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Abstract
Purpose Hirschsprung's associated enterocolitis (HAEC) is a complication of Hirschsprung's Disease (HD) with consid-
erable morbidity and mortality. The variability in presentation leads to a wide variety of the reported prevalence pre-and 
postoperatively. This systematic review aimed to clarify the prevalence of HAEC in short—(S-HD), long (L-HD), TCA and 
the type of operation used.
Methods A systematic literature-based search for relevant cohorts was performed using Pubmed/Medline, Cochrane Library 
from its inception to May 2021. Studies reporting on pre-and postoperative enterocolitis, segment length, and surgical 
procedure (Soave, Swenson, Duhamel) were included. Pooled prevalence and subgroup analysis have been calculated for 
pre-and postoperative HAEC.
Results 4738 articles were identified from the literature search, among which 57 studies, including 9744 preoperative and 
8568 postoperative patients, were included. The groups were sorted by length of the aganglionic segment for further analysis. 
The pooled prevalence for preoperative HAEC was 18.3% for all types, 15.2% for S-HD and 26.1% for TCA. The pooled 
prevalence for postoperative HAEC was in total 18.2% for all segment lengths and used techniques. Subgroup analysis showed 
no significant difference in the occurrence of postoperative enterocolitis between the three techniques.
Conclusion The prevalence of preoperative HAEC increases with segment length. However, pooled data suggest that the 
postoperative risk for developing HAEC, independently of the employed method and segment length, is comparable to the 
preoperative risk.

Keywords Hirschsprung Disease · Hirschsprung-associated enterocolitis · HAEC · Prevalence · Preoperative · 
Postoperative

Introduction

Hirschsprung's Disease (HD) is a developmental disorder 
of the enteric nervous system (ENS) with an estimated inci-
dence of 1:5000 newborns. Because of the failure of migra-
tion of neural crest cells, patients lack ganglion cells in the 
distal bowel and with the earlier migration arrest, the longer 
the aganglionic segment [1]. One of the major complica-
tions in the treatment of HD is Hirschsprung's associated 
enterocolitis (HAEC), which is responsible for the most 

severe morbidity and mortality in HD [2]. The main cul-
prit in our understanding of the aetiology of HAEC is the 
variable diagnostic criteria used for reporting incidence. The 
symptoms exhibited in HAEC are often nonspecific, and a 
high index of suspicion is usually required for diagnosis. 
HAEC is a clinical condition characterised by explosive 
diarrhoea, abdominal distension, colicky abdominal pain, 
lethargy, and fever. The spectrum ranges from mild abdomi-
nal distension, with loose stools and perianal excoriation, to 
life-threatening toxic megacolon with explosive diarrhoea, 
vomiting, rectal bleeding, lethargy and eventually shock and 
death [3–5]. It is essential to notice that HAEC can occur 
pre- and postoperatively.

The reported incidence of HAEC varies significantly 
in published series and ranges from 17 to 50%. Preopera-
tive HAEC has been reported to occur in 5.7–50%. Also, 
the incidence correlates with the length of the aganglionic 
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segment, being highest in patients with total colonic agan-
glionosis (TCA) [6]. The incidence of postoperative colitis 
has been reported to occur in 2–35% of patients [3]. Post-
operative HAEC can occur > 18 months after definitive 
surgery. However, most patients have their last episode of 
significant HAEC within 2 years of their pull-through pro-
cedure. Several studies have shown that some patients who 
develop HAEC are prone to recurrent episodes. The inci-
dence of recurrent HAEC varies from 5.2 to 56% and may be 
attributed to an underlying immunological defect that leads 
to chronic, relapsed gut inflammation [3, 7]. Several case 
series suggest an association between HD and inflamma-
tory bowel disease (IBD) [8]. Since HAEC occurs postop-
eratively in a significantly high percentage, several studies 
have addressed the type of operation (Soave, Swenson, and 
Duhamel) as a single risk factor for HAEC, with conflicting 
results [9–11]. Up to date, no operation is superior to the 
other in preventing HAEC. Because of the wide variety of 
the reported prevalence pre-and postoperatively, this sys-
tematic review aimed to clarify the prevalence of HAEC 
in short—(S-HD), long (L-HD) and TCA, and the type of 
operation used. The study's findings will help to clarify con-
flicting results reported in the current literature regarding the 
prevalence of HAEC in HD. Further, the exact prevalence 
will help facilitate the design of evidence-based preoperative 
management and follow-up and better care for patients with 
Hirschsprung's Disease.

Methods

A systematic literature-based search for relevant cohorts 
was performed using PubMed/Medline, Cochrane Library, 
from inception to May 2021. To avoid selection bias, no 
filter options were used in the initial search. For PubMed, 
the search strategy was used as follows: search terms 
(((Hirschsprung) OR (megacolon)) OR (aganglionosis)) 
AND followed by different specifications: (enterocolitis); 
(incidence); (long segment); (Duhamel); (Swenson); (pull-
through); (torre). The strategy was adapted in line with the 
indexing systems of the other databases. The reference lists 
of all studies and systematic reviews identified were evalu-
ated for additional relevant studies.

