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Abstract

Background Frequent stooling immediately after pull-through (PT), fecal soiling, and constipation are chronic

complications of Hirschsprung’s disease (HD). This study aimed to investigate the longitudinal outcomes in terms of

bowel function of patients below the age of 1 year undergoing PT.

Methods We retrospectively evaluated 396 patients who underwent PT for HD between September 1979 and March

2014. Stool frequency was analyzed up to 10 years of age, and soiling and constipation were analyzed up to 15 years

of age.

Results After resection of the aganglionic segment (AS), stool frequency decreased over time. Furthermore, stool

frequency among the three groups was similar 4 years after PT. Among the patients with aganglionic bowel

resection, those who underwent the Soave procedure (SP) had an increase (0.56/day) in stool frequency than those

who underwent the Duhamel procedure (DP). The soiling severity according to the AS was similar after 5 years of

age. More severe soiling was better associated with patients who underwent the SP than those who underwent the DP.

The constipation severity increased gradually until around 5 years and declined thereafter. More severe constipation

was better associated with the DP than with the SP.

Conclusion The result of the analysis of stool frequency and soiling in patients with HD indicated that shorter ASs

resulted in fewer bowel movements and less severe soiling. However, with the increase in patient age, the differences

became similar. Compared to the DP, the SP was associated with an increased frequency of bowel movements and

soiling severity; however, the constipation severity was lower.

Introduction

Hirschsprung’s disease (HD) is a developmental disorder

of the intrinsic components of the enteric nervous system.

HD is characterized by the absence of ganglionic cells in

the myenteric and submucosal plexuses of the distal bowel

and has occurred in approximately 1 in 5000 newborns [1].

Although HD is mainly limited to the rectum and distal

colon, 2–13% of patients present with total colonic agan-

glionosis [2, 3]. Surgical intervention for HD involves

removal of the aganglionic bowel and subsequent pulling

of the normally innervated bowel through the anus to allow

for normal bowel movements; this procedure is referred to
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as pull-through (PT) surgery. However, PT does not always

result in satisfactory bowel function, and frequent stooling

immediately after the PT, fecal soiling, and constipation

are chronic complications associated with HD. Although

several studies have reported the long-term outcomes

associated with bowel function after PT, they did not elu-

cidate the patterns of stooling, soiling, and constipation

[4–13]. Furthermore, previous studies that examined

stooling changes after the Soave procedure (SP) had small

sample sizes and short follow-up periods [11, 12].

Many patients with HD undergo PT prior to their first

birthday, and the age for definitive surgery for HD is

decreasing. According to a nationwide survey in Japan, the

mean age for definitive surgery was 564.8 days in

1978–1982 and 324.3 days in 2008–2012 [14]. Moreover,

Tang et al. reported that 87.6% of patients with HD

underwent definitive surgery aged at\1 year of age [15].

This study aimed to investigate the longitudinal out-

comes of patients with HD who underwent successful PT at

\1 year of age. We conducted this study on a large

number of HD patients in a single center. The measured

outcomes included changes in stool frequency, soiling, and

constipation from the protocoled outpatient follow-up. In

particular, we analyzed the differences in long-term out-

comes according to the aganglionic segment (AS) involved

and the PT method used.

Methods

We retrospectively evaluated 622 patients who underwent

PT for HD between September 1979 and March 2014 at

Seoul National University Children’s Hospital. Gestational

age, birth weight, sex, age/weight on the day of surgery,

surgical method, location of the aganglionic segment,

postoperative clinical course, and bowel function parame-

ters (voluntary bowel movement, stool frequency, and the

presence and severity of soiling/constipation) after surgery

were analyzed. All patients were diagnosed as having HD

based on pathological aganglionosis. Patients who under-

went PT at\1 year of age and at least 3 years prior to the

start of data collection were included in this study. Patients

who underwent redo PT for various reasons, the Martin

procedure, or enterostomy restoration later as opposed to

during the PT were excluded from the study. The Martin

procedure was defined as leaving aganglionic distal bowel

above the sigmoid colon [16]. Of the 622 patients, 209 who

underwent PT at C1 year of age, 13 who underwent redo

PT, 2 who underwent the Martin procedure, and 2 who

underwent delayed enterostomy restoration were excluded.

Altogether, 396 patients were enrolled, including 308 who

underwent the Duhamel procedure (DP) and 88 who

underwent the SP. Length of aganglionosis was confirmed

pathologically, and the AS was determined by matching the

anatomy of each patient. Patients were classified into three

groups according to the aganglionosis in the distal bowel as

follows: (1) rectosigmoid colon (RS), (2) intestine from the

descending colon to the transverse colon (DT), and (3)

intestine above the ascending colon, including the small

bowel (total colon).

