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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
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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,
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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 /2 statistic, which describes the percentage of variation
across studies not only resulting from sampling error. An /2
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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additional articles identified

Articles identified through
B database searching through cross references
2 (n=4725) (n=13)
S
b=
()
S
R Duplicates removed
e (n=1327)
A4
g
s Articles screened R Articles excluded
o (n=3411) - (n=3167)
a
X Articles excluded based on
E Full text articles assessed missing data for pre- and
.-go for eligibility »  post EC, segment length
5 (n=244) and/or surgical approach
(n=187)
Y
B Articles included for
S systematic review
= (n=57)
Fig. 1 PRISMA flow chart of the screening process
with a total of 9744 patients matched the inclusion crite- Segment length

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 O to 25 years.

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, I’= 87%) for preopera-
tive and 0.182 (95% CI 0.157-0.207, Cochrane Q test,
> =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,

@ Springer



Pediatric Surgery International (2022) 38:3-24

(L=1)
QWIOIPUAS ,umo(
(1g=u)
oo (91 =u)
QWIOIPUAS ,umoq
(1=1)
uoneoridnp [euar
‘(1 =) 9100]
-eydwo ‘(1 =u)
BISOIIE [RUOPOND
‘(1 =u) e1sane
[eadeydosa
‘(1 =u) owoIpuAks
uone[muaAodAy
[eNudd ‘(y=1u)
S109Jop O®Ip
-1R0 ‘(1 =Uu)
QWIOIPUAS
ouiny, ‘(L =1u)
QWOIPUAS umoq
(¢ =u) wasAs
SNOAIOU [BUD
‘(y=u) Areurmoy
1003 *(p=u)
[eunsauronses
‘(8 =) s109J9p
oeIpIed ‘(g =u)
QWIOIPUAS UMO(T

0C 0l

144 1c

L ¥C

4 Il

[ewreyn(y
‘OABOS ‘UOSUIMS

[ureyn(y ‘9ABOS

[Pweyn(g
‘9ABOS ‘UOSUIMS

[oweyn( ‘9AeOS

[oweyn(

‘QABOS ‘UOSUIMS
[oureyncy

‘QAROS ‘UOSUIMS

01 LC vl 891

C L (44 [43

Apms 11040D)

Apmis 11040D)

Apms 11040D)

Apms 11040D)

Apmis 11040D)

Apms 11040D)

vsn 0661

vsn 9661

vsn G661

vsn S10T

AN 661

uel] 6861

[® 39 19150,

[e 30 BUMIO

[e 10 Aqereyg

I 10 Koumo(

[e 30 oxouIR)

[e 30 QuuosseIIR)

ol
-BuwIOUE [BIIUdTU0D)

dosod D do-o1d DH

mp
-9001d TeO13INg

dO
-a1d syuoned

VOL dH-T dH-S  jJolIsqunN

u3isap Apms

uon
-eo1qng

Anuno)  Jo Ieax

oyny

SOIPN)S PApN[OUT AY) JO SONSLIAIRIRYD A3 | 3|qel

pringer

Qs



Pediatric Surgery International (2022) 38:3-24

(1 =u) swoip
-UAG ,SUQWIAIS
‘(1 =u) eyruaduod
stsoAyyo1 ‘(1 =u)
QWOIPUAS-9ATRD
-850 (1=u)
sneaournbo
sad[re) [e1ale[iq
((1=u) snsa)
Ppapuadsapun
((1=u) 112dK
snue 9yerofroduwr
‘(1 =u) Koupry
1J9[ 23 JO SISO
-uode ‘(1 =u)
Kouaroyop
Jsejfew 1o
aserons (] =u)
[omoq [[ews

Jo uoneorydnp
‘(1 =u) 15K0 33910
[eryoeIq (1 =u)
snuweyyydororu
‘(1=u) Asred
QAIAU [RIOR]

‘(1 =u) ssaujeap
‘(1 =u) Aouaro
-1Jop auowIoy
moI3 (1 =u)
snyeydoosoipAy
‘(1 =u) snreydad
-onIW ‘(g =u)
uonepIelal
[eludw ‘(g =u)
9SBASIp 1183y [€)
-Tua3u0d (g=1u)
uonedsorsip diy [e)
-1uagu0d ‘(g =u)
su31p Arewnu
-1adns ‘(¢ =u)

Jrered pue dif N OREYS ]
Yo ‘(Y1 =u) ‘[Pweyng
QWOIPULS s,umod €1 €7 ‘OABOS ‘UOSUIMS i 12 S6 6€T Kpmys 11040) vSn 9861 [€ 30 UoSLIIRH
dO uorn
S| amp -a1d syuoned -eorqng
-ewIouE [BIIUdTU0D) do-1sod Dg  Jo-o1d DF -9001d [eo131ng VvDl dH-1 dH-S Jo IoquunN u3isop Apnig Anuno)  Jo Ieax Joyiny

