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and can be independent of the medical manage-
ment or surgical procedure performed. Recurrent
HAEC can occur even in the presence of a divert-
ing colostomy and is termed “diversion enteroco-
litis” [49, 73].

Currently, the diagnosis of HAEC is pre-
dominantly based on clinical judgment. This
has led to highly variable reports in the inci-
dence rates of HAEC, ranging from 25% to
30% in recent series to as high as 60% in the
past. Preoperative incidence is estimated at
6%—60%, and postoperative incidence ranges
from 25% to 42% [23, 38, 77]. The overall
mortality rate associated with HAEC ranges
from 1% to 10%, with the majority of deaths
occurring in newborns prior to definitive opera-
tion [63]. These newborn infants are at the
highest risk of mortality among patients with
HAEC. It is unclear whether these infants have
higher mortality rates due to a delay in diagno-
sis, immature immune responses, or some other
mechanism. Fortunately, the mortality rate
appears to be declining over time, likely due
to increasing recognition of this devastating
complication. This includes earlier diagnosis
of HSCR and HAEC and initiation of therapies
such as rectal decompression, vigorous fluid
resuscitation, and antibiotic therapy.

However, despite the improvement in mor-
tality rates in HAEC, the morbidity has a pro-
found impact on prolonged hospitalization with
a mean of 13 days (ranging from 6 to 29 days).
Teitelbaum et al. found that neonates with
HAEC have a mortality rate of 5% and a mor-
bidity rate of 30%, and their hospitalization is
twice as long as neonates without HAEC [76].
The medical management of HSCR children
with HAEC is 2.5 times costlier than of those
without HAEC. Moreover, HSCR patients who
develop HAEC have worse long-term bowel
function than those who never develop HAEC,
possibly secondary to inflammatory changes to
the ENS [63].

In this chapter, we will review our current
understanding of HAEC pathophysiology, risk
factors, diagnosis, and treatment. We will addi-
tionally present areas of current research or con-
troversy and topics for future investigation.

13.2 Pathophysiology

Despite multiple investigations and numerous
theories, a complete understanding of the etiol-
ogy of HAEC is still elusive. There are currently
four prevailing theories regarding the etiology
of HAEC: (1) dysmotility, (2) intestinal barrier
function, (3) impaired mucosal immunity, and (4)
abnormal microbiota.

13.2.1 Historical Considerations

Multiple small series or case reports have put
forth etiologic considerations for HAEC.

In 1973, Ament and Bill presented the case
of a 6-year-old boy with chronic enterocolitis
following surgery for HSCR [3]. Clinical inves-
tigations revealed the presence of a sucrase-
isomaltase deficiency, and the child recovered
on a low sucrose diet. This led to the postula-
tion that non-obstructed HAEC is caused by an
inborn error of metabolism. It is important to
note that this has not been replicated and that
Ament and Bill acknowledged that the boy was
an Eskimo and that 10% of Greenland Eskimos
are sucrose-intolerant.

Berry and Frazer in 1968 suggested that
HAEC is initiated by a sensitivity reaction similar
to a Shwartzman reaction caused by intraluminal
organisms invading the submucosa [9]. They
injected endotoxin directly into the exteriorized
rabbit bowel proximal to an obstruction and pro-
duced enterocolitis in six of nine animals.

A single case was reported by Lloyd-Still and
Demers of HAEC with fulminant unresponsive
diarrhea which revealed high PgE1 levels [47].
In response to cholestyramine, a 12-fold decrease
in prostaglandin E (PgE) levels in the colos-
tomy fluid was detected. It was postulated that
increased PgE activity, enterotoxin, and bile acid
malabsorption may be involved in HAEC.

In 1988 Wilson-Storey et al. postulated that
defective white cell function may be a predispos-
ing factor for HAEC [94]. White cell counts were
analyzed in nine patients with HSCR, of whom
five developed HAEC and ten age-matched con-
trols. Their data showed statistically significant
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differences between the neutrophil count in those
with HAEC, HSCR, and controls. This relative
neutropenia worsened in three patients during
and after an episode of HAEC. The authors also
postulated that white cells in HAEC patients are
“sluggish” in response to the inflammation.

While these series have not been confirmed
in the basic science laboratory or larger clinical
series, it is important to consider that there may
be component contributions from these types
of observations to the multifactorial process of
HAEC.

