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ABSTRACT

Hirschsprung-associated enterocolitis (HAEC) is an
important cause of morbidity and the leading cause of
mortality in patients with Hirschsprung disease. The
pathophysiology of disease includes dysmotility of the
enteric nervous system, dysbiosis of the microbiota, failure
of the intestinal barrier, and impaired immunity. Common
manifestations include fever, abdominal distension,
lethargy, vomiting, and diarrhea. Given the non-specific
signs and symptoms of HAEC, high clinical suspicion

is warranted, especially in patients with risk factors.
Diagnosis and management of HAEC depend on the
severity of disease presentation. Several preoperative and
postoperative modalities have been explored to prevent
HAEC. The current review elaborates on the risk factors,
pathogenesis, diagnosis, treatment, and prevention of
HAEC.

INTRODUCTION
Initially described by Harald Hirschsprung
in 1886, Hirschsprung disease (HSCR) is
a common cause of bowel obstruction in
neonates.' Hirschsprung-associated entero-
colitis (HAEC) is the main cause of morbidity
and mortality in HSCR and typically presents
with fever, abdominal distension, lethargy,
vomiting, and diarrhea.? In fact, the initial
report from Hirschsprung described two chil-
dren with constipation since birth who died
after developing marked abdominal disten-
sion and loose stools,1 consistent with what
was later more clearly defined as HAEC.”™®

Establishing a definitive diagnosis of HAEC
poses a significant challenge for clinicians.
Therefore, there is a highly variable reported
incidence ranging from 6% to 60% before
definitive pull-through surgery and ranging
from 25% to 42% postoperatively, with most
prospective series reporting an incidence of
over 40%." It can present acutely at any time
between the birth and adulthood, yet it pres-
ents more commonly within the first 2 years
of age.lo

The aim of this review article is to provide an
up-to-date synopsis of the risk factors, patho-
genesis, diagnosis, treatment, and prevention
of HAEC.
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RISK FACTORS AND RECURRENGE
The most well-established risk factor for the
development of HAEC is that of trisomy
21.""® The incidence of HAEC in patients
with HSCR and trisomy 21 is around 50%
when compared with 29% in the non-trisomy
21 patients."” "' ' It is thought that the
intrinsic immune defects in cytotoxic T-lym-
phocytes and derangements in humoral
response in infants with trisomy 21 may
explain their higher HAEC risk."”” Current
evidence suggests that patients with trisomy
21 experience more severe HAEC episodes.16
Additional risk factors implicated in the
development of HAEC include male sex,
delay in HSCR diagnosis, family history of
HSCR, and other congenital abnormali-
ties.10 17 Moreover, Elhalaby et al. postulated
that a single HAEC episode can lead to alter-
ations in the intrinsic intestinal immunity
via chronic mucosal changes that lead to an
increased risk for future episodes.17 Although
longer HSCR is also postulated to be associ-
ated with recurrent HAEC, current evidence
has been conflicting, yet HAEC appears to
be more common in patients with agangli-
onic segments longer than the Sigmoid.61 18
In fact, a recent meta-analysis showed that
preoperative  enterocolitis, malnutrition,
hypoproteinemia, and respiratory infection
were risk factors for both postoperative HAEC
and for recurrent HAEC." In addition, it
reported that length of aganglionic segment
greater than 30 cm was associated with post-
operative HAEC, while short-segment HSCR
was a protective factor against both postop-
erative and recurrent HAEC."” Additional
data have shown that the length of resection
is associated with the postoperative risk of
HAEC, across all HSCR variants, as well as
with long-term outcomes and quality of life in
patients with HSCR.* In a 28-year experience
with total colonic HSCR, the type of pull-
through was not associated with the incidence
of HAEC,*' which has been noted in other
studies as well.? % Risk factors associated with
postoperative  HAEC include anastomotic
leak, stricture, fistula, and bowel obstruction
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Figure 1

Working model for Hirschsprung-associated enterocolitis (HAEC) pathogenesis. Enteric nervous system (ENS)

dysfunction can result in dysmotility and stasis, as well as microbiome dysbiosis, impaired intestinal barrier function, and

abnormal immune response leading to the development of HAEC.

or ileus.” ' ** Interestingly, older age at surgery has been
associated with shorter HAEC-free interval postopera-
tively, but not with a higher incidence.”

PATHOGENESIS

Thanks to significant scientific advancements that have
taken place over the last decade, there is currently a
working model for the pathogenesis of HAEC. This
model involves dysfunction of the enteric nervous
system (ENS) causing dysmotility and stasis, which leads
to microbiome dysbiosis, followed by intestinal barrier
failure, which ultimately via impaired mucosal immune
response is believed to lead to HAEC (figure 1). Each of
these steps in the sequence may be a potential target for
preventive or therapeutic modalities.

Enteric nervous system dysfunction causing dysmetility and
stasis
The earliest suggested mechanism of HAEC was thought
to be associated with an impairment in intestinal motility
causing functional obstruction with either subsequent
bacterial stasis, overgrowth and translocation, or disten-
sion and ischemia.® *® ?” The initial theory that HAEC
pathogenesis was due to partial mechanical obstruction
leading to proximal bowel dilatation, fecal stasis, and
bacterial invasion could not explain the enterocolitis
seen in the distal colon or in the aganglionic bowel or
even in the postoperative setting.28 2

The ENS plays a critical role in intestinal homeo-
stasis due to its ability to dilute and purge pathogens
via propulsion of intestinal contents and modulation of
secretory function.”® *' A growing body of evidence has
shown the decreased neuronal density in the ganglion-
ated bowel using the EdnrB"““”" HSCR mouse model,
and the shift in neurotransmitter phenotypes with under-
representation of cholinergic (contractility) neurons and
over-representation of nitrergic (relaxation) neurons.*
Additional data using both Ednrb”~ mice and tissue from
patients with HSCR indicated that a greater proportion of
nitrergic neurons in the proximal resection margin was
associated with a higher incidence of constipation and/
or HAEC postoperatively.”® Another recent pilot study
from China reported that the histopathologic grade of
ganglion cells from the proximal resected margin was
significantly related to issues with postoperative consti-
pation and HAEC.* Notably, similar data in patients
with HSCR showed that smaller ganglion size and higher
percentage of nitric oxide synthase neurons in the
proximal resection margin correlated with decreased

patient-reported quality of life.”” Overall, the data are
compelling regarding the fact that the remaining gangli-
onated bowel may not support normal bowel function
after pull-through surgery for HSCR and that the pros-
pect of a more detailed pathologic analysis, including
neurotransmitter analysis, may pave the way toward more
prognostic tools for counseling patients with HSCR and
their families.”

