 1 L)

Start with 5% concentration and can increase to max of 15%
(ie, 20mL glycerin/400 mL of normal Saline — 60mL glycerin/400 mL
normal Saline)

Typically, castile soap is maxed out at 18-20 mL

Can be given 10—15min pre or post enema/ACE solution.
Some centers mix the bisacodyl into the flush which can dilute the bisacodyl.

BID = twice a day; QD =once a day; QID = four times a day; TID = three times a day.
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Role of a Neurogastroenterology & Motility Expert

Evaluation

Abnormalities of anorectal function can lead to functional
obstruction and include non-relaxing internal anal sphincter (IAS),
withholding, and poor pelvic floor dysfunction (45-47). In HD, the
aganglionic segment begins at the IAS and extends proximally;
thus, despite surgical correction patients always have an absent
recto-anal inhibitory reflex (non-relaxing IAS) and dysfunction
of the anal sphincter must be anticipated. Some can overcome the
sphincter dysfunction and others are unable to compensate for the
altered defecation dynamics and continue to struggle with func-
tional obstruction and obstructive symptoms. These patients should
undergo ARM in order to evaluate the resting intra-anal pressures
(23,48.,49).

Management

Normal or elevated IAS pressures in the setting of obstruc-
tive symptoms warrants IAS botulinum toxin administration into
the anal sphincter (6,48-51). Different cut-off values for “normal”
IAS pressures for administration of botulinum toxin have been
used in pediatric studies (>50 mmHg (49), >60 mmHg (48), and
>80 mmHg) (51). IAS botulinum toxin has been shown to improve
stooling, decrease obstructive symptoms, Hirschsprung-associated
enterocolitis episodes, and associated hospitalizations (48,50,52—
54). In their pediatric cohort, Chumpitazi et al (48) reported
improvement in bowel movement frequency and obstructive symp-
toms in 90% of their HD patients within 2 weeks of injection with
a mean duration of improvement lasting nearly 10 months. A recent
systematic review and meta-analysis revealed that IAS botulinum
toxin injections were effective in treating obstructive symptoms in
66% of pooled patients for whom a mean duration of improvement
lasted 6.4 months requiring an average of 2.6 procedures (55). A
reduction in mean IAS pressures on ARM following IAS botulinum
toxin injections were reported in 3 studies, whereas manometric
findings were not reported in the remaining 11 studies (52). On the
contrary, no difference in mean intra-anal pressures on ARM were
observed at 2 weeks and 3 months following IAS botulinum toxin
administration in 15 post pull-through HD patients with persistent
constipation (56).

The dose, frequency, and technique of IAS botulinum toxin
administration varies in the literature. Langer et al recommend a
total dose of 60—100 units diluted in 1.0 mL of normal saline (maxi-
mum concentration of 100 U/mL) to be given in multiple injec-
tions of 0.1 mL circumferentially at the level of the dentate line
(6). Adverse events associated with IAS botulinum toxin admin-
istration include anal pain and temporary FI in 17% of patients
(48,52,55). TIAS botulinum toxin injections are favored as initial
treatment option over IAS myectomy/myotomy given the increased
risk of long-term incontinence with these procedures (57,58). Lack
of response to IAS botulinum toxin may indicate that abnormal
anorectal function may not be the sole reason for the obstructive
symptoms and there maybe underlying colonic dysfunction.

Recommendations for a patient with postoperative obstruc-
tive symptoms:

1. The evaluation of children with postoperative obstructive
symptoms should begin with a detailed history and physical
examination.

2. Diagnostic testing, such as contrast enema, should be per-
formed to evaluate for mechanical causes of obstruction.

3. The original pathology should be reviewed by an experienced
pathologist to ensure that there is no residual aganglionosis or
transition zone pull-through. If the pathology is inadequate or
not available, a re-biopsy can be done at the time of rectal exam
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under anesthesia to ensure normal enteric innervation of the
pull-through bowel.

4. Rectal exam under anesthesia should be performed to evaluate
for mechanical causes of obstruction.

5. Children with a negative anatomic and pathologic evaluation
should be started on daily stimulant laxatives. The dose should
be tailed to achieve adequate colonic emptying.

6. Children who are compliant but are not responsive to oral laxa-
tive therapy should be referred to a Neurogastroenterology &
Motility Center for evaluation and management.

