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Abstract

Background: There are limited data available to compare outcomes between surgical approaches for Hirschsprung’s disease.
Duhamel and endorectal pull-through (ERPT) are two of the most common procedures performed worldwide.

Methods: Objective outcomes were compared between contemporary cohorts (aged 4-32 years) after Duhamel or ERPT using case—
control methodology. Data were collected using prospectively administered standardized questionnaires on bowel and bladder
function and quality of life (Pediatric Quality of Life Inventory, Short form 36 and Gastrointestinal Quality of Life Index). Patients
were compared in two age groups (18years and younger and older than 18 years) and reference made to normative control data.
Multivariable analysis explored factors associated with poor outcomes.

Results: Cohorts were well matched by demographics, disease characteristics and incidence of postoperative complications (120 patients
who underwent Duhamel versus 57 patients who had ERPT). Bowel function scores were similar between groups. Patients who underwent
Duhamel demonstrated worse constipation and inferior faecal awareness scores (P < 0.01 for both age groups). Recurrent postoperative
enterocolitis was significantly more common after ERPT (34 versus 6 per cent; odds ratio 15.56 (95 per cent c.i. 6.19 to 39.24; P < 0.0001)).
On multivariable analysis, poor bowel outcome was the only factor significantly associated with poor urinary outcome (adjusted odds
ratio 6.66 (95 per cent c.i. 1.74 to 25.50; P=0.006)) and was significantly associated with markedly reduced quality of life (QoL) in all
instruments used (P < 0.001 for all). There were no associations between QoL measures and pull-through technique.

Conclusion: Outcomes from Duhamel and ERPT are good in the majority of cases, with comparable bowel function scores. Constipation and
impaired faecal awareness were more prevalent after Duhamel, with differences sustained in adulthood. Recurrent enterocolitis was
significantly more prevalent after ERPT. Clustering of poor QoL and poor functional outcomes were observed in both cohorts, with
seemingly little effect by choice of surgical procedure in terms of QoL.

Introduction

The principle of definitive surgical management of Hirschsprung'’s
disease (HSCR) involves the anastomosis of ganglionic bowel at,
or close to, the anal sphincter to allow continent expulsion of
stool. It is now widely accepted that the remaining ganglionic
intestine may be somewhat abnormal in terms of mucosal func-
tion and motility, however most patients can achieve adequate
bowel function following surgery®. Although a variety of techni-
ques and modifications have evolved for the pull-through proce-
dure, the Duhamel (Fig. 1a) and endorectal pull-through (ERPT)
(Fig. 1b) operations remain the most widely adopted for HSCR
worldwide.

The Duhamel pull-through, named after Bernard Duhamel, in-
volves a longitudinal, side-to-side anastomosis of the native
aganglionic rectum with recruited ganglionic proximal colon?.
The justification for leaving the distal aganglionic rectum in situ
is to retain a faecal reservoir and to avoid circumferential rectal
dissection, which can cause iatrogenic injury to pelvic nerves
and urogenital structures. Postoperative complications common-
ly reported are residual constipation, sometimes related to spur

formation at the anastomosis as well as distension of the residual
rectum—or Duhamel pouch.

The ERPT was initially published by Franco Soave of Genova®,
and involves a submucosal dissection for several centimetres, re-
sulting in a muscular cuff of native rectum. Modifications by De
La Torre and Langer have since been widely adopted such that
the procedure can now be performed through a transanal ap-
proach™®. It has been suggested that a totally transanal ERPT car-
ries a higher risk of iatrogenic sphincter injury through prolonged
stretching of the anal sphincter®, but may reduce injury to peri-
rectal structures low in the pelvis. A totally transanal approach
is feasible for rectosigmoid (short/standard) segment disease
but many centres currently opt for colonic mobilization by either
laparoscopy or laparotomy to avoid prolonged anal sphincter re-
traction and to visualize and prevent abnormal twisting of the
pulled-through bowel.

Observational series have reported discrepant results between
different surgical approachesin terms of bowel function and post-
operative complications such as Hirschsprung’s-associated en-
terocolitis (HAEC)’. Direct comparison has been challenging due
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Fig. 1 Illustrations of the surgical procedures

a The Duhamel procedure involves a transabdominal retrorectal dissection and pull-through of ganglionic bowel to the upper limit of the internal anal sphincter,
with a stapled anastomosis leaving a residual anterior rectum of Hirschsprung’s-affected bowel. b The endorectal pull-through procedure involves transanal cir-
cumferential dissection in the submucosal plane, creating a seromuscular cuff through which ganglionic bowel is pulled and a sutured coloanal anastomosis

formed.

to variability in outcome assessment with various scoring systems
and self-designed criteria being applied to data retrospectively.
Series that have directly compared outcomes with the same cri-
teria have been limited in being single-centre®®. The authors’
aim was to compare Duhamel and ERPT with a cross-sectional as-
sessment of outcomes in relation to matched normal population
controls in contemporaneous, age-matched cohorts of patients
with HSCR at two large-volume referral centres.