(ponunuoo) | sjqey

pringer

a's



Pediatric Surgery International (2022) 38:3-24

(g =1u) swoip

-UAS-UoS[IM

-1BMOIN (6=1)
QUWIOIPUAS S,umo( €€

(L=u) syjo
‘(¢ =u) sarrewour
[eI9[as *(¢ =)
IS pue 99ej]
JO uoneuLIoj[eW
$s013 (L =1u)
SqI[eWIOUE [BU
-nsajuronsed
‘(g =u) s109)9p
JrIpIRD ‘(T =1U)
QUIOIPUAS
s,umo(] (§1=u)
soI[ewIoue
Areurno)iuad i

(08=u)
SIYIO ‘(T=1u)
J910Ine3oW
‘(¢ =u) 1ue eIsane
‘(9 =u) snyeydad
-01pAy (9 =u)
BLIKJORPUAS
10 -A0d (g =u)
uonepIe)alI [€)
-udw (g =u)
WN[NOTIOAIP
S9N (6=1)
Jrered pue di
Yo (01 =u)
uorjejOIEW
‘(11 =u) erusdy
[eumnSut ([ =u)
sor[ewioue
ORIpIRD ‘(L =)
QUIOIPUAS S,uMmo( 081

0¢ 9ABOS ! v oLyl (44 Aps 11040)
AWO0JOAIN
‘Joureyn( Apms
GZ  ‘9AROS ‘UOSUIMS 1 12 0¢€I TL1 [0 U0d2—3se)
[owreynq

6L1 ‘9ABOS ‘UOSUIMG 06 609 66T 9611 Apms oprmuoneN

33 [ureyn 4 61 06 LET Aps 11040)

[Pweyn

SLy  ‘9ABOS ‘UOSUIMS LET 981 6¢£CI 8791 Apmis oprmuoneN

)

epeue)

vsn

BOIOY]

ueder

900C B30I

6107  Te 10 UANIN-9T

6L61 [® 19 snequrary]

S661 Sunyf

7861 010D pue Bpay]

sol
-ewroue [e)1uasuo))

dosod D do-o1d DH

dO
amnp -a1d syuoned

-9001d [eo131ng VDl dH-1 dH-S Jo IoquunN u3isap Apms

Anuno)

uon
-eo1qng

Jo JBOX oyny

(ponunuoo) | sjqey

pringer

Qs



Pediatric Surgery International (2022) 38:3-24

(1 =u) owoIpukg
wosouwoIy))
Joyrewt (] =u)
QwoIpuAg-3moq
-uopreep (1 =u)
QWIOIPUAS-OULI

-eun)) ‘(] =u)
13} qnpo (1 =u)
erreydaoouo3in

(1 =u) uoneuwoy
-[eW TUS[BD) BUSA
‘(1 =u) arered
Yo (1=u)
BISOIIE [RUBOYD
‘(1 =u) s1soud)s
ono[Ad (1 =u) sn
-$9) popuAdsIpuUn
(7 =u) WsLI0[d)
-1odAy {(g=u)
uonewIoJ[ew
[B102I0UR ‘(¢ =1Uu)
XNJJaI [B10J2IN0D
-150A (g =1)
QWOIPUAS
-peppeH (§=u)
QWIOIPUAS
-UOS[IA\-TeMOIN
‘(g =1u) s109)9p
oeIpred ‘((9=u)
eisejdodAy
Irey-o3e[ned
‘(Sg=u) swoip

-ukg sumo( 9 v QABOS ST or I¢I i} Apms 11040 pueuLy g1oc [€ 30 USUOANON
[ewreyn(y
/ 61 0€  9ABOS ‘UOSUIMS 4! Iy €Cl 8LI Apms 11040) BOLYY [Inog 9661 [& 32 2100\
(ST =u) s1yjo Aw0190KIN
‘(6g =) owoIp ‘[owreyn(y
1INJ pUe SOZOUSIA -ukg s,umo 96 €F ‘OABOS ‘UOSUIMS 0S 60T 6ST Kpmys 11040) puefaIy 900 1InJ pUe SIZOUIN
dO uorn
S| amp -a1d syuoned -eorqng
-ewIouE [BIIUdTU0D) do-1sod Dg  Jo-o1d DF -9001d [eo131ng VvDl dH-1 dH-S Jo IoquunN u3isop Apnig Anuno)  Jo Ieax Joyiny

(ponunuoo) | sjqey

pringer

a's



Pediatric Surgery International (2022) 38:3-24

/ 0 L [oweynq ‘d9ArOS € 4 6l e Apms 11040 epeuen §00T [e 1o Ioneg
AwWO0JOAIN
(cz=u) ‘[Pweyng
QWIOIPUAS s,umoq 43 Gl  ‘OABOS ‘UOSUIMS [ 19  PLI 09C Apnis 11040D vSn 7661 [® 19 B[100S9Y
(z=u
SIYI0 ‘(T =u)
QUIOIPUAS
-3IquopIeep