7. Children with obstructive symptoms who have normal or el-
evated IAS pressures on ARM should receive IAS botulinum
toxin administration into the anal sphincter.

Postoperative Constipation

5-Year-old male with HD who has undergone a 1-stage Swen-
son pull-through at 10 days of life presents with constipation and F1.
The anatomical evaluation was normal with an intact dentate line.

History

Patients with postoperative constipation present with signs
and symptoms of constipation supported by history, physical exami-
nation, and radiographic findings. In patients who present with FI it
is important to differentiate between FI associated with stool reten-
tion and non-retentive FI. This distinction is important as patients
who have FI associated with stool retention are considered to have
obstructive symptomology and warrant an appropriate diagnostic
workup and treatment. Patients with retentive FI may have abdomi-
nal distention, emesis, poor growth, recurrent fecal impactions
necessitating cleanouts, small smears, and/or constant fecal leaking
throughout the day. Their physical examination is notable for signifi-
cant rectal and/or abdominal stool accumulation. If the history and
the physical examination are not sufficient to differentiate between
retentive and non-retentive FI then a radiopaque marker study may
be helpful to evaluate the colonic transit. While the studies in pediat-
rics are limited and normative pediatric data is lacking (59—61), the
radiopaque marker study can serve as an adjunct to the history and
physical examination. There are different protocols used in adults of
which the single capsule technique is the least cumbersome. Patients
are instructed to swallow 1 capsule containing 24 radiopaque mark-
ers on day 0 and obtain an abdominal X-ray on day 5 (120 hours).
Abnormal colonic transit is defined as =20% retention of markers
(=5 markers) on the day 5 abdominal X-ray (62). The retention of
the markers in the rectum or the colon implies outlet obstruction and
slow colonic transit, respectively and is suggestive of retentive FI.
The appropriate passage of markers indicates normal colonic transit
and is supportive of non-retentive FI.

Histopathology

Evaluation of the original pathology by an experienced
pathologist is necessary to exclude residual aganglionosis and a
transition zone pull-through. If the histological review is incon-
clusive or the original biopsies are not available for review, then a
repeat biopsy should be done at the time of the rectal exam under
anesthesia to ensure normal enteric innervation of the pull-through
bowel (6).

Anatomy

Patients who present with FI associated with stool reten-
tion warrant a contrast enema and a rectal exam under anesthesia
to evaluate for an underlying mechanical causes of obstruction as
described in the previous section. Significant stool retention sec-
ondary to mechanical obstruction would then lead to overflow FI.
These patients may also have a compromised anal canal and/or
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disrupted integrity of the anorectum that can be evaluated on rectal
exam under anesthesia. latrogenic damage to the dentate line or the
anal sphincters during pull-through surgery would also predispose
patients to FI in the setting of obstructive symptomology.

Management

The goals of treatment are to optimize colonic emptying,
preserve colonic neuromuscular integrity, and achieve fecal con-
tinence. If the patient has a fecal impaction, they should undergo
fecal disimpaction prior to initiation or escalation of medications.
Osmotic laxatives, such as polyethylene glycol, lactulose, or milk
of magnesia, should be used with caution when used for main-
tenance therapy as they make the stools looser and may worsen
FI (63). As mentioned above, stimulant laxative, sennosides, and
bisacodyl are the mainstay of maintenance treatment. Higher doses
may be necessary to achieve optimum colonic emptying. However,
at higher doses patients may have looser stools and an increase in
FI. Therefore, soluble fiber can be used as a bulking agent to change
the consistency of the stool and yet ensure that there is adequate
colonic emptying. Of note, significant skin blistering and perianal
rash are rarely associated with high doses of sennosides and are
thought to be due to increased skin to stool contact (42,64). Patients
should be followed closely in the outpatient setting to ensure (a)
clinical improvement of constipation and resolution of FI and (b)
radiographic improvement of fecal loading and colonic caliber.
If there is lack of clinical and/or radiographic improvement, then
referral to a Neurogastroenterology & Motility Center may be con-
sidered to assess anorectal and colonic function.