13.2.2 Dysmotility

One of the earliest proposed causes for HAEC
was impaired intestinal motility leading to
functional obstruction with either subsequent
bacterial stasis, overgrowth and translocation,
or distension and ischemia [11, 74, 75]. Bill
and Chapman argued that partial mechanical
obstruction was involved in the pathogenesis
of HAEC causing mechanical dilatation of the
proximal bowel leading to fecal loading and
stasis resulting in further dilatation and thus
mucosal ischemia and bacterial invasion which
was cured by colostomy [11]. This suggests
that enterocolitis only occurs in dilated gangli-
onic proximal bowel. However, this theory does
not explain the enterocolitis that occurs in dis-
tal colon with a defunctioning proximal stoma,
the occurrence of enterocolitis in postoperative
patients, or histological evidence of enterocoli-
tis in aganglionic bowel [67, 72].

The ENS participates in host defense by
modulation of secretory function and propul-
sion of luminal contents, thereby diluting and
purging pathogens [71, 91]. The role of intes-
tinal motility in the pathogenesis of inflamma-
tory bowel disease is well described, with acute
episodes of intestinal inflammation in Crohn’s
disease associated with decreased motility [10,
59]. It has been noted, in the EdnrBY““~~ model,
decreased neuronal density in the ganglionated
bowel [96]. Further, there is a shift in neurotrans-
mitter phenotypes, with overrepresentation of
nitrergic (relaxation) neurons and underrepre-

sentation of cholinergic (contractility) neurons.
Similar findings have recently been published
in the EdnrB~~ model and confirmed in human
tissues, with a positive correlation between
increased nitrergic neurons and postoperative
enterocolitis [16].

13.2.3 Intestinal Barrier Dysfunction

The intestinal barrier plays a critical role in
maintaining host health. Clinically the volumi-
nous amount of mucus produced during HAEC
is quite obvious and dramatic. Goblet cells pro-
duce mucus, which helps to maintain epithelial
integrity by serving as a scaffold for bactericidal
and bacteriostatic proteins. Abnormalities in
mucin production, therefore, may contribute to
the pathogenesis of HAEC.

In 1981, Akkary et al. studied rectal biopsies
of HSCR patients and found a marked increase
in the volume of mucin compared to control
tissues [1]. Teitelbaum et al. hypothesized that
HSCR involves an alteration in the composi-
tion of mucin in the colon, such that there is
mucin retention and crypt dilation [76]. They
proposed a histologic grading system which is
unique to HSCR and cystic fibrosis. When they
excluded patients with trisomy 21, whose his-
tologic findings were often inconsistent with
their clinical features, this grading system found
that 100% of patients with HAEC had grade 3
or higher. Even though this system is not ideal
for clinical use given the uneven distribution of
histologic changes in resected specimens, it does
demonstrate how the mucosa becomes suscep-
tible to pathogens through local inflammatory
responses.

A study of mucin turnover showed that HSCR
patients who developed HAEC had turnover rates
sevenfold lower than HSCR patients who did not
develop HAEC [5]. Additionally, Hirschsprung’s
patients also have decreased MUC-2, the predomi-
nant mucin expressed in the human colon; MUC-2 is
nondetectable in patients with HAEC [12, 51]. This
may suggest an intrinsic problem that could allow
for bacterial adherence and translocation. Finally,
Thiagarajah et al. compared tissue from HSCR
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patients and the distal colon of EdnrB~'~ mice and
found increased goblet cell numbers when com-
pared to controls [81]. They then used trans-epithe-
lial resistance measurements to assess for functional
differences and noted that trans-epithelial resistance
and fecal dehydration were increased in the distal
colon of EdnrB~~ mice. Additionally, they found
increased mucus viscosity and therefore impaired
particle diffusion in null mice.

Overall the evidence has not proven whether
mucin alteration is due to the underlying agan-
glionic condition or a result of the enterocolitis.
However, the balance of data supports the con-
cept that the mucin variations are an expression
of an altered mucosal barrier and the underlying
aganglionic process itself [51]. Taken together,
these findings suggest that alterations in mucus
production and function may play a role in the
development of HAEC.

13.2.4 Impaired Mucosal Immunity

Abnormal leukocyte function has been impli-
cated in the development of HAEC.