Inclusion criteria

After removal of duplicates, all titles and abstracts were 
scanned in an initial screening. Original studies report-
ing Hirschsprung's associated enterocolitis (HAEC) were 
included and reviewed for the following inclusion criteria: 
(1) data available for both pre-and postoperative HAEC; (2) 
data given for the length of the aganglionic segment; (3) 
data on the surgical approach (Duhamel, Swenson, Soave, 

including their modifications). Exclusion criteria were: 
(1) non-accessible papers due to non-English language or 
no full-text availability; (2) systematic reviews and meta-
analyses without original data from the authors; (3) studies 
conducted on animals only or focussing on molecular bio-
logical or pathological mechanisms of HD or HAEC; (4) no 
data on both pre-and postoperative HAEC; (5) undefined 
aganglionic segment length; (6) undefined surgical approach 
or no surgery for Hirschsprung's disease. After the initial 
screening, 244 original full-text articles were identified and 
reviewed for their eligibility for inclusion into the analysis. 
The complete screening process is listed in the PRISMA 
flowchart (see Fig. 1).

Data extraction

The data from all eligible studies were recorded in a stand-
ardised spreadsheet that included key characteristics of the 
studies, such as year of publication, geographical region, 
study design, number of patients, age at operation, length of 
the aganglionic HD segment (i.e., short, long, total colonic), 
surgical approaches (i.e., Swenson, Duhamel, Soave), num-
ber of stages in surgery (one stage or staged), number of 
pre-and postoperative EC (Table 1).

Statistical analysis

Statistical analysis was performed using the EpiGear 
MetaXL (version 5.3) software add-in for Microsoft Excel. 
For the estimation of pooled prevalence, the double arcsine 
transformation was used [12]. Results were calculated with 
a 95% CI. Expecting a high heterogeneity, a random-effects 
model was selected, and heterogeneity was assessed using 
the I2 statistic, which describes the percentage of variation 
across studies not only resulting from sampling error. An I2 
value above 75% was defined as an indicator for high het-
erogeneity. Since this analysis aimed to estimate the pooled 
effect size without testing a hypothesis, there was no p value 
calculation for the pooled prevalence analysis. Subgroup 
analysis to compare surgical techniques was undertaken 
using the Cochrane RevMan5 software (version 5.4). A p 
value < 0.05 was defined as statistically significant for this 
analysis, and results were presented with a 95% CI.

Results

Study characteristics

In total, 4738 articles were identified from the litera-
ture search. After removing the duplicates, the titles and 
abstracts from 3411 articles were scanned, and 244 articles 
were included for full-text screening. Fifty-seven studies 
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with a total of 9744 patients matched the inclusion crite-
ria were analysed. Among these, 48 were cohort studies, 
including 5 nationwide studies, and 4 were case–control 
studies. The studies were implemented at various paediat-
ric healthcare institutions from 21 countries, with the USA 
and China being the most common. The studies included 
patient data ranging from the year 1955 to the year 2018. 
Forty-one studies included patients with various congeni-
tal diseases or syndromes, of which Trisomy 21 was the 
most frequently reported. All studies focused on the surgical 
therapy of patients suffering from Morbus Hirschsprung. 
The age at operation was available for 40 studies and ranged 
from < 1 week to 23 years. The time to follow-up was avail-
able for 37 studies and ranged from 0 to 25 years.

Segment length

In total, data were available on 9744 preoperative and 
8568 postoperative patients, and the majority of the studies 
provided information for every HD segment type. For the 
analysis of the pooled prevalence for pre-and postoperative 
enterocolitis, studies were divided into the following groups: 
(1) studies reporting on all types of HD segments; (2) studies 
excluding TCA patients; (3) studies reporting on short seg-
ment HD only; (4) studies reporting only on TCA patients.

The overall pooled prevalence for HAEC for all HD 
segment types and used techniques was 0.185 (95% CI 
0.162–0.210, Cochrane Q test, I2 = 87%) for preopera-
tive and 0.182 (95% CI 0.157–0.207, Cochrane Q test, 
I2 = 87%) for postoperative patients. Under the exclusion of 
patients with TCA, the overall preoperative prevalence for 
HAEC slightly decreased to 0.183 (95% CI 0.159–0.209, 

Fig. 1  PRISMA flow chart of the screening process
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Cochrane Q Test, I2 = 88%). For preoperative HAEC, the 
pooled prevalence was 0.183 for all types of HD (n = 8177, 
95% CI 0.153–0.216, Cochrane Q test, I2 = 91%), 0.191 for 
S-HD and L-HD (n = 1010, 95% CI 0.144–0.242, Cochrane 
Q test, I2 = 73%), 0.152 for S-HD only (n = 365, 95% CI 
0.064–0.266, Cochrane Q test, I2 = 85%), and 0.261 for 
TCA only (n = 230, 95% CI 0.140–0.402, Cochrane Q test, 
I2 = 79%) (Fig. 2). The pooled prevalence for postoperative 
HAEC was 0.171 for all types of HD (n = 7019, 95% CI 
0.144–0.199, Cochrane Q test, I2 = 88%), 0.159 for S-HD 
and L-HD (n = 1007, 95% CI 0.103–0.226, Cochrane 
Q test, I2 = 85%), 0.131 for S-HD only (n = 364, 95% CI 
0.081–0.189, Cochrane Q test, I2 = 53%), and 0.462 for 
TCA only (n = 216, 95% CI 0.373–0.552, Cochrane Q test, 
I2 = 39%).

