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Abstract

Background Reoperation for total colonic aganglionosis (TCA) may be required for residual aganglionosis after an initial rad-
ical operation. We aimed to investigate the symptoms, management, and outcomes of patients who required a redo pull-
through (Redo PT).
Methods Nine TCA patients underwent Redo PT at our center between 2007 and 2017. Their medical records were reviewed.
Parental telephone interviews that included disease-specific clinical outcomes were conducted, and post-operative compli-
cations and long-term outcomes (including height-for-age/weight-for-age and bowel-function score) were compared to
those of single-pull-through (Single PT) patients (n¼21).
Results All the nine Redo PT patients suffered obstruction within 1 month after the initial operation that could not be allevi-
ated by conservative treatment. All abdominal X-ray/contrast barium enemas showed proximal bowel dilatation, indicating
residual aganglionosis. The median ages at the initial operation and Redo PT were 200 and 509 days, respectively.
Reoperation consisted of an intraoperative frozen biopsy and a modified laparotomic Soave procedure in all patients. Post-
operative complications included perianal excoriation (n¼3), intestinal obstruction (n¼2), enterocolitis (n¼2), and recto-
vestibular fistula (n¼1). Seven Redo PT patients were followed up for a mean time of 7.1 6 2.3 years; six (85.7%) had good
growth and four (57.1%) had good bowel-function recovery. Post-operative complications and long-term outcomes were al-
most equal between the Redo PT and Single PT groups (all P>0.05).
Conclusion TCA patients with recurrent obstructive symptoms and dilated proximal bowel may have residual aganglionosis
after an initial operation. Redo PT is effective and provides good long-term outcomes comparable to those of patients who
benefited from Single PT.
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Introduction

Total colonic aganglionosis (TCA) is an uncommon and severe
disease that occurs in �3%–15% of patients with Hirschsprung’s
disease (HD) [1–4]. Many different surgical techniques, such as
the Soave, Swenson, and Martin techniques, have been de-
scribed for TCA, but the best procedure remains unclear [5].
Successful operative management of TCA leads to a satisfactory
outcome [6, 7]. However, TCA patients have more post-
operative complications than patients with short-segment
aganglionosis because, for TCA patients, more time is needed to
resolve issues with bowel control, night-time diarrhea, and def-
ecation patterns [1, 3, 8]. In addition, some TCA patients require
multiple surgeries due to failure to consider the diagnosis or the
absence of enteric ganglion cells by performing intraoperative
multiple full-thickness punch biopsies during the initial opera-
tion [2, 9, 10]. Thus, these patients suffer from obstructive
symptoms, persistent constipation, and recurrent enterocolitis
due to residual aganglionosis from the initial operation and ulti-
mately require reoperation [5]. Some studies in HD patients
have analysed the diagnosis and treatment of residual aganglio-
nosis and evaluated outcomes after reoperation [10–13], but lit-
erature concerning TCA patients’ long-term outcomes following
reoperation is limited. The aim of this study was to evaluate the
long-term outcomes of patients who underwent a redo pull-
through (Redo PT) due to residual aganglionosis by comparing
them with consecutive TCA patients who underwent a single
pull-through (Single PT). This current study represents one of
the largest series of reoperations in TCA patients who have un-
dergone an initial operation.

Materials and methods
Study design and patients

A retrospective review was made of the patient databases at the
neonatal and general surgery departments, Beijing Children’s
Hospital. Patients who were diagnosed with TCA with the in-
volvement of �50 cm of the terminal ileum by intraoperative
multiple full-thickness punch biopsies, experienced post-
operative obstruction after initial radical operation that was not
alleviated by conservative treatments, and underwent a Redo

PT at our center between June 2007 and June 2017 were in-
cluded. They were compared to Single PT-matched patients
treated at our center. All patients’ diagnoses were confirmed by
post-operative pathological examination. The study was ap-
proved by the Ethics Committee of Beijing Children’s Hospital
(approval number 2018-k-144).