The DP performed at our institution preserved the rec-

tum and pulled through the ganglionated bowel between

the rectum and the sacrum. The rectum is usually preserved

to the level of approximately 3 cm above the peritoneal

reflection, and side-to-side anastomosis was performed

with an automatic stapling device (GIA, 90 or 100 mm).

The SP was performed through laparotomy or laparoscopy

to mobilize the proximal bowel, followed by transanal

endorectal dissection between 0.5 and 1.5 cm above the

dentate line. At this time, the anterior and posterior walls of

the rectal muscle cuff were split, and the length of the

muscle cuff was kept as short as possible. During the study

period, five pediatric surgeons performed either the DP or

SP according to their preference. In our institution, when

PT was performed, a full-thickness biopsy was taken

approximately 2–3 cm above the transitional zone, and the

presence or absence of ganglion cells was determined using

frozen sections. If no ganglion cells were found, another

biopsy was performed in the proximal 5 cm of the intes-

tine. The extent of resection of the distal ganglionated

bowel remains unknown. In our institution, the intestines

were finally resected at least 3 cm above the ganglionated

bowels as identified from the frozen sections.

Complications were classified into early complications

occurring within 30 days of surgery and late complications

occurring 30 days after surgery.

We aimed to record the stool frequency and degree of

soiling and constipation in outpatients. The postoperative

follow-up protocol was performed at weeks 1 and 2; at

months 1, 3, 6, 9, 12, 18, 24, 30, 36, 42, 48, 54, and 60; and

every year thereafter. Prior to the patient having a volun-

tary bowel movement, stooling was defined as the need for

a diaper change. Staining of the diaper or underwear was

classified as soiling. Constipation was defined as fewer

than three defecations per week, the requirement of a

dietary adjustment to facilitate defecation, or laxative use

[17, 18]. The collection of longitudinal outcome data for

each patient was based on the surgeon’s notes, and a single

researcher systematically conducted the collection of such

data in the second half of 2017. Of the 396 patients,

complete data on stool frequency, soiling, and constipation

were gathered postoperatively for 391 patients (98.7%) at

6 months, 392 patients (99%) at 1 year, 391 patients (98.7)

at 2 years, and 388 patients (98%) at 3 years. Of the 308

patients, 220 (71.4%) had complete data 5 years after

surgery. Complete data were also obtained for 108 (51.4%)
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of 210 patients at 7 years and 26 (27.6%) of 94 patients at

10 years. Soiling and constipation after 10 years of age

were analyzed in 16 (20.2%) of 79 patients at 12 years and

11 (17.5%) of 63 patients at 15 years. We analyzed the

severity of soiling and constipation using the Krickenbeck

continence score [18]. The Krickenbeck score is based on

clear definitions of continence parameters and is the most

applicable and objective method of bowel control evalua-

tion in pediatric cases [19]. To compare the severity of

soiling and constipation, we scored 0 for absence, and 1, 2,

and 3 for grades 1, 2, and 3, respectively. The mean stool

frequency was measured postoperatively at 1, 3, and

6 months and at 1, 2, 3, 4, 5, 7 and 10 years. Fecal soiling

and constipation were evaluated at 1, 2, 3, 4, 5, 7, 10, 12,

and 15 years of age.

Non-parametric variance analysis was performed using

the Kruskal–Wallis method for the data of\30 cases, and

t tests were conducted for the mean comparisons. Corre-

lations between variables were evaluated using a Chi-

square test. A linear mixed model was used to analyze the

changes in stool frequency, soiling, and constipation with

time after PT. The linear model facilitates the analysis of

data collected at various time points in the same patient and

is useful even in cases with missing data. The results of the

linear mixed model analysis are presented as an ‘‘Ap-

pendix.’’ p values of\0.05 were considered to be statisti-

cally significant. Statistical analysis was performed by the

Medical Research Collaborating Center at the Seoul

National University Hospital and Seoul National Univer-

sity College of Medicine. Statistical analysis was per-

formed using SPSS software version 20 (SPSS Inc.,

Chicago, IL, USA) and SAS 9.4 (SAS institute Inc., Cary,

NC, USA).

This study was approved by the institutional review

board of Seoul National University Hospital (IRB File No.

1702-061-831).

Results

Of the 396 patients, 298 (75.2%) were male. The mean

gestational age was 38.52 ± 1.98 weeks, and the mean

birth weight was 3.25 ± 0.55 kg. The results showed 348

RS cases (87.9%), 37 DT cases (9.3%), and 11 total colon

procedures (2.8%) according to AS. The median age at PT

was significantly younger in the RS group (141 days for

RS, 184 days for DT, and 189 days for total colon,

p = 0.002). The mean body weight at the time of surgery

was 7.44 ± 1.51 kg, which was similar between the three

groups. The median follow-up duration of all the patients

was 6.23 years (range 0–30.58 years) (Table 1).