Methods

Study design

Patients with HSCR treated either at Helsinki University Hospital
(HUH; 1987-2011), Finland, or Great Ormond Street Hospital
(GOSH; 1977-2013), London, UK were eligible for inclusion. Both
centres are regional referral centres for paediatric colorectal sur-
gery and patients undergoing Duhamel (GOSH) or ERPT (HUH)
were included. This study was designed with case-control meth-
odology, comparing patients with Duhamel and ERPT across a
number of domains and was reported according to the STROBE
statement’®. These groups were extracted from larger study co-
horts of outcome data which have previously been published'*'?,
hence this was novel analysis of published cohorts answering a
distinct question with clinical relevance—whether there is a mea-
surable difference in the functional or quality-of-life outcomes
between ERPT or Duhamel. Outcomes were compared with na-
tional reference data as available.

Technical aspects of procedures

The technical aspects of the Duhamel procedures performed at
GOSH have been consistent throughout the study period; the tech-
nique was published by Kiely in 2005, It includes a low anasto-
mosis (inferior margin at the upper limit of the internal anal
sphincter) and relatively short residual rectum. Current use of
laparotomy versus laparoscopy is defined by surgeon preference.
ERPT has been the procedure of choice at HUH since 1987 and
has been consistent throughout the study period and completed
by the same team of paediatric colorectal surgeons or surgeons
trained by them™!. ERPT is performed either completely transan-
ally or in combination with transabdominal colonic mobilization
by mini-laparotomy or laparoscopy, defined by surgeon prefer-
ence. It includes a transanal mucosectomy approximately 5 mm

above the dentate line for distance of 3—4 cm, proceeding to full-
thickness dissection thereafter. Patients with TCA are managed
with restorative proctocolectomy and short J-pouch ileoanal
anastomosis and protective temporary ileostomy***°.

Ethics

Local and national ethical approvals were granted in both coun-
tries: (GOSH 17DS04; UK NHS REC 17/L0/1692; HUH
TMKO03§261). Written informed consent to participate in the study
was obtained from patients and/or their guardians.

Inclusion and exclusion criteria

The cohort of eligible patients who had undergone ERPT had an
age range of 4-32 years and patients of the same age range
from the Duhamel cohort were included for comparison.
Patients with other pull-through techniques were excluded, as
were patients who underwent primary surgery elsewhere.
Patients with syndromic association or considerable learning dis-
ability were excluded as the authors have demonstrated pre-
viously these patients may have variable outcomes for reasons
other than HSCR and its surgical management*®.

Data collected

Clinical case data were retrieved from patients’ medical records,
including demographic, surgical and disease-specific data. Post-
surgical complications were assessed according to Clavian-
Dindo". HSCR segment length was defined using standard defini-
tions: rectosigmoid, long (extending past the sigmoid colon) and
total colonic aganglionosis (TCA)'®. Long-segment disease and
TCA were pooled together as ‘extended segment’ for the purposes
of their use as a variable in multivariable analysis.

Episodes of HAEC were defined by the clinician on an
intention-to-treat basis; patients were also asked to report any
historic episodes of HAEC and recurrent HAEC, defined as more
than four episodes in a year.

Patients were contacted by researchers who were not directly
involved in their surgical or medical care (J.D., M.S.). Patients
and their families were invited to complete questionnaires with
a number of outcomes assessed.

Functional outcomes were measured using the Bowel Function
Score (BFS) described by Rintala and Lindahl (maximum, 20: good,
17 or greater; moderate, greater than 12; poor, 12 or less)lg.
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Patients requiring antegrade continence enemas (ACE) or enter-
ostomy to control bowel function were not able to be assessed
by the questionnaire and were deemed to have poorer
quality-of-life outcome as per previous studies™*%°.

Urinary symptoms were explored using a modified Danish
Prostatic Symptom Score®!, which has been used previously in
studies of children with HSCR??. These were compared with refer-
ence outcomes from the Finnish general population; and as
age-related changes in bowel and bladder function occur through
childhood?*?*, the authors compared those patients under 18
years and those 18 years of age and above separately.

Symptom-specific quality of life was assessed with the
Gastrointestinal Quality of Life Index (GIQLIO) in patients at least
18 years of age®®, where the cut-off value for a normal outcome is
105 out of 144. Overall GIQLIO score and subdomain scores were
also compared with outcomes from age-matched, pooled control
groups from several previously published studies'*?%’.

