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nterocolitis complicating Hirschsprung’s disease
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Enterocolitis remains a relatively common complication of Hirschsprung’s disease with significant
morbidity and mortality. The etiology of Hirschsprung’s enterocolitis (HEC) is multifactorial and
remains poorly understood. Preventative measures and better treatment modalities will evolve out of a
better understanding of the underlying pathophysiology. Prompt recognition of HEC allows early
intervention and a potential reduction in disease severity and mortality. This review of HEC describes
the epidemiology, clinical and pathological features and current best practice in management. Some of
the areas of research into etiology and treatment are discussed.
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Hirschsprung’s enterocolitis (HEC) is the most serious
nd potentially life-threatening complication of Hirsch-
prung’s disease (HD). Swenson and Fisher recognized the
ssociation in 1956 but it was first described in detail by Bill
nd Chapman in 1962.1

Caneiro and coworkers defined HEC as a clinical syn-
rome of diarrhea, abdominal distension, fever, colicky
bdominal pain, lethargy, and the passage of bloodstained
eces.2

Despite advances in the treatment of HD, enterocolitis
emains a relatively common complication with significant
orbidity and mortality.1 The mortality has however

ropped significantly in the last 10 to 15 years2 due mainly
o improvements in critical care. As the etiology and patho-
hysiology are poorly understood prevention remains a dif-
cult problem. This review of HEC describes the epidemi-
logy, clinical and pathological features and current best
ractice in management. Some of the areas of research into
tiology and treatment are discussed.

Address reprint requests and correspondence: Daniela Vieten, c/o
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ase report

S, a patient with trisomy 21, an associated cardiac anom-
ly (atrial septal defect) and a left hydroureter, presented on
ay 15 of life with abdominal distension and bilious vom-
ting. A diagnosis of Hirschsprung’s Disease was made on
ectal suction biopsy and a primary Duhamel pullthrough
as performed at 21 days of age. Following the pullthrough
rocedure HS suffered ongoing feeding difficulties, inter-
ittent abdominal distension and periodic foul-smelling

tool managed with intermittent oral metronidazole and
icrolax enemata. Twenty-one months following her sur-

ery for HD she was admitted under the care of the pedia-
ricians with diarrhea, abdominal distension, lethargy, py-
exia and dehydration. Stool and blood cultures were neg-
tive and a course of metronidazole was commenced. HS
as discharged on day 11 but represented 5 days later with
ngoing symptoms of increasing severity and HEC was
iagnosed. Intravenous (IV) antibiotic and fluid therapy was
ommenced but 12 hours after readmission HS suffered an
MD arrest (electromechanical dissociation) secondary to
ypovolemia, was resuscitated and admitted to the pediatric
ntensive care unit (PICU). She subsequently developed
espiratory, renal and liver failure with a coagulopathy.

tool samples were positive for Clostridium difficile toxin
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nd treatment with IV metronidazole and cefotaxime, and
ancomycin via the naso-gastric tube was commenced. HS
emained dependent on peritoneal dialysis and inotropes for
7 days, and required ventilatory support for 42 days. Due
o excellent critical care facilities she made a gradual re-
overy from her multiorgan failure and was discharged to
he ward on day 48. She continued to require parenteral
utrition for a further 4 weeks and was then discharged
ome. HS has had two further admissions with milder epi-
odes of HEC 25 and 29 months after her definitive surgery.
here are ongoing problems with her stooling pattern but
he has otherwise remained well since then.

This case illustrates some of the salient features of HEC
iscussed in this review and highlights the importance of
ood critical care support and early recognition of HEC.

pidemiology

ncidence

The incidence of HEC varies markedly between pub-
ished series (17% to 50%) which may be due to the use of
ifferent diagnostic criteria. The mean incidence is 25%
see Table 1).

An early series found that 87% of enterocolitis occurred
reenterostomy and accounted for all of the deaths in their
eries.1 The greatest risk of developing HEC is before di-
gnosis of HD. EC is the presenting feature of HD in 5 to
4% of infants3-5 and it tends to be most severe in this
roup.6

HD is thought to be rare in prematurity but has been
eported in 4 premature neonates (5% of their patients) who
resented with necrotizing enterocolitis (NEC).2 In this
roup the risk of perforation was found to be very high.