Dysbiosis of the microbiota

The microbiota of the gut exhibits dynamic diversity
over time and in response to stimuli, such as diet and
other host-associated factors. The gut microbiota starts to
develop at birth and evolve rapidly until the age of 3 years,
at which point they approach the adult composition.*®
The microbiome of the gut is determined by multiple
factors including gestational age, mode of delivery, anti-
biotic exposure, race, diet, and environment.?” %

Ward et al. reported increasing alpha diversity of the
microbiome in EdnrB’~ mice, with a greater increase in
mutant mice compared with wild type, as well as that the
differences in alpha diversity between groups increased
with age.” The same research team was also able to show
a significant difference in beta diversity between colonic
and fecal microbiota.” Specifically, the authors demon-
strated increases in Bacteroidetes and decreases in Firmic-
utes in mutant colon and feces at the phylum level, while
they showed increases in Coprobacillus and Bacteroides in
mutant colon, which may indicate their implication in
the development of HAEC.” Another study by Pierre
et al.** showed similar profiles of microbiota between
mutant and control mice in the early neonatal period
with eventual divergence prior to the onset of HAEC.
Notably, both studies showed a decrease in Lactobacillus
over time in mutant mice.*® ** Of note, Li et al*! demon-
strated the abundance of Veillonella parvula in patients
with HAEC when compared with patients with HSCR
without HAEC, as well as the similarities in microbiota
between patients with HAEC and patients with HAEC in
remission in different intestinal sites and their divergence
from those in patients with HSCR. On the other hand,
Parker et al.*® reported longitudinal changes in the fecal
microbiota of patients with HSCR with active enteroco-
litis, as well as composition similarity in patients who were
able to achieve remission, while patients with recurrent
HAEC experienced ongoing substantial variability in the
composition of microbiota. Another pilot study showed
changes in microbiota of a patient as he progressed from
his pre-HAEC, acute HAEC episode, and remission states
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using amplified ribosomal DNA restriction analysis.*

Neuvonen et al. reported decreased overall microbial
richness in patients with HSCR compared with healthy
controls, as well as higher abundance of Proteobacteria
and Lactobacillus and decreased levels of Clostridia and
Prevotellawith 16S rDNA amplicon sequencing in patients
with recurrent HAEC.** Together, these studies indicate
that dynamic changes in the intestinal and colonic micro-
biota contribute to the pathogenesis of HAEC.

Intestinal barrier dysfunction

The intestinal barrier plays an important role in
preserving host homeostasis and the epithelial integrity
is primarily maintained via production of mucin from
goblet cells, which serves as a scaffold for bacteriostatic
and bactericidal proteins.

A growing body of evidence has suggested alterations
in the volume and composition of mucin produced in
the colon of patients with HSCR.* Data suggest that
patients with HSCR, who developed HAEC, had lower
rates of mucin turnover compared with patients with
HSCR who did not experience HAEC.* In fact, a study
using EdnrB”~ mice showed significantly reduced passive
and active transport rates compared with wild type in
both the ganglionic and aganglionic colon segments.’
Another study using the same mouse model demon-
strated increased goblet cell number and size and
increased cell proliferation when compared with wild-
type mice in aganglionic segments, but notably reduced
goblet cell size and number in ganglionic segments.*®
Additionally, data from in vitro studies have shown that
MUG-2, the predominant mucin expressed in the human
colon, can prevent bacterial translocation across the
intestinal wall.*” ® Studies have also shown that patients
with HSCR have decreased MUGC-2 levels with patients
with HAEC even having undetectable levels.”" All things
considered, alterations in mucus production and func-
tion appear to be implicated in the development of
HAEC. Additional components of the intestinal barrier
that have been implicated as contributing to pathogen-
esis in other inflammatory bowel diseases, such as tight
junctions and permeability, remain understudied in
HAEC pathogenesis.

Impaired mucosal immunity

Secretory immunoglobulin A (IgA) is the predominant
immunoglobulin in the intestinal tract, both in the lumen
and within the wall, and provides a major immunological
barrier. Secretory IgA is known to bind to bacteria and to
prevent bacterial translocation across a morphologically
intact segment of viable intestinal tissue.” Data have also
suggested that patients with HSCR experience impaired
transfer of secretory IgA across the gastrointestinal
mucosa since they have been found to have significantly
decreased secretory IgA in the saliva despite increased
IgA levels in buccal mucosal tissue.” >* Moreover, plasma
cells in the lamina propria of HAEC bowel were found
to have increased levels of IgA, IgM and IgG when

compared with non-HAEC bowel, as well as decreased
luminal IgA, which may suggest decreased production
or impaired transport into the lumen.” Data from Ednr-
BY““/" mice have shown reduced levels of IgA secretion
in the gut compared with EdnrB“““”~ mice, while the
nasal and bronchial secretory IgA levels were unchanged,
suggesting a gut-specific defect in either IgA production
or secretion that may be a potential therapeutic target.”®
Additionally, transport of IgA into the intestinal lumen
is an active process mediated by the polymeric immuno-
globulin receptor (pIgR), and levels of pIgR have been
identified as being suppressed in HSCR/HAEC, with
resultant accumulation of IgA in the lamina propria of
the intestine, suggesting both impaired IgA production
and transport as potential factors in HAEC pathogen-
esis.”’