‘(£ =u) $109)9p
JrIpIRD ‘(§=1U)

SaIewoue AIueu INGGREIN AN
-1Ino3Tuadg ‘(L =u) ‘[oureyn(g
QWOIPUAS s,umo L1 €1 ‘uosuams 8 € <% 6S Apms 11040D) wnigfeg 1661 [ 10 Surpay
Awoy
-0 ‘Ld¥dL
(g=u) ‘loureyn(g ‘uos
QWIOIPUAS s,umoq ¢ G -UAMS ‘URqUYY ¢ 01 LT ot Apnis 11040D BISAR[RIA 6661 [e 19 ysowey

(L1=u) s1yo
(7 =u) owoIpuAs
s,umo( ‘(y=1u)
SQI[RWOUE JB[NOO
‘(§=u) s109J0p
SeIpIeD (§:=11)
WISAS SNOAIOU
[BNUd ‘(6=1u)
soIfeWwIou® [eweyn
[ejrudgoIn Gz 6€  ‘9ABOS ‘UOSUIMS < 9 08 48! Apms 11040D) A8 800C [e 12 oy TUId
(€=u)
Toqio (1 =u)
Ayeuriouqe
[81Qa190 ‘(L =u)
juowraredwt
[ensiA ‘(g =1)
dHD (9=u)
joen AIeurn pue
Aaupry jo sor|

-ewIoue ‘(g =u) Apnys
owoIpuAg s,umo( L8 99  [oweyn(g ‘9Ar0S YL LT €LT G8¢ [01U0>—osED) Arear 610C [& 19 Ojeldd Tuld
dO uorn
S| aInp -a1d syuoned -eorqng

10

-ewIouE [BIIUdTU0D)

do-isod g dO-21d DY

-9001d [eo131ng

VOL

dH-T dH-S  JoIequinN

u3isap Apms

Anuno)  Jo Ieax

oyny

(ponunuoo) | sjqey

pringer

Qs



"

Pediatric Surgery International (2022) 38:3-24

(9) s1oyjo
‘(1T =u) $199Jop
JeIpIed ‘(1| =Uu)
QWIOIPUAS S,umo(]
(z=u) sor|
-BUWIOUE [B)IO[OYS
‘(¢ =u) sarrewour
[e1oBJO[[IXEW
‘(z=u) sarrewour
Areurno)iuad
‘(¢ =u) sarrewiour
[eunsajuronses
‘(9=u) waIsAs
SNOAIQU [BIIUQD
‘(01 =u) $199Jop
JrIpIed ‘(g1 =u)
QWIOIPUAS S,UuMo(]
(L1=1)
QWOIPUAS s,umoq
(91=u) s1oy10
‘(¢=u) pakerop
juawdororap
‘(T=u) $199Jop
JeIpIed ‘(g1 =u)
QUIOIPUAS S,UMO(]

99

0C

Ll

LT

Sl

Y4

SI

9ABOS

AwW010AIN

‘[wreyng
‘QABOS ‘UOSUIMS

[ouwreyncy
‘QAROS ‘UOSUIMS

[ureyn(y ‘9ABOS

91 9C  ¥tl

! 94 86

181

08

Sel

9¢l

Apms

[onuod—ase))

Apmis 11040D)

Apms 11040D)

Apnis oprmuoneN

vsn

vsn

pueaI]

erensSny

000¢

8861

7661

€00¢

Ie 30 Wneqayay,

[® 39 WneqAIaL,

[e 10 euRIng

e 10 y3urg

ol
-ewIouE [BIIUdTU0D)

do-sod Og

do-21d Dg

amp
-9001d [eo131ng

VOL dH-T dH-S

dO
-a1d syuoned

Jo JoquunyN

u3isap Apms

Anuno)

uon

-ednqnd
JO Je0X

oyny

(ponunuoo) | sjqey

pringer

a's



Pediatric Surgery International (2022) 38:3-24

12

(¢=u) wnnon
-IOAID S,
(g =) erusoy
[eum3ur |(9=u)
uonewWIOJ[ewW
[B102I0UR ‘(L =1U)
quuIp 9y} JO sa1]
-euwioue ‘(g =1u)
QUIOIPUAS
$,2UIpuQ (8 =)
Srered pue dif
110 “(6=1)
BISAIIE [RUNISIIUT
‘(01 =u) uon
-BpIR)aI [RJUSW
‘(61 =u) uon
-ejoI[eW ‘(L9=1u)
$)09Jap JRIpIRD
‘(08 =u) swoip
-ukg s,umo(

Awoy
-09K A [owreynq
‘9ABOS ‘UOSUIMS 601 el LLS

ITIT Apms opimuoneN

ueder

9661 [ 3o BIIng

ol
-ewioue [e)1uasuo))

do-isod g dO-21d DY

dO
amp -a1d syuoned

-0001d [eo13ing VOL QH-1 dH-S  joqunyN

u3isap Apms

Anuno)

uon
-ednqnd
JO Je0X Joyny

(ponunuoo) | sjqey

pringer

Qs



13

Pediatric Surgery International (2022) 38:3-24

(=w

Asted [e1qo190
“(1=u) s109§9p
JrIpIR) ‘(7 =1U)