General quality-of-life instruments, Pediatric Quality of Life
Inventory (PedsQL™) and Short form 36 (SF-36), were also used
to assess outcomes in children and adults respectively. These
are known to vary significantly between different national popu-
lations. As such, PedsQL™ scores were compared with normative
data from the UK®® or Finland (unpublished, collected by the
authors). Patient-derived outcomes were standardized to norma-
tive data using a Z-score transformation allowing comparison be-
tween countries and allowing a valid comparative analysis of
procedures. SF-36 data were analysed with respect to normative
data from the UK?° or Finland®® (pooled with additional unpub-
lished data collected by the authors). Physical and mental compo-
nent scores were calculated using domain weightings as
described by Taft®'. Briefly, each patient’s score is normalized
against a gender- and age-matched population mean and stan-
dard deviation; calculation of these component scores allows
for meaningful comparison of cohorts and improves statistical
power by limiting the number of comparisons to two (as opposed
to comparing all eight domains of the SF-36). Examination of
quality-of-life metrics in such a way allows for a measure against
an age- and gender-matched score from the same country—thus
providing a more reliable impression of quality-of-life impact.

Statistical analysis

Baseline and disease-specific data were compared using Fisher's
exact test for categorical data and Mann-Whitney U test for

continuous variables. Kruskal-Wallis with Dunn’s test for multi-
ple comparisons was used to compare outcomes between patient
groups and controls for bowel and urological function, and
GIQLI®; here, the use of non-parametric testing allowed for ap-
propriate comparison of the ordinal data generated from such
scoring systems. Where multiple domains were compared (within
BFS or GIQLIO), P values were further corrected by Bonferroni’s
method to reduce the risk of type I error. Where differences be-
tween scores were statistically different, the authors opted to uti-
lize a minimum clinically important difference; this can be
calculated based upon distributions of the two cohorts with
Cohen'’s d with a cut-off value of 0.5. For non-parametric testing,
n? was converted to Cohen’s d as per the transformation available
at https://www.psychometrica.de/effect_size.html. Multivariable
analyses were performed in order to identify factors associated
with poor outcome (variables available along with results in
Supplementary material).

Results

Demographics and operative management
Sixty-three per cent of invited patients managed with ERPT and
64 per cent of patients undergoing Duhamel participated, with
no missing data points (Table 1). Operative approaches differed
between cohorts in both the younger and older groups: use of pre-
operative defunctioning stoma was considerably higher in pa-
tients undergoing Duhamel in both age groups, whereas the
patients undergoing ERPT were considerably younger at the
time of their pull-through in the modern era. Use of open surgery
was similar, with the vast majority of patients 18 years or older
having undergone an open approach, and approximately two
thirds in the less than 18 years group.

Postoperative complications are summarized in Table 2. The
overall requirement for unplanned major surgery (including bo-
wel obstruction, leak, stoma formation, revision surgery) was 13
per cent in Duhamel operations and 12 per cent in ERPT. As
spur division in Duhamel and intrasphincteric botulinum toxin
injection (both Duhamel and ERPT) required general anaesthesia,
the overall complications Clavien-Dindo of grade IIIb and above
were 27.5 and 19.3 per cent respectively (P=0.27). Redo pull-
through was required in six patients post-Duhamel and one
patient post-ERPT. A significantly higher incidence of HAEC was
observed after ERPT (49 versus 15 per cent after Duhamel for

Table 1 Demographics, disease characteristics and operative management

Under 18 years Adults
Duhamel (n =45) ERPT (n=39) Pt Duhamel (n=75) ERPT (n=18) Pt

Demographics

Age (years)* 11 (5-18) 10 (4-18) 0.875 26 (19-32) 23 (19-32) 0.034

Male: female 35:10 31:8 1.000 57:18 11:7 0.240
Disease characteristics

Family history 7 9 0.416 11 4 0.479

Rectosigmoid 36 32 0.840 58 17 0.302

Long 5 5 11 1

TCA 4 2 6 0
Operative management

Laparotomy 31 24 0.500 73 16 0.167

Laparoscopy assisted 14 2 2 1

Totally transanal - 13 - 1

Preoperative stoma 21 3 <0.0001 47 3 0.0005

Age at pull-through (days)* 121 (47-2973) 36 (11-3525) 0.001 152 (7-1879) 125 (21-3316) 0.865

Values in parentheses are percentages unless stated otherwise; *values are median (range). Bold values are statistical significance (i.e. P < 0.05). fMann-Whitney U,
Fisher’s exact, or Chi-squared for trend tests. ERPT, endorectal pull-through; TCA, total colonic aganglionosis.
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Table 2 Operative complications