Surgical procedure

Studies reporting on the same type of HD segment were 
used to analyse the pooled prevalence for the different 
surgical techniques. For the Swenson operation, no satis-
factory preoperative data for HAEC was available. There 
were eight studies (n = 585) providing data for postop-
erative HAEC after Swenson procedure, and all of them 

had patients with all types of HD. The pooled prevalence 
for postoperative HAEC in these studies was 0.197 (95% 
CI 0.135–0.267, Cochrane Q test, I2 = 50%). There was a 
similar prevalence for postoperative HAEC after Duhamel 
operation with 0.197 (n = 142, 95% CI 0.032–0.436, 
Cochrane Q test, I2 = 87%), whereas the pooled prevalence 
for preoperative HAEC in these four studies was lower 
(0.158, n = 145, 95% CI 0.103–0.222, Cochrane Q test, 
I2 = 0%). The Soave operation showed the lowest preva-
lence for postoperative HAEC with only 0.114 (n = 635, 
95% CI 0.054–0.192, Cochrane Q test, I2 = 85%), starting 
with a comparatively high preoperative HAEC prevalence 
of 0.195 (n = 635, 95% CI 0.124–0.276, Cochrane Q test, 
I2 = 82%) in the nine used studies. All studies that were 
used to calculate the pooled prevalence after the Duhamel 
and Soave procedure excluded TCA patients.

Seven studies (n = 1692) were reporting on postop-
erative HAEC for all three major surgical approaches. 
Therefore, a subgroup analysis with these studies was 
conducted to compare the HAEC prevalence for the 
Swenson, Duhamel and Soave approach (Fig. 3). Com-
paring the Swenson with the Duhamel technique, there 
was a tendency towards Duhamel (OR 1.60, 95% CI 
0.86–3.00, P = 0.08, I2 = 46%). This trend was also visible 

Fig. 2  Forest Plots for the pooled prevalence of preoperative HAEC for different segment types. A Pooled prevalence for all HD segment types. 
B Pooled prevalence for TCA patients. C Pooled Prevalence for S-HD
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in comparing the Duhamel and the Soave technique with 
an Odds Ratio of 0.92 (95% CI 0.47–1.80, P = 0.03, 
I2 = 57%). The comparison between the Soave and Swen-
son technique showed slightly more postoperative HAEC 
in the Soave group (OR 0.82, 95% CI 0.41–1.63, P = 0.06, 
I2 = 50%). Although there was a tendency towards the 
Duhamel approach, no significant difference in the occur-
rence of postoperative enterocolitis between the three tech-
niques could be shown in the subgroup analysis.

Surgical stages

Eleven studies, including 770 preoperative and 769 post-
operative patients, provided data for pre-and postoperative 

HAEC regarding the number of stages used. Two of these 
studies included patients with all types of HD segment; six 
studies excluded TCA patients, and three studies reported 
only on S-HD. Only two studies were reporting on pre-and 
postoperative HAEC for multi-stage procedures. There-
fore, no reliable statement on this method was possible. 
The pooled prevalence in one-stage pull-through operations 
was 0.134 (95% CI 0.080–0.199, Cochrane Q test, I2 = 79%) 
for preoperative HAEC and 0.187 (95% CI 0.121–0.264, 
Cochrane Q test, I2 = 81%) for postoperative HAEC.

Fig. 3  Subgroup analysis for the comparison of postoperative HAEC between different surgical procedures. A Comparison between Swenson 
and Duhamel procedure. B Comparison between Duhamel and Soave procedure. C Comparison between Soave and Swenson procedure
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Surgical technique

There were 11 studies, including 593 preoperative and 590 
postoperative patients, which reported on both pre-and post-
operative HAEC regarding the surgical technique: 3 studies 
provided data only for open surgery and 3 studies for open 
and laparoscopy-assisted procedures; 2 studies reported only 
on laparoscopy-assisted or only transanal pull-throughs, and 
one study provided data on all three types of surgery. Two 
of these studies included patients with all types of HD seg-
ment; five studies excluded TCA patients, and four studies 
reported only on S-HD. The pooled prevalence for preop-
erative HAEC was 0.186 (n = 164, 95% CI 0.117–0.265, 

Cochrane Q test, I2 = 29%) for the open surgery group, 0.190 
(n = 274, 95% CI 0.094–0.307, Cochrane Q test, I2 = 78%) 
for the laparoscopy-assisted group and 0.177 (n = 155, 95% 
CI 0.0.121–0.241, Cochrane Q test, I2 = 0%) for the totally 
transanal group. All three approaches lead to a reduction of 
postoperative HAEC, with the laparoscopy-assisted proce-
dure presenting the lowest rate in HAEC postoperatively: 
the pooled prevalence for postoperative HAEC was 0.134 
(n = 162, 95% CI 0.053–0.241, Cochrane Q test, I2 = 63%) 
for the open procedure, 0.105 (n = 274, 95% CI 0.050–0.178, 
Cochrane Q test, I2 = 63%) for the laparoscopy-assisted 
group and 0.145 (n = 154, 95% CI 0.080–0.225, Cochrane 
Q test, I2 = 38%) for the transanal approach (Fig. 4).