Secretory IgA immunoglobulin provides a
major immunological barrier in the gastroin-
testinal tract. IgA is the predominant immuno-
globulin at all levels in the intestinal tract, both
in the lumen and within the wall. Albanese et al.
have shown that secreted IgA binds to bacteria
and prevents bacterial translocation across an
intact segment of viable intestinal tissue [2]. In
the late 1980s, Wilson-Storey et al. conducted
a series of studies which demonstrated that
patients affected by HSCR have impaired trans-
fer of secretory IgA across the GI mucosa [92,
94]. Specifically, they noted that although HSCR
patients had increased IgA in their buccal muco-
sal tissue, there was a significant decrease of
secretory IgA in the saliva. Similarly, the plasma
cells in the lamina propria of the bowel were
found to have significant increased levels of IgA,
IgM, and IgG in HAEC bowel compared to non-
HAEC bowel [44]. Those same HAEC patients
were found to have decreased luminal IgA, sug-
gesting decreased production or impaired trans-
port into the lumen.

The most common genetic defects associated
with HSCR are mutations of rearranged dur-
ing transfection (Ret) and endothelin receptor B
(EdnrB), which are both required for NCC migra-
tion and ENS formation [4]. Piebald mice, which
have a naturally occurring EdnrB mutation, dem-
onstrate congenital megacolon with absent distal
ganglion cells and hence are an excellent model
for HSCR [87]. A number of studies have estab-
lished mucosal secretory function in HAEC in
these animals [31, 32]. Two distinct patterns of
mortality occur with the majority of mice (64%)
characterized by becoming unwell acutely with
evidence of acute enterocolitis at 3—4 weeks
and then dying quickly or dying between 9 and
11 weeks due to ileus with massive abdominal
distension and megacolon. Interestingly two dif-
ferent immunological responses were evident.
Those with a more acute history had acute sple-
nitis and a severe diffuse lymphocytic response
in the intestinal submucosa and lamina propria
with a significantly raised level of IgA in con-
trast to controls and the late death group. The late
death group had increased plasma cell distribu-
tion within the deep layer of the lamina propria
only. This increased level of plasma cell infiltra-
tion in the ganglionic segment of the colon in the
early death group implies that the local antigenic
stimulation is the principal pathological event.
Interestingly, the finding of decreased luminal
IgA has also been observed in EdnrB¥““~~ mice,
in which EdnrB is deleted only in neural crest
cells which form the ENS [34]. The EdnrB"¢¢~/~
mouse develops colorectal aganglionosis and
HAEC similar to human HSCR. A recent study
showed not only that luminal IgA is reduced but
that this finding is specific to the gut, with nor-
mal levels of bronchial and nasal IgA observed
in these animals [34]. Overall it appears that IgA
production by plasma cells is either normal or
impaired and that transport into the lumen is fur-
ther impaired [52].

Mucosal neuroendocrine (NE) cells mediate
intestinal function through synthesis and stor-
age of neuroendocrine neuropeptides and bio-
genic amines which act as chemical messengers
[88]. Soeda et al. demonstrated that NE cells are
increased in the aganglionic segment of bowel in
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HSCR as opposed to the ganglionated bowel and
normal controls [69]. They noted a marked reduc-
tion in NE cells in ganglionated bowel in HAEC
compared to those without. These diminished
NE cells may represent an impaired immune
response or a deficiency which may facilitate the
initialization of inflammation [70]. This impaired
immune response theory is echoed in trisomy
21. The combination of HSCR and trisomy 21 is
associated with a higher incidence of enteroco-
litis, with 50% of patients with trisomy 21 and
HSCR developing HAEC in contrast to 29%
among the normal population [4]. Infants with
trisomy 21 have an intrinsic immune deficiency
due to both decreased cytotoxic T lymphocytes
and derangement in humoral function which may
explain their increased risk of HAEC [56].

Histological evidence of enterocolitis con-
sists of a number of features including crypt
abscesses, leukocyte aggregates, ulceration,
and Paneth cell metaplasia [31]. Paneth cells
are normally present in the small bowel and
secrete lysozymes which digest the bacterial
wall membranes. Their presence in HAEC
colon suggests an attempt at reinforcement of
the mucosal immunity. ICAM-1 is a cell sur-
face intercellular adhesion glycoprotein which
is involved in leukocyte recruitment when
inflammation occurs. Kobayashi et al. have
demonstrated that ICAM-1 shows increased
expression in the endothelium of both the gan-
glionated and aganglionic bowels in patients
with HAEC [45]. This emphasizes the impor-
tance of endothelial cell activation in HAEC
pathogenesis. Elhalaby et al. postulated that the
occurrence of a single episode of HAEC can
alter intrinsic intestinal immunity by causing a
chronic change to the mucosa to an increased
risk of further episodes [24]. This would help
to explain the lower but real recurrence rate of
HAEC following a “diversion” colostomy or a
successful pull-through.