Duhamel ERPT
(n=120) (n=57)  P*
Complications (Clavien-Dindo >IIIb) 33 11 0.269
Early
Leak 5 1 0.666
Late
Stricture 0 0 -
Spur 16 - -
Need for botulinum toxin 6 6 0.205
Unplanned major surgery 15 7 1.000
Postoperative stoma formation 7 1 0.280
Redo PT 6 1 0.431
ACE formed 4 2 1.000
Current status
Stoma 3 0 0.552
ACE 0 2 0.102

Values in parentheses are percentages. *Fisher’s exact test. ERPT, endorectal
pull-through; PT, pull-through; ACE, antegrade continence enemas.

clinician-reported episodes; 42 versus 21 per cent for patient-
reported episodes, 34 versus 6 per cent for recurrent HAEC (4 or
more episodes in one year); P <0.01 for all) (Fig. 2). All three defi-
nitions of HAEC were reported more in patients of a younger age,
independent of the surgery they had undergone when this was in-
cluded in multivariable analysis (P <0.05 for all). When surgical
procedure was explored with this analysis it continued to be a sig-
nificant relationship for clinician-reported HAEC (adjusted odds
ratio 4.35 (95 per cent c.i. 2.06 to 9.17; P<0.001)) and patient- or
clinician-reported recurrent HAEC (adjusted odds ratio 6.83 (95
per cent c.i. 2.61 to 17.85; P < 0.001)). It was not an independently
significant factor in patient-reported isolated episodes (adjusted
odds ratio 1.94 (95 per cent c.i. 0.94 to 4.03; P=0.075)).

Bowel function outcomes

Overall BFS in patients less than 18 years was impaired relative to
controls in both groups, with no difference between cohorts
(Duhamel versus ERPT versus control; median (i.q.r.) 17 (14-18)
versus 17 (15.5-19) versus 20 (19-20), overall Kruskal-Wallis P <
0.0001; Fig. 3a). The differences compared with controls were sig-
nificant in both Duhamel (d = 0.84) and ERPT (d =0.72). Patients 18
years and over with Duhamel also had impaired bowel function
relative to controls (P < 0.0001; d = 0.81), however outcomes in pa-
tients who underwent ERPT were not statistically different from
those in controls (median (i.q.r.) 18 (15-19) versus 19 (17.75-20) ver-
sus 19 (19-20), Kruskal-Wallis P < 0.0001, Fig. 3b). Combining both
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age groups, the number of patients with a poor outcome (score
less than 12 or with stoma or ACE) was similar in both patient
groups but worse than in controls (Duhamel versus ERPT versus
control; 10 of 120 (8 per cent) versus 3 of 57 (5 per cent) (P=0.5),
versus 1 of 683 (0.1 per cent); P<0.005 for both groups).

In patients under 18 years, individual bowel function domains
were inferior to those of controls in all except constipation
where only patients with Duhamel had inferior scores (Fig. 4a).
Comparing ERPT and Duhamel in this younger group, patients
with Duhamel had reported issues more frequently for constipa-
tion and social issues related to bowel function (P < 0.001). Severe
issues in any domain were only reported by a minority of patients,
with the most common domain being that of faecal awareness
(no awareness at all in 6 of 45 Duhamel patients) versus 0 of 39 pa-
tients with ERPT). The only domain with severe issues reported in
ERPT patients was constipation (requiring enemas in 1 patient
versus no patients with Duhamel).

Considering BFS domains in adult patients (Fig. 4b), patients
with Duhamel more frequently had issues with constipation
and faecal awareness than those with ERPT or normal controls,
there was also a higher incidence of issues withholding stool
and social issues related to bowel function but compared with
controls only. Severe issues were not reported by ERPT patients
in any domain, and only in social impact by patients with
Duhamel (5 patients, 7 per cent).

Urinary symptoms

Weekly or daily continence issues were infrequent across all pa-
tients: urge incontinence, six of 175 (3 per cent); stress inconti-
nence, four of 175 (2 per cent); nocturnal enuresis, four of 175 (2
per cent) and social issues related to urinary incontinence were re-
ported in only four of 175 (2 per cent). Low frequency (less often
than weekly) symptoms were assessed in comparison between co-
horts and compared with controls (Fig. 5). Incidence of previous ur-
inary tract infection was similar between patient groups and
controls. Among patients under 18 years, Duhamel patients had
a significantly higher incidence of any stress incontinence symp-
toms than controls (corrected P=0.007), however symptoms were
less than weekly frequency in all but one of 44 patients. Adult pa-
tients compared with controls had no differences in urinary symp-
toms or incontinence after Bonferroni correction for comparisons.