Fig. 4  Forest Plots for the 
pooled prevalence of postopera-
tive HAEC for different surgical 
techniques. A Pooled preva-
lence for HAEC after open pull 
through. B Pooled prevalence 
for HAEC after laparoscopically 
assisted pull through. C Pooled 
Prevalence for HAEC after 
totally transanal pull through
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Trisomy 21

Five studies reported on the pre-and postoperative number 
of patients with HAEC depending on Trisomy 21. Thirty-
nine patients were suffering from both Morbus Hirschsprung 
and Trisomy 21, of which 12 showed preoperative HAEC 
(30.8%). The studies included 530 preoperative Morbus 
Hirschsprung patients without Trisomy 21, of which 96 
showed HAEC preoperatively (18.1%). Postoperatively, 12 
out of the remaining 38 (31.6%) patients in the Trisomy 21 
group suffered from HAEC, whereas 128 out of 538 (23.8%) 
patients showed HAEC in the non-Trisomy 21 groups.

Mortality

Fifteen of the included studies presented data on both pre-
and postoperative enterocolitis-related deaths. Of these, 
two studies reported pre-and postoperative cases of deaths 
related to HAEC, three only had preoperative deaths, two 
only had postoperative deaths, and eight studies reported no 
mortality caused by HAEC. These studies include a total of 
2767 preoperative patients with 403 cases of preoperative 
HAEC, of which 64 patients died related to HAEC (2.31% 
of all preoperative patients). Postoperatively, 333 of 2166 
had postoperative HAEC, and 16 of those patients died from 
HAEC (0.74% of all postoperative patients).

Prevalence of HAEC over time

Following the question, whether the prevalence of HAEC 
has changed during the past decades, all studies, excluding 
that only reporting on TCA, were sorted by the date of pub-
lication and divided into four groups: Group I (1979–1989); 
Group II (1990–1999); Group III (2000–2009); and Group 
IV (2010–2020). The pooled prevalence for pre-and postop-
erative HAEC was then calculated for each group.

The prevalence of preoperative HAEC was 0.216 for 
Group I (95% CI 0.135–0.309, Cochrane Q test, I2 = 95%), 
0.176 for group II (95% CI 0.119–0.241, Cochrane Q 
test, I2 = 91%), 0.169 for group III (95% CI 0.132–0.209, 
Cochrane Q test, I2 = 82%), and 0.192 for group IV (95% CI 
0.152–0.235, Cochrane Q test, I2 = 69%). Postoperatively, 
the prevalence of HAEC was 0.131 for group I (95% CI 
0.103–0.161, Cochrane Q test, I2 = 57%), 0.157 for group II 
(95% CI 0.123–0.194, Cochrane Q test, I2 = 73%), 0.166 for 
group III (95% CI 0.127–0.210, Cochrane Q test, I2 = 84%), 
and 0.173 for group IV (95% CI 0.105–0.252, Cochrane Q 
test, I2 = 91%). Prevalence increased in most of the groups 
when considering the TCA only studies.

Discussion

In the present study, the estimated overall prevalence of 
preoperatively diagnosed HAEC is 18.5%. The prevalence 
for preoperative HAEC is lowest in S-HD (15.2%), L-HD 
(17.5%) and highest in TCA (26.1%). These findings are fol-
lowing the published literature [13, 14]. It is well established 
that the risk of HAEC increases with the length of the agan-
glionic segment [3, 15]. The reason is mainly the absence of 
ganglion cells and hypertrophy of non-myelinated peripheral 
nerve fibres, leading to a spastic, narrowed distal bowel. The 
observed functional obstruction leads to faecal stasis, which 
is not tolerated well by patients with HD and is considered 
the main reason for developing HAEC. Also, there is some 
evidence that an altered immunological microenvironment 
and changes in the microbiome may contribute to the HAEC 
[16, 17]. This is supported by the observation that, due to 
the maturation of the mucosal immunity, the risk of HAEC 
declines during the time [18]. However, other studies pro-
vided evidence that late diagnosis of HD itself is a risk factor 
to develop HAEC. Two studies showed that the incidence 
of HAEC is lower in patients who were diagnosed with 
HD within the first week of life (11%) compared to those 
infants who were diagnosed later in life (24%) [19]. This 
observation has been confirmed by Lee et al., who reports 
an incidence of HAEC of 12% during the first week of life 
compared to 63% after 1 week of life [20]. Other reasons 
for developing HAEC are underlying genetic abnormali-
ties, such as trisomy 21, which may have an increased risk 
for HAEC, at least in part from immunodeficiency [21, 22]. 
Data from the present study show that 30.8% of patients 
with trisomy 21 will at least have one episode of HAEC, and 
postoperatively 31.6%. Also, cardiovascular co-morbidities 
and lower birth weight have been linked to a higher risk of 
developing preoperative HAEC [23] [24]