Surgical treatment

Both Single PT and Redo PT at our center involve the modified
laparotomy Soave procedure, which was suggested for HD
patients based on the technique described by Soave [14] at the
Institute G. Gaslini in 1964. All patients were treated in the neo-
natal or general surgery departments at our center according to
their age at admission. The principles of the surgical strategy,
including the Soave procedure and perioperative management,
were the same in both departments. Anal-sphincter myotomy
was not performed, but daily anal dilatation with metal dilators
starting 2 weeks after pull-through was regularly performed for
all patients for 3–6 months.

Follow-up and outcome measurement

All patients were followed for >2 years after the pull-through
procedure. A questionnaire including the age at follow-up, post-
operative complications, height, weight, and bowel-function
score (BFS) was completed through parental telephone inter-
views in June 2019. Post-operative complications mainly in-
cluded anastomotic fistula and stenosis, anal prolapse,
intestinal obstruction, sepsis, enterocolitis, and perianal
excoriation.

Growth was evaluated in terms of height-for-age (HFA) or
weight-for-age (WFA). The patients were divided into three cat-
egories according to the median percentage of HFA or WFA: for
HFA, 90%–110% indicated normal growth, 75%–89% indicated
mild malnutrition, and <75% indicated moderate/severe malnu-
trition; for WFA, >95% indicated normal growth, 90%–95% indi-
cated mild malnutrition, and <90% indicated moderate/severe
malnutrition [15].

Bowel-function recovery was assessed by using BFS when
the children were >4 years old. This score mainly evaluates the
ability to hold back defecation, feeling/reporting the urge to def-
ecate, and the frequencies of defecation, soiling, fecal accidents,
constipation, and social problems. The patients were divided
into three categories according to the total BFS: �17 indicated
normal bowel function, 12–16 indicated mild bowel dysfunction,
and <12 indicated severe bowel dysfunction [16].

Statistical analysis

Categorical variables were analysed with the chi-square test or
Fisher’s exact test. Continuous variables with normal distribu-
tion were presented as mean 6 standard deviation (SD) and ana-
lysed using Student’s t-test. Continuous variables with non-
normal distribution were presented as median with range and
analysed using the Mann–Whitney test. P< 0.05 (two-sided) was
considered significant. Statistical calculations were performed
using a software program (IBM SPSS Package, version 22.0; IBM
Corporation).

Results
Overall TCA series (n 5 68)

Sixty-eight patients with TCA were admitted to our center be-
tween June 2007 and June 2017. The male-to-female ratio was
50:18. Of these patients, 17 (25.0%) did not continue treatment
after confirmation by laparotomy, 14 (20.1%) underwent a
staged pull-through after undergoing initial enterostomy as
neonates, 21 (30.9%) underwent Single PT, 4 patients had only
undergone an enterostomy (5.9%) as of this study, and 12
(17.6%) had previously undergone surgery at another hospital.

Redo series due to residual aganglionosis (n 5 9)

During the study period, nine patients (13.2%) underwent a
Redo PT including three patients undergoing an initial Soave
procedure at our center and all indications involved residual
aganglionosis (Table 1). They all experienced obstructive symp-
toms (chronic abdominal distension and/or constipation) within
1 month after the initial operation and failed to respond to con-
servative treatments to alleviate symptoms before admission.

Abdominal X-ray was performed before reoperation in six
patients and showed various degrees of proximal bowel dilata-
tion (Figure 1). Contrast barium enema was performed in seven
patients before reoperation and still indicated short or long
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segment of aganglionosis (Figure 2). Two patients (Cases 3 and
6) underwent a Redo PT due to differences in the results of the
intra- and post-operative pathological examination during ini-
tial operation at our center (Figure 3). One patient (Case 8) was
diagnosed with TCA by intraoperative frozen biopsy during the
initial operation at our center, but the parent insisted on pre-
serving the ascending colon. Two patients (Cases 4 and 9) re-
ceived an ileostomy before Redo PT over 1 year after the initial
operation due to severe bowel dilation. All patients underwent
a laparotomic Soave procedure as a Redo PT and were con-
firmed with residual aganglionosis by post-operative pathologi-
cal examination.