Role of a Neurogastroenterology & Motility Expert

Evaluation

Functional obstruction in a postsurgical patient with HD
presenting with obstructive symptoms may be secondary to abnor-
mal anorectal and/or colonic function. Abnormalities of anorectal
function include non-relaxing IAS, withholding, and poor pelvic
floor dysfunction (45-47). As mentioned above, patients who have
obstructive symptoms and have normal or elevated IAS pressures
(>50 mmHg) should undergo IAS botulinum toxin administration.
Abnormal defecation dynamics and stool withholding behavior can
exist in isolation or in conjunction with elevated intra-anal pres-
sures and colonic dysfunction (47,51,65). Constipation and painful
defecation in the setting of a non-relaxing IAS can create maladap-
tive behaviors and further worsen underlying obstructive symptoms
(46). It is important to recognize these key contributors and address
them concurrent with other treatments such as laxatives and IAS
botulinum toxin. Studies implementing multi-disciplinary behav-
ioral treatment operating within the principles of the biopsychoso-
cial model of care which utilize medical intervention, behavioral
therapy, and physiotherapy have shown significant improvement in
defecation symptoms specifically in children with HD (45,46).

Abnormal colonic function should be suspected in patients
with continued obstructive symptoms who (a) are compliant
but have inadequate response to recommended laxative therapy
(Table 1), (b) have low/reassuring intra-anal pressures on ARM, (c)
do not clinically improve following IAS botulinum toxin adminis-
trations, (d) are reliant on rectal therapy and (e) are failing rectal
or antegrade enemas. CM to further delineate colonic dysfunction
could be considered only after an anatomic or pathologic cause has
been ruled out. In patients with obstructive symptoms, including
constipation with or without retentive FI, findings on CM can range
from normal to segmental or total colonic dysmotility. In their
pediatric cohort, Martin et al described 2 patients with HD who
had obstructive symptoms, were found to have global colonic dys-
motility, and underwent a diverting ileostomy (66). They reported
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that a repeat CM showed improvement in motility in both patients
supportive of ostomy takedown. Improved colonic dilation and
manometry findings have been described in patients with refractory
constipation who had a diverting ostomy (67,68). Di Lorenzo (51)
et al used CM to investigate persistent postoperative gastrointesti-
nal symptoms in children with HD. They identified 4 manometric
patterns and implemented corresponding treatment that resulted in
improved clinical symptoms and quality of life parameters. Three
of the 4 patterns were more supportive of findings in children with
obstructive symptoms. Patients with a pattern of normal CM asso-
ciated with stool withholding were given stool softeners and behav-
ioral modification. Patients with normal CM and hypertensive [AS
(>80 mmHg) underwent IAS botulinum toxin. Lastly, those with a
pattern of segmental or total colonic dysmotility associated with
constipation were recommended to have a surgical resection of the
dysmotile segment.

Further studies are needed to fully elucidate the utility of
CM in postsurgical HD patients with obstructive symptoms in
whom an anatomic and pathologic cause has been ruled out. If CM
were to be done in a patient with a distal obstruction, the findings
may show colonic dysmotility when in fact the colon would func-
tion well if the distal obstruction was removed (ie, with a redo of
the pull-through). A recent systematic review identified 5 studies
that describe CM in children with HD (69). The authors concluded
that the studies are hampered by heterogeneous cohorts, variable
study design, a lack of standardized manometric definitions, and
a lack of validated symptom severity and outcome measures (69).
Our knowledge regarding CM primarily derives from investigat-
ing patients with refractory constipation. CM should be considered
prior to surgical decision-making in the appropriate clinical setting.

In a retrospective pediatric study, Mugie et al demonstrated
that abnormal CM was associated with poor antegrade continence
enema (ACE) outcomes; 8 out 99 patients had HD (70). In a similar
study, van den Berg et al reported that the presence and absence of
high amplitude propagating contractions (HAPCs) was a predictor
of cecostomy success and failure, respectively; 2 out of 32 patients
had HD (71). Studies in pediatrics have also shown improvement
in CM parameters following ACE (72,73). Both studies consisted
of heterogeneous patient groups with very small numbers of HD
patients in each study. CM may be repeated if the patient is not
successful with an ACE and an ileostomy is being considered. In
patients with total colonic dysmotility, especially in the setting of
colonic dilation, a diverting ileostomy should be considered. Re-
anastomosis can be done in patients who have return of colonic
motility on CM and complete resolution of their obstructive symp-
toms following the diversion (Fig. 4). Thus, CM may provide
valuable baseline information regarding colonic motility prior to
surgical intervention in the appropriate clinical setting.