Quality-of-life outcomes

Overall GIQLI®© scores (adults) were comparable between patients
and controls (Fig. 6), with the only subdomain difference being a

[ Duhamel
I ERPT

e

Recurrent
HAEC

Fig. 2 Incidence of Hirschsprung’s-associated enterocolitis according to clinical records and patient-reported episodes

Error bars represent 95 per cent confidence interval of proportion. *P <0.010, tP <0.001 (Fisher’s exact test). HAEC, Hirschsprung’s-associated enterocolitis; ERPT,

endorectal pull-through.
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corrected for multiple comparisons (seven domains)). ERPT, endorectal pull-through. Severe/Frequent symptoms in darker shade with Milder/Infrequent symptoms
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slightly lower emotional score for ERPT patients relative to con-
trols (d=0.47; P=0.008) but not Duhamel patients (d=0.54; P=
0.054). Specifically, the GIQLIO asks ‘To what extent has your
sexual life been impacted because of your illness?’; there was
no difference in the responses by procedure (Mann-Whitney U
test; P=0.337). However, when the authors explored responses
by sex, they found scores in females to be significantly lower
than in males (P=0.003; d=0.51).

General quality-of-life indices were explored in both adults
(SF-36) and children (PedsQL™). Both scores were normalized to
age- and gender-matched general population data from the

respective countries®>??; this created physical component scores
(PCSs) and mental component scores (MCSs) for SF-36 (Fig. 7a).
Neither score was significantly different between Duhamel or
ERPT patients, although more Duhamel patients had a score be-
low 2 standard deviations of normal (component score below
30) for both PCS (4 of 75 versus 0 of 18) and MCS (13 of 75 versus
1 of 18).

PedsQL™ scores in patients were normalized to age-matched
controls to produce Z-scores; physical and psychosocial domains
were analysed separately (Fig. 7b). Again, there were no statistical
differences between the scores in either subscale, with the
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Overall score maximum 144. Subdomain scores calculated as a proportion of a theoretical maximum (scaled to a proportion of 1). Median value given as black horizontal
line. *P=0.008 (corrected P value, Kruskal-Wallis and Dunn’s test). ERPT, endorectal pull-through; GI, gastrointestinal; GIQLI, Gastrointestinal Quality of Life Index.

statistical difference on the psychosocial scale becoming non-
significant after correction despite being considered above the
threshold for a minimum clinically significant difference (P=
0.099; d=0.533).

Determinants of poor outcome

The data were also analysed using multivariable binary and logis-
tic models (Supplementary material). Poor bowel outcome,

defined as a BFS less than 12 or need for ACE or stoma, was asso-
ciated only with age less than 18 years at the time of study (ad-
justed odds ratio 3.92 (95 per cent ci. 1.30 to 11.83; P=0.016))
and weekly/daily urinary incontinence was associated only with
the previously defined poor bowel outcome (adjusted odds ratio
6.66 (95 per cent c.i. 1.74 to 25.50; P=0.006)).

GIQLIO scores were analysed with multivariable linear regres-
sion and lower scores (maximum 144; Beta + 95 per cent c.i.) were
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seen in patients with poor bowel outcome (41.29 (26.48-56.11); P <
0.001), extended segment Hirschsprung’s (14.19 (5.49-22.88); P=
0.002) and female sex (7.79 (0.06-15.52); P =0.048).

SF-36 component scores (mean(s.d.) 50(10)) were significantly
lower in patients with poor bowel outcome (PCS reduced by 16.53
(7.59-25.47); MCS by 24.27 (11.86-36.69); P<0.001 for both).
Similarly, the PedsQL™ overall Z-scores were reduced markedly in
patients with poor bowel outcome (reduced by 2.30 (1.45-3.14); P<
0.001). The type of surgical procedure had no association with
quality-of-life outcomes in any of these models (P=0.38-0.79).

Discussion

This study compares outcomes from two well matched cohorts of
HSCR patients from two institutions undergoing either an ERPT or
Duhamel procedure with no difference in major postoperative
complications. However, the authors found a higher incidence
of HAEC after ERPT and more frequent issues with faecal aware-
ness and constipation after Duhamel. The significantly higher in-
cidence of HAEC in patients undergoing ERPT is greater than
reported in a meta-analysis of patients following this procedure®?.
However, HAEC may also be underdiagnosed, and rates were over
50 per cent after pull-through according to high-sensitivity cri-
teria in a multi-institution series where the provider-defined