In terms of the procedure frequency, 308 patients

(77.8%) underwent the DP and 88 patients (22.2%)

underwent the SP. The median age at PT was significantly

younger in the SP group (121.5 vs. 153 days, p\ 0.001), at

which time the mean body weight was also lower in the SP

group (6.34 ± 1.89 vs. 7.74 ± 1.23 kg, p\ 0.001). The

AS distribution was similar in the two groups (Table 2).

On the basis of the analysis of the linear mixed model

for changes in stool frequency according to AS, PT

method, and time after PT, only AS and time had an

interaction (Fig. 1). Therefore, the final model was con-

structed excluding factors without interaction, and a sig-

nificant interaction was found between AS and time for

stool frequency change (p\ 0.0001). After resection of the

RS, DT, or total colon, stool frequency decreased over

time. The difference in stool frequency between the three

groups was similar 4 years after PT. The difference in stool

frequency between PT methods indicated a mean of

4.07/days (range 3.72–4.42 days) in the SP group and

3.51/days (range 3.25–3.77 days) in the DP group. In other

words, in patients who underwent aganglionic bowel

resection, a greater difference (0.56/day) in stool frequency

occurred in the SP group compared with the DP group,

regardless of the AS or time (p\ 0.0001).

Table 1 Characteristics according to aganglionic segment

Details All patients RS DT Total colon p value

Patient numbers (%) 396 348 (87.9) 37 (9.3) 11 (2.8)

Male gender (%) 298 (75.2) 259 (74.4) 30 (81.1) 9 (81.8) 0.322

Gestational age (weeks) 38.52 ± 1.98 38.52 ± 1.91 38.33 ± 2.71 38.95 ± 0.88 0.812

Birth weight (kg) 3.25 ± 0.55 3.25 ± 0.56 3.27 ± 0.6 3.31 ± 0.34 0.952

Age at pull-througha (days) 146 (7–359) 141 (7–359) 184 (60–328) 189 (125–315) 0.002

Weight at operation (kg) 7.44 ± 1.51 7.41 ± 1.52 7.63 ± 1.44 7.65 ± 1.17 0.821

Follow-up durationa (years) 6.23 (0–30.58) 6.11 (0–27.67) 5.63 (0.02–30.58) 9.73 (3.01–22.42) 0.071

RS, rectosigmoid colon; DT, intestinal segment from the descending to the transverse colon; Total colon, intestine above the ascending colon

including small bowel
aMedian
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A review of fecal soiling suggested that, as with stool

frequency changes, there was an interaction between AS

and time (Fig. 2). Soiling decreased with time in the RS,

DT, and total colon groups. The soiling severity between

the three groups was similar after 5 years of age. The

difference in fecal soiling between the procedures was

more severe in the SP group (mean 1.09, range 0.92–1.25)

compared with the DP group (mean 0.71, range 0.59–0.83)

regardless of the AS or time (p\ 0.0001).

As none of the patients in the total colon group com-

plained of constipation, this group was excluded from

further constipation analysis. Further analysis of the

remaining groups revealed no significant interactions

(Fig. 3). Constipation worsened until approximately

5 years of age but improved thereafter. The difference in

constipation score according to AS was 0.33 (range

0.25–0.4) in the RS group and 0.22 (range 0.03–0.41) in the

DT group. The RS had a higher overall constipation

severity than the DT group, although the difference did not

reach statistical significance (p = 0.28). The difference in

constipation severity between the procedures was greater in

the DP group (mean 0.3, range 0.25–0.45) compared with

the SP group (mean 0.2, range 0.05–0.34) regardless of the

AS or time (p = 0.02).

No statistically significant differences were found in

early complications according to AS. Late complications

occurred more frequently in the DT group than in the other

groups; however, detailed analysis revealed no significant

differences. With regard to the PT method, no statistically

significant difference was observed in terms of early

complications, except for enterocolitis. However, late

complications were significantly more frequent in the SP

group compared with the DP group. No statistically sig-

nificant differences in mechanical intestinal obstructions

were found between the procedures. Rectal prolapse was

significantly more frequent in the SP group. Four patients

died after PT: 1 patient died of sepsis, 1 of bleeding, 1 from

hydrothorax caused by an undetected malpositioned central

venous catheter, and in the final patient, the cause of death

was unknown. Of the four patients with early mechanical

intestinal obstructions, one showed no improvement in

ileo-ileal intussusception and three had adhesive ileus. All

13 mechanical intestinal obstructions that occurred as late

complications were adhesive ileus (Table 3).