Management

If a patient is refractory to oral laxative therapy, then a ret-
rograde enema program is helpful as it provides a mechanical way
to empty the colon and avoids oral medications. Rectal therapies
include suppositories (glycerin, bisacodyl), low-volume enemas
(sodium phosphate, glycerin, docusate, bisacodyl), and high-
volume enemas administered via continence enema catheter or a
trans-anal irrigation system. High-volume enemas consist of an
enema solution [10-20 mL/kg (maximum of 1L) of tap water, nor-
mal saline, or GoLytely] (74,75) mixed with additives (glycerin or
castile soap) (70,76-78). To date there are no pediatric guidelines
or recommendations regarding weight-based dosing for additives
or optimum concentration of the enema solution. Solutions that
are hyperosmolar may cause electrolyte derangements and chemi-
cal colitis (79). Caution should be taken in children with HD who
have obstructive physiology and are at risk of enema retention due
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FIGURE 4. High resolution colonic manometry. (A) Normal colonic
manometry with HAPCs propagating from cecum to rectosigmoid
junction. (B) Abnormal colonic manometry with termination of the
HAPC:s at the descending colon. (C) Abnormal colonic manometry
with termination of the HAPCs at the EAS. EAS = external anal
sphincter; HAPCs = high amplitude propagating contractions.

to anorectal and/or colonic dysfunction. Retention of a “normal
saline” or sodium phosphate enema may cause hyperphosphate-
mia, hypocalcemia, and hypokalemia (80,81). Additionally, high-
volume enemas containing tap water have been reported to cause
shifts in electrolytes and hyponatremia (82,83).

Rectal high-volume enemas in children with HD have been
historically implemented by colorectal centers as a structured bowel
management program (76,84). They have been shown to improve
FI and quality of life in children with organic and functional con-
stipation and FI in patients with HD (76,77,85-89). High-volume
rectal enemas have also been used to care for children with neuro-
genic bowel, anorectal malformations, and functional FI. Given the
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variability in practice between specialties and centers, Mosiello et
al (74) conducted a consensus review of trans-anal irrigations and
published best-practice recommendations. Patients who are doing
well on rectal enemas but desire to have independence and/or prefer
an alternate route for administration of high-volume enemas (ante-
grade) should be considered for ACE.

ACEs in children with organic and functional defecation
disorders have been shown to improve quality of life, bowel move-
ments, and FI with long-term success reported between 69% and
91% (70,75,90-92). In patients with obstructive symptoms, who
continue to have retentive FI despite optimization of the retrograde
enema, ACE should be considered prior to surgical resection. This
specifically pertains to patients in whom an anatomical and patho-
logical cause has been ruled out and a redo surgery is not indicated.
Of note, failure of retrograde enemas or of a structured bowel man-
agement program has not been shown to correlate with failure of
antegrade enemas. In fact, Siddiqui et al (75) reported success with
ACE in 68% of their patient cohort who were referred for evalu-
ation and had failed a structured bowel management program. It
is important to examine compliance, technique, and psychosocial
barriers that may hamper response to treatment. Ultimately, ARM
and CM should be considered in those who fail retrograde and ante-
grade enemas.

Recommendations for the approach of a patient with postop-
erative constipation:

1. The evaluation of children with postoperative constipation
and FI should begin with a detailed history and physical
examination.

2. Diagnostic testing, including abdominal X-ray and radiopaque
marker study, can be used to differentiate between retentive and
non-retentive FI.

3. Contrast enema should be performed to evaluate for mechani-
cal causes of obstruction.

4. The original pathology should be reviewed by an experienced
pathologist to ensure that there is no residual aganglionosis or
transition zone pull-through. If the pathology is inadequate or
not available, a re-biopsy can be done at the time of rectal exam
under anesthesia to ensure normal enteric innervation of the
pull-through bowel.

5. Rectal exam under anesthesia should be performed to evaluate
for mechanical causes of obstruction.

6. Children with a negative anatomic and pathologic evaluation
should be started on daily stimulant laxatives.

7. Children with fecal impaction should undergo fecal disimpac-
tion prior to initiation or escalation of daily stimulant medi-
cations. The dose of daily stimulant medications should be
tailored to achieve adequate colonic emptying.