HEC has been described in patients with a defunctioning

Table 1 Incidence of Hirschsprung’s enterocolitis (listed chro

Reported Series
Incidence of
HEC % (n)

HEC Present at
Diagnosis of
HD % (n)

Bill 19621 50 (24) not stated
Swenson 19755 not stated 24 (120)
Kleinhaus 19793 not stated 15 (168)
Teitelbaum 198813 24 (19) 16.3 (13)
Cameiro 19922 32 (24) 13 (10)
Rescorla 19924 18 (47) 5.7 (15)
Blane 199311 not stated not stated
Surana 19947 30 (41) 12.5 (17)
Elhalaby 199520 33.9 (57) 12.5 (21)
Moore 199615 21.6 (71) 16.6 (55)
Sarioglu 199718 22 (113) not stated
Murthi 200327 not stated 11 (7)
toma but this is rare.7 fi
The incidence of postpullthrough EC varies from 5 to
5% in reported series.1,8-10 It can occur in the immediate
ostoperative period or later, even more than a year after
efinitive surgery.1 In one series the mean and median times
f presentation were both greater than 18 months after
urgery.11 Swenson reports, however, that the greatest risk
f EC is within the first year after definitive surgery; 92% of
heir patients had the last episode of EC requiring hospital
dmission within 2 years of their pullthrough procedure.5

Recurrent enterocolitis varies in incidence from 5.2% to
1%.1,2,7 The frequency of bouts of HEC tend to decrease
ith time.12 Chronic symptoms are particularly common in

hildren with trisomy 21.
The incidence of HEC has declined over the last 40 years

ue to improved and more prompt diagnosis of HD but it
as remained a major cause of morbidity and mortality.

isk factors for HEC

Delay in diagnosis of HD beyond 1 week of age has been
hown by several authors to increase the risk of HEC.
eonates presenting with enterocolitis do so at an average

ge of 16 days.13

Klein and coworkers reported no cases of enterocolitis in
hose infants who underwent decompressive formation of
toma in the first 2 weeks of life.14 Surana and coworkers
ound that 11% of those diagnosed with HD in the first week
f life presented with EC, compared with 24% with EC as
he presenting feature of HD after the first week of life.7

leinhaus and coworkers concluded from their series that a
efinitive diagnosis must be established within the first
onth of life in those children with suspected HD if the

ncidence of HEC is to be kept to a minimum.3

Trisomy 21 is a well known risk factor for the develop-
ent of HEC and Carneiro reports an incidence of 50% in

hildren with Down syndrome compared with 29% in all
ther children.2 This increased incidence has been con-

cally, expressed as % age of all HD)

perative
(n)

Postoperative Enterocolitis

Post-stoma % (n) Post-pullthrough % (n)

21) 0 35 (13)
120) 0 34.2 (164)
stated 0 9.8 (98)
(13) 2.6 (2) 5.3 (4)

10) 9 (7) 9 (7)
(15) 12.3 (32)

stated not stated 33 (57)
(25) 2.5 (3) 18.3 (20)
(21) 26 (44)
(55) 0 11 (36)

79) 0 14 (34)
7) 0 22 (14)
nologi

Pre-o
EC %

44 (
24 (
not
16.3
13 (
5.7

not
18.5
12.5
16.6
26 (
11 (
rmed in many other series.7,13,15
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Some series report an increased incidence of HEC with a
ong segment of aganglionosis.4,9,16,17 Surana and cowork-
rs found a 28% incidence of HEC in those with rectosig-
oid involvement compared with 38% in those with long-

egment or total colonic aganglionosis.7 These findings
ave not, however, been confirmed in other studies.1-3,13,18

Genetic factors may predispose to the early onset of
C.3,19 A family history of HD is known to predispose to
EC and in a study by Carneiro and coworkers 57% of
atients with positive family histories compared with 29%
f those without developed HEC.2 This may be due the fact
hat those patients with a positive family history tend to
ave longer segment disease. These two risk factors for
EC have not been assessed independently in any of the

eported series.
An increased incidence of HEC has been noted in those

atients with major associated anomalies (including cardiac,
astrointestinal, genitourinary, central nervous system).
arneiro and coworkers reported a twofold increase in the

ncidence in those with associated anomalies compared with
hose without other anomalies.2 This was confirmed by
lhalaby and coworkers who found an incidence of 47%
ompared with 29% in their series.20 These findings, how-
ver, may be due to the large number of children with
ssociated anomalies that have trisomy 21 in both series and
ere not studied as a separate group.
Carneiro and coworkers report a lower incidence after

uhamel procedure2 and Kleinhaus, Ikeda and more re-
ently Moore report a significantly higher incidence of post-
ullthrough EC after Swenson’s procedure.3,9,16 The proce-
ure has since been modified to a more distal anastomosis
nd the majority of recent series found the incidence of
ostpullthrough EC to be unrelated to type and timing of
efinitive surgery.2,7,10,21