Discussion

In terms of HD, only a few studies have reported on the

correlation between altered stool frequency and patient age

after PT. Teitelbaum et al. conducted a follow-up study

after primary endorectal PT in 24 young infants (mean age

at PT 15 ± 17 days) with HD. The results showed a fre-

quency of 5 to 8 stools per day immediately after surgery

and a subsequent rapid decline, with a mean of 3.8 ± 1.4

stools per day 6 months after surgery. Thereafter, a gradual

decline was noted at the mean follow-up of

1036 ± 614 days [11]. These results were similar to those

of our study, in which the RS, DT, and total colon groups

showed a drastic decrease in stool frequency until

6 months after surgery, which gradually decreased over the

next 10 years. However, Teitelbaum’s study was limited by

Table 2 Characteristics according to Duhamel and Soave procedures

Details Duhamel Soave p value

Patient numbers (%) 308 (77.8) 88 (22.2)

Male gender (%) 238 (77.3) 60 (68.2) 0.093

Gestational age (weeks) 38.63 ± 1.81 38.15 ± 2.43 0.094

Birth weight (kg) 3.29 ± 0.51 3.11 ± 0.69 0.022

Age at pull-througha (days) 153 (69–359) 121.5 (7–317) \0.001

Weight at operation (kg) 7.74 ± 1.23 6.34 ± 1.89 \0.001

Aganglionic segment

RS 269 79 0.711

DT 28 9 0.835

Total colon 11 0 0.133

Combined anomalies 30 14 0.123

Laparoscopic surgery 0 43 \0.001

Follow-up durationa (years) 6.73 (0–30.58) 5.02 (0–19.12) \0.001

DT, intestinal segment from the descending to the transverse colon; RS, rectosigmoid colon; Total colon, intestine above the ascending colon

including small bowel
aMedian
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the small sample size, lack of AS classification, and short

follow-up period. Graneli et al. classified stool frequency

according to the postoperative period and compared results

with those from a healthy group of children [12]. This

study reported that stool frequency was higher in patients

with HD compared with healthy children, but was similar

to that in healthy children 4 years after surgery. However,

this study also had limitations including a small sample

size, failure to collect data at various time points in the

same patient, and a short follow-up duration.

In our study, fecal soiling was more severe after the SP,

and constipation was more severe after the DP. The esti-

mated incidence of fecal soiling was reported to range from

6 to 48% after the DP (or mainly DP) [10, 20–22] and from

9.4 to 68.4% after the SP [10, 13, 23, 24]. The incidence of

constipation ranged from 8.3 to 30% after the DP [10, 25]

Fig. 1 Long-term outcomes of stool frequency. a The final model showed a significant interaction between aganglionic segment and time

for stool frequency change. b After resection of the RS, DT, or total colon, the stool frequency decreased over time. The difference in stool

frequency between the three groups was similar 4 years after pull-through

2430 World J Surg (2020) 44:2426–2439

123



and from 2.4 to 24% after the SP [10, 23, 26]. In addition to

soiling and constipation, the overall bowel function of

patients with HD is thought to improve over time. Conway

et al. reported a functional outcome score at 8-year inter-

vals in a cohort of patients who underwent the DP. Their

results demonstrated improved bowel function with age

(1997: 14.9 ± 4.1; 2005: 16.4 ± 2.8; p = 0.02) [27].

However, the reason for this improved bowel function with

age was unclear.

Fig. 2 Long-term outcomes of fecal soiling. The Krickenbeck continence score was used to compare the severity of soiling. A score of 0 was

given for the absence of soiling, and 1, 2, and 3 for grades 1 (occasionally), 2 (every day, no social problem), and 3 (constant, social problem),

respectively. a The final model shows a significant interaction between aganglionic segment and time for fecal soiling change. b The severity

of soiling was similar between the three groups after 5 years of age
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The incidence of soiling and constipation has been

reported to vary widely. Although the reasons for this

variability are unclear, we suspect that it is due to the

differences in the definition of fecal soiling and ages of the

patients evaluated among the studies. The two aforemen-

tioned studies reported the incidence of fecal soiling to be

48% and 68.4% in patients with HD and 22% and 31% in

the healthy control group and appeared to have applied

overly strict definitions to fecal soiling [13, 22]. We

thought that the age at which school begins was the

appropriate time to investigate meaningful incidence of

fecal soiling and constipation. Thus, we further evaluated

210 patients who were followed up to C7 years of age and

exhibited a soiling and constipation of grade ]2 according

to the Krickenbeck continence score. The results demon-

strated no significant difference in the incidence of soiling

between patients in the RS (9.8%), DT (5.5%), and total

colon (11.1%) groups (p = 0.833). Constipation occurred

in 29 patients (15.8%) in the RS group, 1 patient (5.5%) in

the DT group, and 0 patients in the total colon group

(p = 0.088). With regard to the PT method, soiling was

detected in 13 patients (7.4%) who underwent the DP and

in 7 patients (20%) who underwent the SP; however, these

results did not reach statistical significance (p = 0.051).

The incidence of constipation was similar between the DP

and SP groups, with 25 (14.3%) and 5 cases (14.3%),

respectively.