QWIOIPUAS S,umo 8T 6

(1=u)
serpedsodAy
‘(€ =) s109J9p
JrIpIRD ‘(f=1U)

QWoIpULS s,umo b L

(L=u) xngax
[BIQ10IN-0D1SIA
‘(L=u) snsa)
papuadsapun
‘(L. =u) snreydad
-0IpAY ‘(6 =)
BISONIE [RUNSIIUI
‘(1T =u) wnnon
-IOAID S,
‘(¢1=u) snreydod
-OIoIW ‘(y] =)
wsyIemp
‘(1 =u) erusy
[eurnsut ‘(g1 =u)
Jrered pue dif
I ‘(61 =u)
QUIOIPUAS
$,9UIpuQ (0T =4)
UONBULIOJ[BW [©)
-02I0uR ‘([ =u)
quiI[ 9y} JO sa1f
-BWOUR ‘(67 =U)
uonejoIew
‘(6 =u) uon
-EpIe)al [RIuW
‘(¢oz =) $109)9p
OBIpIRD (LOS =U)
QWIOIPUAS S,umo L11 161

[pureynq 0 6 Iy 0S

9ABOS 0 9 Sl 8¢C

Awo)

-0AN ‘Ld¥HL

‘[Pureynq
‘OABOS ‘UOSUIMS ¥01  ¢¥1 968 €011

Apms

[01U0O—3sE))

Apms 11040D)

Apnis oprmuoneN

puefrey],

1dA3g

ueder

e

L00T AremIn[3usIy)

010¢ v

S00c [ 3o BIIng

saI|

-ewIouE [BIIUdTU0D) do-1sod Dg  Jo-o1d DF

dO
amp -a1d syuoned

-0001d [eo13ing VOL QH-1 dH-S  joqunyN

u3isap Apms

Anuno)

uon
-eo1qng

Jo JBOX oyny

(ponunuoo) | sjqey

pringer

a's



Pediatric Surgery International (2022) 38:3-24

14

(1=u)
QWIOIPUAS UONE[N
-uoAaodAy [enuad
‘(€=u) s109J9p
SeIpIED (= 1)
QWIOIPUAS S,umo
(1 =u) s1soua3e
[eUaI [eIYR[IUN
(1=) uone)
-ol[ew ‘(y=u)
QUIOIPUAS S,UuMO(]
(1=u)
snue djerojradwr
(1=u) eruzey
onewsdenyderp

‘(] =u) sarewour

o1padoyiio

‘(Z=u) sarrewour

[eWOSOWOIYd
‘(p=1u) s109J9p
Kreuowrnd
‘(g =) s109)9p
JrIpIRD ‘(G =1U)
QUIOIPUAS S,umo
(1 =u) swoIpuAs
QATIRWLIOJ[BW
-und (1 =u)
wstpoaIfyiodAy
‘(¢ =u) awoip
-ukg s,umo(

Sl 61

6l €

Ll €l

4 01l

ABOS

9ABOS

Lddd.L

[oweyn( ‘9ABOS

[ureyn(y ‘9ABOS

0 L OII vl

0 0l 09 0L

Apms
[0XU00—3se))

Apnis 11040D)

Apms 110Y0D)

Apms 11040D)

Apms 11040D)

Uy 020¢

OOIXOIA
‘VSQN ‘epeue) £00C

vsn 800¢

vsn 00T

Arey 1102

[e 30 ury

e 30 123ue|

[® 39 ueIBYOLIEH

Ie 30 weyyoeyq

e 30 [uernIn

ol
-ewIouE [BIIUdTU0D)

do-isod g dO-21d DY

amp
-9001d [eo131ng

dO
-a1d syuoned

VOL dH-T dH-S  jJolIsqunN

u3isap Apms

uon
-eo1qng

Anuno)  Jo Ieax

oyny

(ponunuoo) | sjqey

pringer

Qs



15

Pediatric Surgery International (2022) 38:3-24

(01=u) s1yo

‘(9 =1u) sIseISIp
QULIOOPUD ‘(G =)
SAI[BWIOUE [BU
-nsouIonses

‘(9 =u) sarrewour
Areurmojua3

‘(g =u) S19pIOSIP
[eo130[01naU

‘(6 =1u) QWOIpPUAS
s,umo( ‘(p1=u)

§399)9p JrIpIed 0cC 0  [oweyn( ‘9ABOS 0 0 96 96 Apms 110y0) utte] 610¢C [e 30 Suny)
(1=u)
Jrered 13910
‘(z=u) S109J3p
JeIpIRd ‘(¢ =1U)

