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Background: Open colectomy has been preferred 
for intestinal neuronal dysplasia type B (IND) due to its 
low morbidity rate and good functional results. The aim 
of this study was to investigate the feasibility and results 
of laparoscopic colectomy with transanal Soave pull-
through for the treatment of IND in children. 

Methods: Seventeen infants and children suffering 
from IND were treated by laparoscopic extensive 
colectomy with transanal Soave pull-through. The 
diagnosis of IND was made via anorectal manometry, 
X-ray contrast enema, suction biopsies, and laparoscopic 
full-thickness biopsies with hematoxylin-eosin staining. 
The technique used four or fi ve abdominal ports. The 
sigmoid, transverse, and right colon up to the last ileal 
cove were mobilized laparoscopically in the extended 
form of IND. A modifi ed Soave's anastomosis was 
performed. The patients' data, surgical procedures, 
operative data, postoperative complications and clinical 
outcomes were analyzed.

Results: Five patients underwent laparoscopic left 
colectomy with modifi ed transanal Soave procedures, and 
the other 12 were treated by laparoscopic subtotal colectomy 
and required a Deloyers' maneuver for the Soave pull-
through. The proximal margin of barium stagnation in 
patients with left colectomy was restricted to the distal end 
of the descending colon, sigmoid colon, and that in patients 
with subtotal colectomy was restricted to the proximal end 
of the descending colon, transverse colon, hepatic fl exure, 

and ascending colon. Postoperative complications included 
anastomotic leakage, severe perianal erosions, postoperative 
enterocolitis, and soiling. During a mean follow-up of 4 
years, bowel frequency was 4-10 times per day in 3 months 
postoperatively in patients with subtotal colectomy. The 
clinical results were good, with no stool incontinence or 
constipation.

Conclusions: Laparoscopic procedure for left 
colectomy and subtotal colectomy with transanal Soave 
pull-through in infants and children with IND is safe, 
feasible, and effective. The location of barium stagnation 
in proximal margin may be used as a method to predict 
initially the proximal margin of the resected bowel 
segment.
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Introduction

The advancement of immunohistochemical and 
molecular technologies has enabled a better 
understanding of the intestinal neuronal dysplasia 

type B (IND); however, the treatment of the disease is 
still controversial. It has been considered that if patients 
with IND do not recover from conservative treatment for 
several months or several years, the operation procedure 
is unavoidable. Sphincteromyectomy and classic radical 
correction for Hirschsprung's disease (HD) have shown 
a higher incidence of postoperative constipation, which 
may be caused by misjudgment of the length of affected 
bowel, leaving a dysganglionic segment in place.[1] The 
determination of proximal resection margin is most 
diffi cult in patients with IND. Recently, open extensive 
colectomy with Duhamel pull-through has been preferred 
for IND,[2] with a low morbidity rate and good functional 
results.[3] Since the introduction of laparoscopic-assisted 
transanal Soave pull-through in 1995,[4] experience in 
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laparoscopic HD surgery has increased. Reports[5-7] 
have demonstrated that the laparoscopic procedures 
with transanal Soave pull-through for long-segment 
disease or total aganglionosis are feasible and safe. The 
current study was carried out to analyze the results of 
children who had undergone the laparoscopic Soave pull-
through, and to fi nd an adequate method to evaluate the 
proximal margin of a resected bowel segment based on 
histomorphology and functional evaluations.

Methods
Between October 1999 and March 2007, 17 children 
underwent laparoscopically assisted colectomy with 
Soave pull-through. Medical treatment with laxatives 
and enemas was attempted as an initial approach. The 
pull-through was performed 6 months to 1 year later 
if the patient still showed persistent constipation and 
redo biopsy showed persistent dysganglionic pattern 
of bowel innervation. The patients with disseminated 
form such as total colonic involvement and total 
gastrointestinal involvement were excluded from 
this study if they underwent a previous colectomy. 
Of the 17 patients, 11 were male and 6 female, with 
a median age of 5 years and 10 months (range from 
10 months to 13 years). All the patients had a history 
of constipation, abdominal distention and had been 
treated with laxatives and enemas. Only 2 patients 
failed to pass stool in the fi rst 24 hours of life. All 17 
patients had retractable chronic constipations and mild 
to moderate abdominal distention. Rectal examination 
did not demonstrate a tight anal sphincter with an 
empty rectum. The diagnosis was made by anorectal 
manometry, X-ray contrast enema, suction biopsies, 
and laparoscopic full-thickness biopsies in all patients.

