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Abstract

Hirschsprung’s disease (HSCR) is a congenital disorder characterized by failure of the
neural crest cells to migrate and populate the distal bowel during gestation affecting
different lengths of intestine leading to a distal functional obstruction. Surgical treatment
is needed to correct HSCR once the diagnosis is confirmed by demonstrating the absence
of ganglion cells or aganglionosis of the affected bowel segment. Hirschsprung’s disease
associated enterocolitis (HAEC) is an inflammatory complication associated with HSCR
that can present either in the pre- or postoperative period and associated with increased
morbidity and mortality. The pathogenesis of HAEC remains poorly understood, but
intestinal dysmotility, dysbiosis and impaired mucosal defense and intestinal barrier
function appear to play a significant role. There is no clear definition for HAEC, but the
diagnosis is primarily clinical, and treatment is guided based on severity. Here, we aim
to provide a comprehensive review of the clinical presentation, etiology,

pathophysiology, and current therapeutic options for HAEC.
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Core Tip: Hirschsprung’s disease associated enterocolitis (HAEC) is an inflammatory
complication of Hirschsprung’s disease (HSCR) with variable degrees of severity. It is
important for pediatric providers to be aware of the signs and symptoms of HAEC as it
can affect patients before or after corrective surgery. The pathogenesis of HAEC is
multifactorial and previous and ongoing studies continue to improve our knowledge of
this potentially fatal complication of HSCR and will ultimately allow clinicians to provide
personalized care for these patients. In the meantime, current preventive measures and

treatment guidelines have helped decrease the morbidity and mortality associated with

HAEC.

INTRODUCTION

Hirschsprung’s Disease (HSCR) is an intestinal motor disorder caused by failure of neural
crest cells (precursors of intestinal ganglion cells) to migrate completely during intestinal
development. The aganglionic segment of bowel with impaired relaxation leads to a
functional obstruction and symptomslll. In healthy children, craniocaudal migration of
neural crest cells commence at 4 wk gestation and finishes at 7 wk, but the true etiology
of this failure of migration in HSCR is unknown. However, theories include premature
differentiation of neural crest cells leading to lack of further migration and local ganglion
cell destruction(!,

The incidence of HSCR ranges from 1 in 3500 to 5000 live birthsl2l and has male
predominance with a male to female ratio of 4:1°]. The extent of aganglionosis varies from
short-segment disease comprising the recto-sigmoid (75%-80% of cases), to total colonic
aganglionosis (5%-7% of cases). Ten to 15% of cases, referred to as long-segment disease,
display aganglionosis proximal to the sigmoid colon!*l. Common presentations of HSCR

vary dependir& on several factors, mainly the length of the affected colonic segment.

These include symptoms and signs of neonatal distal intestinal obstruction: Abdominal




distension, bilious vomiting, failure to pass meconium and explosive stoolsl4. Screening
modalities for HSCR include contrast enema (demonstrating a dilated colon, transition
zone, or abnormal recto-sigmoid ratio), and anorectal manometry (to asses for the
presence of a recto-anal inhibitory reflex) and when abnormal, a suction or full thickness
rectal biopsy confirms the diagnosis by demonstrating absence of ganglion cells
(aganglionosis)l*l. Treatment for HSCR is primarily limited to surgical resection of
affected segment, or pull-through procedure, where innervated bowel is reconnected to
the anus while attempting to preserve anal sphincter functionl4. Although most patients
have normal quality of life and bowel function after surgery, some will have ongoing
obstructive symptoms!®l like abdominal distension, chronic constipation, and intestinal
inflammation or Hirschsprung’'s disease associated enterocolitis (HAEC) which is
considered one of the most fatal complications in patients with HSCR. In this review, we
will discuss the clinical presentation, etiology, pathophysiology, and current therapeutic
options for HAEC (Figure 1) and discuss the future directions for the evaluation and

management of this condition that is still encountered in patients with HSCR.