Recently, a controlled follow-up study of long-term

bowel function and quality of life in patients with HD who

underwent transanal endorectal PT showed poor results in

almost all areas of fecal control (except constipation) as

compared with those in the control group [13]. This study

Fig. 3 Long-term outcomes of constipation. The Krickenbeck continence score was used to compare the severity of constipation. A score 0

was given for the absence of constipation, and 1, 2, and 3 for grades 1 (manageable by change in diet), 2 (required laxative), and 3 (resistant

to laxatives and diet), respectively. a None of the interactions was significant. b Constipation worsened until approximately 5 years of age,

but improved thereafter

2432 World J Surg (2020) 44:2426–2439
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demonstrated that the degree of fecal control impairment

differed substantially between the HD and control groups

according to age, but this difference decreased with age,

and no significant differences were observed at 18 years of

age. However, several studies have reported contrasting

results; for instance, studies that analyzed bowel function

in adults reported that impaired fecal control was still

observed into adulthood in patients with HD [22, 27, 28].

However, the DP was the main PT method used in these

studies.

Functional outcomes according to the PT method were

clearly different in the present study. The advantage of the

DP is that it can prevent damage to surrounding structures

by restricting dissection of the rectum in the pelvis. The

advantage of the SP is its ability to preserve the muscle and

serosa layer by transanal submucosal dissection. The cause

of fecal incontinence after PT in patients with HD remains

unclear. In a recent study that compared the DP and

transanal PT, the fecal continence index was not signifi-

cantly different between the two procedures; however, the

DP led to an improvement in the patients’ quality of life

[29]. The aganglionic rectal stump is frequently subjected

to fecal impactions and can become largely dilated after the

DP. Several studies have demonstrated that preserving the

mucosa of the dentate line by performing a mucosectomy

at the upper level of the dentate line rather than from the

dentate line was better for postoperative fecal continence

during SP [30–32]. This is most likely due to the fact that a

mucosectomy from the dentate line is likely to result in

damage to the delicate nerve endings on the dentate line

that forms the reflex arch, which is responsible for sensa-

tion and continence [33]. It is for these reasons we suggest

that the incidence rates of constipation and soiling were

higher in the DP and SP groups, respectively.

In our institution, we perform PT as soon as possible, if

pathological aganglionosis is diagnosed. We previously

had a diagnosed outpatient who died of enterocolitis before

undergoing PT. Thus, we perform PT without sending the

patient home if HD is diagnosed at an outpatient clinic or

during the neonatal period in the hospital. During the study

period, five pediatric surgeons in our institution performed

either the DP or SP according to their preference. The first

four senior surgeons primarily performed the DP as an

open surgery. Currently, the corresponding author, the fifth

surgeon in our institution, primarily performs the SP. The

SP was introduced in our institution in 2003, and now,

almost all surgeries have been performed with laparo-

scopy-assisted SP. As many pediatric surgeons know, if the

rectal muscular cuff is longer than necessary in the SP,

compression can disturb the peristalsis of the pulled-

Table 3 Complications according to aganglionic segment and pull-through procedures

Details RS DT Total colon p value Duhamel Soave p value

Early complications 19 (5.5%) 3 (8.1%) 0 0.714 16 (5.2%) 6 (6.8%) 0.598

Anastomotic site perforation 4 (1.1%) 0 0 1.0 4 (1.3%) 0 0.579

Mechanical intestinal obstruction 4 (1.1%) 0 0 1.0 4 (1.3%) 0 0.579

Bleeding 2 (0.6%) 1 (2.7%) 0 0.323 3 (1%) 0 1.0

Sepsis 2 (0.6%) 1 (2.7%) 0 0.323 2 (0.6%) 1 (1.1%) 0.531

Wound dehiscence 1 (0.3%) 0 0 1.0 1 (0.3%) 0 1.0

Operative site fluid collection 0 1 (2.7%) 0 0.122 0 1 (1.1%) 0.222

Enterocolitis 4 (1.1%) 0 0 1.0 1 (0.3%) 3 (3.4%) 0.036

Death 3 (0.8%) 1 (2.7%) 0 0.406 3 (1%) 1 (1.1%) 1.0

Late complications 47 (13.5%) 11 (29.7%) 1 (9.1%) 0.041 35 (11.4%) 24 (27.2%) 0.001

Obstruction, conservative management 7 (2%) 2 (5.4%) 1 (9.1%) 0.082 5 (1.6%) 5 (5.7%) 0.048

Mechanical intestinal obstruction 10 (2.9%) 3 (8.1%) 0 0.215 12 (3.9%) 1 (1.1%) 0.313

Rectal prolapse 14 (4%) 2 (5.4%) 0 0.785 2 (0.6%) 14 (15%) \0.001

Septum formation, operative management 2 (0.6%) 2 (5.4%) 0 0.074 4 (1.3%) 0 0.579