8. Children who are compliant but are not responsive to oral laxa-
tives therapy should be referred to a Neurogastroenterology &
Motility Center for evaluation and management.

9. Functional assessment of the anorectum and the colon should
be considered using anorectal and CM respectively.

10. Management should entail escalation of daily stimulant medi-
cation and implementation of high volume retrograde and an-
tegrade enemas that facilitate colonic emptying

Postoperative Fl (Fig. 5)

8-Year-old male with HD who has undergone a 2-stage
Soave pull-through, with initial colostomy in the newborn period,
and then colostomy pull-through at 6 months presents with FI. The
anatomical evaluation was abnormal demonstrating near complete
loss of dentate line.
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History

As previously mentioned, it is important to differentiate
between FI associated with stool retention and non-retentive FI as
the evaluation and management between these two entities is differ-
ent. Patients with non-retentive FI do not have the above-mentioned
obstructive symptoms, fecal loading on physical examination, or
radiographic findings. Patients may have small volume inconti-
nence throughout the day, larger volume stool accidents post-pran-
dially, or they may complain of worsening FI following a laxative
trial. Patients may report more accidents overnight when they are
not utilizing the voluntary sphincters. The perianal examination
may be notable for perianal rash/excoriation, patulous or “open”
sphincter, visualization of the rectal mucosa upon inspection, and
asymmetrical reggae with abnormally gaping anal sphincter and
poor tone and squeeze on digital rectal examination (93,94).

Histopathology

A histological evaluation is important to exclude residual
aganglionosis and transition zone pull-through. If the original
pathology slides from resection margins are not available, then full
thickness rectal biopsy should be performed at the time of the rectal
exam under anesthesia if unable to discern with certainty on history
and radiographic studies between FI associated with stool retention
and non-retentive FI. Patients with transition zone pull-through or
retained aganglionic segment rarely if ever will present with non-
retentive FI.

Anatomy

The anatomical evaluation should start with a rectal exam
under anesthesia by an experienced surgeon to assess the integrity
of the anorectum. The primary aim is to evaluate the anal sphinc-
ter complex comprised of the IAS and the external anal sphincter
(EAS). A patulous or “open” anus, low intra-anal tone on digital
examination, and asymmetrical ruggae indicate compromise of the
anal sphincter complex likely from excessive stretching or during
the rectal dissection at time of endo-rectal pull-through, previous
sphincterotomy or myectomy (11,32,93). Excessive stretching of
the sphincter complex and IAS myotomy at time of the procedure
have been implicated in low intra-anal pressures and squeeze pres-
sures on ARM in children with HD who have defecation problems
(95). The presence of scar tissue within the IAS and EAS on anal
endosonography has been associated impaired sphincter muscle
function (low intra-anal pressures and squeeze pressures on ARM)
(96) and with clinical symptoms of FI in children (97). The second-
ary aim of the rectal exam under anesthesia is to evaluate the anal
canal with specific attention to the location of the anastomosis (ie,
proximity to the dentate line, anoderm, skin) and the integrity of
the dentate line (11,32,93,94,98). Damage to the dentate line may
disrupt sensation and potentially increase risk of FI given the poor
ability of the patient to discern between gas, liquid, or solid stool
(93,94,98) (Fig. 6). In their pediatric cohort, Bischoff et al (94)
reported that nearly 52% of patients with HD evaluated for FI had
a damaged anal canal and 21% had a patulous anus who presented
with refractory FI.

Management

Postsurgical patients with HD who present with FI and are
found to have compromised sphincter complex and anal canal on
rectal exam under anesthesia have impaired sphincter function and
sensation respectively; they have decreased potential for bowel
control (11,87,93,94). Conversely, patients who have a normal
sphincter complex and anal canal on rectal exam under anesthe-
sia without evidence of mechanical/histological abnormalities
and without evidence of stool retention are expected to have the
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potential for bowel control. The goals of treatment are predict-
able bowel movements, social continence, and independence (63).
Treatments range from diet, behavioral modification, and antimotil-
ity agents that modify stool consistency and transit to small volume
retrograde and antegrade enemas that facilitate colonic emptying
(11,63,76,77,85,87,93).