Anorectal stenosis or stenosis at the anastomotic site
ollowing primary pullthrough procedure predisposes to the
nset of EC.3,13 In a series reported by Hackman and co-
orkers the only significant risk factors for the development

Table 2 Mortality related to Hirschsprung’s enterocolitis (HEC

Reported Series
Mortality (% age
of all HEC) (n)

Pre-op
all pre

Bill 19621 33 (8) 39 (8
Swenson 19755 not stated not st
Kleinhaus 19793 39 (103) 30 (4
Teitelbaum 198813 5 (1) 5 (1
Rescorla 19924 8.5 (4) 27 (4
Cameiro 19922 4.1 (1) 0
Surana 19947 9.7 (4) 0
Elhalaby 199520 0 0
Sarioglu 199718 1.2 (6) 7.6 (
Murthi 200327 0 0
f postpullthrough HEC were postoperative complications m
elated to the anastomosis, such as anastomotic leak or
tricture.10

Previous episodes of HEC have been reported to be a risk
actor1,3,5,22 and some authors have speculated that early
nset EC in HD permanently alters the defense mechanisms
f the intestine and therefore predisposes the patient to
ecurrent episodes. Other studies, however, do not report
uch an association.2,13,21

orbidity and mortality

The mortality of HD is very low but most series report
hat the majority of deaths that do occur are related to EC.
wenson and Davidson reported a mortality of 33% after
nset of enterocolitis compared with 4% in HD patients
ithout EC.23 In their analysis of the causes of death in HD,
rank and Nixon found that 56% of all deaths could be
ttributed to HEC. EC was the single most common cause of
ortality in the preoperative, postcolostomy and postpull-

hrough groups.24

The reported mortality varies greatly (0 to 39%) (see
able 2). HEC present at diagnosis of HD and postoperative
C were associated with a high risk of death in earlier
tudies.3,25,26 The mortality of HEC has fallen over
ime22,10,27 presumably due to improved critical care.

Murthi reported that EC at presentation of HD was the
nly statistically significant risk factor for poor outcome
fter Soave-Boley endorectal pullthrough procedure.27 It
emains unclear, however, whether a subgroup of patients
ith HD have factors such as abnormal gut mucosa
redisposing them to poorer long-term functional out-
ome as well as EC or whether the HEC at presentation
ompromises their outcome from pullthrough surgery.

In our own experience mortality has been markedly re-
uced over recent years due to vast improvements in sup-
ortive care in the pediatric intensive care unit (PICU).
owever, EC still remains the major source of morbidity in
D2,6,7 and may lead to lengthy and complicated hospital

dmissions. Early recognition is needed to prevent serious

d chronologically

e (% age of
EC) (n)

Postoperative (% age of all post-op
HEC) (n)

Post-Stoma Post-Pullthrough

0 0
0 9.7 (16)
0 9.2 (9)
0 0
0 0

14.2 (1) 0
100 (3) 5 (1)

0 0
0 0
0 0
) liste

erativ
-op H

)
ated
7)
)
)

6)
orbidity and death.
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linical presentation and diagnosis

he clinical features of EC complicating HD were first
haracterized by Bill and Chapman.1

Since then a number of authors have reported the fol-
owing features in order of decreasing frequency: diarrhea
foul smelling, explosive and watery) 80 to 100%, abdom-
nal distension 30 to 83%, vomiting 10 to 77%, explosive
xpulsion of flatus and liquid feces on rectal examination 30
o 69%, abdominal pain 20 to 30%, pyrexia 11 to 50%,
ethargy 30%, blood in stools 2.5 to 10%, bowel perforation

to 5% and shock.2,7,18,28

HEC can be difficult to differentiate from infectious
hildhood gastroenteritis and postoperative complications
uch as adhesive small bowel obstruction or intraabdominal
bscess formation. The disease varies from mild diarrhea of
hort duration with no systemic effects to severe fulminant
nterocolitis with gross abdominal distension and severe
ystemic involvement leading to septic shock. Hypovolemic
hock can develop extremely rapidly and unless vigorous
esuscitation is commenced may lead to death within 24
ours.1