Incisional hernia 7 (2%) 0 0 1.0 6 (1.9%) 1 (1.1%) 1.0

Enterocolitis 7 (2%) 3 (8.1%) 1 (9.1%) 0.034 8 (2.6%) 3 (3.4%) 0.714

Wound abscess 1 (0.3%) 0 1 (9.1%) 0.064 2 (0.6%) 0 1.0

Perianal fistula 1 (0.3%) 0 0 1.0 1 (0.3%) 0 1.0

Retrorectal abscess 1 (0.3%) 0 0 1.0 1 (0.3%) 0 1.0

DT, intestinal segment from the descending to the transverse colon; RS, rectosigmoid colon; Total colon, intestinal segment above the ascending

colon including small bowel
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through normal colon [34]. In the early days, we followed

literature recommendations regarding the SP while ensur-

ing that the muscular cuff did not exceed 5 cm. Over time,

studies have indicated that shorter rectal muscular cuffs

have a lower risk of rectal stenosis or stricture [35].

Therefore, we elect to keep the rectal muscular cuff as

short as possible.

The term successful PT, which was used to describe the

aim of this study, refers to a definitive surgery that has been

achieved with only one pull-through surgery. In this study

that solely investigated successful PT, we wanted to

characterize bowel function changes in patients who

underwent successful surgeries without the need for redo

PT. The reasons for the redo PT in this study were as

follows: anastomosis site leakage/fistula/abscess/stricture

in six patients, remnant aganglionosis in two patients,

severe constipation in two patients, and severe fecal soiling

in two patients. Four patients received Botox injections due

to soiling. We started administering Botox injections in

2016 and excluded this from measurement factors, as all

patients were operated on by the author. None of the

patients underwent an antegrade continence enema such as

cecostomy.

The SP resulted in more frequent bowel movements and

a greater severity of soiling than the DP, although consti-

pation was found to be less severe in this study. However,

regarding the DP and SP, evidence is insufficient to rec-

ommend one procedure over the other. We inform the

parents of patients with HD of differences between the

surgical procedures and our experience of the clinical

courses after each procedure. While we respect the parents’

opinion on PT methods, we believe that the surgeon’s

experience and skill are more important factors for

selecting the appropriate method. We prefer laparoscopy-

assisted SP, but we consider the DP for patients with total

colonic aganglionosis.

The retrospective design is a limitation of the present

study. The lack of an objective and identical method of

checking a patient’s bowel function in outpatient clinics is

a major limitation of this study. Although we aimed to

perform a protocoled outpatient follow-up, a considerable

amount of data was missing. To compensate for this, we

used a linear mixed model. The policy of our institution is

to follow up patients until adulthood; however, many

patients are inevitably lost to follow-up. Consequently, the

study data could be overestimated, as patients with poor

bowel function may have had a longer follow-up period.

Despite these limitations, our study applied a relatively

unified surgical method, was performed within a single

institution, and included a considerable number of patients.

Descriptions of changes in bowel function over a long

follow-up period would also be of great value. A long-term

prospective study and comparison with a healthy sample

through controlled group matching are required to validate

the results of this study further.

Conclusion

In patients with HD who underwent PT prior to their first

birthday, bowel movements and soiling became less fre-

quent and less severe as the area of the AS became shorter.

However, these differences decreased with age. In the RS

and DT groups, constipation severity according to time

increased gradually until around 5 years of age and grad-

ually declined afterwards. The SP resulted in more frequent

bowel movements and greater severity of soiling than the

DP, although constipation was less severe. Therefore,

surgeons will need to consider the most appropriate type of

surgical procedure based on these factors. The study results

can be used as a reference for physicians, parents, and

patients when altered stool frequency, fecal soiling, and

constipation are observed in relation to age after PT.

Appendix

See Tables 4, 5, 6, 7, and 8.

Table 4 Least squares means for stool frequency

Effect Time AS PT method Estimate Lower Upper

PT method Soave 4.0702 3.7226 4.4178

Duhamel 3.5131 3.2504 3.7758

AS * Time 1 mo RS 7.1098 6.8994 7.3202

3 mo RS 4.1479 3.9374 4.3583

6 mo RS 2.9741 2.7637 3.1845

1 yr RS 2.2387 2.0284 2.4489

2 yr RS 1.8781 1.6679 2.0883

3 yr RS 1.6688 1.4579 1.8797

4 yr RS 1.5778 1.352 1.8036
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Table 5 Differences of least squares means for stool frequency