Splenic lymphopenia is also thought to con-
tribute to an etiology of impaired immunity.
This was first described in the EdnrB~~ mouse
model by Cheng et al. [18]. These animals have
abnormal splenic architecture and reduced total
lymphocytes in the spleen. Specifically, they

have a relative reduction in B as compared to
T lymphocytes, as well as a negative correla-
tion between splenic lymphocyte counts and
intestinal inflammation on histologic analysis.
This finding was confirmed in the EdnrB¥¢~"~
model, with the additional discovery of a
decrease in marginal zone B lymphocytes, sug-
gesting impaired B lymphocyte development
or trafficking from the spleen to the Peyer’s
patches of the small intestine [34]. Another
group attempted to understand the contribution
of the EdnrB genotype to the clinical expres-
sion of HAEC by performing bone marrow
transplants from EdnrB animals to Rag2™~
recipients and inducing bowel obstruction in
wild-type animals [27]. They concluded that
stress from obstruction resulted in similar
lymphocyte alterations to those seen in HAEC
models. However, they found that after surgical
relief of obstruction, EdnrB~~ mice still carried
a 40% risk of developing HAEC [97].

13.2.5 Abnormal Microbiota

Infectious etiologies have been linked to entero-
colitis by a number of studies. Clostridium dif-
ficile was reported by Thomas et al. when high
titers of the toxin were detected in four of six
patients with HAEC [83]. They further detected
the cytopathic toxin in 7 of 13 (54%), and C.
difficile was isolated in 77% of children with
HAEC [82]. In the control groups, C. difficile
was isolated in 18% of those with HSCR and
in 30% of children without. The authors pos-
tulated that the toxin was pathogenetic due to
the incidence of toxin in the feces, the magni-
tude of the toxin levels, and the isolation rates
for C. difficile which were significantly higher
in HAEC patients than in those without HAEC
or even HSCR. The possibility that HAEC
could prevent the development of a “benign”
colonic bacterial flora and aggressively treat-
ing C. difficile could improve this made this a
very exciting theory. However, this has not been
proven on subsequent investigations: 50% of all
patients with HSCR have C. difficile, and there
is no variation in incidence between before and
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after surgery [37]. Wilson-Storey et al. demon-
strated a broad spectrum of organisms present
in the stools with no significant difference in the
Clostridium carriage rate between those with
HAEC and those without HAEC or normal con-
trols [93]. After an episode of enterocolitis, 70%
of patients with HAEC have C. difficile present
as opposed to 42% of those without HAEC. It is
postulated that after the initiation of the entero-
colitis episode, alteration in mucosal immunity
allows C. difficile to flourish. Although it may
not be causative, it may complicate the colitis.
Pseudomembranous colitis with stools positive
for C. difficile is rare and has been reported in
four patients with a 50% mortality despite van-
comycin therapy [8].

While several organisms have been found to
be associated with HAEC (including C. difficile,
E. coli, and rotavirus), none has been demon-
strated to be causative. In the last 5 years, two
mouse model studies have shed light on the rela-
tionship between host microbiome and develop-
ment of HAEC.

Using the EdnrB~'~ mouse model, Ward et al.
demonstrated increasing microbiome diversity
over 24 days, with a greater increase in HSCR
mice versus wild type [86]. They identified clus-
ters of microbiota in each group, showing that
wild-type and HSCR mice had distinct microbi-
omes. Further, HSCR mice were found to have
higher levels of Bacteroidetes and Firmicutes
than controls. Similarly, Pierre et al. found
evidence of comparable microbiomes between
HSCR mice and controls early in the neona-
tal period, with divergence of the microbiota
between HSCR and controls as the onset of
HAEC approached [62]. HSCR mice expressed
increased Bacteroidetes and Clostridium spe-

cies, and E. coli was found only in HSCR mice.
Both of these studies also showed decrease in
Lactobacillus over time in HSCR mice. Another
group used the EdnrB~'~ model of HSCR/HAEC
to demonstrate that survival could be extended
to 36 days by changing to a liquid diet and the
addition of oral antibiotics, further supporting a
role for the microbiome in the development of
HAEC [17].