Elhalaby and coworkers developed a clinical grading
ystem ranging from mild disease (grade I with no systemic
anifestations) to severe disease (grade III with shock or

mpending shock) but this is not widely in use.20

Diagnosis is based on a history of HD or features suspi-
ious thereof followed by abdominal distension and diar-
hea. The abdomen is distended and tympanic on percussion
nd there is often a forceful discharge of flatus and foul
melling liquid feces on removal of the finger following
ectal examination.

Abdominal radiographs may reveal a distended loop of
olon often associated with small bowel dilation and/or
ultiple air fluid levels (see Figure 1). There may be thick-

ning of the bowel wall and mucosal irregularity and if
erforation occurs a pneumoperitoneum is seen. In some
ases pneumatosis intestinalis may be seen, making it dif-
cult to differentiate between NEC and EC complicating
D. Blane and coworkers describe an intestinal “cutoff

ign” in the rectosigmoid region with abrupt termination of
aseous distension and an absence of air distally, which was
een in 74% of their patients with acute EC.11 Contrast
nema shows an irregular mucosal lining, with ulceration
nd cobble-stoning (see Figure 2A and B); it is, however,
ot recommended as an investigation during the acute phase
f HEC due to the high risk of perforation.

Rectal biopsy may be performed as part of the investi-
ation for HEC but is not recommended during the fulmi-
ant phase as there is a high risk of perforation. The biopsy
ay show the classical pattern of HEC but also serves to

onfirm that ganglion cells are present after pullthrough
rocedure and some authors have reported intestinal neuro-
al dysplasia in association with HD, which may contribute
o the development of HEC.29 NEC in term infants should

aise suspicion and a rectal suction biopsy should be per- s
ormed. HD should also be considered in some premature
nfants with NEC, as this may be a presenting feature.

Chronic HEC is characterized by persistent diarrhea or
oose stools, soiling, intermittent abdominal distension, nau-
ea, vomiting, and poor feeding leading to failure to thrive.
ecurrent bouts of enterocolitis after pullthrough surgery

hould be investigated by contrast enema, endoscopy and
ectal biopsy to exclude a mechanical cause such as obstruc-
ion in the neo-rectum or a residual segment of aganglionic
owel.

athology

he gross pathology of HEC was described initially by
arald Hirschsprung: there is full-thickness ulceration pen-

trating to the serosa, abscess formation in the submucosa
nd mottled submucosal spaces containing pus.30

Microscopically HEC is characterized by infiltration
f intestinal crypts with neutrophils (cryptitis) and for-
ation of crypt abscesses. Mucus retention with crypt

ilation is often seen (see Figure 3A).31 There is a pro-
ressive increase in crypt abscesses followed by progres-
ive ulceration of the mucosa eventually leading to trans-
ural necrosis (see Figure 3B) and perforation. The late

igure 1 Abdominal radiograph of a 3-year-old girl with HEC
howing gaseous distension of the large bowel. Toxic megacolon
s seen with evidence of mucosal thickening (arrow).
tages are indistinguishable from ulcerative colitis. Crypt
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267Vieten and Spicer Enterocolitis Complicating Hirschsprung’s Disease
bscesses are seen in both ganglionic and aganglionic
owel.31

Teitelbaum and coworkers suggest a pathological grad-
ng system (currently not widely in use) ranging from Grade

� normal mucosa to V � severe necrosis with perfora-
ion. Eighty-eight percent of their patients with clinical
nterocolitis were graded III (Multiple crypt abscesses) or
reater.6 In their series 86% of patients without clinical
vidence of enterocolitis at the time of rectal biopsy who
ere assigned grade II or higher on histological staging
ent on to develop clinical enterocolitis.
Ischemic enterocolitis is a rare finding in HD32 and those

ases reported occurred in moribund neonates who were in

igure 2 Contrast enema of a 2-year-old girl with HEC. (A) M
arrows). (B) Marked mucosal edema of the distal transverse colo

igure 3 (A) Colonic mucosal biopsy from a patient with entero
bscess (arrowhead). (B) Histology from a resection specimen of a

ucosal necrosis (arrows) and severe ischemic changes in the submuco
eptic shock. It is possible that inadequate perfusion and
owel distension led to the ischemic changes seen in the
ntestine.