Barium enema was given to all patients for a 24-hour 
delayed evacuation of barium from the colon. The 
proximal margin of barium stagnation was restricted 
to the distal descending colon and sigmoid colon in 5 
patients, to the proximal descending colon in 6 patients, 
to the splenic fl exure of the colon and transverse colon in 
4 patients, and to the distal ascending colon in 2 patients. 
Fifteen patients had a recto-anal inhibition refl ex and 
a refl ex wave with a shape of W or U. The diagnosis 
was made in all patients by mucosal suction biopsy, and 
histochemical assay was performed using hematoxylin-
eosin (HE) staining for evaluation of the extent of the 
disease. IND was defi ned as described in the literature.[8] 
In IND involving the intestinal segment, an increase of 
ganglionic (nerve) cells was observed in the ganglion 
with more than eight nerve cells per ganglion; nerve cells 
were grouped into spherical giant ganglia. Hyperplasia 
of the submucous plexus and increased AChE-positive 

nerve fi bers in the lamina propria mucosae and in the 
adventitia of submucosal arteries were considered the 
mandatory criteria for diagnosis of IND.[3,8]

All operations were performed by the same 
surgical team. Laparoscopic left colectomy was 
performed using three or four trocars. Laparoscopic 
subtotal colectomy was performed using four or fi ve 
trocars. The abdomen was insuffl ated with CO2 at a 
pressure of 8-12 mmHg. It was essential to establish the 
proximal margin of the resected bowel segment at the 
beginning of the intraabdominal procedure. Multiple 
full-thickness biopsies were obtained from the distal 
end to the proximal end and analyzed with HE staining 
to confi rm the extent of disease. Perforation or bleeding 
at the biopsy site could be closed with a fi gure-of-eight 
braided suture. A marking stitch was placed at the 
biopsy site, where the ganglionic bowel was confi rmed 
by the pathologist, and used as a landmark during the 
transanal portion of the procedure.

Once the proximal margin of the resected bowel 
was fi rmly established, the mesocolon was dissected. 
The mesocolon should be divided adjacent to the 
colon in the dysganglionic portion of the bowel. If the 
dysganglionic segment was longer than the mid-sigmoid 
colon, the colon to be pulled through was mobilized 
from the lateral wall by dissecting the peritoneal 
attachment, thereby medializing the left colon. The 
splenic fl exure may also be taken down using harmonic 
scalpel in a similar fashion to avoid tension on the 
anastamosis. If the diseased bowel was longer, the 
gastrocolic ligament, hepatic fl exure, ascending colon, 
and ileocecal junction were mobilized. The middle 
colic artery was interrupted while the descending 
branch of the arteriae colica dextra was preserved. The 
remaining colon necessitated a Deloyers' maneuver 
rotated through 270 degrees and brought down, and 
the appendix was excised. The proposed segment to 
be pulled through was then brought into the pelvis to 
gauge whether a tension-free anastamosis was made.

The pneumoperitoneum was then evacuated, 
and attention was turned to the transanal portion 
of the procedure. When the submucosal plane and 
muscular layer were identifi ed, a fi ne-tipped hemostat 
and needle-tip cautery made the endorectal mucosal 
dissection easier and preciser. The endorectal dissection 
was continued proximally in a circumferential 
manner until the muscular cuff of rectal wall was 
intussuscepted freely. The posterior wall of rectal 
cuff was then divided 1 to 2 cm below the endorectal 
mucosal dissection. Once a free plane was found, the 
division of the muscular rectal wall was continued 
circumferentially up the intraabdominal colon from 
the muscle sleeve. The muscular cuff was inverted and 
the posterior wall of which was split by a V incision, 
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and the cuff was shortened leaving an anal stump of 
3 to 4 cm. The dysganglionic colon was pulled down 
through the muscle sleeve and out trans-anally until 
the previously marked ganglionic portion of the colon 
was identifi ed. At this point, a primary anastomosis 
between the neo-rectum and the anus was performed 
with interrupted fi ne absorbable sutures. 

The data about age, gender, symptoms, diagnostic 
evaluation, surgical procedures, postoperative compli-
cations, and clinical outcome were analyzed.