Approaches to HAEC using genomics have
also contributed to knowledge about alterations
in the microbiome of HAEC patients. DeFilippo
et al. used amplified ribosomal DNA restriction
analysis to demonstrate distinct changes in the
microbiota of a single child as he progressed
from pre-enterocolitis through the acute episode
and onto resolution [21]. Yan et al. used this tech-
nique in two patients with HAEC and two with-
out and found different bacterial clustering in the
patients with HAEC as compared to those with-
out [95]. Recent studies are beginning to investi-
gate a potential role for alterations in the fungal
communities of the gut and their contribution to
HAEC pathogenesis [29].

13.2.6 Summary

Impaired mucosal immunity, abnormal microbi-
ota, intestinal barrier dysfunction, and dysmotil-
ity all appear to contribute to the pathogenesis of
HAEC. ENS dysfunction can result in microbi-
ome dysbiosis through impaired motility. When
followed by impaired intestinal barrier func-
tion and an abnormal immune response, HAEC
develops. This stepwise model is the target of
current research endeavors by multiple groups
(Fig. 13.1).

Microbiome

ENS Dysmotility Dysbiosis

Intestinal Barrier
Failure

Impaired Immune

HAEC
Response

Fig. 13.1 Working model for Hirschsprung-associated
enterocolitis pathogenesis. Enteric nervous system (ENS)
dysfunction can result in microbiome dysbiosis through

impaired motility. When followed by impaired intestinal
barrier function and an abnormal immune response,
HAEC may develop
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13.3 Risk Factors

Many risk factors for HAEC have been identi-
fied. These factors include delay in the initial
diagnosis of HSCR, gender, a family history of
HSCR, and the presence of trisomy 21. Delays in
the diagnosis of HSCR lead to a higher incidence
of enterocolitis as the presenting condition [79].
In the neonatal period, the incidence of HAEC
increases from 11% in the first week of life to
24% after.

The best-established risk factor for HAEC is
trisomy 21 [14, 65, 79]. Patients with Down syn-
drome have been shown to have almost double
the incidence of HAEC compared to other chil-
dren with HSCR. The combination of HSCR and
trisomy 21 is associated with a higher incidence
of postoperative morbidity, prolonged hospi-
talization, and poor long-term bowel function.
Infants with trisomy 21 have an intrinsic immune
deficiency due to both decreased cytotoxic T
lymphocytes and derangement in humoral func-
tion [56] which may explain their increased risk
of HAEC. Of patients with trisomy 21, ~50%
develop HAEC as opposed to 29% in the normal
population [53, 65].

Other risk factors include family history of
HSCR, male sex, delay in diagnosis of HSCR,
and other genetic syndromes. There is grow-
ing evidence that genetic mutations may have
a role in predisposition to HAEC: one study
noted that 2/3 patients with HAEC had variants
of integrin-p2, which is involved in cell surface-
mediated signaling and has been associated with
chronic colitis conditions [55]. Some have also
postulated that the occurrence of a single episode
of HAEC can alter intrinsic intestinal immunity
leading to an increased risk of further episodes
[24].

There has been conflicting evidence on
whether or not the length of disease is related to
recurrent HAEC, with longer disease involve-
ment postulated to have a higher rate of recur-
rence [11, 24, 26, 43]. Studies have shown
that HAEC is significantly more common in
patients with aganglionic segments longer
than the sigmoid [24, 43]. Neonates with total

colonic aganglionosis may present with perfo-
ration of the ganglionic bowel. However, some
studies on this condition have found no differ-
ence as regards length of the aganglionic bowel
[11, 14, 26].

There is no evidence that the type of pull-
through or presence of stoma after pull-through
is related to the incidence of postoperative
HAEC [64]. Swenson reported an HAEC inci-
dence of 21% after pull-through in a 40-year
follow-up [67]. However, Wildhaber et al. dem-
onstrated no correlation between the incidence
of HAEC and the type of pull-through per-
formed [90]. Others have noted similar findings
[64, 84, 89]. Additionally, no increase in HAEC
has been found in the postoperative period after
a primary pull-through without stoma forma-
tion [15].

After pull-through surgery, known risk factors
for HAEC include anastomotic leak or stricture
and postoperative intestinal obstruction second-
ary to adhesive disease. These increase the rela-
tive risk of HAEC by nearly threefold [36, 77].
Finally, although HAEC does occur with a divert-
ing colostomy/enterostomy, its incidence appears
substantially lower.

13.4 Diagnosis

The presentation of HAEC is highly variable
in both symptoms and severity [35]. Due to the
difficulty in making a definitive diagnosis and
potential for morbidity or mortality with late
diagnosis and treatment, most practitioners make
a presumptive diagnosis and initiate therapy.
Classic manifestations include abdominal disten-
sion, fever, and diarrhea. The broad spectrum of
presentations is nonspecific, however, and likely
contributes to the variable incidence of HAEC
observed in the literature.