Control group (n 5 21)

A total of 21 consecutive patients who underwent Single PT
during the same study period were used as the control group.
The patient characteristics and perioperative data for the Single
PT and Redo PT groups are shown in Table 2. The median ages
at Single PT and Redo PT were 55 (9–1,509) and 509 (84–1,502)
days, respectively (P¼ 0.01). There were no significant differen-
ces in sex, birth weight, family history, operative time, and
intraoperative blood loss between the two groups (all P> 0.05).
Three patients (14.3%) in the Single PT group died during the
perioperative period; one died of septic shock and two died of
dehydration and infection.

Long-term outcomes of the Single PT and Redo PT
groups

There were 15 patients in the Single PT group and 7 patients in
the Redo PT group who completed the follow-up questionnaire.
A comparison of long-term outcomes between the two groups,
including post-operative complications, growth, and bowel-
function recovery, is shown in Table 3. The most prevalent
uncontrolled complication was perianal excoriation, which oc-
curred in both groups (66.6% vs 42.9%, P¼ 0.38), followed by en-
terocolitis (33.3% vs 28.6%, P¼ 0.99) and intestinal obstruction
(13.3% vs 28.6%, P¼ 0.57). In addition, one patient in the Single
PT group exhibited rectal prolapse and sepsis, whereas one pa-
tient in the Redo PT group had an acquired persistent rectoves-
tibular fistula for >11 years.T
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. Figure 1. Abdominal X-ray showed proximal bowel dilatation
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The median HFA or WFA percentage was applied to assess
the patients’ growth. The proportions of patients with good
growth in the Single PT and Redo PT groups were similar based
on both HFA (93.3% vs 85.7%, P¼ 0.57) and WFA (86.7% vs 85.7%,
P¼ 0.95). Eighteen patients >4 years of age completed the BFS
questionnaire; 7 (63.6%) in the Single PT group and 4 (57.1) in

the Redo PT group had good bowel-function recovery (P¼ 0.49).
The patient with acquired persistent rectovestibular fistula pre-
sented with mild malnutrition based on HFA and severe based
on WFA. The patient with rectovestibular fistula had severe
malnutrition (WFA< 90%) and severe bowel dysfunction
(BFS¼ 11).

Figure 2. Contrast barium enema performed before reoperation indicates a short (A) or long (B) segment of aganglionosis

Figure 3. Intra- and post-operative pathological examination of Case 6. (A) Intraoperative seromuscular biopsies showing atypical, immature ganglion cells (arrow) in

the proximal margin. (B) Post-operative pathology showing no ganglion cells in the whole resected colon.

Table 2. Comparison of patient characteristics and perioperative data between the two groups

Characteristic Single PT (n¼ 21) Redo PT (n¼ 9) P-value

Male-to-female ratio 13/8 7/2 0.68
Birth weight, g, mean 6 SD 3,530 6 344 3,467 6 327 0.65
Family history, n (%) 2 (9.5) 1 (11.1) 0.99
Age at pull-through, days, median (range) 55 (9–1,509) 509 (84–1,502) 0.01
Operation time, min, mean 6 SD 196 6 48 188 6 42 0.69
Blood loss, mL, median (range) 5 (2–20) 5 (2–50) 0.28
Perioperative death, n (%) 3 (14.3) 0 (0.0) 0.53

PT, pull-through procedure; SD, standard deviation.
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Discussion