Brearly and coworkers report pseudomembranous
olitis (PMC) in association with HD. Histology was
ypical of PMC in 35% of patients with clinical coli-
is from whom biopsy material was available. This
ffected both aganglionic and ganglionic bowel. PMC
as clinically indistinguishable from the inflammatory

olitis more typically associated with HD but carried a
reater mortality (43% compared with 23%).33 PMC in
hese cases of HD was unrelated to recent antibiotic
herapy.

thickening with ulceration of the sigmoid and descending colon
trated by thumb-printing (arrows).

showing dilated glands with retained mucin (arrows) and a crypt
th-old patient with fulminant HEC. The colonic wall shows focal
ucosal
colitis
3-mon
sa (S) and muscle (M).
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otential etiology

bstructive

Mechanical dilation and fecal stasis secondary to ob-
truction was the earliest proposed etiology of HEC. Partial
echanical obstruction with chronic distension was thought

o result in ischemia by Bill and Chapman.1 Glotzer and
oworkers induced ulcerative colitis in a dog model by
artially obstructing the colon. Mucus retention and crypt
bscesses were not observed however.34

Harrison and coworkers postulate that postpullthrough
C may be attributable in part to internal sphincter spasm.8

n the other hand Rintala and coworkers reported that none
f their patients in a recent series investigating chronic or
ecurrent postpullthrough EC had strictures or stenosis of
he bowel outlet and their anal pressures on manometry did
ot differ from those patients with HD who did not suffer
ith EC.35

Moreover obstruction as a sole cause for HEC does not
xplain the occurrence of EC in those infants and children
ith a defunctioning stoma or postpullthrough EC in those
ithout sphincter spasm.

nfective

There is no consistent evidence for specific organisms
ausing EC in HD but a number of authors have reported an
ssociation with both bacterial and viral infective agents.

Thomas and coworkers reported that cytopathic Clostrid-
um difficile toxin was present with significantly greater fre-
uency and in consistently higher concentration in the stools of
hildren with HEC compared with controls.36 Those patients
ith the most severe manifestations of HEC were all found to
ave toxin-positive stools. In another series all patients found
o have fecal C. difficile toxin (63% of HEC) responded to
ancomycin given orally or via their stoma.2

Hardy and coworkers showed that children with HEC
arry C. difficile for a prolonged period of time compared
ith controls.37 Other studies however report that very few
f their patients were positive for C. difficile.7,31,35 Further-
ore it has been shown that up to 90% of healthy neonates

ave C. difficile in their stools and many secrete the toxin,38

uggesting that the pathogen alone does not cause HEC.
homas and coworkers proposed that in healthy infants
olonized with C. difficile the organism is shed from the gut
ora as the pattern of bacterial colonization changes with
ge but those children with HD have difficulty in shedding
he organism. It has been suggested that a secreto-motor
bnormality may lead to overgrowth of C. difficile.36 While
olonization of the gastrointestinal tract with C. difficile
ay be well tolerated in healthy infants it poses a significant

hreat to those with HD.33,36

Wilson Storey and coworkers found rotavirus in the
tools of 77% of their patients with HEC. Immunologic

efense against rotavirus is dependant on IgA in the gut a
all. Rotavirus is thought to play some part in the patho-
enesis of HEC that may be related to an underlying defi-
iency in host defense.39

Golderman and coworkers showed that enterocyte adher-
nce allows organisms to invade epithelial barriers.40 In a
tudy of HEC 39% of patients demonstrated enterocyte
dherence on histology, the organisms identified were
scherichia coli, C. difficile and Cryptosporidium.31 The
usceptibility to infection seems more important in the eti-
logy of HEC than a specific pathogen.

efective mucosal barrier

The mucus gel layer covering the luminal surface of the
astrointestinal tract acts as a lubricant, protects against
echanical trauma and forms the first line of defense

gainst potential pathogens, foreign compounds and tox-
ns.41,42 Mucus glycoproteins, the main components of the
el, provide visco-elastic properties and act as adhesion
ites for bacterial and viral pathogens preventing binding to
pithelial cells. Mucin prevents bacteria from colonizing the
ucosal cells41 and has been shown to inhibit the replica-

ion of rotaviruses.43,44 A deficient or altered mucosal bar-
ier may lead to an increased susceptibility to infection in
D.45

