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Background: Duodenal atresia and stenosis is a frequent
cause of congenital, intestinal obstruction. Current operative
techniques and contemporary neonatal critical care result in
a 5% morbidity and mortality rate, with late complications
not uncommon, but unknown to short-term follow-up.

Methods: A retrospective review of patients with duodenal
anomalies was performed from 1972 to 2001 at a tertiary,
children’s hospital to identify late morbidity and mortality.

Results: Duodenal atresia or stenosis was identified in 169
patients. Twenty children required additional abdominal op-
erations after their initial repair with average follow-up of 6
years (range, 1 month to 18 years) including fundoplication
(13), operation for complicated peptic ulcer disease (4), and
adhesiolysis (4). Sixteen children underwent revision of their
initial repair: tapering duodenoplasty or duodenal plication
(7), conversion of duodenojejunostomy to duodenoduoden-
ostomy (3), redo duodenojejunostomy (3), redo duodeno-

duodenostomy (2), and conversion of gastrojejunostomy to
duodenoduodenostomy (1). There were 10 late deaths
(range, 3 months to 14 years) attributable to complex cardiac
malformations (5), central nervous system bleeding (1),
pneumonia (1), anastomotic leak (1), and multisystem organ
failure (2).

Conclusions: Late complications occur in 12% of patients
with congenital duodenal anomalies, and the associated late
mortality rate is 6%, which is low but not negligible. Fol-
low-up of these patients into adulthood is recommended to
identify and address these late occurrences.
J Pediatr Surg 39:867-871. © 2004 Elsevier Inc. All rights
reserved.
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DUODENAL ATRESIA and stenosis is a frequent
cause of congenital intestinal obstruction occur-

ring in 1 per 5,000 to 10,000 live births, affecting boys
more commonly than girls.1 More than 50% of affected
patients have associated congenital anomalies including
pancreatic anomalies; intestinal malrotation; esophageal
atresia; Meckel’s diverticulum; variants of imperforate
anus; congenital heart disease; central nervous system
lesions; renal anomalies; and, rarely, biliary tract anom-
alies.2,3 Down’s syndrome occurs in approximately 30%
of patients, polyhydramnios in 33% to 50%, and 45% are
premature.4,5
In recent years, early postoperative survival rate has

improved from 60% to 90%.5-8 Improved operative tech-
niques and contemporary neonatal intensive care unit
(NICU) care result in a very low, early morbidity and
mortality rate (5%).5-8 Postoperatively, most patients are
asymptomatic and show normal growth.5,9-11 A few re-
ports suggest that late complications may occur in 12%
to 15% of patients.5,12-14 The true incidence of long-term
complications and mortality after initial repair of duode-
nal atresia is unknown. The availability of such informa-
tion would aid the long-term care plan for these patients
as they progress into childhood and adolescence. This
review attempts to identify patients at risk for late com-
plications that influence long-term management.

MATERIALS AND METHODS
Over a 30-year period (1972 to 2001) 592 infants with intestinal

atresia were identified at the Riley Children Hospital, Indianapolis, IN.
Patients were identified initially by ICD-9 diagnosis code 751.1 for
intestinal atresia. Of these, the patients with the diagnosis of duodenal
atresia or stenosis were selected for the occurrence of late morbidity
and mortality by a retrospective analysis. IRB approval of the study
design was obtained (IRB #303-01).

RESULTS

This study included 169 infants with duodenal atresia
or stenosis. There were 89 girls and 80 boys. Sixty-three
(37%) patients were premature (gestational age ! 37
weeks) and 46 (27%) had Down’s syndrome. Seventy-
seven (46%) babies had associated congenital anomalies
including congenital heart disease in 46 cases, esopha-
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geal atresia in 14, imperforate anus in 6, both esophageal
atresia and imperforate anus in 3, renal abnormalities in
8, biliary atresia in 2 (1 with situs inversus and polysple-
nia), polysplenia alone in 1, pyloric atresia in 1, gastros-
chisis with colonic atresia in 1, Hirschsprung’s disease in
1, and jejunal duplication in 1.
At initial operation, duodenal atresia was noted in 137