With advancements in perinatal management and improve-
ments in operative management, TCA cases have gradually
achieved favorable outcomes, with lower misdiagnosis and
death rates [3, 17]. Considering more complex treatment and
unpredictable post-operative complications in these cases than
in cases of short or classic segment HD, TCA is still a challeng-
ing disease for pediatric surgeons in terms of diagnosis and
treatment [17–19]. Many surgical procedures and approaches
(from staged to primary) have been described for TCA and no
technique has been proven to be superior to others with regard
to post-operative complications and functional outcomes [6, 7,
20]. Unlike HD cases, there are few studies concerning individu-
als with TCA undergoing a reoperation while experiencing per-
sistent complications after the initial operation due to the
limited number of TCA patients [10, 11, 21–23]. The reoperation
for TCA is more technically difficult and risky, and the long-
term prognosis is unclear. Our study described long-term fol-
low-up of nine Redo PT patients and showed that such patients
experienced post-operative relief from symptoms caused by re-
sidual aganglionosis and achieved good long-term outcomes.

Despite the accumulation of surgical experience and the de-
velopment of conservative treatments, post-operative compli-
cations remain a serious issue for TCA patients [5]. Some
complications, such as enterocolitis, may be successfully
treated with conservative treatment and perianal excoriation
can be improved by the recovery of bowel function [1–3, 24].
However, a small fraction of patients still require reoperation
because of anatomical or histopathological problems after the
initial operation [21]. The most frequent indication for reopera-
tion is residual aganglionosis, which accounts for more than
half of redo patients [23]. The use of full-thickness intraopera-
tive biopsies rather than seromuscular biopsies (without sub-
mucosa) is far more important for avoiding residual
aganglionosis, which also depends on the experience level of

the pathologists [10, 21, 25, 33]. In our study, all patients were
confirmed to have residual aganglionosis by full-thickness
intraoperative biopsies during Redo PT.

Obstruction was shown to be the most relevant symptom in
TCA patients requiring reoperation. Many studies have shown
that adhesion is the most common etiology of obstruction after
surgery [2, 20, 26, 27]. However, residual aganglionic bowel
remains a primary etiology of concern in TCA patients with per-
sistent obstruction that cannot be alleviated by conservative
treatment and surgical management by Redo PT has been gen-
erally recommended to address this concern [12, 13]. We make
the diagnosis of residual aganglionosis based on the combina-
tion of abdominal X-ray, barium enema, and even rectal-
suction biopsy. Intraoperative multiple full-thickness punch bi-
opsy is still the gold standard [28]. The need for a stoma is con-
troversial and it depends upon the initial pull-through
technique used, the availability of conservative treatment
options, and the overall condition of each patient. All patients
who were confirmed to have residual aganglionosis underwent
a Soave procedure in our center because of the simple steps and
acceptable outcomes.

The median age at which the patients in the Redo PT group
underwent the Soave procedure was much older than that of
the Single PT group because every patient in the Redo PT group
received an initial radical operation followed by conservative
treatment before undergoing Redo PT. Although there was no
significant difference between the two groups in terms of opera-
tive time and intraoperative blood loss, we found that the peri-
operative mortality of the Redo PT group was slightly lower
than that of the Single PT group. This finding cannot be fully
explained, but it may be caused by the younger age of the
patients when they underwent Single PT, which agrees with our
previous findings that an early radical operation yielded a nega-
tive outcome [29].

A short-term clinical study found that the outcome after a
Redo PT for HD is complicated by a relatively high rate of soiling

Table 3. Comparison of post-operative complications and long-term outcomes between the two groups

Outcome Single PT (n¼ 15) Redo PT (n¼ 7) P-value

Age at follow-up, years, mean 6 SD 5.6 6 2.0 8.4 6 2.5 0.01
Length of follow-up, years, mean 6 SD 4.8 6 1.8 7.1 6 2.3 0.02
Post-operative complications, n (%)

Enterocolitis 5 (33.3) 2 (28.6) 0.99
Perianal excoriation 10 (66.7) 3 (42.9) 0.38
Intestinal obstruction 2 (13.3) 2 (28.6) 0.57
Rectovestibular fistula 0 (0.0) 1 (14.3) 0.32
Rectal prolapse 1 (6.7) 0 (0.0) 0.99
Sepsis 1 (6.7) 0 (0.0) 0.99