Immune cells are also known to play a pivotal role in
the pathogenesis of HAEC. During the early stages of
inflammation, macrophages are predominantly of the
classically activated (M1) type and facilitate the develop-
ment of inflammation, while the alternatively activated
(M2) macrophages facilitate tissue stabilization and
maturation.”® There is evidence to suggest the infiltra-
tion of the proximal dilated colon with proinflammatory
M1 macrophages of both EdnrB”~ mice and patients with
HAEC, while the population of M2-type macrophages
is found to be higher in the distal when compared with
the proximal segment.”” At the same time, the function
of the interstitial cells of Cajal appears impaired in the
dilated, aganglionic colon and appears to be caused by
proinflammatory cytokines produced by macrophages,
resulting in suppression of C-KIT expression and pace-
maker currents.” This suggests that M1 macrophages
may play an important role in the development of HAEC
through disruption of the phenotype and function of the
interstitial cells of Cajal and as a result their pacemaker
function, leading to intestinal dysmotility.”” In addition,
mucosal neuroendocrine cells participate in the synthesis
and storage of neuropeptides and biogenic amines,
which act as chemical messengers.”' Data have shown an
increased number of neuroendocrine cells in the agan-
glionic segment of bowel in patients with HSCR when
compared with ganglionated bowel and normal controls,
as well as a decreased number of neuroendocrine cells in
ganglionated bowel in patients with HAEC versus those
without.®” % It is also worth mentioning that EdnrB"““”~
mice have shown decreased B lymphocyte numbers
and defects in maturation.”® Another study showed that
colonic tissue with low cholinergic fibers from patients
with HSCR was associated with higher HAEC incidence
and showed decreased number of Treg cells and increased
number of Th17 cells.” Notably, another group used the
EdnrB”~ mouse model and demonstrated that splenic
lymphopenia and abnormal splenic architecture may
contribute to impaired immune response.” The same
group also reported that enterocolitis in EdnrB”~ mice
and Edn3 ligand-knockout (Edn3~") mice leads to thymic
involution, suppression of B lymphopoiesis, and splenic
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lymphopenia as a consequence of colonic aganglionosis,
and not from a direct effect of a defect in intrinsic Edn3-
Ednrb signaling to the lymphoid organs.*

DIAGNOSIS

The most common clinical manifestations of HAEC are
fever, abdominal distention, and diarrhea, yet the pres-
entation can be highly variable and also include lethargy,
vomiting, obstipation, and rectal bleeding.” Due to the
non-specificity of HAEC presentation and the increased
risk of morbidity and mortality associated with a delayed
or missed HAEC diagnosis, many pediatric surgeons
prefer to presumptively diagnose and treat suspected
HAEC cases. Therefore, the possibility of HAEC should
be suspected in all patients with HSCR and in neonates
presenting with distal bowel obstruction.' It is important
to note that even patients with HSCR after a pull-through
operation or those with diverting stoma will still present
in a similar way. Bowel perforation can also be seen but
reportedly only in 2%-3% of the patients.'” Rectal exam-
ination by either digit or soft catheter can be both diag-
nostic and therapeutic and results in characteristically
explosive foul smelly stool and gaseous decompression.
Additionally, it is important to exclude other causes of
colitis, like necrotizing enterocolitis in infants and infec-
tious colitis in older children.

In a Delphi analysis published in 2009, an expert panel
of 27 surgeons and gastroenterologists started with 38
features (history, patient characteristics, physical exam-
ination signs, laboratory findings, radiology findings,
and pathology findings) and iteratively refined this list
to 16 features that led to the development of the HAEC
score.”” More recently, the HAEC score was critically
evaluated in a multicenter study, and according to the
findings a HAEC score of 4 maximized the sum of sensi-
tivity (83.7%) and specificity (98.6%) compared with the
previously established cut-off of 10 that demonstrated
lower sensitivity (41.9%) with perfect specificity.”® There-
fore, the authors concluded that a cut-off of 4 should be

used rather than 10 to avoid underdiagnosis of HAEC,
or alternatively the new HAEC risk score should be used
that included only the four variables of diarrhea with
explosive stool, decreased peripheral perfusion, lethargy,
and dilated loops of bowel.” A study from 2013 described
the ‘clinical grade’ of HAEC for use in a prospective trial
and this system grades the degree of diarrhea, abdom-
inal distention, and systemic manifestations into mild,
moderate, and severe to assign an overall clinical grade.®
A study from the American Pediatric Surgical Associa-
tion Hirschsprung Disease Interest Group published in
2017 followed a system similar to that described by Bell
for necrotizing enterocolitis® and categorized the clin-
ical suspicion and severity of HAEC into three grades
according to history, physical examination, and imaging
studies (table 1).* Most recently in 2021, a retrospective
multicenter study evaluated the existing HAEC and new
HAEC risk scores and developed a novel scoring system
that included the six variables of fever, bloody diarrhea,
obstipation, distention, dilated loops of bowel on X-ray,
and leukocytosis, and showed its improved sensitivity
of 67.8% and specificity of 87.9%.° A summary of the
previous HAEC scoring systems is depicted in table 2.

TREATMENT

Initial episode

Unfortunately, there is no current algorithm or guideline
based on high-level evidence regarding the management
of HAEC. Most therapies aim to treat symptoms rather
than a specific cause. Important pillars of management
involve fluid resuscitation, electrolyte replacement,
dietary changes, antibiotics, rectal irrigations, and, in
advanced HAEC, even surgery. The 2017 study by the
American Pediatric Surgical Association Hirschsprung
Disease Interest Group described the appropriate treat-
ment options according to HAEC grade (table 3).
Patients with grade I HAEC can be safely managed with
oral metronidazole and hydration in the outpatient
setting. Rectal irrigations may be considered for these

Table 1 American Pediatric Surgical Association Hirschsprung Disease Interest Group guideline for the diagnosis of HAEC

Grade Description Clinical history Physical examination Radiographic findings
I Possible HAEC » Anorexia » Mild abdominal distention » Normal
» Diarrhea » Mild ileus gas pattern
Il Definite HAEC » Previous HAEC » Fever » lleus gas pattern
episode » Tachycardia » Air/fluid levels
» Explosive diarrhea » Abdominal distention » Dilated loops of
» Fevers » Abdominal tenderness bowel
» Lethargy » Explosive gas/stool on digital rectal » Rectosigmoid cut-off
examination
1]l Severe HAEC » Obstipation » Decreased peripheral perfusion » Pneumatosis
» Obtunded » Hypotension » Pneumoperitoneum
» Altered mentation
» Marked abdominal distention
» Peritonitis

HAEC, Hirschsprung-associated enterocolitis.
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Table 2 HAEC scoring systems