rate was only 28 per cent®, Taking a pragmatic approach to retro-

spectively collected data, the authors opted to use an
intention-to-treat definition for HAEC. Given this, and the supple-
mentation of this information with patient recall, it is possible
that the observed differences might be, in part, related to differing
thresholds for treatment and variable documentation. HAEC was
more common in younger patients and, although this may repre-
sent lower thresholds for case definition, it suggests an element of
recall bias and the limitation of retrospective studies. The differ-
ences between the cohorts for clinician-reported, patient-
reported, and recurrent HAEC suggest the difference between
ERPT and Duhamel is real. Historic patient cohorts from Finland
with Duhamel pull-through®* (preceding the ERPT cohort) de-
monstrated HAEC incidence similar to that in this study. The
authors hypothesize that HAEC may be more common after
ERPT due to some restriction from the seromuscular cuff, or per-
haps in post-Duhamel anatomy, the residual anterior rectum
(Duhamel pouch) may allow for a degree of distension during ob-
structive stooling due to external sphincter achalasia.

The noted specific differences in the bowel-function profile of
patients are in keeping with the published literature®’
Differences in faecal awareness were also apparent in adult pa-
tients, with reduced awareness reported more commonly in pa-
tients after Duhamel. The reasons underlying this are unclear
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however; the authors propose that enduring constipation and rectal
distension may interfere with faecal awareness in some patients.

Urological outcomes have not been well reported in the litera-
ture, however in the authors’ comparative analysis, symptoms
did not differ significantly between patients by procedure, with
very few patients reporting frequent incontinence episodes.
Urinary incontinence symptoms were strongly associated with a
poor bowel outcome. This confirms data from the authors’ single-
centre analysis including patients with learning disability,
demonstrating urinary incontinence as the single most predictive
factor of frequent incontinence episodes®®. This study benefits
from comparison with age-matched controls for functional
scores®®?*. Sexual function and fertility data for patients with
HSCR have not been well defined; the authors’ own single-centre
data suggest that adult women appear to more frequently be af-
fected by sexual dysfunction and potential subfertility after
Duhamel surgery in infancy®. However, with limited numbers
from a single-centre study, and a lack of comparative group
who have undergone alternative surgical reconstruction, this
warrants further research.

The quality-of-life outcomes described here are reassuring and
provide important data to emphasize further the intrinsic link
with functional outcome, with poor bowel outcome being uni-
formly associated with poor quality-of-life score in any metric
used. Lower GIQLIO scores were independently associated with
extended segment disease, which is a known predictor also of
poorer functional outcome. Within this study group it is likely
that the numbers of longer segment patients were not sufficient
to demonstrate the same effect on multivariable analysis. Using
age- and sex-matched controlled outcomes to normalize
quality-of-life data is helpful to demonstrate effects of a condition
on the outcome of interest®®. Controlling for quality-of-life out-
comes with country-specific data also helps avoid any variation
in results that may be due to nuances of language affecting the
cross-cultural validity of an instrument®’. The lack of UK-based
control data for the functional instruments presented here is a
potential source of bias of the results; it is important to note
that there is a limitation in the validity of questionnaires to assess
bowel function in HSCR patients, and that none have been vali-
dated in the Finnish language. Furthermore, although the re-
sponse rates of 63 and 64 per cent are relatively high for
cross-sectional outcome collection of cohorts treated over several
decades, this proportion of responses maintains a possibility of
reporting bias. The previously published larger cohorts of the
two centres reporting data here have not shown any significant
differences between included patients and non-respondents on
dropout analysis'**2.

The data presented in this study demonstrate that there are
surgery-specific outcomes that should be considered when
counselling families and consenting for surgery. Although
the quality-of-life outcomes in either surgical approach ap-
pear to be within normal limits, there is a population of pa-
tients with HSCR who struggle with bowel function and
suffer consequent significant impact on their longer-term
quality of life. This reinforces a need to provide multidisci-
plinary support in those identified to be at risk of a poor out-
come as they transition out of paediatric services. While
current management of HSCR is able to deliver a satisfactory
outcome in most, reconstructive surgery does not cure the
disease. Further research is needed to study genetic and epi-
genetic aspects of this condition®®, developmental biology*®
and immunological changes in HSCR*>*! to deliver the best
outlook for these patients.

Acknowledgements

Anonymized, individual-level data are available on reasonable re-
quest to the corresponding author, provided the suitable and ne-
cessary data sharing arrangements are in place.

Disclosure: The authors declare no conflicts of interest.

Supplementary material

Supplementary material is available at BJS Open online.