On the other hand, pooled data suggest that the postopera-
tive risk for developing HAEC, independently of segment 
length and the employed surgical technique is 18.2%, being 
highest in those operated with the Swenson and Duhamel 
approach (19.7%) and lowest with Soave approach (11.4%). 
However, subgroup analysis confirms no significant differ-
ence in the occurrence of postoperative enterocolitis between 
the three techniques, although there was a tendency towards 
the Duhamel approach with the highest rates in postopera-
tive HAEC. The Duhamel technique has been traditionally 
used for L-HD and TCA, which may explain the relatively 
high rates of postoperative HAEC compared to the Soave 
approach. It has been shown that long-segment HD, includ-
ing TCA, is a risk factor for developing postoperative HAEC 
[25]. However, data should be interpreted with caution since 
the subgroup analysis included only four studies reporting on 
data from S-HD and L-HD concerning pre-and postoperative 
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HAEC when operated by the Duhamel procedure. This lim-
its general transferability. Moreover, a direct comparison 
between the three major surgical procedures is biased by the 
difference in study selection: While the Swenson procedure 
could be analysed for patients with all types of lengths, the 
study data available for the Duhamel and Soave operations 
excluded some of the TCA patients or reporting only on 
postoperative HAEC data.

When looking into surgical techniques, whether the oper-
ations were conducted combined with an abdominal or lap-
aroscopically assisted method compared to transanal-only, 
patients operated by the laparoscopically assisted approach 
only had the lowest rates of postoperative HAEC (10.5%), 
followed by a combined abdominal approach (13.4%) to 
transanal-only (14.5%). The reason could be that extensive 
transanal dissection may overstretch the sphincter and cause 
a partial tear, complicating the postoperative course with 
potentially higher rates of postoperative HAEC [26]. It is 
well known that the risk of postoperative HAEC is signifi-
cantly increased by mechanical factors related to anasto-
motic complications and intestinal obstruction. Modifica-
tions such as excision of a portion of the internal sphincter 
or dividing the internal sphincter cuff and their numerous 
modifications have no significant influence on the postopera-
tive outcome [27]. Further, the present study's data suggest 
that the prevalence of post-pull through HAEC is unrelated 
to the type of definitive surgery employed, which is also 
reported by other authors [25]. Although removing the agan-
glionic portion is curative in patients with HD, relief and 
proper treatment of postoperative obstruction, which poten-
tially leads to faecal stasis, it is most important to decrease 
the rates of postoperative HAEC.

Furthermore, the aganglionic segment as proposed patho-
logical aetiology of HAEC as a standalone risk factor is 
questionable. Other factors may contribute to postopera-
tive HAEC. Recent studies suggested that immunological 
alterations in the ganglionic bowel may contribute to post-
operative HAEC [28, 29]. Moreover, there seems to be 
some evidence that patients with HD compared to healthy 
individuals have a higher risk of developing IBD later in 
life [8]. However, up-to-date research lacks to provide com-
mon pathways to explain the pathophysiological correlation 
between both entities. As in preoperative HAEC, older age 
has been suggested as a risk factor to develop postoperative 
HAEC [25]. Most patients will experience an episode of 
HAEC within the first 18 months of life; later than that, it is 
rare [30]. A potential explanation could be the maturation 
of the intestinal immune system and increased bowel control 
from the patients.

Because the definition of HAEC remains imprecise based 
on current understanding, it makes a correct diagnosis, espe-
cially after pull-through surgery, problematic. Scoring items 
scales from Pastor et al. have been helpful to detect HAEC 

[4]. However, there is a risk of over-and underdiagnosing 
of HAEC. Recently, it has been proposed that a cut-off > 4 
points according to the Pastor score items scale to identify 
suspected HAEC is more sensitive than Pastor and cow-
orker's original cut-off > 10 points [13]. This is problematic 
since many patients suffer from diarrhoea postoperatively, 
which carries a considerable risk of overdiagnosing HAEC. 
Looking at the prevalence of HAEC over time by dividing the 
included patients into four groups showed a clear trend of an 
increasing prevalence of postoperative HAEC, being lowest 
(13.1%) in group I (1979–1989) and highest (17.3%) in group 
IV (2010–2020). However, there is considerable doubt if this 
is a natural effect or may reflect an observation bias induced 
due to an increased interest in HAEC in general, which is also 
reflected by the increased publications concerning HAEC in 
that period, compared to the other groups.

HAEC is a potentially life-threatening condition if left 
untreated. Although significantly decreased during the last 
decade, the mortality rate for Hirschsprung's disease still 
ranges between 1 and 10%. The present study's findings 
confirm this. In total, we found a mortality of 2.31% of all 
patients diagnosed with preoperative HAEC and a postop-
erative HAEC mortality of 0.74%. Newborns and infants 
seem to be more likely to experience life-threatening compli-
cations, particularly in the case of associated cardiovascular 
malformations [24].