Results
In the 17 patients, the proximal margin of resected colon 
was identifi ed by rapid frozen section analysis with 
HE staining (Fig. 1). In this series, 5 patients had left 
colectomy, whose barium stagnation over 24 hours was 
located in the distal segment of the descending colon 
(3 patients) and sigmoid colon (2 patients) (Fig. 2); the 
average operative time was 145 minutes (range, 115-190 
minutes). The remaining 12 patients had subtotal 
colectomy, whose barium stagnation over 24 hours 
was located in the proximal segment to the descending 
colon (6 patients), tranverse colon (4 patients) and 
ascending colon (2 patients) (Fig. 3); the length of the 
colon preserved was 11.5 cm (range, 7-13 cm), and the 
average operative time was 188 minutes (range, 145-240 
minutes). The average volume of bleeding was about 
40 ml (range, 20-80 ml). In two patients who had been 
subjected to previous operative management, one patient 
received sphincteromyectomy at the age of 12 months 
with recurrence of constipation 6 months after operation, 
and the other patient received perineoanoplasty because 
of low imperforate anus. Histologically, the proximal 
margin of the resected bowl segment showed normal 
innervation in 16 patients and pathological innervation 
in 1 patient.

Postoperative complications are summarized in 
Table. One patient with subtotal colectomy developed 
leakage on the fi fth postoperative day and required 
temporary bowel diversion. The mean postoperative 
follow-up of the 17 children was 4 years (range, 1-7 
years). Chronic bleeding, fecaloma formation, or 
anastomotic stricture was not found in any patient. 
Severe perianal erosion caused by frequent bowel 
movement occurred in 10 patients. One patient had 
postoperative enterocolitis (5.8%), which was treated 
conservatively. Soiling was seen in 2 patients (5.8%) 
who had undergone subtotal colectomy, with a steady 
improvement of continence in the second year.

Defecation frequency was 1-3 times per day in 
3 months postoperatively in patients who received 
left colectomy, and 4-10 times per day in 3 months 

Fig. 1. A: The normal myenteric plexus found in the normal segment of 
colon (arrow); B: A hyperplastic change in the myenteric plexus found 
in the resected colon (arrow) (HE, original magnifi cation × 200).

A

B

Fig. 2. A 1-year-old boy with HD associated IND, barium stagnation 
located in the distal segment to descending colon (arrow). He underwent 
a laparoscopic left colectomy with modifi ed Soave procedures.

Fig. 3. A 2-year-old girl with IND had the location of barium stagnation 
in the ascending colon (arrow). She was treated by laparoscopic subtotal 
colectomy and required a Deloyers' maneuver for the pull-through.



World J Pediatr, Vol 6 No 1 . February 15, 2010 .  www.wjpch.com

53

Laparoscopic colectomy for intestinal neuronal dysplasia

O
riginal articlepostoperatively in patients with subtotal colectomy 

(Table). The overall functional outcome was good in all 
the patients with no stool incontinence or constipation 
during the follow-up period.

Discussion
Clinical experience[9,10] has indicated that IND is one 
of the most common causes of chronic retractable 
constipation. Although there is controversy over the 
surgical treatment in patients with IND,[11] aggressive 
surgical management should be adopted because 
IND has an unpredictable clinical course, and that its 
management should be dependent on the conditions of 
each patient.

Transanal Soave pull-through is the best procedure 
for short-segment and rectosigmoid HD. When a long-
segment or total aganglionosis is found, laparoscopically 
assisted approach should be employed. The isolated 
colonic segment of IND can be resected as that of 
HD. If the IND section of the colon reaches the 
splenic fl exure and can thus not be pulled down to the 
perineum, the colon is resected up to the hepatal fl exure, 
ascending part and ileocecal junction. In our study, 12 
patients requiring subtotal colon resection received the 
laparoscopic procedure without additional skin incision. 
The arterial branches of the ascending colon have to 
be preserved and laparoscopic Deloyers' maneuver is 
needed. The colon needs to be rotated by 270 degrees 
(not 180 degrees) as an open procedure,[2] which is an 
important concept because it is very diffi cult to rotate 
the colon to avoid the pull-through with any twisting 
laparoscopically. It should be tried again and again and 
completed by the cooperation of abdominal maneuver 
and perineal pull-through.