References

1. Kyrklund K, Pakarinen MP, Rintala RJ. Long-term bowel func-
tion, quality of life and sexual function in patients with anorec-
tal malformations treated during the PSARP era. Semin Pediatr
Surg 2017;26:336-342

2. Duhamel B. A new operation for the treatment of
Hirschsprung's disease. Arch Dis Child 1960;35:38-39

3. SoaveF. Hirschsprung's disease: a new surgical technique. Arch
Dis Child 1964;39:116-124

4. Langer JC, Minkes RK, Mazziotti MV, Skinner MA, Winthrop AL.
Transanal one-stage Soave procedure for infants with
Hirschsprung's disease. J Pediatr Surg 1999;34:148-152

5. De la Torre-Mondragén L, Ortega-Salgado JA. Transanal endor-
ectal pull-through for Hirschsprung’s disease. ] Pediatr Surg
1998;33:1283-1286

6. BjgrnlandK, Pakarinen MP, Stenstrgm P, Stensrud KJ, Neuvonen
M, Granstrom AL et al. A Nordic multicenter survey of long-term
bowel function after transanal endorectal pull-through in 200
patients with rectosigmoid Hirschsprung disease. J Pediatr Surg
2017;52:1458-1464

7. Gosain A, Frykman PK, Cowles RA, Horton J, Levitt M, Rothstein
DH et al. Guidelines for the diagnosis and management of
Hirschsprung-associated enterocolitis. Pediatr Surg Int 2017;33:
517-521

8. Minford JL, Ram A, Turnock RR, Lamont GL, Kenny SE, Rintala
RJ et al. Comparison of functional outcomes of Duhamel and
transanal endorectal coloanal anastomosis for Hirschsprung’s
disease. J Pediatr Surg 2004;39:161-165

9. Giuliani S, Betalli P, Narciso A, Grandi F, Midrio P, Mognato
G et al. Outcome comparison among laparoscopic Duhamel, la-
parotomic Duhamel, and transanal endorectal pull-through: a
single-center, 18-year experience. ] Laparoendosc Adv Surg Tech
A 2011;21:859-863

10. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet 2007;370:
1453-1457

11. Neuvonen MI, Kyrklund K, Rintala RJ, Pakarinen MP. Bowel
function and quality of life after transanal endorectal pull-
through for Hirschsprung disease. Ann Surg 2017;265:622-629

12. Davidson JR, Kyrklund K, Eaton S, Pakarinen MP, Thompson DS,
Cross KMK et al. Long-term surgical and patient-reported out-
comes of Hirschsprung’s Disease. ] Pediatr Surg 2021;56:
1502-1511

13. Antao B, Radhwan T, Samuel M, Kiely E. Short-pouch and low-
anastomosis Duhamel procedure results in better fecal control
and normal defecation pattern. Dis Colon Rectum 2005;48:
1791-1796


http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrab143#supplementary-data

Davidsonetal. | 9

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Rintala R, Lindahl H. Transanal endorectal coloanal anasto-
mosis for Hirschsprung’s disease. Pediatr Surg Int 1993;8:128-131
Rintala RJ. Transanal coloanal pull-through with a short mus-
cular cuff for classic Hirschsprung's disease. Eur ] Pediatr Surg
2003;13:181-186

Davidson JR, Kyrklund K, Eaton S, Pakarinen MP, Thompson DS,
Blackburn SC et al. Outcomes in Hirschsprung’s with coexisting
learning disability. Eur ] Pediatr 2021;180:3499-3507

Dindo D, Demartines N, Clavien P. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:
205-213.

Veras LV, Arnold M, Avansino JR, Bove K, Cowles RA, Durham
MM et al. Guidelines for synoptic reporting of surgery and
pathology in Hirschsprung disease. ] Pediatr Surg 2019;54:
2017-2023

Rintala RJ, Lindahl H. Is normal bowel function possible after re-
pair of intermediate and high anorectal malformations? J Pediatr
Surg 1995;30:491-494

Neuvonen MI, Kyrklund K, Lindahl HG, Koivusalo A, Rintala RJ,
Pakarinen MP. A population-based, complete follow-up of 146
consecutive patients after transanal mucosectomy for
Hirschsprung disease. ] Pediatr Surg 2015;50:1653-1658

Schou J, Poulsen AL, Nordling J. The value of a new symptom
score (DAN-PSS) in diagnosing uro-dynamic infravesical ob-
struction in BPH. Scand J Urol Nephrol 1993;27:489-492
Neuvonen M, Kyrklund K, Taskinen S, Koivusalo A, Rintala RJ,
Pakarinen MP. Lower urinary tract symptoms and sexual
functions after endorectal pull-through for Hirschsprung
disease: controlled long-term outcomes. J Pediatr Surg 2017;52:
1296-1301

Kyrklund K, Koivusalo A, Rintala RJ, Pakarinen MP. Evaluation
of bowel function and fecal continence in 594 Finnish indivi-
duals aged 4 to 26 years. Dis Colon Rectum 2012;55:671-676
Kyrklund K, Taskinen S, Rintala RJ, Pakarinen MP. Lower urin-
ary tract symptoms from childhood to adulthood: a population
based study of 594 Finnish individuals 4 to 26 years old. J Urol
2012;188:588-593