Height-for-age, n (%) 0.57
Normal (90%–110%) 14 (93.3) 6 (85.7)
Mild malnutrition (75%–89%) 1 (6.7) 1 (14.3)
Moderate/severe malnutrition (<75%) 0 (0.0) 0 (0.0)

Weight-for-age, n (%) 0.95
Normal (>95%) 13 (86.7) 6 (85.7)
Mild malnutrition (90%–95%) 0 (0.0) 0 (0.0)
Moderate/severe malnutrition (<90%) 2 (13.3) 1 (14.3)

Bowel-function score, n (%)a 0.49
Normal (�17) 7/11 (63.6) 4/7 (57.1)
Mild bowel dysfunction (12–16) 4/11 (36.4) 2/7 (28.6)
Severe bowel dysfunction (<12) 0/11 (0.0) 1/7 (14.3)

PT, pull-through procedure; SD, standard deviation.
a Bowel-function score was evaluated only in patients >4 years of age.
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and fecal incontinence [22]. In the present study, no significant
difference in post-operative complications and clinical out-
comes was found between the Redo PT and Single PT groups. In
the literature review, enterocolitis and perianal excoriation
were the most common and challenging post-operative compli-
cations in TCA patients and our results concur with this finding
[3, 4, 28]. Most of the reported complications were observed to
improve over time (months or years) with bowel-function re-
covery. However, a successful pull-through procedure per-
formed by an experienced pediatric surgeon remains a
challenge in TCA patients because Redo PT is technically more
difficult and has a higher risk of some serious complications,
such as rectovestibular fistula [5, 21]. In our study, a female pa-
tient suffered from an acquired rectovestibular fistula after
Redo PT because of an intraoperative injury. Due to the poor re-
covery of bowel function and repeated infection through the
persistent fistula, the patient’s growth and mental health were
affected. At present, we are actively communicating with her
parents and planning to repair the rectovestibular fistula with
anterior perineal fistulectomy and another pull-through be-
cause refistulization may be prevented by pulling an intestinal
wall sleeve through the original site of the fistula [30, 31].

In addition, in the Redo PT group, growth and BFS recovered
gradually with increasing post-operative time and bowel func-
tion was normal (�17) �8.5 years after Redo PT. Compared with
other studies, the long-term follow-up for TCA patients after
Single PT or Redo PT in our study showed more favorable
growth and bowel-functional outcomes [3, 32]. On the one
hand, this finding might be related to the fact that none of the
patients included in this study had severe congenital malforma-
tions such as Down syndrome [1]. On the other hand, careful
management and lifelong follow-up by specialized teams, in-
cluding surgeons, nurses, and students, improves the prognosis
of patients [32]. However, during the follow-up, we found that,
after the pull-through procedure, TCA patients were unable to
tolerate cold foods and hypertonic foods such as juice and some
fruits, which would lead to diarrhea. Additionally, there were
no objective indicators to evaluate the psychological status of
these patients.

The present study has some strengths and limitations. One
strength is that it includes one of the largest cohorts of TCA
patients treated by Redo PT at a single center with substantial
long-term follow-up. Although aspects of the Redo PT were pre-
viously reported for cases of HD, the present study included
more recent TCA patients, a high follow-up rate, and new infor-
mation regarding post-operative complications. The limitations
of this study are the relatively low number of patients and the
fact that detailed information about outcomes was only ac-
quired from conversations with the patients’ parents. Selection
bias toward patients with a good outcome is possible.

In conclusion, TCA patients with recurrent obstructive
symptoms and a dilated proximal bowel may have residual
aganglionosis after an initial operation. Redo PT is effective for
them and offers good long-term outcomes comparable to those
of patients who required only Single PT.
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