QwoIPUAS s,umoq 0l 1T 9ABOS 0 0 1874 0S Apmys 31040D Aoy, LT0T [e 30 [9Z0SIpY

/ C (a4 LdIdL 0 14! eIl LTI Apmys 31040D BUILD) 10¢ [e 10 Sueyyz

/ 61 L1 uosuoms 0 8 68 L6 Apmys 31040D BUILD) 600¢C [LEERUY

/ el < 9ABOS 0 € 8¢ 19 Apmys 31040D BUILD) 00¢ [e 30 Suepy
(s=uw)

QUIOIPUAS S,UuMo(] 9 S uosuom§ 0 9 9% 49 Apms 110Y0D) epeue)) L00T e 32 y3urs

/ Sl 6 [oweyn( ‘oAeog 0 L €6 001 Apms 11040) eIsouopuy 810¢C [& 10 Bliyereqd

/ 14 9 Ld¥d.L 0 C €l Sl Apms 11040) O0330I0]N 910C  [® 19 perespe[nQ
(1 =u) eruiay
[eorIquuin ‘(| =u)

QUWIOIPUAS S,umo(] z 1 [owreynq 0 1 6 01 Apmis 11040D) Kayang, 100C B30 I
(T =u) suon
-BULIOJTRW 949
‘(1 =u) s1aplosip
Jrjoqgelowt (1 =u)
QUIOIPUAS
S UIpUQ (7 =u)
$109Jop JRIpIRD
‘(¢ =u) swoip
-UAS s,umo(
‘(p=u) Ww)sAs
SNOAIOU [BI)UID

‘(¢ =1u) sarewour [oweyn(
[enuadorn 14 11 ‘9ABOS ‘UOSUOMS 0 8 8¢ 14 Apms 11040) Arey 800¢C [& 3o [OmEN
dO uon
S| aInp -a1d syuoned -eorqng
-ewIou® [eIUSuU0)) do-1sod Og do-od Og -9001d TeO13INg VDL dH-1 dH-S JO JoquInN u3isap Apms Anuno)  Jo Ieax Joyiny

(ponunuoo) | sjqey

pringer

a's



Pediatric Surgery International (2022) 38:3-24

16

(1=u)
Kaupry Arejrjos
‘(1 =u) swoIp
-ukgQ s,uopIep
‘(g=u) e1sane
J1U0[0d (¢ =u)
QWOIPUAS s,umoq
(r=u)
Ioyo (1 =u) seip
-edsodAy ‘(1 =u)
eisejdodAy oarou
ondo (1 =u)
sneydosoipAy
(1 =) uoneay
-10edo [eoUI0D
‘(¢ =u) oered
pue dij 33012
“(g=u) s109)9p
oRIpIRD (T =1)
QWIOIPUAS
s,umo( ‘(g=u)
Lan (€=u)
QWOIPUAS s,2uIpuQ
/
(1=u)
QWIOIPUAS S,UuMo(]
(1=1)
QwIoIpuAS uone|
-nuaaodAy [enuad
/
(1=u)
QUIOIPUAS S,UuMO(]
(1=1)
S1159) PIApUIIS
-apun (1 =)
QUIOIPUAS S,UMO(T

0

91

I

€
6

I
0¢

[Pureyn(y ‘9ABOS

[owreyn(y ‘9ALOS
ABOS

uosuams§

JABOS ‘UOSUIMS

9ABOS

ABOS

ABOS

ABOS

6¢ 0 0

9¢ 0 0

6¢

9¢
oy

SI

IC
<9

Pe
ge

Apms 11040D)

Apms 11040D)
Apms 11040D)

Apmis 11040D)
Apms 11040D)
Apms 11040D)

Apmis 11040D)

Apms 110Y0D)
Apms 11040D)

epeue)

vSn
1dA3g

vsn

Qouesy
redoN

vsn

L]
ueder

8661 [2 19 JOUY0H

5002 [e 19 12q00sg
z10e [e 10 vLIeyRZ

udsneyprepm
€00T pue Iouprom

900¢ [e 30 urdeg
L00T e 10 dejeig

6661 & 10 1a8ue]

1002 e 10 08D
L00T [e 30 eremilng

ol
-ewIouE [BIIUdTU0D)

do-sod Og

do-21d Dg

amp
-9001d [eo131ng

VOL dH-T dH-S

dO
-a1d syuoned

Jo JoquunyN

u3isap Apms

Anuno)

uon
-eo1qng

Jo JBOX oyny

(ponunuoo) | sjqey

pringer

Qs



17

Pediatric Surgery International (2022) 38:3-24

(1 =u) swoIpuAs
-[[eH-11s1[[ed
‘ersone [eurdea
‘snurs [ejruagoIn
‘(1=u) snue djex
-oprodwr ‘(T =u)
QWIOIPUAS )18y

wsu onsejdod g S € [owreyn(g 6 0 0 6 Apms 11010) eury) ¥10C [LRER'E)N
(1=u)
9sBasIp AU
-Jopounuuwr
Arewnd ‘(1 =u)
wN[NONISAIP
SN (T =u)