instances and duodenal stenosis in 32. One hundred
twenty-six babies had a type 1 mucosal atresia, 2 had a
fibrous cord connecting 2 atretic ends (type 2), and 9 had
a complete separation (a gap) between the 2 atretic ends
(type 3). Duodenal stenosis was noted in 32 cases,
including 9 with a windsock web containing a small
aperture. At operation, 62 patients had annular pancreas,
54 anomalies of intestinal rotation and fixation (malro-
tation), 5 an anterior portal vein, and 3 a second more
distal web. Operative management included duodeno-
duodenostomy in 143 cases, duodenotomy and web ex-
cision in 8, Heineke-Mikulicz type of duodenoplasty in
2, and duodenojejunostomy in 15. One patient had a
gastrojejunostomy performed at an outside facility be-
fore admission to the Children’s Hospital. In patients
with duodenoduodenostomy, 87 patients had a side-to-
side anastomosis, 52 had a diamond-shaped anastomosis
performed (with only 5 being performed before 1992), in
4 the type of anastomosis was unclear, and 2 with a very
dilated proximal duodenum had a concurrent antimesen-
teric, tapering duodenoplasty. A Ladd procedure and
appendectomy was performed in all 54 infants who had
malrotation.
Twenty children required further abdominal surgical

procedures after displaying late complications (Table 1).
Thirteen children required fundoplication because of
severe gastroesophageal reflux disease (GERD) from 3
months to 7 years postoperatively (average, 5 years). In
children with a duodenoduodenostomy, 3 had late com-
plications including distal small bowel perforation
treated with resection, duodenal obstruction (stricture)
treated with a redo-duodenoduodenostomy, and duode-
nal perforation treated with repair of the anastomotic
leak.

Three of the 15 children who had a duodenojejunos-
tomy required conversion to a duodenoduodenostomy: 1
during resection of a choledochal cyst 13 years postop-
eratively, 1 for duodenal blind loop syndrome 16 years
postoperatively, and the third for a partial small bowel
obstruction. One patient had a redo duodenojejunostomy
for anastomotic stenosis at 6 weeks of age. One child had
an anastomotic leak after duodenojejunostomy requiring
revision 3 weeks postoperatively. Another patient re-
quired anastomotic revision and tapering duodenoplasty
because of recurrent bleeding from a peptic ulcer in a
retained distal duodenal mucosal web at 18 years of age.
One additional patient underwent takedown of a prior
gastrojejunostomy, tapering duodenoplasty with duode-
noduodenostomy for a bleeding duodenal ulcer at age 7
years.
Four children with poor weight gain and vomiting

required delayed anterior duodenal plication for me-
gaduodenum or duodenal motility disorder (Fig 1). Three
required tapering duodenoplasty: 2 (at age 4 and 18
years) for megaduodenum, and 1 (age 14 years) for an

Table 1. Duodenal Atresia and Stenosis

Late Complications No. of Patients

Gastroesophageal reflux disease 13
Megaduodenum, motility disorder,

!/" duodenogastric reflux 7
Peptic ulcer 4
Adhesive small bowel obstruction 4
Anastomotic dehiscence 2
Anastomotic stricture 1
Choledochal cyst 1
Duodenal blind loop syndrome 1
Missed second mucosal web 1
Gastric outlet obstruction 1

Fig 1. Megaduodenum. Upper GI series shows dilated first and
second portion of the duodenum proximal to the anastomosis.
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atonic, proximal duodenum. One child that required
adhesiolysis at 2 months of age for gastric outlet obstruc-
tion had an abdominal wound dehiscence. Three children
required suture ligation of a bleeding gastric ulcer. Two
patients required enterolysis for adhesive postoperative
distal small bowel obstruction at 3 months and 3 years,
respectively. One child underwent incisional hernia re-
pair at age 10 months.
Seven (11%) of the 62 patients with annular pancreas

required additional operations. They represented 35% (7
of 20) of the patients in the study that required reopera-
tion. These 7 cases included 3 children requiring tapering
duodenoplasty, 2 a redo duodenojejunostomy (anasto-
motic leak [1] and recurrent duodenal bleeding [1]), and
1 revision of his duodenoduodenostomy and Nissen
fundoplication for GERD. Another patient with annular
pancreas underwent an unsuccessful Kasai procedure for
biliary atresia, subsequent orthotopic liver transplanta-
tion, and oversewing of a bleeding gastric ulcer. Of the
children with annular pancreas, the average age was 6
years at the time of reoperation, and 6 of the 7 children
required 2 additional late operations.
One child with Down’s syndrome required multiple

operations including Nissen fundoplication and explor-
atory laparotomy for perforated small bowel from adhe-
sions that was unrelated to the primary diagnosis. Five
children with late complications had associated midline
defects: 2 with imperforate anus (IA), 2 with esophageal
atresia and tracheoesophageal fistula (TEF), and 1 with
both. One child with IA had a duodenal anastomotic leak
and underwent repair at 3 weeks of age. The child with
both IA and TEF required a Nissen fundoplication for
GERD.
There were 5 (3%) early deaths (#30 days postoper-