Eypasch E, Williams JI, Wood-Dauphinee S, Ure BM, Schmiilling
C, Neugebauer E et al. Gastrointestinal Quality of Life Index: de-
velopment, validation and application of a new instrument. BrJ
Surg 2005;82:216-222

Granstrom AL, Danielson J, Husberg B, Nordenskjold A, Wester
T. Adult outcomes after surgery for Hirschsprung’s disease:
evaluation of bowel function and quality of life. J Pediatr Surg
2015;50:1865-1869

Koivusalo A, Pakarinen M, Vanamo K, Lindahl H, Rintala RJ.
Health-related quality of life in adults after repair of congenital
diaphragmatic defects—a questionnaire study. J Pediatr Surg
2005;40:1376-1381

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Upton P, Eiser C, Cheung [, Hutchings HA, Jenney M, Maddocks A,
et al. Measurement properties of the UK-English version of the
Pediatric Quality of Life Inventory™ 4.0 (PedsQL™) generic core
scales. Health Qual Life Outcomes 2005;3:22

Jenkinson C, Coulter A, Wright L. Short form 36 (SF36) health
survey questionnaire: normative data for adults of working
age. BMJ 1993;306:1437-1440

Aalto AM, Arja RA, Teperi J. RAND-36 Terveyteen lLittyvin
eldmdnlaadun mittarina. Mittarin luotettavuus ja suomalaiset
vdestéarvot. Vol. 101. National Research and Development
Centre for Welfare and Health, 1999.

Taft C, Karlsson J, Sullivan M. Do SF-36 summary component
scores accurately summarize subscale scores? Qual Life Res
2001;10:395-404

Zimmer J, Tomuschat C, Puri P. Long-term results of transanal
pull-through for Hirschsprung's disease: a meta-analysis.
Pediatr Surg 2016;32:743-749

Lewit RA, Veras LV, Cowles RA, Fowler K, King S, Lapidus-Krol E
et al. Reducing underdiagnosis of Hirschsprung-associated en-
terocolitis: a novel scoring system. J Surg Res 2021;261:253-260
Jarvi K, Laitakari EM, Koivusalo A, Rintala RJ, Pakarinen MP.
Bowel function and gastrointestinal quality of life among adults
operated for Hirschsprung disease during childhood: a
population-based study. Ann Surg 2010;252:977-981

Davidson JR, Kyrklund K, Eaton S, Pakarinen MP, Thompson DS,
Cross KMK et al. Sexual function, quality of life, and fertility in
women who had surgery for neonatal Hirschsprung’s disease.
Br ] Surg 2021;108:e79-e80

Steventon A, Grieve R, Sekhon JS. A comparison of alternative
strategies for choosing control populations in observational
studies. Health Serv Outcomes Res Methodol 2015;15:157-181
Sperber AD. Translation and validation of study instruments for
cross-cultural research. Gastroenterology 2004;126:5124-5128
Tilghman JM, Ling AY, Turner TN, Sosa MX, Krumm N,
Chatterjee S et al. Molecular genetic anatomy and risk pro-
file of Hirschsprung’s disease. N Engl J Med 2019;380:
1421-1432

Jaroy EG, Acosta-Jimenez L, Hotta R, Goldstein AM, Emblem R,
Klungland A et al. ‘Too much guts and not enough brains’: (epi)
genetic mechanisms and future therapies of Hirschsprung dis-
ease—a review. Clin Epigenetics 2019;11:135

Gosain A, Barlow-Anacker AJ, Erickson CS, Pierre JF,
Heneghan AF, Epstein JF et al. Impaired cellular immunity
in the murine neural crest conditional deletion of endothe-
lin receptor-B model of Hirschsprung's disease. PLoS One
2015;10:e0128822

Frykman PK, Cheng Z, Wang X, Dhall D. Enterocolitis causes
profound lymphoid depletion in endothelin receptor B- and en-
dothelin 3-null mouse models of Hirschsprung-associated en-
terocolitis. Eur ] Immunol 2015;45:807-817



	Comparative cohort study of Duhamel and endorectal pull-through for Hirschsprung’s disease
	Introduction
	Methods
	Study design
	Technical aspects of procedures
	Ethics
	Inclusion and exclusion criteria
	Data collected
	Statistical analysis

	Results
	Demographics and operative management
	Bowel function outcomes
	Urinary symptoms
	Quality-of-life outcomes
	Determinants of poor outcome

	Discussion
	Acknowledgements
	Supplementary material
	References