Variables Pastor score Frykman score Lewit score

History
Diarrhea with explosive stool 2 ® -
Diarrhea with foul-smelling stool 2 - -
Diarrhea with bloody stool 1 = 2
Obstipation - -

History of enterocolitis 1 - -

Physical examination
Explosive discharge of gas and stool on rectal examination
Distended abdomen
Decreased peripheral perfusion

o o

Lethargy

_ = NnN
|
=N

|
N

Fever
Radiologic examination
Multiple air fluid levels
Dilated loops of bowel
Sawtooth appearance with irregular mucosal lining
Cut-off sign in rectosigmoid with absence of distal air

PR QR VNN () [T G T ) T Y
|
|

Pneumatosis
Laboratory

Leukocytosis 1 - 2

Shift to left 1 - -
Total 20 19 9

HAEC, Hirschsprung-associated enterocolitis.

patients, especially in case of abdominal distention or  lubricated, advanced in the colon, and then gentle wash-
incomplete evacuation. They are performed using a  outs with 10 mL/kg aliquots of warm or room tempera-
large-bore soft catheter with several side holes that is first ~ ture normal saline are performed. Notably, patients with

Table 3 American Pediatric Surgical Association Hirschsprung Disease Interest Group guideline for the management of
HAEC

Grade Disposition Diet Antibiotics Irrigations Surgery
I Outpatient » Oral hydration » Oral metronidazole » Consider rectal -
irrigations.
I Outpatient or » Clear liquids  » Oral or intravenous » Rectal irrigations -
inpatient or nothing by metronidazole
mouth » Consider intravenous

ampicillin plus
gentamicin or

intravenous
piperacillin/
tazobactam.

I Inpatient, » Nothing by » Intravenous » Rectal irrigations » Proximal diversion for
possible mouth metronidazole failure of non-operative
intensive care » Intravenous » Intravenous ampicillin management
unit fluid hydration plus gentamicin » Exploration for

or intravenous pneumoperitoneum

piperacillin/tazobactam

HAEC, Hirschsprung-associated enterocolitis.
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HAEC who have not undergone surgery yet should have
the tube passed into the transition zone preferably. This
can be ensured clinically either via review of previous
radiographic studies or by monitoring the patient for any
resistance or discomfort. Patients with grade II HAEC
may be managed either in an outpatient or inpatient
fashion with dietary restriction to clear liquids or nothing
by mouth, rectal irrigations, and oral or intravenous anti-
biotics. On the other hand, patients with grade III HAEC
are in many cases managed in the intensive care unit
with bowel rest, intravenous antibiotics, and rectal irriga-
tions. Surgical proximal bowel diversion may be required
if non-operative management fails, while laparotomy is
recommended in case of bowel perforation.

Recurrent Hirschsprung-associated enterocolitis

Recurrent HAEC episodes should be worked up for iden-
tification of possible causes, such as anatomic or patho-
logic causes of obstruction. Contrast water-soluble enema
studies (not during acute HAEC episodes due to risk of
perforation), examination under anesthesia, or even
rectal biopsy to confirm presence of ganglionated bowel
can be employed. Surgical intervention is required for
anatomic abnormalities, such as anastomotic stricture,
Duhamel kink or spur, tight Yancey-Soave cuff, retained
aganglionosis, or transition zone pull-through.” '’ Data
suggest that the injection of Clostridium botulinum toxin
into the intrasphincteric groove has been shown to
decrease obstruction-related hospital admissions in
children who had undergone pull-through surgery for
HSCR.”" However, a more recent study has questioned
its efficacy and emphasized the need to evaluate this
modality for longer duration of follow-up, as well as the
use of repeated injections.”

PREVENTION

Some studies have advocated for prophylactic interven-
tions such as routine rectal washouts, especially in young
infants at higher risk of HAEC and in case of anticipated
delays in surgical treatment, since reduction of fecal stasis
and bacterial load limits colonic distention.” A system-
atic review and meta-analysis reported a reduced inci-
dence of HAEC with routine postoperative irrigations but
no difference in the incidence of HAEC with the use of
prophylactic probiotics.”* A Cochrane systematic review
also showed no difference in the recurrence of HAEC
with probiotics when compared with placebo but empha-
sized the need for well-designed and sufficiently powered
randomized clinical trials to clarify the true efficacy of
probiotics.” A study of 34 consecutive children under-
going primary transanal rectosigmoidectomy showed that
the incidence of HAEC postoperatively was only 6% with
the use of routine anal dilations for 3 months postoper-
atively.”® Another study compared postoperative weekly
calibrations by the surgeon versus daily dilations by the
parents and found no difference in outcomes.”” On the
contrary, a study from Ireland reported no reduction

in the development of HAEC with the prescription of
routine anal dilations.” Similarly, a study from China
showed no difference in the risk of developing HAEC with
anal dilations preoperatively, but it reported a shorter
operative time in short-segment (aganglionosis limited to
the proximal rectum) or typical-segment disease (agan-
glionosis from anus to the rectosigmoid junction or distal
sigmoid)79; of note, the American Pediatric Surgical
Association has recently defined shortsegment HSCR
as aganglionosis up to the sigmoid colon-descending
colon junction and long-segment HSCR as aganglionosis
from sigmoid colon-descending colon junction up to the
cecum.” Diverting stoma can be considered for patients
with HSCR with severe congenital heart disease due to
their compromised physiology and impaired tolerance
to HAEC episodes.” Modalities for prevention of HAEC
remain elusive and would contribute greatly to reducing
the morbidity that patients with HSCR and their families
experience.

CONCLUSION

HAEC is a major cause of morbidity and the leading
cause of mortality in patients with HSCR. Despite
several advancements in explaining the pathophysi-
ology of disease, it still poses a significant diagnostic and
therapeutic challenge. Further improvement in diag-
nosis and management, as well as their standardization
across institutions, is of paramount importance. Future
potential areas of research include personalized thera-
pies using analysis of the intestinal microbiota, targeted
pre/probiotic therapies, therapies targeting the mucus
barrier, and stem cell administration to restore bowel
function.

X loannis A Ziogas @IA_Ziogas

Contributors 1AZ contributes to conceptualization, methodology, visualization,
validation, investigation, resources, writing—original draft. KPK and MF contribute
to investigation, resources, writing—review and editing. AG (guarantor) contributes
to conceptualization, methodology, visualization, validation, investigation,
resources, writing—review and editing, supervision, project administration.