Histological studies have been conducted to assess char-
cteristics of mucus and mucus glycoproteins which de-
cribe a loss of sulfated mucins in HEC. There is a well
nown association of loss of sulfation and inflammatory
onditions of the bowel.42 Alterations in the sulfate and
ialic acid content of mucus glycoproteins render the mucus
arrier more susceptible to degradation by both normal gut
ora and bacterial pathogens.46 Deficient secretion of acidic
ulfomucins allows increased adherence of enteropathic or-
anisms, such as C. difficile or E. coli resulting in increased
usceptibility to bacterial invasion of the intestinal wall.
acterial toxins may then initiate the enterocolitic
rocess.31,47,48

Abnormalities of the mucus protective barrier have been
hown in the proximal ganglionic bowel after definitive
urgery, this may explain the occurrence of postpullthrough
nterocolitis and of recurrent episodes of EC associated
ith HD.31

An extensive study by Aslam into the mucus barrier in
D and HEC showed that there are changes in the mucin

ecretion of ganglionic and aganglionic bowel.45 There is an
ncrease in the ratio of intracellular to secreted mucins and
here is a reduction in mucin turnover, detected by meta-
olic labeling with ([35S]-sulfate and [3H]-glucosamine) in
ells from aganglionic and ganglionic bowel compared with
ge-matched controls.45,49 The expression pattern of mucin
enes was found to be normal in HD indicating that at
enetic level mucin synthesis is intact. However, mucin
urnover is decreased therefore the quality and quantity of
he mucus barrier is compromised.50,51 Physical protection
nd immune function, and with it the first line of defense,

re impaired leaving the patient susceptible to bacterial
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269Vieten and Spicer Enterocolitis Complicating Hirschsprung’s Disease
olonization and invasion.42,45 In a prospective study of the
utcome of patients with known mucin turnover rates the
uthors showed that a low mucin turnover in the ganglionic
owel retained at definitive surgery correlates with a greater
isk of developing enterocolitis: the lower the turnover, the
ore prone a patient is to enterocolitis.50 The authors sug-

est that it may be possible to use mucin turnover rates in
ulture from the proximal bowel at the time of pullthrough
urgery as a predictive laboratory test for postoperative
nterocolitis.50 The ganglionic bowel retained after surgery
s affected for an unknown distance proximal to the transi-
ion zone and further studies are in progress to examine the
roximal extent of abnormal mucosal protection.

MUC-2 has been shown to be the predominant mucin
xpressed in the human colon.52 In a recent study by Mattar
nd coworkers MUC-2 protein expression was assessed in
tool samples and was found to be significantly decreased in
atients with HD compared with controls.53 The study re-
orted nondetectable levels in those patients with HEC. The
eficit in MUC-2 production may allow bacterial pathogens
o invade the mucosal epithelium.

Patients often outgrow their susceptibility to recurrent
nterocolitis. This may be explained by the fact that even in
ormal children the mucus defensive barrier is weakest at 3
onths to 3 years and with increasing age a more robust

arrier is formed with an increased turnover of mucins.49

he older child is better able to withstand mucosal invasion
y bacteria and the barrier offers greater protection against
oxins and foreign compounds. Further studies are being
onducted to assess whether the mucin turnover in patients
ith HD improves with increasing age.
Mucus secretion is partly under the control of the auto-

omic nervous system.54 Soeda and coworkers demon-
trated a reduction in neuroendocrine (NE) cells in patients
ith HEC compared with controls.55 The weak mucus de-

ensive barrier in HD may be due to an abnormality of the
utonomic nervous system and a reduction in NE cell pop-
lations in the ganglionic bowel. This would explain the
oor mucus secretion as well as the motility disturbances
ften seen in association with HD even after definitive
urgery.