atively) all related to complex cardiac anomalies. There
were 10 late deaths occurring from 3 months to 14 years
postoperatively. Five deaths were caused by complex
cardiac malformations (1 had Down’s syndrome), central
nervous system (CNS) bleeding after multiple neurosur-
gical procedures in 1, and aspiration pneumonia after
repair of a TEF in 1. One child with Down’s syndrome
died of complications of duodenal atresia after an anas-
tomotic leak. An additional baby died late after an
unsuccessful hepatoportoenterostomy for biliary atresia.
One child treated for gastric outlet obstruction died of
respiratory failure after takedown of a jejunostomy tube
site and small bowel resection.

DISCUSSION

Early mortality data after neonatal repair of congenital
defects does not always accurately reflect the long-term
outcomes. Early operative mortality after correction of
duodenal atresia has been reported as low as 4% to 5%.2,5

In our series, the early mortality rate was 3%. Long-term
survival rate is excellent at 86% to 90%.2,5,9,10,11 Chil-
dren with Down’s syndrome or other associated congen-
ital anomalies, especially complex cardiac defects, have
a higher long-term mortality rate.5,15 Five of our 10 late
deaths (50%) occurred in patients with complex congen-
ital heart disease, 2 had Down’s syndrome, and one
child, each, had IA and TEF.
Children with foregut anomalies including those with

esophageal atresia and gastroduodenal dysmotility disor-
ders are among the most likely to have gastroesophageal
reflux.16 Dysmotility in small bowel atresia may be
related to damaged smooth muscle cells from ischemia,17
hypoplasia of enteric nerves, and reduced smooth muscle
immunoreactivity.18 The dilated proximal atretic duode-
num may be associated with disturbed transit.18,19
Before the mid 1970s, duodenojejunostomy was pre-

ferred for duodenal atresia and stenosis.5,20,21 Very rarely
a gastrojejunostomy was performed.22 Duodenojejunos-
tomy was associated with delayed anastomotic function
often requiring use of transanastomotic feeding tubes or
parenteral nutrition. Spigland and Yazbeck23 described 6
children that required reoperation; 5 were initially treated
with duodenojejunostomy and 1 treated with duodeno-
duodenostomy. Blind-loop syndrome appears to be more
common in patients treated with duodenojejunostomy
and may be improved with conversion to a duode-
noduodenostomy.24 In our series, the only case of
blind-loop syndrome occurred in a patient with a
duodenojejunostomy.
The procedure of choice for duodenal atresia and

stenosis is duodenoduodenostomy. The operation has
evolved from a side-to-side anastomosis to a proximal
transverse to distal longitudinal (“diamond shaped”)
anastomosis.5,12,13,20,21 At the time of operative repair, a
small, red rubber catheter should be passed distally
through the distal enterotomy, because a second mucosal
web exists in 1% to 3% of cases, which, if missed, may
result in a postoperative obstruction distal to the anasto-
mosis.5 One patient in this series presented with recurrent
bleeding ulcer at a missed second mucosal web with a
small aperture 18 years after the primary operation.
Megaduodenum occurred up to 18 years postopera-

tively. It is associated with poor weight gain, frequent
vomiting, abdominal pain, and blind-loop syn-
drome.20,21,23 An antimesenteric tapering duodenoplasty
may be used during the initial procedure if the proximal
duodenum is excessively floppy and distended.5,25 How-
ever, in many infants, the proximal dilatation of the
atretic duodenum resolves after relief of obstruction
without a concomitant tapering duodenoplasty. Late on-
set of megaduodenum has also occurred in some infants
that had minimal dilatation at the time of the original
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repair. It is, therefore, difficult to recommend tapering in
all the neonatal cases. Megaduodenum can be managed
by either plication or tapering of the dilated atonic
proximal duodenum alone12,13 and possible revision of
anastomotic strictures if present.25
Patients with annular pancreas had an increased ten-

dency for late complications. Annular pancreas usually is
associated with duodenal stenosis.26 Infants with annular
pancreas associated with duodenal obstruction generally
are premature or small for gestational age.27 In this
series, 6 of the 7 children with annular pancreas that
required reoperation had at least 2 operations up to 18
years after the initial procedure. This population repre-
sented 35% of the patients (7 of 20) that required oper-
ations for late complications. Moreover, complications
of annular pancreas have been described in adults includ-
ing peptic ulcer disease, gastric outlet obstruction, duo-
denal obstruction, pancreatitis, and gastric cancer.28-31
These observations suggest that these patients require
follow-up into their adult years.
Among the long-term complications noted in this