$199§9p OrIpIe) 01 L1 9ABOS S 0 0 33 Apmis 11040 BUYD 0c0¢ [LRERLLIN

[oweyn(

/ 11 G ‘9ABOS ‘UOSUIMS &4 0 0 4 Apms 110100 vsn 00T  [e39 IeqeypIM
(1 =u) dwoip
-uAkg s,ourpuQ
“(¢=u) s109)9p
[ensIA ‘(¢ =u)
uonepIeIal [B)
-UdW ‘(y=u)
SQI[BWIOUE [BUSI
‘(p=u) $109)9p

oeIpIed ‘(g=u) [oweyn(
QWOIPUAS s,umo 1€ €1  ‘OABOS ‘UOSUIMS 8¢ 0 0 8¢ Kpmys 11040) ATe)] ‘puerory 8002 I® 30 SOZOUAIN
dO uorn
S| amp -a1d syuoned -eorqng
-ewIouE [BIIUdTU0D) do-1sod Dg  Jo-o1d DF -9001d [eo131ng VvDl dH-1 dH-S Jo IoquunN u3isop Apnig Anuno)  Jo Ieax Joyiny

(ponunuoo) | sjqey

pringer

a's



18 Pediatric Surgery International (2022) 38:3-24
(A) Pooled prevalence for pre-OP HAEC for all HD segments (B) Pooled prevalence for pre-OP HAEC for TCA patients
Study, - Prev (95% Cl) % Weight Study| - Prev (95% CI) % Weight
Kleinhaus et al. 1979 - 0,150 ( 0,130, 0,170) 4,5 Carcassonne et al. 1989 —s—— | 0714 (0319, 0988) 79
Ikeda and Goto 1984 - 0,292 ( 0270, 0314) 45 Fosteretal. 1990 | ——@——7—— 0,111 ( 0,000, 0,418) 88
Harrison et al. 1986 —_— 0,165 ( 0,108, 0,232) 3,9 Hoehneretal. 1998 | —#— 0,034 ( 0,000, 0,142) 122
Teitelbaum et al. 1988 —_— 0,188 ( 0,109, 0.281) 34 Escobaretal. 2005 | —m— 0.083 (0011, 0.201) 127
Carcassonne et al. 1989 o a—————— | 0344 (0,188 0518) 25 Widhaber et al. 2005 — 0200 ( 0,063, 0,383) 11,9
Foster et al. 1990 | ——m—— 0,095 ( 0033, 0,182) 32 Menezes et al. 2008 — 0.224 (0125, 0.341) 135
Cameiro etal. 1992 R 0316 ( 0216, 0425) 3.4 Fini Frato stal. 2008 I 04%.1.0:250,,0867); 1.6
Rescorla etal. 1992 | —m— 0,058 ( 0,032, 0,090) 4,2 Yehetal. 2014 _— 0,333 ( 0059, 0678) 838
Yan etal. 2020 —_— 0,486 ( 0321, 0,652) 126
Surana et al. 1994 —_— 0,185 ( 0,124, 0,256) 3,8
Elhalaby et al. 1995 —a— 0,125 ( 0,079, 0,180) 4.0 Snil 0281 ( 0,140, 0402) 1000
Jung 1995 —e— 0,255 ( 0,186, 0,332) 3.8 Q=37.87, p=000, 12:79% T
Fortuna et al. 1996 —_—— 0,122 ( 0,059, 0203) 3,5
Moore et al. 1996 — 0,169 ( 0,117, 0,227) 4.0 o 02 04 08 08 1
Prevalence
Suila et al. 1996 —-— 0,291 ( 0,265, 0.318) 4,5
Reding et al. 1997 —_— 0,220 ( 0,123, 0,336) 3.2
Ramesh etal. 1999 | ———a——F—— 0,125 ( 0,037, 0.248) 28
Teitelbaum et al. 2000 —a 0,149 ( 0,101, 0,205) 4,0 (C) Pooled prevalence for pre-OP HAEC for S-HD
Singh et al. 2003 — 0,119 ( 0,068, 0,182) 38 Study, - Prev (95% Cl) % Weight
Sauer et al. 2005 R A — 0,292 ( 0,124, 0492) 22 Langer et al. 1999 0,222 ( 0,007, 0,560) 7.9
Suita et al. 2005 - 0,173 ( 0,151, 0,196) 4,5 Gao et al. 2001 —_—. 0,147 ( 0,045, 0289) 11,5
Lietal. 2006 | —w— 0,079 ( 0049, 0,116) 4.2 Weidner and 2003 0,067 ( 0,000, 0,265) 9,5
Menezes and Puri 2006 —.— 0,166 ( 0,123, 0.214) 4.2 Sapin et al. 2006 | —@——~— 0,048 ( 0,000, 0,193) 104
Pini Prato et al. 2008 —_— 0,348 ( 0,262, 0,439) 3.7 Fujiwara et al. 2007 | m— 0,000 ( 0,000, 0,049) 11,5
Downey etal. 2015 _— 0,292 ( 0,124, 0492) 22 Pratap et al. 2007 ——=—— | 0462 ( 0341, 0,584) 12,5
Neuvonen et al. 2015 — 0,184 ( 0,108, 0,229) 3,9 Zakaria et al. 2012 D e — 0,225 ( 0,107, 0,369) 118
Le-Nguyen et al. 2019 —— 0,146 ( 0,097, 0203) 4,0 Adigazel et al. 2017 —_ 0220 ( 0,115, 0,347) 121
Pini Prato et al. 2019 — 0,171 ( 0,135, 0,211) 43 Chung et al. 2019 —_— 0,104 ( 0,050, 0,174) 12,9
Overall 0,183 ( 0,153, 0.216) 100.0 Overall T 0,152 ( 0,064, 0,266) 100,0
Q=294.21, p=0,00, 12=91% T Q=52,39, p=0,00, 12=85%

