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Introduction

The jejunoileal atresia (JIA) is a rare congenital malformation,
which occurs in 1 of 5,000 newborns.1 It may occur in either
the jejunum or the ileum, with single atresias being signifi-
cantly more common (90%) than multiple ones (10%).
Grosfeld et al classified these malformations in Types I-II-
IIIa-IIIb-IV.2 The Type IIIb, the so-called apple peel small
bowel syndrome, is one of the most severe intestinal malfor-
mations even if it is the most uncommon form of congenital
intestinal atresia which was first described by Santulli and

Blanc3 as an occlusion of the proximal jejunum associated to
an absence of gross parts of the mesentery and variable large
parts of the small intestine with a characteristic helical
appearance of the preserved terminal ileum. Many studies
confirmed4–7 that the mortality in case of intestinal atresia
have decreased steadily throughout the 20th century from
906 to 16%.5,8,9 Thanks to the improvements in neonatal
anesthetic and surgical techniques and the use of total
parenteral nutrition (TPN).5 There is a recent literature
focusing on complex cases of jejunal atresia (JA) that are
associated with a much higher morbidity and mortality than
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Abstract Objective This report documents the authors’ experiences in the management of
“complex” jejunoileal atresia (JIA) and provides a review of the recent literature on
“simple” and “complex” JIA.
Materials and Methods This is a retrospective study of eight cases of “complex” JIA
managed at the Pediatric Surgical Unit of Infermi Hospital in Rimini from 2002 to 2012.
The inclusion criteria are all cases of JIA associated with distal bowel deformities and
Types IIIb or IV. One patient had gastroschisis.
Results The authors of this study performed primary anastomosis on three patients
and enterostomies on five patients. In one case in which a patient presented with
gastroschisis, the V.A.C. Therapy System (KCI Medical Ltd., Langford Locks, Kidlington,
UK) was used to close the abdominal defect. All patients needed central venous catheter
(CVC). Total parenteral nutrition (TPN) was administered for a mean of 12 days. Oral
feeding was introduced on mean day 7 (7.71 � 3.40 standard deviation). Patients with
enterostomy began extracorporeal stool transport on mean day 14. No outcomes
resulted in short bowel syndrome (SBS). The mortality rate was zero. The authors of this
study performed more enterostomies and CVC insertion than other authors in
“complex” JIA and reported a percentage of SBS, complications of TPN, and start of
oral feeding comparable to “simple” case reported by other authors.
Conclusions The results demonstrate that the complexity of JIA alone is not associated
to a worsening prognosis than simple atresia if the surgical and clinical approach is as
conservative as possible.
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that associated with simple cases10 and that may also be
associated with complicated postoperative management af-
ter surgical correction.We are reporting our experience in the
management of complex cases of JIA and reviewing the
results described in literature.

Materials and Methods

This is a retrospective study of eight cases of complex JIA
managed at our Unit of Pediatric Surgery from January 2002
to July 2012. We used the same criteria of inclusion reported
by Lee et al for “complex” JA10: all cases of JIA associated to
distal bowel deformities and Type IIIb (►Fig. 1) or IV (►Fig. 2),
according to the classification of Grosfeld et al2 (►Table 1).

Of the eight patients, four were female and four weremale
with a ratio of 1:1. All patients were premature babies with a

median gestational age of 35 weeks (range, 345/7–356/7

weeks). Two patients (25%) were bichorionic and monozygot-
ic twins. A correct prenatal diagnosis was made in seven of
eight patients (87.5%). In four patients, the prenatal diagnosis
of upper small bowel obstructionwasmade between the 20th
and 33rd week of gestation and in one case it was made the
day before delivery.

Polyhydramnios was present in one patient. In another
one, the prenatal diagnosis was of gastroschisis. The mean
birth weight was 2,580 g (range, 1,895–3,265 g). Approxi-
mately 71.5% of the patients were born through a cesarean
delivery and 28.5% through vaginal delivery. One patient had
a gastroschisis as an associated congenital malformation.

The surgical approachwas based onmorphologic findings.
The medical records of the patients were reviewed and the
data were collected regarding definite features: number of
primary anastomosis (PA) and enterostomies, number of
patient who need TPN and its duration in the postoperative
period, start of oral feeding, postoperative complications,
number of patients who developed SBS, and time of hospital
stay. We used the term of SBS if less than 50, 75, or 100 cm of
residual small bowel was present for premature newborns
(between 28 and 35weeks of gestational age), termnewborns
or older children, respectively. The follow-up ranged from the
age of 6 months to 2 years.

We are reporting our results and reviewing the studies
published in the literature about “complex” and “simple”
cases of JIA according Grosfeld classification.