Constipating diet and soluble fiber (pectin, psyllium,
gum) can be used to increase stool consistency and bulk. In a
randomized placebo-controlled study, Bliss et al (99) reported
that the use of fiber supplementation effectively reduced FI by
half. It is important to ensure that the soluble fiber formulations
do not contain sugar alcohol additives as these can cause an
osmotic laxative effect. Coarse or large particle insoluble fiber
can bulk the stool but should be avoided as it can make the stools
looser and worsen FI (100). Patients should be encouraged to
have timed toilet sitting, specifically after each meal and to try
to limit the amount of snacking in between meals, with the aim
of decreasing the gastrocolonic reflex and colonic contractions
post-prandially to a minimum throughout the day. If there is lack
of clinical improvement, referral to a Neurogastroenterology &
Motility Center should be considered to assess anorectal and
colonic function.

Role of a Neurogastroenterology & Motility Expert

Evaluation

Abnormal anorectal and colonic function should be sus-
pected in patients with non-retentive FI who have a normal anal
canal and preserved sphincter complex on rectal exam under anes-
thesia and yet continue to have FI despite optimization of medical
therapy. ARM in patients with non-retentive FI helps to investigate
the physiologic integrity of the anal sphincter complex, IAS, and
EAS. This evaluation is important because the intra-anal pressures
at rest are comprised of the IAS (70%—-80%), the EAS (15%), and
the hemorrhoidal cushion (5%) (101,102). Low intra-anal pres-
sures at rest during manometry with the ability to generate normal
squeeze pressures indicate compromise of the IAS with preserved
EAS function. However, low intra-anal pressures in conjunction
with an abnormal squeeze indicate compromise of the IAS and the
EAS (Fig. 7). Low intra-anal pressures at rest have been described
in postsurgical patients with HD who present with FI (65,95,103).
Conversely, there are studies that have not found a correlation
between intra-anal pressures and FI (96,104). Pediatric studies
are limited by heterogeneous patient populations, variable meth-
odologies, and definitions for continence. Moreover, these studies
highlight that FI in postsurgical patients with HD may be multi-
factorial including aberrations in anorectal and colonic function
(65,103,104).

Abnormal colonic function should be suspected in patients
with continued FI who (a) have normal anorectal function and are
not responsive to medical therapy or (b) have abnormal anorectal
function (with or without compromise of the anal sphincter com-
plex or dentate line) and are not responsive to medical therapy.
In patients with FI abnormal CM findings include migration of
HAPCs through the neorectum to the anal sphincter (51,105) and
increased frequency of HAPCs during fasting and in the post-pran-
dial state indicative of colonic hyperactivity (105,106) (Fig. 6C).
It is important to identify these patterns on CM since management
does not involve the use of laxatives and in fact the use of laxatives
may worsen FI. Treatments aim to reduce the frequency and ampli-
tude of HAPCs (anticholinergics and antidiarrheal).

In health, HAPCs originate in the proximal colon, propa-
gate aborally, and terminate at the level of sigmoid colon with-
out traversing the rectum. In patients with HD, resection of
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Fecal Incontinence
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Anal Sphincter Complex
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Functional evaluation if no anatomic
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FIGURE 5. Diagnostic approach to a postsurgical patient with Hirschsprung disease who presents with fecal incontinence. EAS = external
anal sphincter; EUA = rectal exam under anesthesia; IAS = internal anal sphincter.

FIGURE 6. Examination of the anus. (A) Normal dentate line. (B) Complete loss of dentate line resulting from a pull-through started too low.

the aganglionic segment and pull through of ganglionic bowel As mentioned earlier, Di Lorenzo et al (51) identified 4 colonic
removes the sigmoid “break” and the rectum which serves a manometric patterns in their pediatric cohort of postsurgical HD
reservoir function, and thus predisposes the HAPCs to traverse patients who presented with defecation problems. One of the pat-
the neo-rectum and reach the anus resulting in incontinence. terns describes patients who had migration of HAPCs though
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FIGURE 7. High resolution anorectal manometry. (A) Normal intra-anal pressures and squeeze. (B) Low intra-anal pressures and poor

squeeze effort.