Anastomotic leakage occurred in 2 patients with 

subtotal colectomy in our study, but it is diffi cult to 
affi rm its relationship with ischemia, high tension, or 
poor nervous alimentation in anastomotic stoma because 
of a small series of patients. Mattioli et al[3] reported 
a high adhesion rate in IND patients undergoing an 
open pull-through procedure. They speculated that the 
major causes are hypomotility of the entire bowel in 
IND patients. Because there was no intestinal adhesion 
in our series, laparoscopic procedures showed marked 
superiority in patients with IND. Adhesion and bowel 
obstruction are high risk factors for postoperative 
enterocolitis.[12] The incidence of postoperative 
enterocolitis is as high as 12% to 33%.[13] The relatively 
low incidence of postoperative enterocolitis (5.8%) in the 
current series may be related to the lower adhesion rate.

Soiling and increased frequency of bowel 
movements in patients may be due to over stretching 
of the downwardly pulled colon. The 5.8% soiling rate 
in this study was within the 4%-17% range reported in 
literature.[3,9,12] Patients with subtotal colectomy have 
frequent bowel movements after surgery, and 40 or more 
bowel movements a day at most, but it can recover to 2-3 
times per day after about 6 months to 1 year for most 
cases due to preservation of the ileocecal valve and the 
cecum. Long-term amelioration of this condition has 
been reported.[14] There is a high incidence of perianal 
erosions in patients who had subtotal colectomy. 
Meticulous nursing care and keeping the perianal area 
dry with blower can decrease the pain and speed up the 
recovery.

It is more diffi cult to diagnose IND than HD 
before operation because of their non-typical clinical 
characteristics. Histochemical techniques in mucosal 
biopsies and full-thick specimens for accurate diagnosis 
of IND have been improved markedly.[8,15-17] Biopsies at 
proximal level may be performed via laparoscopy or a 
small umbilical incision before bowel dissection. This is 
especially true in IND, and the extent of dysganglionic 
bowel is most crucial to preoperative planning, 
particularly in a single-stage repair. In patients with HD, 
the anticipated level of aganglionosis can be determined 
by the radiographic transition zone on preoperative 
contrast enema,[18] but contrast enema studies in patients 
with IND have shown no typical manifestations (without 
obvious caliber change) and the transition zone is a poor 
predictor of dysganglionic segment.[2] Interestingly, 
there was a delayed evacuation of barium for 24 hours 
in all patients with IND in our studies. The 5 patients 
with left colectomy had barium stagnation located in 
the distal segment to the descending colon, and the 12 
patients with subtotal colectomy had barium stagnation 
located in the proximal segment to the descending colon, 
hepatic fl exure, tranverse colon, and ascending colon. 
The histological fi nding of the proximal margin of the 

Complications Subtotal colectomy
  (12 patients)

Left colectomy
  (5 patients)

Complications   
  Anastomotic stricture 0 0
  Anastomotic leakage 2 0
  Severe perianal erosions 9 1
  Postoperative enterocolitis 1 0
  Soiling 2 0
  Fecal incontinence 0 0
  Constipation 0 0
Defecation frequency
  (postoperatively)
  <2 wk 5-30 times per day 3-8 times per day
  3 mon 4-10 times per day 1-3 times per day
  6-12 mon 2-5 times per day 1-3 times per day
  12-24 mon 2-3 times per day 1-2 times per day

Table. Complications and bowel movements
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resected bowel segment correlated accurately with the 
level of the ganglionic segment in 94% (16/17) of the 
patients, a good explanation for patients' bowel segment 
resected more proximal to the operatively confi rmed 
level of dysganglionosis, especially in patients with 
subtotal colectomy. In a patient with postoperatively 
retained IND segment, barium stagnation was located 
in the distal segment to the ascending colon, the length 
of the colon preserved was only 8 cm, and persistent 
constipation did not appear during the follow-up period. 
Probably, the short colonic segments with pathological 
innervation have suffi cient contractility to pass stools 
through the remaining rectum after pull-through.[3] 
Thus, our data indicate that the location of delayed 
evacuation of barium can predict initially the level of 
dissection of the colon, particularly for colectomy by 
one-stage laparoscopically assisted pull-through. Further 
studies are needed to evaluate data on morphologic and 
functional maturation in large series of IND cases.
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