Effect Time AS Time AS Estimate Lower Upper Adjusted p value

AS * Time 1 mo DT 1 mo Total - 2.4739 - 3.733 - 1.2147 0.003

1 mo DT 1 mo RS 3.3767 2.7374 4.016 \0.0001

1 mo Total 1 mo RS 5.8506 4.731 6.9701 \0.0001

3 mo DT 3 mo Total - 2.3135 - 3.5727 - 1.0543 0.009

3 mo DT 3 mo RS 1.9081 1.2687 2.5474 \0.0001

3 mo Total 3 mo RS 4.2216 3.102 5.3411 \0.0001

6 mo DT 6 mo Total - 1.763 - 3.0222 - 0.5038 0.183

6 mo DT 6 mo RS 1.3596 0.7203 1.9989 \0.0001

6 mo Total 6 mo RS 3.1226 2.0031 4.2422 \0.0001

1 yr DT 1 yr Total - 1.8633 - 3.1224 - 0.6041 0.111

1 yr DT 1 yr RS 1.1311 0.4919 1.7704 0.015

1 yr Total 1 yr RS 2.9944 1.8749 4.1139 \0.0001

2 yr DT 2 yr Total - 1.9396 - 3.2023 - 0.677 0.078

2 yr DT 2 yr RS 0.5972 - 0.0489 1.2432 [0.999

2 yr Total 2 yr RS 2.5368 1.4173 3.6563 \0.0001

3 yr DT 3 yr Total - 1.8025 - 3.0652 - 0.5398 0.156

3 yr DT 3 yr RS 0.4436 - 0.2027 1.0899 [0.999

3 yr Total 3 yr RS 2.2461 1.1265 3.3657 \0.0001

4 yr DT 4 yr Total - 1.2715 - 2.6552 0.1122 [0.999

Table 4 continued

Effect Time AS PT method Estimate Lower Upper

5 yr RS 1.4316 1.1959 1.6674

7 yr RS 1.3398 1.0693 1.6103

10 yr RS 1.3045 0.9439 1.6651

1 mo DT 10.4865 9.8744 11.0986

3 mo DT 6.0559 5.4438 6.668

6 mo DT 4.3337 3.7216 4.9458

1 yr DT 3.3698 2.7577 3.9819

2 yr DT 2.4753 1.8562 3.0944

3 yr DT 2.1124 1.4933 2.7315

4 yr DT 1.996 1.2964 2.6957

5 yr DT 1.8801 1.1139 2.6464

7 yr DT 1.7662 0.9477 2.5847

10 yr DT 1.7547 0.7758 2.7337

1 mo Total 12.9604 11.8515 14.0692

3 mo Total 8.3694 7.2606 9.4783

6 mo Total 6.0967 4.9879 7.2056

1 yr Total 5.2331 4.1242 6.3419

2 yr Total 4.4149 3.3061 5.5237

3 yr Total 3.9149 2.8061 5.0237

4 yr Total 3.2676 2.0655 4.4696

5 yr Total 2.8231 1.621 4.0252

7 yr Total 2.712 1.5099 3.9141

10 yr Total 2.0562 0.7242 3.3882

*AS, aganglionic segment; DT, descending colon to transverse colon; PT, pull-through; mo, month; RS, rectosigmoid colon; Total, above the

ascending colon including small bowel; yr, year
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Table 6 Least squares means for fecal soiling

Effect Time AS PT method Estimate Lower Upper

PT method Soave 1.0866 0.9249 1.2482

Duhamel 0.709 0.5868 0.8312

AS * Time 1 yr RS 1.5411 1.4628 1.6194

2 yr RS 1.1208 1.0425 1.1991

3 yr RS 0.8047 0.7263 0.8831

4 yr RS 0.6292 0.5479 0.7106

5 yr RS 0.514 0.4298 0.5982

7 yr RS 0.4632 0.3702 0.5562

10 yr RS 0.3902 0.2751 0.5053

12 yr RS 0.3689 0.2381 0.4998

15 yr RS 0.3662 0.2261 0.5063

1 yr DT 1.8444 1.6248 2.064

2 yr DT 1.4 1.1803 1.6196

3 yr DT 0.893 0.6715 1.1145

4 yr DT 0.8264 0.5893 1.0634

5 yr DT 0.6869 0.4305 0.9434

7 yr DT 0.5298 0.2557 0.8038

10 yr DT 0.3811 0.06436 0.6979

12 yr DT 0.3927 0.03901 0.7464

15 yr DT 0.3556 - 0.015 0.7262

1 yr Total 2.3706 1.9724 2.7689

2 yr Total 2.0979 1.6996 2.4961

3 yr Total 1.7342 1.336 2.1325

4 yr Total 1.5207 1.1112 1.9302

5 yr Total 0.9207 0.5112 1.3302

7 yr Total 0.6207 0.2112 1.0302

10 yr Total 0.6666 0.245 1.0882

12 yr Total 0.336 - 0.1711 0.8431

15 yr Total 0.4642 - 0.08465 1.013

* AS, aganglionic segment; DT, descending colon to transverse colon; PT, pull-through; RS, rectosigmoid colon; Total, above the ascending