01 02 03 04 05
Prevalence

0 01 02 03 04 05 06
Prevalence

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

Cochrane Q Test, I>=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, 12=91%), 0.191 for
S-HD and L-HD (n=1010, 95% CI 0.144-0.242, Cochrane
Q test, =73%), 0.152 for S-HD only (n=365, 95% CI
0.064-0.266, Cochrane Q test, I’= 85%), and 0.261 for
TCA only (n=230, 95% CI 0.140-0.402, Cochrane Q test,
I?=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, 12=88%), 0.159 for S-HD
and L-HD (n=1007, 95% CI 0.103-0.226, Cochrane
QO test, I’=85%), 0.131 for S-HD only (n=364, 95% CI
0.081-0.189, Cochrane Q test, I>=53%), and 0.462 for
TCA only (n=216, 95% CI 0.373-0.552, Cochrane Q test,
P=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

@ Springer

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, 12=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, P= 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,
I?=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, >=85%), starting
with a comparatively high preoperative HAEC prevalence
of 0.195 (n=635, 95% CI 0.124-0.276, Cochrane Q test,
I?=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, I*’= 46%). This trend was also visible
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Swenson Duhamel Odds Ratio Odds Ratio
(A) Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Carcassonne et al. 1989 2 21 0 2 33% 0.64 [0.02,17.55)
Menezes and Puri 2006 21 82 19 61 24.5% 0.76 [0.37,1.59) —
Pini Prato et al. 2008 1 3 14 37 54% 0.82(0.07,9.91) e
Surana et al. 1994 9 53 7 44 17.6% 1.08[0.37,3.18) =1
Harrison et al. 1986 3 15 6 76 11.7% 2.92(0.64,13.27) T
Kleinhaus et al. 1979 61 390 20 339 29.2% 2.96 [1.74,5.01) ——
Carneiro etal. 1992 2 12 3 57 8.3% 3.60[0.53, 24.36) I (. E—
Total (95% Cl) 576 616 100.0% 1.60 [0.86, 3.00] E
Total events 99 69
Heterogeneity: Tau®= 0.28; Chi*=11.18, df= 6 (P = 0.08); IF= 46% :0.002 Uf1 150 5005
Test for overall effect: Z=1.47 (P=0.14) Favours [Swenson] Favours [Duhamel]
Duhamel Soave Odds Ratio Odds Ratio
(B) Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Carneiro etal. 1992 3 57 2 5 7.3% 0.08(0.01,0.70)
Carcassonne et al. 1989 0 2 1 2 28% 0.20(0.00, 8.82)
Harrison et al. 1986 6 76 4 26 13.3% 0.47[0.12,1.82) —1
Kleinhaus et al. 1979 20 339 18 280 22.8% 0.91[0.47,1.76) —a—
Surana et al. 1994 7 44 4 27 13.5% 1.09(0.29, 4.13] =
Menezes and Puri 2006 19 61 28 98 22.2% 1.13(0.56, 2.27) I
Pini Prato et al. 2008 14 37 9 62 18.1% 3.58 [1.36, 9.45) -
Total (95% Cl) 616 500 100.0% 0.92 [0.47, 1.80] -
Total events 69 66
Heterogeneity: Tau®= 0.40; Chi*= 13.89, df=6 (P = 0.03); F=57% iJ 002 011 1:0 500’
Test for overall effect: Z= 0.23 (P = 0.82) Favours [Duhamel] Favours [Soave]
Soave Swenson 0Odds Ratio Odds Ratio
(C) Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Pini Prato et al. 2008 9 62 1 3 62% 0.34[0.03,4.19)
Kleinhaus et al. 1979 18 280 61 390 28.8% 0.37[0.21,0.64] —a—
Harrison et al. 1986 4 26 3 15 11.5% 0.73[0.14, 3.80) —
Surana etal. 1994 4 27 9 53 15.8% 0.85(0.24, 3.06) —
Menezes and Puri 2006 28 98 21 82 26.6% 1.16 [0.60, 2.25] N
Carneiro et al. 1992 2 5 2 12 6.9% 3.33[0.32,34.83) —
Carcassonne et al. 1989 1 2 2 21 4.2% 9.50(0.41,217.61)
Total (95% ClI) 500 576 100.0% 0.82[0.41,1.63] ‘
Total events 66 99
Heterogeneity: Tau®= 0.34; Chi*=12.12, df= 6 (P = 0.06); F= 50% 0002 01 10 500