Regardless of the presence of co-existing predisposing 
abnormalities, HAEC represented the ultimate cause of 
death in more than half of the patients in one series [24]. 
HAEC can be fatal preoperatively, between diagnosis and 
definitive pull-through. In contrast, a minority of patients 
died postoperatively. Still, the surgery proved not to increase 
mortality, as death is usually unrelated to surgical issues. 
Almost always, deaths in the postoperative period occur 
in patients with severe co-morbidities. To further reduce 
mortality preoperatively, consequent bowel management 
and frequent clinical reassessment are warranted. Also, for 
those patients at high risk, prophylactic enterostomy should 
be discussed to avoid HAEC. However, although enterosto-
mies can have a protective effect over HAEC, they usually 
cannot prevent cardiocirculatory complications. Postopera-
tively, patients with severe co-morbidities should undergo 
strict clinical follow-up. Also, options with daily rectal irri-
gations could be considered [24, 31, 32].

Strengths and limitations

A strength of the study is a large number of the included 
patients of the analysed original studies. A limitation is that 
the quality of most of the included studies was fair. Thus, 
the conclusions of this study should be interpreted with cau-
tion. For example, most studies failed to report both ages at 
operation and follow-up, defining the pre-and postoperative 
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period. Further, the included studies show a high heteroge-
neity (I2 > 75%) and inter-study variance (tau2). Even with 
this large number of studies and patients, there still was less 
data for the analysis of specific subgroups.

Implications for future research

Providing accurate estimations of the long-term prognosis 
of patients with HD and recognising those at high risk of 
developing HAEC will give those patients better care, which 
is essential for better recovery and quality of life. Future 
research should involve multicenter prospective studies with 
standardised outcome indicators, follow-up durations and 
intervals, which should help design a high accuracy and 
transferability HAEC score. A more in-depth analysis of 
the prognosis of patients suffering from HAEC from the 
stratification of the length of aganglionosis bowel segment, 
age and gender and surgical procedure is also necessary.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Tilghman JM, Ling AY, Turner TN, Sosa MX, Krumm N, Chatter-
jee S, Kapoor A, Coe BP, Nguyen K-DH, Gupta N, Gab S (2017) 
Molecular gentic anatomy and risk profile of Hirschsprung’s 
disease. New Eng J Med 176:139–148. https:// doi. org/ 10. 1056/ 
NEJMo a1706 594. Molec ular

 2. Tomuschat C, O’Donnell AM, Coyle D, Dreher N, Kelly D, Puri 
P (2016) Altered expression of a two-pore domain (K2P) mech-
ano-gated potassium channel TREK-1 in Hirschsprung’s disease. 
Pediatr Res 80:729–733. https:// doi. org/ 10. 1038/ pr. 2016. 140

 3. Austin KM (2012) The pathogenesis of Hirschsprung’s disease-
associated enterocolitis. Semin Pediatr Surg. https:// doi. org/ 10. 
1053/j. sempe dsurg. 2012. 07. 006

 4. Pastor AC, Osman F, Teitelbaum DH, Caty MG, Langer JC (2009) 
Development of a standardised definition for Hirschsprung’s-asso-
ciated enterocolitis: a Delphi analysis. J Pediatr Surg 44:251–256. 
https:// doi. org/ 10. 1016/j. jpeds urg. 2008. 10. 052

 5. Gosain A, Frykman PK, Cowles RA, Horton J, Levitt M, Rothstein 
DH et al (2017) Guidelines for the diagnosis and management of 

Hirschsprung-associated enterocolitis. Pediatr Surg Int 33:517–
521. https:// doi. org/ 10. 1007/ s00383- 017- 4065-8

 6. Moore SW (2012) Total colonic aganglionosis in Hirschsprung 
disease. Semin Pediatr Surg 21:302–309. https:// doi. org/ 10. 
1053/j. sempe dsurg. 2012. 07. 004

 7. Menezes M, Puri P (2006) Long-term outcome of patients with 
enterocolitis complicating Hirschsprung’s disease. Pediatr Surg 
Int 22:316–318. https:// doi. org/ 10. 1007/ s00383- 006- 1639-2

 8. Granström AL, Ludvigsson JF, Wester T (2020) Clinical char-
acteristics and validation of diagnosis in individuals with 
Hirschsprung disease and inflammatory bowel disease. J Pediatr 
Surg. https:// doi. org/ 10. 1016/j. jpeds urg. 2020. 11. 015

 9. Vijaykumar, Chattopadhyay A, Patra R, Murulaiah M (2002) 
Soave procedure for infants with Hirschsprung’s disease. Indian 
J Pediatr 69:571–572. https:// doi. org/ 10. 1007/ bf027 22679

 10. Levitt MA, Hamrick MC, Eradi B, Bischoff A, Hall J, Peña A 
(2013) Transanal, full-thickness, Swenson-like approach for 
Hirschsprung disease. J Pediatr Surg 48:2289–2295. https:// doi. 
org/ 10. 1016/j. jpeds urg. 2013. 03. 002