HIRSCHSPRUNG'’S DISEASE ASSOCIATED ENTEROCOLITIS
HAEC is a severe and potentially lethal complication of HSCR. HAEC can have a variable

clinical presentation but is classically manifested as fever, lethargy, abdominal distention,
foul-smelling and explosive diarrheal®l. This condition can occur both pre- and
postoperatively with varying reported incidence. Preoperative incidence is estimated
between 6%-60% while the postoperative incidence is estimated between 25-42%l°l.
Mortality associated with HAEC ranges between 5%-50%, with higher prevalence in the
neonatal period prior to definitive surgical correctionl’). Nevertheless, mortality rates
have continued to decline to less than 1% due to advances in surgical technique and
medical carel3l. HAEC has also been reported as the presenting symptom of HSCR in up
to 25% of infants/8l. HAEC can also present with bowel perforation in the neonatal period
documented as occurring in 3%-6% of HSCR patients!®!!l. In a retrospective analysis of

complications in patients awaiting definitive surgical correction for HSCR, bowel




perforation was noted as the most common complication (7% of total patients
analyzed)12l. Theories for perforation as a presentation in HSCR include increased
luminal pressure, transmural inflammation and vascular accidents leading to ischemia
and subsequently perforation. Zhu et all’3] performed a retrospective review looking at
risk factors for perforated HSCR in neonates. They noted that most perforations occurred
at the proximal ganglionic bowel (71%) as opposed to the transition zone or aganglionic
bowel and that perforation was more common with higher grade inflammation of the
bowel wall. They demonstrated that laboratory studies and bowel histopathologic
changes in patients with perforated HSCR were similar to those found in HAEC, thus
illustrating a potential association between the two.

The variety of presenting symptomatology of HAEC leads to difficulty in making
the diagnosis and there is no standardized definition of HAEC. However, several groups
have tried to establish a scoring system to standardize the diagnosis. Notably in 2009, an
expert panel used the Delphi method to achieve a consensus of 18 items present in patient
history, physical exam, laboratory and imaging findings to aid in the diagnosis of
HAECH, A score of 10 gr more indicated a diagnosis of HAEC, with equal weight given
to all factors other than diarrhea with explosive stool, diarrhea with foul-smelling stool,
explosive discharge of stool on rectal exam, and distended abdomen which were
weighted more heavily in support of the diagnosis. These criteria, while expansive, had
limited validation and have been used more in research studies rather than in clinical
practicel’l. In 2018, Frykman et all'®l performed a multicenter retrospective review to
optimize the sensitivity and specificity of the Delphi score. In this study, they found that
lowering the score threshold for diagnosis from 10 to 4 optimized sensitivity and
specificity (83.7% and 98.6%, respectively). Most recently, Lewit et all'l performed a
multicenter data collection and used multivariate analysis to create a new scoring system
limited to fever, bloody diarrhea, leukocytosis, obstipation, distention, and dilated loops
of bowel in x-ray. This score seemed to outperform both the Delphi and Frykman scores
due to its higher sensitivity. Finally, while not including a scoring system, the American

Pediatric Surgery Association (APSA) released its guidelines in 2017 to aid in the




diagnosis of this variably presenting complication of HSCR. This system places patient
presentations into three categories (possible, definite, and severe) based off patient
history, physical exam, and imaging studies. The goal of this system was to create an

easily used yet clinically relevant grade to help provide consistency in therapy(!7l.

Histopathology

In 1989, Teitelbaum et all8] described a grading system based on the histological intestinal
mucosal changes found in HAEC. They included factors such as intestinal crypt dilation,
cryptitis, mucin retention, crypt abscess, mucosal ulceration, and necrosis and proposed
a classification system of 5 grades with increasing severity of disease, with grade 0 being
normal mucosa and grade 5 being the most severe. They reported a significant correlation
between clinically apparent HAEC and histopathologic scores of grade 3 and above. This

grading system has persisted and is still used for both clinical and research purposes.