study were delayed gastric emptying, severe gastro-
esophageal reflux, bleeding peptic ulcer, megaduode-
num, duodenogastric reflux, gastritis, blind-loop syn-
drome, and intestinal obstruction related to adhesions.
Children with GERD requiring fundoplication had sur-
gery at the age of 5 years on average, and 68% of these
patients required additional operations. Instances of
small bowel obstruction occurred sporadically up to 17
years postoperatively. Children with associated midline
anomalies such as TEF or IA had proportionally higher
complication rates.
These observations indicate that long-term follow-up

is essential for infants treated for duodenal atresia and
stenosis, particularly those with associated annular pan-
creas, GERD, delayed gastric emptying, peptic disorders
and megaduodenum. Care guidelines must be developed
for long-term follow-up in infants with this condition
that may be at risk for late complications. We recom-
mend follow-up throughout childhood and adolescence
into adulthood with a seamless transfer of care to general
physicians aware of these potential late complications.
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Discussion
R.J. Touloukian (New Haven, CT): This is a wonderful

long-term experience allowing us to review how we
should manage new patients with duodenal atresia. We
are aware that there is a spectrum of megaduodenum in
these patients. Some patients have a larger duodenum at
the time of diagnosis than others. Based on your report
here, are you able to predict now which patients will
require a duodenoplasty based on what their initial films
looked like at the time of diagnosis? That might help us
in identifying patients who might need a duodenoplasty
at the time of the initial procedure.
M. Escobar (response):We identified 2 children in the

169 that had a tapering duodenoplasty for significant
proximal dilatation at the initial operation. They did not
have late complications. In our series, we found only 4
children that developed late-onset megaduodenum that
eventually required either a plication or a tapering duo-
denoplasty. Others that had moderate proximal duodenal
dilatation as neonates had this resolve after duodenoduo-
denostomy alone. So, at this point, we do not routinely
perform a tapering duodenoplasty at the initial operation
in the neonatal period unless the proximal duodenum is
massively dilated.
S.H. Ein (Toronto, Ontario): A number of years ago,

Stephens, Simpson, Shandling, and Ein reported 265
duodenal atresias, and our big problem was that we had
5 patients with dysfunctional duodenum that presented
suddenly between 9 months and 24 years with a sudden
obstruction. There was no anastomotic stricture, and we
pleated them all. So on the basis of what Bob Touloukian
said, I don’t see how anybody can predict megaduode-
num when you look at a dilated proximal duodenum in a
newborn with duodenal atresia—they’re all dilated, and
what I’ve been doing for the last number of years is to
pleat these or plicate them. You have to have a long-term
follow-up to see if that’s going to make any difference.
So far, so good. Just like the person that jumped off the

Empire State Building, Bob, when they passed the 52nd
floor and you asked how they’re doing, “So far, so
good,” but that’s the only way you can do it, I think.
M. Escobar (response): Thank you.
B. Pettit (Atlanta, GA): I’m actually fascinated by the

issue of long-term follow-up. My question has 2 parts.
For young adults over the age of 18, how many compli-
cations did you actually see after the period when they
most likely would have been transferred to the care of an
general surgeon? And, in the complications that occurred
in those over the age of 18, how many were cared for by
your group or a pediatric surgery group as opposed to
general group? This idea of a seamless transition to the
care of an general physician is something we need to deal
with as pediatric surgeons. We now have a huge cohort
of young adults, in fact, probably some middle-aged
adults that were operated on in the 1950s and 1960s. I’m
not sure how clear we are when these young adults leave
our follow-up care about the future follow-up they’ll
need. I work with a lot of general surgeons, and they
don’t remember the details of a lot of these anomalies,
and they aren’t familiar with the long-term complications
that occur. So I’m interested in what happened, was there
any experience with people over the age of 18 in your
cohort?
M. Escobar (response): As I mentioned in our cohort,

the oldest child in our database was 18 years. However,
we did have 1 patient present quite recently at 24 years
of age with gallstones that was not included. I am not
sure if the general surgeons need our help in managing
this complication. Whether the child is being followed up
by a pediatric surgeon up until 18 years of age or by a
primary care physician, pediatrician, or family practitio-
ner, I think that it’s our responsibility to discuss these
potential problems with the doctor we’re transferring
care to and educating them concerning the natural history
of the condition.

871DUODENAL ATRESIA AND STENOSIS


	Duodenal Atresia and Stenosis: Long-Term Follow-Up Over 30 Years
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES
	Discussion