 11. Giuliani S, Betalli P, Narciso A, Grandi F, Midrio P, Mognato G 
et al (2011) Outcome comparison among laparoscopic Duhamel, 
laparotomic Duhamel, and transanal endorectal pull-through: a 
single-center, 18-year experience. J Laparoendosc Adv Surg Tech 
A 21:859–863. https:// doi. org/ 10. 1089/ lap. 2011. 0107

 12. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T (2013) Meta-
analysis of prevalence. J Epidemiol Commun Health 67:974. 
https:// doi. org/ 10. 1136/ jech- 2013- 203104

 13. Frykman PK, Kim S, Wester T, Nordenskjöld A, Kawaguchi A, 
Hui TT et al (2018) Critical evaluation of the Hirschsprung-asso-
ciated enterocolitis (HAEC) score: a multicenter study of 116 
children with Hirschsprung disease. J Pediatr Surg 53:708–717. 
https:// doi. org/ 10. 1016/j. jpeds urg. 2017. 07. 009

 14. Le-Nguyen A, Righini-Grunder F, Piché N, Faure C, Aspirot A 
(2019) Factors influencing the incidence of Hirschsprung associ-
ated enterocolitis (HAEC). J Pediatr Surg 54:959–963. https:// doi. 
org/ 10. 1016/j. jpeds urg. 2019. 01. 026

 15. Demehri FR, Halaweish IF, Coran AG, Teitelbaum DH (2013) 
Hirschsprung-associated enterocolitis: pathogenesis, treat-
ment and prevention. Pediatr Surg Int. https:// doi. org/ 10. 1007/ 
s00383- 013- 3353-1

 16. Yan Z, Poroyko V, Gu S, Zhang Z, Pan L, Wang J et al (2014) 
Characterisation of the intestinal microbiome of Hirschsprung’s 
disease with and without enterocolitis. Biochem Biophys Res 
Commun 445:269–274. https:// doi. org/ 10. 1016/j. bbrc. 2014. 01. 
104

 17. Ward NL, Pieretti A, Dowd SE, Cox SB, Goldstein AM (2012) 
Intestinal aganglionosis is associated with early and sustained 
disruption of the colonic microbiome. Neurogastroenterol Motil 
24:874-e400. https:// doi. org/ 10. 1111/j. 1365- 2982. 2012. 01937.x

 18. Frykman PK, Short SS (2012) Hirschsprung’s associated entero-
colitis: prevention and Therapy. Semin Pediatr Surg 21:328–335. 
https:// doi. org/ 10. 1038/ jid. 2014. 371

 19. Yulianda D, Sati AI, Makhmudi A, Gunadi (2019) Risk factors 
of preoperative Hirschsprung-associated enterocolitis. BMC Proc. 
https:// doi. org/ 10. 1186/ s12919- 019- 0172-y

 20. Lee C-C, Lien R, Chian M-C, Yang P-H, Chu S-M, Fu J-H et al 
(2012) Clinical impacts of delayed diagnosis of Hirschsprung’s 
disease in newborn infants. Pediatr Neonatol 53:133. https:// doi. 
org/ 10. 1016/j. pedneo. 2012. 01. 011

 21. Moore SW (2017) Genetic impact on the treatment & management 
of Hirschsprung disease. J Pediatr Surg 52:218–222. https:// doi. 
org/ 10. 1016/j. jpeds urg. 2016. 11. 012

 22. Moore SW (2008) Down syndrome and the enteric nervous 
system. Pediatr Surg Int 24:873–883. https:// doi. org/ 10. 1007/ 
s00383- 008- 2188-7

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1706594.Molecular
https://doi.org/10.1056/NEJMoa1706594.Molecular
https://doi.org/10.1038/pr.2016.140
https://doi.org/10.1053/j.sempedsurg.2012.07.006
https://doi.org/10.1053/j.sempedsurg.2012.07.006
https://doi.org/10.1016/j.jpedsurg.2008.10.052
https://doi.org/10.1007/s00383-017-4065-8
https://doi.org/10.1053/j.sempedsurg.2012.07.004
https://doi.org/10.1053/j.sempedsurg.2012.07.004
https://doi.org/10.1007/s00383-006-1639-2
https://doi.org/10.1016/j.jpedsurg.2020.11.015
https://doi.org/10.1007/bf02722679
https://doi.org/10.1016/j.jpedsurg.2013.03.002
https://doi.org/10.1016/j.jpedsurg.2013.03.002
https://doi.org/10.1089/lap.2011.0107
https://doi.org/10.1136/jech-2013-203104
https://doi.org/10.1016/j.jpedsurg.2017.07.009
https://doi.org/10.1016/j.jpedsurg.2019.01.026
https://doi.org/10.1016/j.jpedsurg.2019.01.026
https://doi.org/10.1007/s00383-013-3353-1
https://doi.org/10.1007/s00383-013-3353-1
https://doi.org/10.1016/j.bbrc.2014.01.104
https://doi.org/10.1016/j.bbrc.2014.01.104
https://doi.org/10.1111/j.1365-2982.2012.01937.x
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1186/s12919-019-0172-y
https://doi.org/10.1016/j.pedneo.2012.01.011
https://doi.org/10.1016/j.pedneo.2012.01.011
https://doi.org/10.1016/j.jpedsurg.2016.11.012
https://doi.org/10.1016/j.jpedsurg.2016.11.012
https://doi.org/10.1007/s00383-008-2188-7
https://doi.org/10.1007/s00383-008-2188-7