Mild cases may present with fever, mild dis-
tension, and diarrhea, mimicking viral gastroen-
teritis. More severe cases may include lethargy,
rectal bleeding, and obstipation. In the neonate,
the classical presentation consists of a history
of constipation from birth associated with occa-
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sional loose foul-smelling stools and progressive
abdominal distension [24, 30]. Among neonates
with HSCR, 16%-33% present with diarrhea.
The presence of diarrhea is pathognomonic of
enterocolitis which occurs in 93% of patients
with HAEC. Vomiting rarely occurs in HAEC. A
markedly distended hyperresonant abdomen
occurs in 32%-83%, vomiting in 9%-76%,
pyrexia in 12%-54%, and less commonly rectal
bleeding in 5%—-9% of patients with HAEC.

Rectal examination, either by digit or soft
catheter, is both diagnostic and therapeutic,
resulting in a characteristically explosive foul
smelly stool and gaseous decompression which
once witnessed is never forgotten. Patients after
a pull-through operation or those with a diverting
stoma will present in the same fashion. The sig-
nificant morbidity associated with HAEC occurs
with the toxic megacolon which is characterized
by bilious vomiting, fever, dehydration, marked
abdominal distension, and signs of shock.
Fortunately, bowel perforation is a rare compli-
cation occurring in only 2%-3% of patients [24].

Current diagnostic practice involves exclud-
ing other causes of colitis such as necrotizing
enterocolitis in the infant and infectious colitis in
older children. Stool studies and Clostridium dif-
ficile testing can be helpful to rule out the latter.
Although in the majority of patients the diagno-
sis can be made easily on clinical evaluation, cer-
tain radiographic findings have been associated
with HAEC in the context of a suspicious clini-
cal history (Fig. 13.2). Simple anterior-posterior
and lateral decubitus abdominal radiographs
can show thickening of the bowel wall, muco-
sal irregularity (“sawtooth” appearance), dilated
bowel loops, air-fluid levels, “cutoff” sign in the
rectosigmoid colon, pneumatosis, pneumoperito-
neum, and evidence of toxic megacolon (grossly
dilated colonic loop) (Fig. 13.3). Contrast enema
should be avoided during episodes of HAEC due
to the risk of perforation.

A major barrier in the care of Hirschsprung
patients has been the lack of a standardized
method for diagnosing enterocolitis. In 2009, a
large group of gastroenterologists and surgeons
participated in a Delphi process to generate a
diagnostic scoring system for HAEC [20, 60].

Using history, physical exam findings, labora-
tory findings, and imaging, they arrived at a
16-item list. Each item was assigned 1-2 points,
with a summed score of 10 or greater being
diagnostic of HAEC. Despite multidisciplinary
expert input into the development of this defini-
tion, it was not designed for and has not been put
into widespread clinical use. Recently, another
collaborative reviewed the medical records
of 116 children across 5 centers using the 16
Delphi criteria to create a more clinically useful
scoring system [28]. The most common posi-
tive criteria included distended abdomen (31%),
diarrhea with explosive stool (24%), diarrhea
with foul-smelling stool (23%), and lethargy
(19.8%). On multivariate analysis, diarrhea with
explosive stool, decreased peripheral perfusion,
lethargy, and dilated loops of bowel were inde-
pendently associated with suspected HAEC epi-
sodes. Based on the calculated sensitivities and

Fig. 13.2 Plain radiograph  characteristics  of
Hirschsprung disease and Hirschsprung-associated
enterocolitis. Abdominal radiograph demonstrating

dilated bowel throughout, tapering to a blind end near the
rectosigmoid junction. There is a paucity of colonic gas
seen within the pelvis
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Fig. 13.3 Contrast enema characteristics of Hirschsprung
disease and Hirschsprung-associated enterocolitis. Contrast
enema demonstrating loss of the normal rectosigmoid ratio,
where the sigmoid is expected to be larger in diameter than
the rectum, in Hirschsprung disease. Also note colonic dis-
tension, speculation, edema, and mucosal nodularity (“saw-
tooth” appearance) of the distal rectum, indicative of active
enterocolitis. Contrast enemas should be avoided during
episodes of HAEC due to the risk of perforation

specificities for each score point, they demon-
strated that a cutoff score of 4 points maximized
the sensitivity (83.7%) and specificity (98.6%)
in diagnosing HAEC. Using the same patient
cohort, they then devised a new risk score based
on these four criteria. However, this scoring sys-
tem has not yet been prospectively verified.