Funding This work was supported by grants from the National Institutes of Health,
USA (R01DK125047 to AG, R21AI163503 to AG).

Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval Not applicable.

Provenance and peer review Part of a Topic Collection; Not commissioned;
externally peer reviewed.

Data availability statement Data sharing not applicable as no datasets generated
and/or analyzed for this study. No primary data were used or analyzed in this study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
loannis A Ziogas http://orcid.org/0000-0002-6742-6909

6

Ziogas IA, et al. World J Pediatr Surg 2024;7:¢000878. doi:10.1136/wjps-2024-000878


https://x.com/IA_Ziogas
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6742-6909

REFERENCES

1

2

10

11

12

13

14

15

16

20

21

22

23

24

25

26

27

Hirschsprung H. Constipation in newborns due to dilation and
hypertrophy of the colon. Jahrb Kinderheilkd 1888;27.

Gosain A, Frykman PK, Cowles RA, et al. Guidelines for the
diagnosis and management of Hirschsprung-associated
enterocolitis. Pediatr Surg Int 2017;33:517-21.

Burnard ED. Hirschsprung’s disease in infancy. Br Med J
1950;1:151-6.

Fisher JH, Swenson O. Hirschsprung’s disease during infancy. Surg
Clin North Am 1956;1956:1511-5.

Dorman GW. Hirschsprung’s disease; a lethal problem in early
infancy. AMA Arch Surg 1957;75:906-13.

Bill A, Chapman N. The enterocolitis of Hirschsprung’s disease: its
natural history and treatment. Am J Surg 1962;103:70-4.
Haricharan RN, Seo JM, Kelly DR, et al. Older age at diagnosis of
Hirschsprung disease decreases risk of postoperative enterocolitis,
but resection of additional ganglionated bowel does not. J Pediatr
Surg 2008;43:1115-23.

El-Sawaf M, Siddiqui S, Mahmoud M, et al. Probiotic prophylaxis
after pullthrough for Hirschsprung disease to reduce incidence of
enterocolitis: a prospective, randomized, double-blind, placebo-
controlled, multicenter trial. J Pediatr Surg 2013;48:111-7.
Teitelbaum DH, Cilley RE, Sherman NJ, et al. A decade of
experience with the primary pull-through for hirschsprung disease in
the newborn period: a multicenter analysis of outcomes. Ann Surg
2000;232:372-80.

Lewit RA, Kuruvilla KP, Fu M, et al. Current understanding of
Hirschsprung-associated enterocolitis: Pathogenesis, diagnosis and
treatment. Semin Pediatr Surg 2022;31:151162.

Teitelbaum DH, Qualman SJ, Caniano DA. Hirschsprung’s

disease. Identification of risk factors for enterocolitis. Ann Surg
1988;207:240-4.

Caniano DA, Teitelbaum DH, Qualman SJ. Management of
Hirschsprung’s disease in children with trisomy 21. Am J Surg
1990;159:402-4.

Quinn FMJ, Surana R, Puri P. The influence of trisomy 21 on
outcome in children with Hirschsprung’s disease. J Pediatr Surg
1994;29:781-3.

Menezes M, Puri P. Long-term clinical outcome in patients with
Hirschsprung’s disease and associated Down’s syndrome. J Pediatr
Surg 2005;40:810-2.

Nair MP, Schwartz SA. Association of decreased T-cell-mediated
natural cytotoxicity and interferon production in Down’s Syndrome.
Clin Immunol Immunopathol 1984;33:412-24.

Halleran DR, Ahmad H, Maloof E, et al. Does Hirschsprung-
Associated Enterocolitis Differ in Children With and Without Down
Syndrome? J Surg Res 2020;245:564-8.

Elhalaby EA, Coran AG, Blane CE, et al. Enterocolitis associated
with Hirschsprung’s disease: a clinical-radiological characterization
based on 168 patients. J Pediatr Surg 1995;30:76-83.

lkeda K, Goto S. Diagnosis and treatment of Hirschsprung’s disease
in Japan. An analysis of 1628 patients. Ann Surg 1984;199:400-5.
Zhang X, Sun D, Xu Q, et al. Risk factors for Hirschsprung disease-
associated enterocolitis: a systematic review and meta-analysis. Int
J Surg 2023;109:2509-24.

Wang G, Gao K, Zhang R, et al. Surgical and clinical determinants
of postoperative Hirschsprung-associated enterocolitis: Multivariate
analysis in a large cohort. Pediatr Discov 2024;2:e45.

Wildhaber BE, Teitelbaum DH, Coran AG. Total colonic
Hirschsprung’s disease: a 28-year experience. J Pediatr Surg
2005;40:203-7.

Polley TZ Jr, Coran AG, Wesley JR. A ten-year experience with
ninety-two cases of Hirschsprung’s disease. Including sixty-

seven consecutive endorectal pull-through procedures. Ann Surg
1985;202:349-55.

van Leeuwen K, Teitelbaum DH, Elhalaby EA, et al. Long-term
follow-up of redo pull-through procedures for Hirschsprung’s
disease: Efficacy of the endorectal pull-through. J Pediatr Surg
2000;35:829-34.

Hackam DJ, Filler RM, Pearl RH. Enterocolitis after the surgical
treatment of Hirschsprung’s disease: risk factors and financial
impact. J Pediatr Surg 1998;33:830-3.

Roorda D, Oosterlaan J, van Heurn E, et al. Risk factors for
enterocolitis in patients with Hirschsprung disease: A retrospective
observational study. J Pediatr Surg 2021;56:1791-8.

Swenson O, Davidson FZ. Similarities of mechanical intestinal
obstruction and aganglionic megacolon in the newborn infant: a
review of 64 cases. N Engl J Med 1960;262:64-7.

Swenson O, Fisher JH, Scott JE. Diarrhea following
rectosigmoidectomy for Hirschsprung’s disease. Surgery
1960;48:419-21.

28 Suita S, Taguchi T, leiri S, et al. Hirschsprung’s disease in Japan:
analysis of 3852 patients based on a nationwide survey in 30 years.
J Pediatr Surg 2005;40:197-201; .