24 Pediatric Surgery International (2022) 38:3–24

1 3

 23. Le-Nguyen A, Righini-Grunder F, Piché N, Faure C, Aspirot A 
(2019) Factors influencing the incidence of Hirschsprung associ-
ated enterocolitis (HAEC). J Pediat Surg 54:959. https:// doi. org/ 
10. 1016/j. jpeds urg. 2019. 01. 026

 24. Pini Prato A, Rossi V, Avanzini S, Mattioli G, Disma N, Jasonni 
V (2011) Hirschsprung’s disease: what about mortality? Pediatr 
Surg Int 27:473–478. https:// doi. org/ 10. 1007/ s00383- 010- 2848-2

 25. Sakurai T, Tanaka H, Endo N (2021) Predictive factors for the 
development of postoperative Hirschsprung-associated enterocol-
itis in children operated during infancy. Pediatr Surg Int 37:275. 
https:// doi. org/ 10. 1007/ s00383- 020- 04784-z

 26. Bawazir OA (2020) Laparoscopic-assisted transanal pull-through 
in Hirschsprung disease: does laparoscopic dissection minimize 
anal overstretching? J Laparoendosc Adv Surg Tech 30:338. 
https:// doi. org/ 10. 1089/ lap. 2019. 0524

 27. Liem NT, Hau BD, Quynh TA, Anh VTH (2009) Early and late 
outcomes of primary laparoscopic endorectal colon pull-through 
leaving a short rectal seromuscular sleeve for Hirschsprung dis-
ease. J Pediatr Surg 44:2153. https:// doi. org/ 10. 1016/j. jpeds urg. 
2009. 04. 029

 28. Tomuschat C, Virbel CR, O’Donnell AM, Puri P (2019) Reduced 
expression of the NLRP6 inflammasome in the colon of patients 
with Hirschsprung’s disease. J Pediatr Surg. https:// doi. org/ 10. 
1016/j. jpeds urg. 2018. 08. 059

 29. Tomuschat C, O’Donnell AM, Coyle D, Puri P (2018) Reduc-
tion of hydrogen sulfide synthesis enzymes cystathionine-β-
synthase and cystathionine-γ-lyase in the colon of patients with 
Hirschsprungs disease. J Pediatr Surg. https:// doi. org/ 10. 1016/j. 
jpeds urg. 2017. 06. 011

 30. Kyrklund K, Sloots CEJ, de Blaauw I, Bjørnland K, Rolle U, Cav-
alieri D et al (2020) ERNICA guidelines for the management of 
rectosigmoid Hirschsprung’s disease. Orphanet J Rare Dis. https:// 
doi. org/ 10. 1186/ s13023- 020- 01362-3

 31. Marty TL, Seo T, Sullivan JJ, Matlak ME, Black RE, Johnson 
DG (1995) Rectal irrigations for the prevention of postoperative 
enterocolitis in Hirschsprung’s disease. J Pediatr Surg 30:652. 
https:// doi. org/ 10. 1016/ 0022- 3468(95) 90681-9

 32. Marty TL, Matlak ME, Hendrickson M, Black RE, Johnson DG 
(1995) Unexpected death from enterocolitis after surgery for 
Hirschsprung’s disease. Pediatrics 96:118–121

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jpedsurg.2019.01.026
https://doi.org/10.1016/j.jpedsurg.2019.01.026
https://doi.org/10.1007/s00383-010-2848-2
https://doi.org/10.1007/s00383-020-04784-z
https://doi.org/10.1089/lap.2019.0524
https://doi.org/10.1016/j.jpedsurg.2009.04.029
https://doi.org/10.1016/j.jpedsurg.2009.04.029
https://doi.org/10.1016/j.jpedsurg.2018.08.059
https://doi.org/10.1016/j.jpedsurg.2018.08.059
https://doi.org/10.1016/j.jpedsurg.2017.06.011
https://doi.org/10.1016/j.jpedsurg.2017.06.011
https://doi.org/10.1186/s13023-020-01362-3
https://doi.org/10.1186/s13023-020-01362-3
https://doi.org/10.1016/0022-3468(95)90681-9

	Prevalence of Hirschsprung-associated enterocolitis in patients with Hirschsprung disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion criteria
	Data extraction
	Statistical analysis

	Results
	Study characteristics
	Segment length
	Surgical procedure
	Surgical stages
	Surgical technique
	Trisomy 21
	Mortality
	Prevalence of HAEC over time

	Discussion
	Strengths and limitations
	Implications for future research
	References