Predisposing risk factors for HAEC

There are several known risk factors for developing HAEC and can be subdivided into
preoperative and postoperative. Commonly reported preoperative risk factors include a
family history of HSCR, long-segment disease, trisomy 21, presence of associated
congenital anomalies, and delay in diagnosis of HSCR['?l. Engum et al(20] reported a series
of 20 infants and children with history of HSCR and found that the incidence of HAEC
was more than double in patients with family history of HSCR (35% vs 16%). The reason
for this increased risk is thought to be secondary to heritable factors. Trisomy 21 is one of
the best-established clinical risk factors conveying a risk as high as 54% of HAECI"2!land
hypothesized to be due to an intrinsically decreased humoral and cytotoxic T-cell
function present in infants with this syndromel?2. Long-segment disease has also shown
to confer larger risk of HAEC, thought to be secondary to increased stasis of luminal
contentsl’l. Several reports have demonstrated an increased rate of HAEC, as high as
56%, in patients with long-segment diseasel??4l. Finally, delay in diagnosis in the

newborn period also seems to be a significant risk factor for HAEC. Lee et all?5] performed




a retrospective review of 51 newborns diagnosed with HSCR and found a preoperative
incidence of 63% of HAEC in patients diagnosed after 7 days of life compared to 12% in
those diagnosed before 7 days. They also noted a significant increase in morbidity after
HAEC in the late diagnosis group including increased risk of developing postoperative
adhesive bowel obstruction and failure to thrive.

Postoperative risk factors for HAEC can be subdivided into histopathologic and
mechanical. Histologically, the presence of a segment of aganglionic bowel after
definitive surgery is a risk factor for HAEC. This can be seen if there is residual disease
after surgery, if an area of bowel becomes aganglionic due to degenerative changes in the
bowel after surgery, if a skip area was present where an unknown proximal portion of
bowel was also aganglionic, or if the transition zone between normal and aganglionic
bowel is not entirely resected(2’l. Mechanical predisposing risk factors include bowel
torsion proximal to the anastomosis site and formation of an anastomotic stricture or cuff
stenosis on the pulled-through segment of normal bowel. Overall, the common premise
uniting these risk factors for postoperative HAEC are mechanisms that affect the motility
or produce a functional obstruction of the pulled-through bowel. Other clinical risk
factors that have been investigated during the postoperative period include a history of
preoperative episodes of HAEC and definitive surgery before age of 6 mol?728l.
Additionally, socioeconomic risk factors for the development of HAEC have been
identified. In a study of 100 children awaiting surgical correction for HSCR, the authors
found that patients that used public transportation for glinic visits, had one or more
missed appointments, had any reported safety concerns, éad parents or guardians who
were not married, lived with people other than their immediate family, or had mothers
who reported drug use or lack of prenatal care were found to have a higher likelihood of

developing HAECI?,

Pathophysiology




The exact mechanism underlying HAEC remains unknown. However, there has been
significant progress in our understanding of the pathogenesis of this disorder and studies

underscore the potential role of the following pathways:

Intestinal dysmotility: Impaired intestinal motility affecting the aganglionic segment
was one of the earliest described mechanisms causing HAEC. However, ongoing dilation
of the proximal ganglionated bowel leading to fecal stasis, bacterial translocation and
ischemia was later proposed as a cause for HAEC. Nevertheless, HAEC still develops
after surgical correction or in the presence of a diverting ostomy in some patients
suggestive of an intrinsic defect at the level of the enteric nervous system leading to
dysmotility. Several HSCR mouse model studies have demonstrated a decrease in
neuronal cell density at the level of the proximal ganglionated bowel[3l and alteration in
the balance of local cholinergic and nitrergic neuronsP!l, with overrepresentation of the
latter which are involved in intestinal relaxation. These findings were later corroborated
in a human study and most importantly, demonstrated a possible correlation with clinical
outcomes®. In contrary, a retrospective study in humans concluded that in HSCR
patients with a low mucosal nerve fiber innervation grade in the distal aganglionic bowel
have a higher risk of developing HAECI®l. Similarly, a prospective study also
demonstrated that lack of cholinergic innervation in the distal colon of HSCR patients

was associated with increased risk of postoperative HAECII.