the neorectum to the anal sphincter and had associated FI. These
patients received anticholinergics and loperamide to decrease
the HAPCs (51). Kaul et al (105) reported increased number of
HAPCs per min during fasting and in the post-prandial period
when they compared postsurgical HD with FI who had HAPCs
on CM to children with chronic constipation with normal CM.
Similarly, to Di Lorenzo et al, they observed that in that sub-
group the HAPCs originated in the right colon and migrated to
the anus (105). The authors hypothesized that the loss of inhibi-
tory neuronal mechanisms after the pull through and subsequent
loss of rectal antagonizing forces could allow colonic contrac-
tions to travel through the neorectum and to the anus resulting in
FI. Similar findings were observed by Jacobs et al, who reported
significantly increased number of HAPCs per hour during fasting
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and the postprandial period in the HD with FI cohort when com-
pared to the HD with constipation cohort (106).

Additional studies are needed to further clarify the utility
of CM in postsurgical HD patients with FI that is not secondary
to stool retention. These patients may have a normal or a com-
promised anorectum (anal sphincter complex, anal canal) in the
setting of normal or abnormal anorectal function. CM should be
considered in those who continue to have FI despite appropriate
therapy.

Management

Anti-motility agents, such as loperamide (opioid recep-
tor agonist), cholestyramine (bile acid sequestrant), and hyoscya-
mine (anticholinergic) can be used to modify colonic transit and
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are useful in such cases (Table 1). Loperamide has been shown to
increase IAS tone and to decrease small bowel and colonic transit
(107-110). A judicious dose escalation and monitoring for anticho-
linergic side effects should be considered. Cholestyramine binds
to bile acid and forms insoluble complexes that decrease colonic
water content and transit (76,85,107,111).

Patients who are not continent with the above-mentioned
interventions require the addition of low volume retrograde
enemas to ensure distal colonic emptying in conjunction with
thickening stool and decreasing transit (11,63,76,77,85,87,93).
Stimulant suppositories and low volume over the counter enemas
such as bisacodyl, glycerin, and docusate may not be possible in
patients who have significant compromise of their sphincter com-
plex as they may not be able to hold the enema to ensure maxi-
mum effect (Table 1). These patients benefit from low volume
enemas using continence enema catheter (#24/26 French non-
latex urinary Foley with distal balloon) or a trans-anal irrigation
system. Low volume retrograde enemas may need to be adminis-
tered twice a day to ensure adequate emptying as other methods
ensure daytime constipation. Ultimately, if patients are not able to
be independent via rectal route and/or prefer a different route of
administration, then an ACE should be considered. Laxatives and/
or surgical resection in this group of patients is not warranted.
Rarely patients who have failed the above modalities may be con-
sidered for a permanent stoma in order to achieve continence and
improve quality of life. In cases of iatrogenic sphincter injury, a
new option to perform sphincter reconstruction has been recently
published (112).

Recommendations for a patient with postoperative FI:

1. The evaluation of children with postoperative FI should begin
with a detailed history and physical examination.

2. Diagnostic testing including abdominal X-ray and radiopaque
marker study can be used to differentiate between retentive and
non-retentive FI.

3. Rectal exam under anesthesia should be performed to assess
the integrity of the anorectum, specifically the anal sphincter
complex and the dentate line.

4. Initial management should involve constipating diet and sol-
uble fiber to increase stool consistency and bulk. Children
should be encouraged to have timed toilet seating after each
meal and to limit snacking between meals.

5. Children who are compliant but are not responsive to
the changes in diet and behavior should be referred to a
Neurogastroenterology & Motility Center for evaluation and
management.

6. Functional assessment of the anorectum and the colon should
be considered using anorectal and CM respectively.

7. Management should entail initiation of antimotility agents
that modify stool consistency and transit and implementation
of low volume retrograde and antegrade enemas that facilitate
colonic emptying.

CONCLUSIONS

Postoperative defecation problems in children with HD
are common and negatively impact a patient’s quality of life and
result in significant morbidity. A methodical and timely evaluation
is necessary to exclude anatomic and pathologic causes of FI and
obstructive symptoms. Then, a functional assessment of the anorec-
tum and colon can be pursued to identify aberrations in neuromus-
cular function. The goals of management are to facilitate colonic
emptying and ensure a state of homeostasis thereby decreasing
obstructive symptoms and achieving fecal continence.
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