Sherman JO, Snyder ME, Weitzman JJ, et al. A 40-year multinational
retrospective study of 880 Swenson procedures. J Pediatr Surg
1989;24:833-8.

30 Spiller RC. Role of nerves in enteric infection. Gut 2002;51:759-62.
31 Wiles TJ, Jemielita M, Baker RP, et al. Host Gut Motility Promotes
Competitive Exclusion within a Model Intestinal Microbiota. PLoS
Biol 2016;14:e1002517.

Zaitoun |, Erickson CS, Barlow AJ, et al. Altered neuronal density
and neurotransmitter expression in the ganglionated region

of Ednrb null mice: implications for Hirschsprung’s disease.
Neurogastroenterol Motil 2013;25:e233-44.

Cheng LS, Schwartz DM, Hotta R, et al. Bowel dysfunction following
pullthrough surgery is associated with an overabundance of nitrergic
neurons in Hirschsprung disease. J Pedlatr Surg 2016;51:1834-8.
Zhang M, Guan W, Zhou Y, et al. Histopathology of Ganglion

Cells in the Proximal Resected Bowel Correlates With the Clinical
Outcome in Hirschsprung Disease: A Pilot Study. J Surg Res
2023;290:116-25.

Brooks LA, Fowler KL, Veras LV, et al. Resection margin

histology may predict intermediate-term outcomes in children

with rectosigmoid Hirschsprung disease. Pediatr Surg Int
2020;36:875-82.

Ihekweazu FD, Versalovic J. Development of the Pediatric Gut
Microbiome: Impact on Health and Disease. Am J Med Sci
2018;356:413-23.

Shi N, Li N, Duan X, et al. Interaction between the gut microbiome
and mucosal immune system. Mil Med Res 2017;4:14.
Chantakhow S, Khorana J, Tepmalai K, et al. Alterations of Gut
Bacteria in Hirschsprung Disease and Hirschsprung-Associated
Enterocolitis. Microorganisms 2021;9.

Ward NL, Pieretti A, Dowd SE, et al. Intestinal aganglionosis is
associated with early and sustained disruption of the colonic
microbiome. Neurogastroenterol Motil 2012;24:874-e400.

Pierre JF, Barlow-Anacker AJ, Erickson CS, et al. Intestinal dysbiosis
and bacterial enteroinvasion in a murine model of Hirschsprung’s
disease. J Pediatr Surg 2014;49:1242-51.

41 LiY, Poroyko V, Yan Z, et al. Characterization of Intestinal
Microbiomes of Hirschsprung’s Disease Patients with or without
Enterocolitis Using lllumina-MiSeq High-Throughput Sequencing.
PLoS ONE 2016;11:e0162079.

Parker KD, Mueller JL, Westfal M, et al. A pilot study

characterizing longitudinal changes in fecal microbiota of patients
with Hirschsprung-associated enterocolitis. Pediatr Surg Int
2022;38:1541-53.

De Filippo C, Pini-Prato A, Mattioli G, et al. Genomics approach to
the analysis of bacterial communities dynamics in Hirschsprung’s
disease-associated enterocolitis: a pilot study. Pediatr Surg Int
2010;26:465-71.

Neuvonen M, Korpela K, Kyrklund K, et al. Intestinal Microbiota

in Hirschsprung Disease. J Pediatr Gastroenterol Nutr
2018;67:594-600.

Akkary S, Sahwy E, Kandil W, et al. A histochemical study of the
mucosubstances of the colon in cases of Hirschsprung’s disease
with and without enterocolitis. J Pediatr Surg 1981;16:664-8.
Aslam A, Spicer RD, Corfield AP. Children with Hirschsprung’s
disease have an abnormal colonic mucus defensive barrier
independent of the bowel innervation status. J Pediatr Surg
1997;32:1206-10.

Yildiz HM, Carlson TL, Goldstein AM, et al. Mucus Barriers to
Microparticles and Microbes are Altered in Hirschsprung’s Disease.
Macromol Biosci 2015;15:712-8.

Thiagarajah JR, Yildiz H, Carlson T, et al. Altered Goblet Cell
Differentiation and Surface Mucus Properties in Hirschsprung
Disease. PLoS ONE 2014;9:€99944.

Gork AS, Usui N, Ceriati E, et al. The effect of mucin on bacterial
translocation in 1-407 fetal and Caco-2 adult enterocyte cultured cell
lines. Pediatr Surg Int 1999;15:155-9.

Buisine MP, Devisme L, Savidge TC, et al. Mucin gene expression in
human embryonic and fetal intestine. Gut 1998;43:519-24.

51 Mattar AF, Coran AG, Teitelbaum DH. MUC-2 mucin production

in Hirschsprung’s disease: possible association with enterocolitis
development. J Pediatr Surg 2003;38:discussion-21.

Albanese CT, Smith SD, Watkins S, et al. Effect of secretory IgA on
transepithelial passage of bacteria across the intact ileum in vitro. J
Am Coll Surg 1994;179:679-88.

Wilson-Storey D, Scobie WG. Impaired gastrointestinal mucosal
defense in Hirschsprung’s disease: a clue to the pathogenesis of
enterocolitis. J Pediatr Surg 1989;24:462-4.

29

32

33

34

35

36

37

38

39

40

42

43

44

45

46

47

48

49

50

52

53

Ziogas IA, et al. World J Pediatr Surg 2024;7:e000878. doi:10.1136/wjps-2024-000878