The American Pediatric Surgery Association’s
(APSA) Hirschsprung Disease Interest Group
also proposed a staging system for HAEC [35].
This system classifies HAEC into three stages
based on many of the same history, physi-
cal exam, and radiologic features and is aimed
toward aiding in both the diagnosis and man-
agement of HAEC (Table 13.1). However, it is
hampered by the same primary weakness of the
Delphi criteria — it relied on expert opinion in its
development. There is an ongoing need to estab-
lish an evidence-based diagnosis and grading
system for HAEC.

13.5 Treatment

There is currently no evidence-based, standard-
of-care guideline or algorithm for the treatment
of HAEC. Therapy is nonspecific and aimed at
treating symptoms rather than a known etiology.
Fluid resuscitation and correction of electrolyte
abnormalities are critical in initial management.

Table 13.1 American Pediatric Surgical Association guideline for the diagnosis of Hirschsprung-associated

enterocolitis
Grade Description Clinical history
1 Suspected Anorexia
HAEC Diarrhea

2 Definite HAEC  History of past episode of
HAEC
Explosive diarrhea
Fevers
Lethargy

3 Severe HAEC Obstipation
Obtunded

Adapted from reference [35]

Physical exam
Mild abdominal distention

Radiograph findings
Normal
Mild ileus gas pattern

Fever Ileus gas pattern
Tachycardia Air/fluid levels
Abdominal distention Dilated loops of bowel

Abdominal tenderness
Explosive gas/stool on DRE

Rectosigmoid cutoff

Decreased peripheral Pneumatosis
perfusion Pneumoperitoneum
Hypotension

Altered mentation
Marked abdominal distention
Peritonitis

Guideline for the diagnosis and grading of HAEC from grade 1 (possible HAEC) to grade 3 (severe HAEC) based on
clinical history, physical examination, and radiographic findings
HAEC Hirschsprung-associated enterocolitis, DRE digital rectal examination



218

L. V. Veras and A. Gosain

Additional management strategies may include
dietary changes, antibiotics, rectal irrigations,
and intensive care unit admission.

13.5.1 Acute lliness

Treatment regimens should be tailored to the
providers’ clinical judgment of the severity of
disease. The APSA HSCR interest group pub-
lished guideline for the treatment of HAEC
based on their diagnostic guidelines (Table 13.2)
[35]. Three grades of disease severity are defined
as suspected HAEC (grade 1), definite HAEC
(grade 2), and severe HAEC (grade 3).

The APSA guidelines recommend that a
patient with grade 1 HAEC may be safely
treated as an outpatient with oral metronidazole
and oral hydration. The optimal dosing, fre-
quency, and duration of antibiotics for HAEC
have not been determined. Rectal irrigations
(washouts) can be considered in patients with
abdominal distension or incomplete evacu-
ation. Shim and Swenson recommended the
use of a flatus or rectal tube to enable colonic
decompression [68]. Rectal washouts are per-
formed using a large-bore soft catheter with
multiple side holes. The tube is well lubricated
and advanced into the colon. In preoperative
HAEC, the tube should be passed into the tran-
sition zone if technically possible. Repeated
tube decompression and gentle rectal wash-

outs with 10 mL/kg aliquots of warm or room-
temperature normal saline make a significant
clinical impact on these patients.

For grade 2 cases, inpatient or outpatient man-
agement is left to the provider’s clinical judg-
ment. Dietary restriction options include clear
liquids or nothing by mouth. Broad-spectrum
antibiotics and rectal irrigations/washouts are
recommended.

Patients with severe cases of HAEC (grade
3) should be strongly considered for intensive
care unit admission, bowel rest, broad-spectrum
antibiotics, and rectal irrigations. These patients
may require proximal diversion if there is fail-
ure to improve with nonoperative management.
Clinical deterioration in the neonate, particu-
larly those with long-segment disease, in which
washouts have a high failure rate, may require an
emergency decompression and diversion.