Impaired mucosal defense and intestinal barrier function: One of the initial studies
implicating impaired mucosal defense in HSCR evaluated the role of secretory
immunoglobulin A (sIgA). The authors found that the transfer of sIgA across the
gastrointestinal wall is impaired in patients with HSCR (despite increased sIgA levels in
the lamina propria plasma cells) and decreased in those with HAECI®I. Other studies
have suggested that the production and transport of intestinal mucins may be abnormal
in HSCR and may have a potential role in the pathogenesis of HAECI36471, Of these, MUC-

2 is the predominant mucin expressed in humans and in vitro studies have demonstrated




that it can prevent bacterial translocation across the intestinal walll®l. A study that
analyzed stool samples in humans found that the protein expression of MUC-2 was
significantly decreased in patients with HSCR when compared to controls and absent in
those with clinical features of HAECB?I. Interestingly, studies in a HSCR mouse model
demonstrated aﬁ increase in goblet cell proliferation and differentiation in areas of
aganglionosis, and subsequent altered surface mucus properties prior to the
develgpment of inflammation in the distal colon epithelium in HAEC#. Other studies
of the caudal type homeobox gene-1 and -2 (CDX-1 and CDX-2) that control proliferation
and differentiation of intestinal mucosal cells/4l], intracellular adhesion moclecule-1
(ICAM-1) a cell surface adhesion glycoprotein involved in leukocyte recruitment(4Zl, and
caveolin-1 involved in inflammation and intestinal epithelial barrier function/®], have

shown altered gene expression in the colonic mucosal epithelium of patients with HAEC.

Dysbiosis: Emerging techniques, like next generation sequencing, have provided novel
insight of the human intestinal microbiota, both in health and disease. Animal and human
studies have demonstrated that the microbiota composition and diversity are different
between controls, HSCR and HAEC. However, most are limited to a small number of
samples or differences in technique that demonstrate variation in results. Nevertheless,
it seems evident that dysbiosis is part of the pathogenesis in HAEC. A study by Frykman
et all¥l evaluated the intestinal microbiota in fecal samples of HSCR patients with and
without HAEC. By using DNA sequencing they demonstrated that not only the bacterial,
but also the fungal composition was differentin children with HAEC compared to those
without HAEC. The authors found modest reductions in Firmicutes and
Verrucomicrobia and increases in Bacteroidetes and Proteobacteria. Varieties of fungi
were also observed. Specifically, Candida was increased and Malassezia and
Saccharomyces were reduced!*l. Li et all*®l collected fecal samples from the proximal and
distal colon during routine or emergency surgery in patients with HSCR, prior history of
HAEC, and active HAEC and found a predominance of Bacteroidetes in the first group

and of Proteobacteria the latter groups. Interestingly, these changes persisted in patients




with HAEC and the microbiota composition was different between the proximal and
distal colon sites in HSCR patients, but not in those with a prior history or active HAEC.
More recently, Parker et all®l demonstrated longitudinal changes in the intestinal
microbiota from fecal samples of HSCR patients with active enterocolitis and
demonstrated composition similarity in patients that achieved remission (also
enrichment with Blautia), while patients with recurrent HAEC demonstrated ongoing
substantial variability in their microbiota composition. We have demonstrated that the
microbiota composition and diversity is different between patients with and without a
history of postoperative EAEC by 16S rDNA sequencing of colon tissue samples.
Specifically, we reported an increased relative abundance of the phyla Bacteroidetes,
Firmicutes and Cyanobacteria in HAEC patients and Fusobacteria, Actinobacteria and
Proteobacteria in HSCR patients and an increased relative abundance of the genera
Dolosigranulum, Roseouria and Streptococcus in HAEC patients and Propionibacterium
and Delftia in HSCR patients[#’l. These findings highlight that changes in the intestinal
microbiota composition and diversity can be seen both in the intestinal lumen and the

bowel wall in HSCR patients with and without HAEC.

Treatment

There are several treatment modalities utilized in the care of patients with HAEC. The
HAEC severity grading system described by the APSA provides recommendations for
management based on grade of severity (Table 1)[17l. Grade 1, or possible HAEC, can be
managed in the outpatient setting with oral antibiotics (metronidazole), oral hydration
and potential use of rectal irrigations. Rectal irrigations are meant to wash out retained
stool to help relieve any obstruction that is present. They are typically given 2-4 times per
day using large bore rubber catheters until the effluent is clear(’¥l. Grade 2 (definite
HAEC) requires inpatient management where the patient is usually kept Nil Per Os
(NPO) and treated with intravenous (IV) antibiotics (metronidazole) with consideration
of broad-spectrum antibiotic coverage, and rectal irrigations. Patients should have stool

tests to rule out potential infections that could be involved and cause a similar presenting




symptomatology (Clostridioides difficile, Salmonella, Shigella, Rotavirus)'l. Grade 3
management is largely similar to grade 2. However, these patients are quite ill, often
requiring intensive care unit level care, nasogastric decompression, and may need
surgical management such as proximal bowel diversion. Several studies have shown that
use of this standardized algorithm or other similar tools to guide management decreases
length of stay, use of IV antibiotics, and readmission[4$49],