http://dx.doi.org/10.1007/s00383-017-4065-8
http://dx.doi.org/10.1136/bmj.1.4646.151
https://pubmed.ncbi.nlm.nih.gov/13380712
https://pubmed.ncbi.nlm.nih.gov/13380712
https://pubmed.ncbi.nlm.nih.gov/13478268
http://dx.doi.org/10.1016/j.jpedsurg.2008.02.039
http://dx.doi.org/10.1016/j.jpedsurg.2008.02.039
http://dx.doi.org/10.1016/j.jpedsurg.2012.10.028
http://dx.doi.org/10.1097/00000658-200009000-00009
http://dx.doi.org/10.1016/j.sempedsurg.2022.151162
http://dx.doi.org/10.1097/00000658-198803000-00003
http://dx.doi.org/10.1016/s0002-9610(05)81281-4
http://dx.doi.org/10.1016/0022-3468(94)90369-7
http://dx.doi.org/10.1016/j.jpedsurg.2005.01.048
http://dx.doi.org/10.1016/j.jpedsurg.2005.01.048
http://dx.doi.org/10.1016/0090-1229(84)90312-X
http://dx.doi.org/10.1016/j.jss.2019.06.086
http://dx.doi.org/10.1016/0022-3468(95)90615-0
http://dx.doi.org/10.1097/00000658-198404000-00005
http://dx.doi.org/10.1097/JS9.0000000000000473
http://dx.doi.org/10.1097/JS9.0000000000000473
http://dx.doi.org/10.1002/pdi3.45
http://dx.doi.org/10.1016/j.jpedsurg.2004.09.033
http://dx.doi.org/10.1097/00000658-198509000-00012
http://dx.doi.org/10.1053/jpsu.2000.6853
http://dx.doi.org/10.1016/s0022-3468(98)90652-2
http://dx.doi.org/10.1016/j.jpedsurg.2021.04.020
http://dx.doi.org/10.1056/NEJM196001142620204
https://pubmed.ncbi.nlm.nih.gov/13836098
http://dx.doi.org/10.1016/j.jpedsurg.2004.09.052
http://dx.doi.org/10.1016/s0022-3468(89)80548-2
http://dx.doi.org/10.1136/gut.51.6.759
http://dx.doi.org/10.1371/journal.pbio.1002517
http://dx.doi.org/10.1371/journal.pbio.1002517
http://dx.doi.org/10.1111/nmo.12083
http://dx.doi.org/10.1016/j.jpedsurg.2016.08.001
http://dx.doi.org/10.1016/j.jss.2023.03.012
http://dx.doi.org/10.1007/s00383-020-04689-x
http://dx.doi.org/10.1016/j.amjms.2018.08.005
http://dx.doi.org/10.1186/s40779-017-0122-9
http://dx.doi.org/10.3390/microorganisms9112241
http://dx.doi.org/10.1111/j.1365-2982.2012.01937.x
http://dx.doi.org/10.1016/j.jpedsurg.2014.01.060
http://dx.doi.org/10.1371/journal.pone.0162079
http://dx.doi.org/10.1007/s00383-022-05191-2
http://dx.doi.org/10.1007/s00383-010-2586-5
http://dx.doi.org/10.1097/MPG.0000000000001999
http://dx.doi.org/10.1016/S0022-3468(81)80547-7
http://dx.doi.org/10.1016/s0022-3468(97)90683-7
http://dx.doi.org/10.1002/mabi.201400473
http://dx.doi.org/10.1371/journal.pone.0099944
http://dx.doi.org/10.1007/s003830050544
http://dx.doi.org/10.1136/gut.43.4.519
http://dx.doi.org/10.1053/jpsu.2003.50071
http://dx.doi.org/10.1016/s0022-3468(89)80402-6

54

55

Wilson-Storey D, Scobie WG, Raeburn JA. Defective white blood cell
function in Hirschsprung’s disease: a possible predisposing factor to
enterocolitis. J R Coll Surg Edinb 1988;33:185-8.

Imamura A, Puri P, O’Briain DS, et al. Mucosal immune defence

68

Frykman PK, Kim S, Wester T, et al. Critical evaluation of the
Hirschsprung-associated enterocolitis (HAEC) score: A multicenter
study of 116 children with Hirschsprung disease. J Pediatr Surg
2018;53:708-17.

mechanisms in enterocolitis complicating Hirschsprung’s disease. 69 Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing
Gut 1992?335801‘6- ) ) enterocolitis. Therapeutic decisions based upon clinical staging. Ann
56 Gosain A, Barlow-Anacker AJ, Erickson CS, et al. Impaired Cellular Surg 1978;187:1-7.
Immunity in the Murine Neural Crest Condltlon:’:ll Deletion of 70 Lewit RA, Veras LV, Cowles RA, et al. Reducing Underdiagnosis of
Endothelin Receptor-B Model of Hirschsprung’s Disease. PLoS One Hirschsprung-Associated Enterocolitis: A Novel Scoring System. J
2015;10:e0128822. Surg Res 2021:261:253-60
57 Medrano G, Cailleux F, Guan P, et al. B-lymphocyte-intrinsic and urg nes ’ i . . . . .
A . ! ’ ’ . N 71 Patrus B, Nasr A, Langer JC, et al. Intrasphincteric botulinum toxin
-extrinsic defects in secretory immunoglobulin A production in the S . -

e g B decreases the rate of hospitalization for postoperative obstructive
neural crest-conditional deletion of endothelin receptor B model of . . . . . ]
Hirschsprung-associated enterocolitis. FASEB J 2019;33:7615-24. symptoms in children with Hirschsprung disease. J Pediatr Surg

58 Murray PJ. Macrophage Polarization. Annu Rev Physiol 2011;46:184-7. ) L )
2017;79:541-66. 72 Youn JK,_ Han JW, Oh Q, et al. Botulinum toxin |n]egt|on_ for internal

59 Chen X, Meng X, Zhang H, et al. Intestinal proinflammatory apal Sphlr‘ICTelj e}chala&a after pull-through surgery in Hirschsprung
macrophages induce a phenotypic switch in interstitial cells of Cajal. disease. Medicine (Balt) 2019;98:¢17855.
J Clin Invest 2020;130:6443-56. 73 Frykman PK, Short SS. Hirschsprung-associated enterocolitis:

60 LiS, Zhang, Li K, et al. Update on the Pathogenesis of the prevention and therapy. Semin Pediatr Surg 2012;21:328-35.
Hirschsprung-Associated Enterocolitis. Int J Mol Sci 2023;24:4602. 74 Soh HJ, Nataraja RM, Pacilli M. Prevention and management

61 Wiedenmann B, Waldherr R, Buhr H, et al. Identification of of recurrent postoperative Hirschsprung’s disease obstructive
gastroenteropancreatic neuroendocrine cells in normal and symptoms and enterocolitis: Systematic review and meta-analysis. J
neoplastic human tissue with antibodies against synaptophysin. Pediatr Surg 2018;53:2423-9.
Gastroenterology 1988;95:1364-74. 75 Mei F, Wu M, Zhao L, et al. Probiotics for the prevention of

62 Soeda J, O’Briain DS, Puri P. Mucosal neuroendoctrine cell Hirschsprung-associated enterocolitis. Cochrane Database Syst Rev
abnormalities in the colon of patients with Hirschsprung’s disease. J 2022;4.
Pediatr Surg 1992;27:823-7. ) o . 76 GaoY, Li G, Zhang X, et al. Primary transanal rectosigmoidectomy

63 Soeda J, O’Briain DS, Puri P. Regional reduction in intestinal for Hirschsprung’s disease: Preliminary results in the initial 33 cases.
Firsohspring's cisease. J Pedlatr Surg 1993:251005.6. = J Pediatr Surg 2001;36:1816-9.