A recent study by Lui and coworkers suggested that as
ell as a defective mucus gel layer there may be further loss
f mucosal integrity due to defective epithelial cell prolif-
ration and differentiation. The group demonstrated a
ownregulation of caudal type homeobox gene-1 and -2
CDX-1 and CDX-2) expression in patients with HEC.
DX genes are involved in maintaining the integrity of the
astrointestinal mucosa by control of epithelial cell prolif-
ration and differentiation.56

mmunological

The complex immunologic defense mechanisms of the
ntestine comprise both humoral and cellular pathways. Se-
retory IgA is present within the mucus and there are nu-

erous T-lymphocytes in the epithelium and the lamina s
ropria as well as in Peyer’s Patches and mesenteric lymph
odes.

Impaired cellular and humoral immunity has been de-
cribed in patients with HD.57 There is a significant reduc-
ion in the absolute neutrophil count and defective neutro-
hil chemotaxis and neutrophil degranulation, measured by
hemiluminescent activity. The neutrophils are therefore
nable to respond to a microbiological challenge in the
ormal way. The same study also showed a decrease in
erum complement levels and in serum IgA. Fujimoto de-
cribed an early onset EC in the piebald lethal mouse model
f HD with an increase in the number of IgA containing
lasma cells infiltrating lamina propria but demonstrating a
ecrease in intraluminal IgA suggesting that there is a defect
n the release of immunoglobulins.48 Wilson-Storey and
oworkers reported a marked deficiency in the transfer of
gA across the gastrointestinal mucosa and propose that this
eads to a deficiency in immunoglobulin mucosal defense in
hildren who develop HEC compared with HD con-
rols.57,58 A further study confirmed an increase in IgA, IgM
nd J chains in plasma cells but low levels of luminal
ecretory compounds in aganglionic colon of patients with
EC.59

Patients with trisomy 21 and HD are known to be at
ncreased risk of developing EC. Studies have shown an
ntrinsic immunological deficiency in trisomy 21 with de-
reased cytotoxic T-lymphocyte function and deranged hu-
oral immunity.60

None of the studies on immunologic defenses in the
ntestine of patients with HD have been conducted in a
erial fashion. It is therefore impossible to say whether the
hanges noted are cause or effect of HEC.

revention

ill and Chapman in their early series of HEC stated that the
est treatment for enterocolitis is its prevention and advo-
ated the formation of colostomy in all infants as soon as the
iagnosis of HD has been made.1

Regular rectal irrigation may prevent EC: twice daily
ectal irrigation for 3 months then once daily for a further 3
onths after definitive pullthrough surgery has been shown

o reduce the incidence and mortality of EC.26 This may be
ue to a combination of bowel decompression and washing
ut of potentially pathogenic bacteria as well as preventing
olonic distension and fecal stasis. Hackman and coworkers
ound that postoperative complications related to the anas-
omosis or causing intestinal obstruction were the only sig-
ificant risk factors for postpullthrough EC and therefore
mphasized the importance of minimal trauma to the bowel
uring definitive surgery. They suggest that laparoscopic
ullthrough procedures may be associated with a decreased
ncidence of postoperative EC.10

Having demonstrated that their histologic grading clas-

ification was reliably predictive of the development of
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linical enterocolitis in their series, Teitelbaum and cowork-
rs suggest that it might be prudent to commence prophy-
actic antibiotics in those patients who demonstrate a histo-
ogical grade III or higher on rectal biopsy.31

anagement

rompt diagnosis, rectal washouts and stoma formation are
ritical factors in the prevention of severe morbidity asso-
iated with HEC.

In the management of acute HEC aggressive fluid resus-
itation to correct the fluid and electrolyte imbalance is of
tmost importance. In severe enterocolitis the involvement
f the critical care team should be sought early as multi-
rgan failure may develop.

Decompression of the bowel must be achieved as soon as
ossible by placement of a nasogastric tube and rectal irri-
ation. A large bore rectal catheter is passed, gas and stool
re aspirated followed by repeated irrigations of 20 to 50 ml
dependent on the size of the infant) of warmed saline using
total volume of 100 to 150 ml. Volumes of 500 to 1000 ml
ay be needed in the older child. Washouts should be

epeated two to three times per day until decompression has
een achieved as assessed by regular clinical examination.
ectal washouts, however should not be performed during

ulminant disease because of the risk of perforation. Phos-
hate enemata and enemata without decompression tube
ust be avoided as they may worsen the enterocolitis and

hosphate toxicity may occur.
If the bowel cannot be successfully decompressed with

ashouts the patient will require a laparotomy and forma-
ion of stoma just proximal to the transition zone. Frozen
ection histology by an experienced pediatric pathologist is
ssential to ensure that the stoma is sited in ganglionic
owel. In the most severe cases of HEC the colon may
ecome purulent and gangrenous and a total colectomy is
ndicated.