Results

There were no signs of intestinal malformation in twins. We
performed three of eight (37.5%) PA and five of eight (62.5%)
jejunoileostomy (three jejunostomy–two ileostomy). Of
eight, four (50%) limited intestinal resection associated to
tapering. In three patients with multiple atresias, we found
six atresias in one case, seven atresias in another case, and
eight atresias in the other one. We performed 3, 5, and 6 PA,
respectively. If we compare the percentage of enterostomies
and PA reported in the literature with those performed in our
study at chi-square test, we have a statistical significant
difference (p < 0.01) (►Table 2).

The case associated to gastroschisis was treated with an
abdominal wall “Silo” to reduce the herniated intestinal con-
tent and on the 13th day of life an intestinal resection and
primary ileocolic anastomosis was performed. The primary
closure of the abdominal defect was not possible because of
wall tension. Vacuum assisted closure (V.A.C. Therapy System;
KCI Medical Ltd., Langford Locks, Kidlington, UK) Therapy
System was used to close the abdominal wall. The V.A.C.
Therapy System was used in continuous mode at 25 mm Hg.
The dressing was changed every 48 to 72 hours.

In all the patients, a central venous catheter (CVC) was
inserted. In two patients, we inserted a Broviac (Vygon GmbH
& Co. KG, Aachen, Germany) catheter and in six patients we
positioned a percutaneous catheter for TPN or partial paren-
teral nutrition (PPN) after initial postoperative oral feeding.
The TPN was administered for a mean period of 12 � 3 days

Fig. 1 Case of high jejunal atresia and distal apple peel deformity.

Fig. 2 Case of high jejunal atresia with multiple atresia.
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(median, 11 days). The parenteral nutrition support (TPN and
PPN) was administered for mean 39.75 � 19.71 days. These
data are comparable to the one reported by other authors in
case of “simple” JA (32.3 � 17.5 days) (p > 0.05% at Student
t-test).11

Postoperative oral feeding was started on mean day 7.71
� 3.40 (range, 3–13 days) (median, 7 days) except for the
case associated to gastroschisis who had intestinal obstruc-
tion. Fully caloric enteral intake was reached after a median
of 40 postoperative days (range, 15–60 days). One case had
sepsis for infection of the CVC site resolved by antibiotic
treatment. The start of oral feeding in our study has
no statistical significant difference at Student t-test
(p > 0.05%), if it is compared with that reported by other
authors5,11 in “simple” cases of JIA 5.4 � 4.3.

The patient with intestinal obstruction underwent a
second surgical procedure on the 23rd postoperative day.
At laparotomic exploration, we observed dilated jejunoileal
loops with dehiscence of the previous anastomosis and a

colic dilation beneath for a tract of 2 cm. An intestinal
resection—including the previous anastomosis and the
tract of dilated colon—was made and an ileostomy and
colostomy were performed. The abdominal wound was
definitively closed. The patients with jejunoileostomy be-
gan extracorporeal stool transport (EST) on mean 14th
postoperative day. Reintroduction of enteral fluids from
the proximal stoma to the distal one reduced the need for
parenteral fluid and electrolytes and helped the develop-
ment of enteral villi.

The patients with enterostomies (65%) required a surgical
approach to close the jejunoileostomy to restore intestinal
continuity by an end-to-end anastomosis 1 to 2 months from
the first operation. The second postoperative period was also
uneventful for all patients and total enteral feeding was
achieved in mean of 10 days.

Our data showed 0% of SBS with a statistical significant
difference (p < 0.05% at Student t-test) than data published in
literature (17–30%) about “complex” case of JIA (►Table 3).
The mortality rate was 0%. The mean hospital stay was
54.37 � 31 days.

Discussion

JIA is a common cause of neonatal intestinal obstruction. The
management of neonates with JIA has improved because of
refinements in neonatal intensive care, operative techniques,
use of TPN and anesthesia.5,8,12 Many authors5,8 showed a
decreased mortality rate in the past 15 years, associated to
increasing cost for the managing of the surviving children
with a significant increase of late complications.5 Multiple
factors affect intestinal atresia outcomes including low birth
weight, prematurity, length of the remaining bowel, preser-
vation of ileocecal valve,13 and associated anomalies.5,11

Table 1 Data of patients

Patient Age at birth Weight at
birth (g)

Prenatal
diagnosis

Type of malformation Associated malformation

F.Z.N. 34 wks þ 5 d 2,850 Yes High JA associated to a “ball”
morphology of bowel loops,
without the true “apple peel”
structure with a normal intestinal
length. Absence of ileocecal valve
and cecoappendicular agenesis

No

S.P. 34 wks þ 5 d 3,265 Yes High JA and distal apple peel
deformity (►Fig. 1)

No

P.S. 35 wks þ 2 d 2,810 Yes High JA with multiple atresia (►Fig. 2) No

S.M. 35 wks 1,895 No High JA with multiple atresia and
transverse colon atresia

No

S.L. 33 wks 2,200 Yes Multiple jejunal atresia and apple
peel syndrome

No

P.S. 34 wks þ 5 d 2,575 Yes High JA with multiple atresia No

A.D. 34 wks þ 5 d 2,900 Yes High JA with distal volvulus No

M.I. 35 wks þ 3 d 2,090 Yes JIA with apple peel syndrome Gastroschisis

Abbreviations: JA, jejunal atresia; JIA, jejunoileal atresia

Table 2 Enterostomies and primary anastomosis rate of current
and different studies published in the literature