Another treatment option for HAEC is the use of Botulinum toxin injection (BTI) to
the internal anal sphincter (IAS). In patients with HSCR, due to the absence of the recto-
anal inhibitory reflex, the IAS does not relax upon rectal distension with stool or gas
leading to continued distal bowel obstruction after surgical correction and potentially
increasing the risk of HAEC. Botulinum toxin prevents the presynaptic release of
acetylcholine producing a state of temporary local denervation with subsequent decrease
of the resting anal pressure, potentially relieving the distal functional obstruction. In 2021,
Svetanoff et all] performed a retrospective study looking at BTI in the setting of HAEC
and found a statistically significant increase in the time between readmission in patients
with recurrent HAEC. BTI has also been shown to decrease the duration of IV antibiotics
and length of stay in patients with HAECI5!. However, most studies assessing the utility
of BTI in HAEC are retrospective and underpowered. Roorda et all>?l performed a meta-
analysis of the evidence for BTI in HSCR and specifically looked at effectiveness in
HAEC. They included 3 studies involving 52 patients which showed reduction of
enterocolitis in an average of 58% of patients, however the effect was not statistically
significant. Further studies are needed to truly evaluate the use of BTI for active HAEC.
Additionally, others have evaluated the use of BTI as a preventative measure for
postoperative obstructive symptoms and HAEC. After other causes of obstruction are
ruled out, BTI into the internal and external sphincter can serve as a therapeutic
intervention and may reduce the incidence of obstructive symptoms and HAECI5!. Other
studies have suggested there may be a decrease in hospitalizations for patients with
recurrent HAEC. Chumpitazi et all3! performed a retrospective review looking at BTI use

in patients with surgically repaired HSCR and IAS achalasia. They demonstrated a




potential decrease in hospitalizations per year in their HAEC subgroup; however, the
long-term response to the injections varied and children with IAS achalasia seemed to
respond better than HAEC patients. They also noted that initial short-term improvement
in symptoms after first BTI was useful in predicting favorable long-term outcomes.

Other postoperative preventive measures include the daily use of rectal irrigations,
anal dilations, and rectal tube placement. A systematic review and meta-analysis
demonstrated that the use of rectal irrigations after pull-through surgery significantly
reduced the incidence of postoperative HAECP4. However, this same study concluded
that the potential role of routine anal dilations in preventing postoperative HAEC
remains unclear. A randomized trial demonstrated that the temporary use of a rectal
catheter for 5 days after surgery reduced the postoperative incidence of HAEC in the first
30 days/L.

In terms of operative management for HAEC, there does appear to be a role for
intestinal diverting ostomy in severe cases. Several features which may warrant
consideration of diversion include delayed presentation for HSCR, presence of multiple
risk factors for HAEC, or multiple concomitant comorbid conditions including sepsis,
trisomy 21, and Bardet- Biedl Syndromel['?l. Prior to corrective pull-through, diversion
can be considered in the decompensating neonate with long-segment disease given that
they have higher failure rates of rectal washouts®l. In these rare cases, a leveling
colostomy is performed with intraoperative frozen section histology which is essential to
ensure the colostomy is created just proximal to the transition zonel™l. While diversion
may not entirely resolve HAEC, it does improve the patient’s clinical status and quality

of life.

CONCLUSION

There are several aspects of HAEC care that still require further study. Notably,
improvement in both diagnostic strategies and standardization of care is needed across
institutions. Promising areas of research include intestinal microbiota analysis which may

help to personalize therapy, stem cell administration to restore the motor function to the




remaining portions of bowel, and therapies aimed at altering colonic mucus barrier

properties could be explored towards preventing the onset of enterocolitis in HSCR. This
along with advances in our understanding of the pathophysiology itself will allow us to

better care for HSCR patients suffering from recurrent HAEC.
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