Bowel rest must be instigated and in prolonged disease
arenteral nutrition should be initiated.

Antibiotic therapy is commenced with broad-spectrum
ntravenous antibiotics in severe disease. C. difficile cover
ust be ensured,33,36 a common regime being intravenous
etronidazole and/or vancomycin administered via the na-

ogastric route or the stoma if present.
It has been suggested that Saccharomyces boulardii may

e a useful adjunct to therapy in the presence of positive C.
ifficile toxins. It has been shown that this nonpathogenic
east inhibits the effects of C. difficile toxins A and B in the
uman colon.61

Corfield and coworkers have shown that there is a sym-
iotic relationship between the normal gut flora and mucin
ynthesis, posttranslational modification and also degrada-
ion.42,46 A study by Mattar and coworkers showed that
ddition of Lactobacillus GG casei to a Caco-2 cell line

ould induce MUC-2 mRNA expression in a dose depen- e
ent manner.62 Gork and coworkers showed that application
f mucins in a neonatal epithelial cell line had an inhibitory
ffect on bacterial translocation.63 Some centers use probi-
tics in the treatment of HEC to manipulate mucin expres-
ion and synthesis and decrease the risk of bacterial trans-
ocation.

Cholestyramine may be a useful adjunct as it binds
. difficile toxin and Prostaglandin E (PGE). PGE causes

ncreased secretion of water and electrolytes from the jeju-
um. Binding of PGE by cholestyramine may help to reduce
his loss and reduce the incidence of hypovolemic shock.64

There are no generally accepted guidelines for the man-
gement of chronic or recurrent enterocolitis. Dietary ma-
ipulation with low residue and lactose-free diet has been
uggested to diminish the substrates for bacterial over-
rowth.35 Severe disaccharidase deficiency and sugar intol-
rance have been noted after definitive pullthrough
urgery.65

Enteral antibiotics are advocated at the time of exacer-
ations and most authors use metronidazole.35

Sodium cromoglycate has been suggested as a treat-
ent for recurrent EC. This nonabsorbable mast cell

tabilizing agent has been documented to be effective in
he management of inflammatory bowel disease and food
llergies. The usefulness in HEC has been investigated
y Rintala and coworkers35 Sixty percent of their patients
ith chronic EC responded favorably with a decrease in

he frequency of bowel motions and a more solid consis-
ency of stool leading to diminished soiling. Exacerba-
ions of EC requiring hospital admission and antibiotics
ere abolished in the median follow-up period of 14
onths. All 3 patients with recurrent enterocolitis re-

ponded favorably. The same group gave budesonide, a
otent antiinflammatory agent to a patient who did not
espond to sodium cromoglycate, with significant im-
rovement in their symptoms.35

Swenson and coworkers initially proposed sphincterot-
my to help patients with postpullthrough EC, since their
ectal sphincters are often found to be very tight on exam-
nation. They report, however, that no significant benefit
as obtained.5 But Polley and coworkers and Marty and

oworkers performed internal sphincterotomies with good
esults on patients with recurrent post pullthrough entero-
olitis. Both authors advocate a significant period of time on
onservative management as most children with post pull-
hrough EC will improve with time.66,67

Future management strategies may be guided by studies
n abnormalities of the mucus barrier. It may be possible in
he future to define the extent of abnormal mucosal protec-
ion and resect a longer segment of bowel at the definitive
urgery to include ganglionic bowel with an impaired mu-
us barrier.

Other future strategies may involve replacement of the
efective mucus with a synthetic mucus substitute or to

ncourage secretion of mucus using secretogogues.
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onclusion

he etiology of HEC is multifactorial and remains poorly
nderstood. The mainstay of management remains intensive
upportive care and the reduction in mortality witnessed
ver the last 5 to 10 years is primarily due to improvements
n critical care. Preventative measures and better treatment
odalities will evolve out of a better understanding of the

nderlying pathophysiology. Prompt recognition of HEC
llows early intervention and a potential reduction in dis-
ase severity and mortality. To this end, a higher level of
wareness of HEC is required in parents and the medical
rofession.
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