; > =7 e . . 77 Temple SJ, Shawyer A, Langer JC. Is daily dilatation by parents

64 IKeck S,t.GaIIatlAFourr_n?r XV}\%EIU etal. é_a;?kkof fl\/IIEuc;osal Cl_rt\_o linergic necessary after surgery for Hirschsprung disease and anorectal
‘nnervation Is Assoclated WIith Increasec! RISk of Enterocolitis malformations? J Pedliatr Surg 2012;47:209-12.
in Hirschsprung’s Disease. Cell Mol Gastroenterol Hepatol 78 A 0. H McD D LA ine dilatati
2021:12:507—45. woranti O, Hung J, McDowell D, et al. re routine di at_atlons

65 Cheng Z, Wang X, Dhall D, et al. Splenic lymphopenia in the necessary post pull-through surgery for Hirschsprung disease? Eur J
endothelin receptor B-null mouse: implications for Hirschsprung Pediatr Surg 2013;23:383-8. ] o
associated enterocolitis. Pediatr Surg Int 2011;27:145-50. 79 Lin Z, LinYY, Bai J, et al. Outcomes of preoperative anal dilatation for

66 Frykman PK, Cheng Z, Wang X, et al. Enterocolitis causes profound Hirschsprung disease. J Pediatr Surg 2021;56:483-6.
lymphoid depletion in endothelin receptor B- and endothelin 3-null 80 Kawaguchi AL, Guner YS, Somme S, et al. Management and
mouse models of Hirschsprung-associated enterocolitis. Eur J outcomes for long-segment Hirschsprung disease: A systematic
Immunol 2015;45:807-17. review from the APSA Outcomes and Evidence Based Practice

67 Pastor AC, Osman F, Teitelbaum DH, et al. Development of a Committee. J Pediatr Surg 2021;56:1513-23.
standardized definition for Hirschsprung’s-associated enterocolitis: a 81 Pini Prato A, Rossi V, Avanzini S, et al. Hirschsprung’s disease: what
Delphi analysis. J Pediatr Surg 2009;44:251-6. about mortality? Pediatr Surg Int 2011;27:473-8.

8 Ziogas IA, et al. World J Pediatr Surg 2024;7:¢000878. doi:10.1136/wjps-2024-000878


http://dx.doi.org/10.1136/gut.33.6.801
http://dx.doi.org/10.1371/journal.pone.0128822
http://dx.doi.org/10.1096/fj.201801913R
http://dx.doi.org/10.1146/annurev-physiol-022516-034339
http://dx.doi.org/10.1172/JCI126584
http://dx.doi.org/10.3390/ijms24054602
http://dx.doi.org/10.1016/0016-5085(88)90374-5
http://dx.doi.org/10.1016/0022-3468(92)90374-g
http://dx.doi.org/10.1016/0022-3468(92)90374-g
http://dx.doi.org/10.1016/0022-3468(93)90520-u
http://dx.doi.org/10.1016/j.jcmgh.2021.03.004
http://dx.doi.org/10.1007/s00383-010-2787-y
http://dx.doi.org/10.1002/eji.201444737
http://dx.doi.org/10.1002/eji.201444737
http://dx.doi.org/10.1016/j.jpedsurg.2008.10.052
http://dx.doi.org/10.1016/j.jpedsurg.2017.07.009
http://dx.doi.org/10.1097/00000658-197801000-00001
http://dx.doi.org/10.1097/00000658-197801000-00001
http://dx.doi.org/10.1016/j.jss.2020.12.030
http://dx.doi.org/10.1016/j.jss.2020.12.030
http://dx.doi.org/10.1016/j.jpedsurg.2010.09.089
http://dx.doi.org/10.1097/MD.0000000000017855
http://dx.doi.org/10.1053/j.sempedsurg.2012.07.007
http://dx.doi.org/10.1016/j.jpedsurg.2018.08.024
http://dx.doi.org/10.1016/j.jpedsurg.2018.08.024
http://dx.doi.org/10.1002/14651858.CD013714.pub2
http://dx.doi.org/10.1053/jpsu.2001.28847
http://dx.doi.org/10.1016/j.jpedsurg.2011.10.048
http://dx.doi.org/10.1055/s-0033-1333635
http://dx.doi.org/10.1055/s-0033-1333635
http://dx.doi.org/10.1016/j.jpedsurg.2020.05.008
http://dx.doi.org/10.1016/j.jpedsurg.2021.03.046
http://dx.doi.org/10.1007/s00383-010-2848-2

	Effect of allergic bronchopulmonary aspergillosis on FEV﻿1﻿ in children and adolescents with cystic fibrosis: a European Cystic Fibrosis Society Patient Registry analysis
	Patients and methods
	Patients included and definitions of variables
	Spirometry
	Primary outcome measures and explanatory variables
	Data analysis

	Results
	Participant characteristics
	Effect of ABPA on FEV﻿1﻿ percent predicted values adjusted for other explanatory variables


	Hirschsprung-­associated enterocolitis: a comprehensive review
	Abstract
	Introduction
	Risk factors and recurrence
	Pathogenesis
	Enteric nervous system dysfunction causing dysmotility and stasis
	Dysbiosis of the microbiota
	Intestinal barrier dysfunction
	Impaired mucosal immunity

	Diagnosis
	Treatment
	Initial episode
	Recurrent Hirschsprung-associated enterocolitis

	Prevention
	Conclusion
	References