References Enterostomies (%) Primary
anastomosis
(%)

Current study 62 37.5

Sato et al11 0 100

Kumaran et al9 10 90

Festen et al
(Type IIIb)16

20 67

Stollman et al5 26 69

Lee et al10 14.3 90.9
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In our series, all patients were premature and this factor
was not associated to worst prognosis. Some authors10 sug-
gested that the association between prematurity and all cases
of high JA and multiple atresia and agenesis of distal segment
could imply that malformative processmay be involved in the
development of complex cases, contrary to classic theory of
vascular mesenteric accidents supported by high association
between JA and other gastrointestinal anomaly, especially
malrotation.14

Other authors supposed amalformative process as cause of
JA observing a subgroup of JA who had extraintestinal mal-
formations in association with atresia. It would appear that
these patients were subject to an early in utero insult that
interfered with embriogenesis.5

In our series, the absence of gastrointestinal anomalies in
twin and the absence of extraintestinal malformation in
87.5% of patients, could not support the malformative theory
but suggest that vascular accident could be the reason behind
the malformation even if the prematurity could suggest an
early in utero insult.

SBS is still the largest problem in neonates with JIA that
occurs in approximately 15% of JIA after resection.5 This
condition required long-term management with prolonged
TPN and additional surgical procedures.

Nevertheless, prolonged TPN necessarily experienced a
chronic cholestasis. Lee et al reported the largest series of
complex JIA. The authors showed how a complex JA is
associated to higher morbidity than less complex cases.10

The authors underlined that the complex JA required a
most aggressive surgical approach with resection that re-
sulted in higher percentage of SBS, 36% of cases compared
with 17%5 of other series of less complex JAs. The need for TPN
and additional operative procedure as STEP (serial transverse
enteroplasty) in the management of SBS resulted in longer
hospitalization and experienced a delay in enteral feeding.

Our series had the peculiarity that none of the patients had
an associated congenital malformation except the one asso-
ciated to gastroschisis, so the outcome of the patients was not
conditioned by them. Operativemanagement of the caseswas
based onmorphologic findings. According to some authors,13

we found an advantage in resecting the proximally dilated
bowel segment when an adequate length of the remaining
bowel could be preserved, which made the anastomosis
between bowels with a large disparity in diameter less

difficult. In cases of inadequate bowel length, we performed
limited resection and tapering of the dilated jejunum. This
approach had a recovery of bowel function within a reason-
able period as well as those who underwent bowel resection.
In cases where the bowel viability is questionable or a
diameter difference between the proximal and distal part is
1:5,8we performed enterostomies.We performed 37.5% of PA
and 62% of enterostomies. From a review of the literature
about JIA published in the last 10 years, the authors reported a
percentage of PA of 67 to 100% and of temporary enterosto-
mies of 0 to 26%.5,9,11,15,16 Lee et al10 reported 14.3% of
ileostomy and 90.9% of PA in “complex” JA (►Table 2).

We performed more enterostomies and less PA than the
other authors5,9–11,15,16. Our surgical choice permitted to
preserve as much length of bowel as possible reducing the
risk of SBS and the duration of TPN even in “complex” cases.
According to some authors,14 patients with gastroschisis
needed a significantly longer duration of parenteral nutritive
support (64 days) than the other patients without congenital
malformation. Nevertheless, the EST procedure used in case
of enterostomies confirmed that the EST established a physi-
ological nutrition in neonate with stomas, allowing an early
oral feeding comparable as “simple” case of JIA published in
literature11 and decreasing the risk of cholestasis17 due to
prolonged TPN. The EST permitted to prepare the bowel to
recanalization reducing the disparity of caliber between the
bowel loops as shown by the study of Schäfer et al.18

The use of V.A.C. System Therapy in the closure of abdomi-
nal defect of gastroschisis was associated with cleansing of the
wound andmaintenance of a sterile environment. It permitted
to perform a rapid definitive closure of wound (23 days). Few
studies19,20 are published in literature about the use of V.A.C.
System Therapy in abdominal wound of neonates. The authors
showed that V.A.C. System Therapy device should be consid-
ered a safe and effective alternative in treating giant ompha-
locele or complicate neonatal abdominal wounds.17,18

Conclusion

Our results showed that the complexity of JIA alone, without
other congenital malformations, is not associated to a worse
prognosis than simple atresias considering the beginning of
oral enteral feeding, postoperative complications, length of
TPN, and percentage of SBS. Nevertheless, the complex case
requires a surgical approach not as aggressive as the com-
plexity of malformation could suggest but based on more
steps to allow an earlier oral feeding and shorter TPN period.
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