colon including small bowel; yr, year

Table 5 continued

Effect Time AS Time AS Estimate Lower Upper Adjusted p value

4 yr DT 4 yr RS 0.4182 - 0.3094 1.1458 [0.999

4 yr Total 4 yr RS 1.6897 0.4751 2.9043 0.192

5 yr DT 5 yr Total - 0.943 - 2.3608 0.4749 [0.999

5 yr DT 5 yr RS 0.4485 - 0.3456 1.2426 [0.999

5 yr Total 5 yr RS 1.3915 0.175 2.6079 0.75

7 yr DT 7 yr Total - 0.9458 - 2.3927 0.501 [0.999

7 yr DT 7 yr RS 0.4264 - 0.4286 1.2813 [0.999

7 yr Total 7 yr RS 1.3722 0.1487 2.5958 0.84

10 yr DT 10 yr Total - 0.3014 - 1.9479 1.345 [0.999

10 yr DT 10 yr RS 0.4502 - 0.5865 1.487 [0.999

10 yr Total 10 yr RS 0.7517 - 0.6199 2.1233 [0.999

* AS; aganglionic segment, PT; pull-through, mo; month, yr; year, RS; rectosigmoid colon, DT; descending colon to transverse colon, Total;

above the ascending colon including small bowel
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Table 7 Differences of least squares means for fecal soiling

Effect Time AS Time AS Estimate Lower Upper Adjusted

p value

AS * Time 1 yr DT 1 yr Total - 0.5262 - 0.9766 - 0.07585 0.594

1 yr DT 1 yr RS 0.3033 0.07487 0.5317 0.2511

1 yr Total 1 yr RS 0.8295 0.4291 1.2299 \0.0001

2 yr DT 2 yr Total - 0.6979 - 1.1483 - 0.2476 0.0648

2 yr DT 2 yr RS 0.2791 0.05072 0.5076 0.4482

2 yr Total 2 yr RS 0.9771 0.5766 1.3775 \0.0001

3 yr DT 3 yr Total - 0.8412 - 1.2925 - 0.3899 0.0081

3 yr DT 3 yr RS 0.08831 - 0.142 0.3186 [0.999

3 yr Total 3 yr RS 0.9295 0.5291 1.33 \0.0001

4 yr DT 4 yr Total - 0.6943 - 1.1632 - 0.2254 0.0999

4 yr DT 4 yr RS 0.1971 - 0.0491 0.4433 [0.999

4 yr Total 4 yr RS 0.8915 0.4793 1.3036 \0.0001

5 yr DT 5 yr Total - 0.2338 - 0.7123 0.2447 [0.999

5 yr DT 5 yr RS 0.173 - 0.0923 0.4382 [0.999

5 yr Total 5 yr RS 0.4067 - 0.00595 0.8194 [0.999

7 yr DT 7 yr Total - 0.09095 - 0.5792 0.3973 [0.999

7 yr DT 7 yr RS 0.06657 - 0.2185 0.3516 [0.999

7 yr Total 7 yr RS 0.1575 - 0.257 0.572 [0.999

10 yr DT 10 yr Total - 0.2855 - 0.8085 0.2376 [0.999

10 yr DT 10 yr RS - 0.00909 - 0.3422 0.324 [0.999

10 yr Total 10 yr RS 0.2764 - 0.1552 0.7079 [0.999

12 yr DT 12 yr Total 0.05671 - 0.558 0.6714 [0.999

12 yr DT 12 yr RS 0.02379 - 0.3498 0.3974 [0.999

12 yr Total 12 yr RS - 0.03292 - 0.552 0.4862 [0.999

15 yr DT 15 yr Total - 0.1086 - 0.7675 0.5503 [0.999

15 yr DT 15 yr RS - 0.01061 - 0.4035 0.3822 [0.999

15 yr Total 15 yr RS 0.09798 - 0.4642 0.6601 [0.999

* AS, aganglionic segment; DT, descending colon to transverse colon; PT, pull-through; RS, rectosigmoid colon; Total, above the ascending

colon including small bowel; yr, year

Table 8 Least squares means for constipation

Effect Time AS PT method Estimate Lower Upper

AS RS 0.3272 0.2547 0.3998

DT 0.2199 0.03143 0.4084

PT method Soave 0.1965 0.05319 0.3397

Duhamel 0.3507 0.2476 0.4538

Time 1 yr 0.06156 - 0.04823 0.1713

2 yr 0.2532 0.1434 0.3629

3 yr 0.3345 0.2246 0.4444

4 yr 0.3787 0.2668 0.4906

5 yr 0.3826 0.2688 0.4964

7 yr 0.3344 0.2158 0.453

10 yr 0.2655 0.1336 0.3975

12 yr 0.2516 0.1093 0.3939

15 yr 0.2001 0.05226 0.348

AS, aganglionic segment; DT, descending colon to transverse colon; PT, pull-through; RS, rectosigmoid colon; yr, year
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