13.5.2 Recurrent HAEC

Treatment of recurrent HAEC begins with iden-
tifying the underlying cause. The workup for
underlying etiology begins with assessing for
causes of obstructive symptoms [46]. Anatomic
etiologies can be identified with contrast enema,
physical examination under anesthesia, and rectal
biopsies to confirm the presence of ganglionated
bowel. Anatomic abnormalities such as anasto-
motic stricture, transition zone pull-through, or

Table 13.2 American Pediatric Surgical Association guideline for the management of Hirschsprung-associated

enterocolitis

Irrigations/

Grade Disposition Diet Antibiotics washouts Surgery

1 Outpatient Oral PO Metronidazole Consider rectal  n/a
hydration irrigations

2 Outpatient, Clear liquids Metronidazole (PO or Rectal n/a

consider inpatient or NPO V) irrigations

IVF Consider broad-
hydration spectrum coverage

3 Inpatient NPO Metronidazole (IV) Rectal Proximal diversion (ostomy)
IVF Broad-spectrum irrigations for failure to improve
hydration coverage Surgical exploration for

Adapted from reference [36]

pneumoperitoneum

Considerations for diet, antibiotics, rectal irrigations, and need for surgery are listed by grade
PO per os, NPO nothing per os, ICU intensive care unit, /V intravenous, /VF intravenous fluid
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Duhamel spur should be treated surgically. Redo
pull-through operations when appropriate appear
to be as effective as primary procedures in terms
of continence and stooling frequency and can
decrease episodes of HAEC [78].

After excluding anatomic etiologies, non-
relaxation of the internal anal sphincter should be
considered. The use of botulinum injections for
the treatment of postoperative HAEC has shown
some promising results. In one study, 14 of 18
patients with persistent constipation, obstructive
symptoms, or recurrent HAEC showed improve-
ment in bowel function, and 5 of these had
improvement that lasted longer than 6 months
[54]. Multiple studies have shown a reduction in
hospitalizations for HAEC following botulinum
injections [61]. However, it is difficult to predict
which patients will respond, and long-term out-
comes have not been well studied.

Posterior myotomy/myectomy (POMM) can
also be considered in children with recurrent epi-
sodes of HAEC 1-2 years after pull-through opera-
tion [19]. Although there has been some success in
small trials, there have been mixed results regarding
functional outcomes [40, 48, 64, 89]. An advantage
to POMM is that redo pull-through can still be per-
formed in the event that myectomy is not success-
ful. Finally, end ileostomy or colostomy (diversion)
can be considered as a last resort.

13.5.3 Prophylactic Measures

After pull-through surgery, some surgeons recom-
mend routine anal dilations. Gao et al. reported an
enterocolitis rate of 2/34 (6%) after using routine
dilations for 3 months after surgery [33]. However,
recent data questions these findings. A review by
Temple et al. compared rates of stricture develop-
ment and enterocolitis among children with HSCR
and anorectal malformation undergoing -either
weekly calibration of the anastomosis by a surgeon
or daily dilation by parents and observed no dif-
ferences [80]. A separate review of HSCR patients
had similar findings [7].

Concerns over the mortality rate due to ful-
minant enterocolitis in the postoperative period
led Marty et al. to suggest routine postoperative

rectal washout to decrease both the incidence
and the severity of episodes of enterocolitis fol-
lowing definitive surgery [50]. They recommend
a policy of rectal irrigation performed by the
parents commencing 2 weeks following surgery
twice daily for 3 months followed by once daily
for 3 months. This policy reduced their incidence
of HAEC from 36% (34 of 95 patients) to 10%
(4 of 40 patients). A Spanish study of 37 chil-
dren with HSCR treated between 1978 and 2005
found similar results [58].

Further research is needed to investigate what
role probiotics might play in the prevention of
HAEC. In one study, children undergoing sur-
gery for HSCR were randomized to probiotic
versus placebo postoperatively; this study did
not show differences in HAEC rates between the
two groups [23]. In contrast, another group sim-
ilarly randomized patients and treated them for
4 weeks [85]. The probiotic group had reduced
incidence and severity of HAEC over the fol-
lowing 3 months. A recent meta-analysis con-
cluded that probiotics do not reduce the risk of
HAEC [57].

13.6 Conclusion and Future
Directions

HAEC remains a diagnostic and therapeutic chal-
lenge, despite recent advances in our understand-
ing of the pathophysiology. Current research
is focusing on a number of avenues including
patient-specific microbiome analysis and tar-
geted probiotic therapy and use of stem cell
therapy to restore bowel function in HSCR [41].
Further studies on the underlying mechanisms of
disease, accurate methods of diagnosis, and opti-
mal treatment strategies will be needed in order
to improve our ability to care for HSCR patients
with HAEC.
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