Test for overall effect. Z= 0.57 (P = 0.57)

Favours [Soave] Favours [Swenson]

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

in comparing the Duhamel and the Soave technique with
an Odds Ratio of 0.92 (95% CI 0.47-1.80, P=0.03,
I?=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,
I’=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, I>=79%)
for preoperative HAEC and 0.187 (95% CI 0.121-0.264,
Cochrane Q test, I>=81%) for postoperative HAEC.

@ Springer
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Fig.4 Forest Plots for the
pooled prevalence of postopera-

(A)

Pooled prevalence for post-OP HAEC after open PT

tive HAEC for different surgical Study Prev (85% ClI) % Weight
techniques. A Pooled preva- Langer et al. 1999 = 0,222 ( 0,007, 0,560) 10,2
lence for HAEC after open pull Mir et al. 2001 = 0,200 ( 0,006, 0,513) 10,8
through. B Pooled prevalence Sauer et al. 2006 | m— 0,000 ( 0,000, 0,077) 15,3
for HAEC after laparoscopically Fujiwara et al. 2007 - 0,385 ( 0,136, 0,667) 12,3
assisted pull through. C Pooled o
Prevalence for HAEC after Mattioli et al. 2008 | —&—— 0,080 ( 0,002, 0,226) 15,9
totally transanal pull through Giuliani et al. 2011 | ——— 0,042 ( 0,000, 0,170) 157
Le-Nguyen et al. 2019 — 0,186 ( 0,096, 0,297) 19,7
Overall - 0,134 ( 0,053, 0,241) 100,0
Q=16,42, p=0,01, 12=63%
0 0.2 04 06
Prevalence
(B) Pooled prevalence for post-OP HAEC after laparoscopy-assisted PT
Study ' ’ " Prev (95% CI) % Weight
Wang et al. 2004 L ] 0,213 ( 0,118, 0,326) 19,6
Fujiwara et al. 2007 L 0,091 ( 0,002, 0,255) 13,0
Mattioli et al. 2008 0,095 ( 0,002, 0,266) 12,7
Giuliani etal. 2011 | ———— 0,022 ( 0,000, 0,091) 17,9
Le-Nguyen et al. 2019 | ———7T— 0,034 ( 0,000, 0,142) 14,9
Lin et al. 2020 - 0,158 ( 0,091, 0,239) 21,9
Overall . 0,105 ( 0,050, 0,178) 100,0
Q=13,50, p=0,02, 12=63%
0 0.1 02 03
Prevalence
(C) Pooled prevalence for post-OP HAEC after transanal PT
Study Prev (95% Cl) % Weight
Gaoetal. 2001 | ——— 0,061 ( 0,001, 0,174) 25,5
Adiglizel et al. 2017 — 0,200 ( 0,099, 0,324) 33,5
Le-Nguyen et al. 2019 . 0,155 ( 0,079, 0,249) 41,0
Overall -l 0,145 ( 0,080, 0,225) 100,0
Q=3,20, p=0,20, 12=38%
0 0,1 02 03
Prevalence

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,

@ Springer

Cochrane Q test, I*=29%) for the open surgery group, 0.190
(n=274, 95% CI 0.094-0.307, Cochrane Q test, P="178%)
for the laparoscopy-assisted group and 0.177 (n= 155, 95%
CI10.0.121-0.241, Cochrane Q test, 12=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, I>=63%)
for the open procedure, 0.105 (n=274, 95% CI 0.050-0.178,
Cochrane Q test, I?=63%) for the laparoscopy-assisted
group and 0.145 (n=154, 95% CI 0.080-0.225, Cochrane
Q test, I=38%) for the transanal approach (Fig. 4).
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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, 12:95%),
0.176 for group II (95% CI 0.119-0.241, Cochrane Q
test, 12=91%), 0.169 for group II (95% CI 0.132-0.209,
Cochrane Q test, I?=82%), and 0.192 for group IV (95% CI
0.152-0.235, Cochrane Q test, P= 69%). Postoperatively,
the prevalence of HAEC was 0.131 for group I (95% CI
0.103-0.161, Cochrane Q test, P= 57%), 0.157 for group 11
(95% C10.123-0.194, Cochrane Q test, P=173%), 0.166 for
group III (95% CI 0.127-0.210, Cochrane Q test, I =84%),
and 0.173 for group IV (95% CI 0.105-0.252, Cochrane Q
test, ’=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 arisk 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
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[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 (PP>75%) and inter-study variance (tau?®). 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.
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