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Abstract

Background: High jejunal atresia is associated with significant dilatation of the proximal segment. This poses two
problems: (a) calibre discrepancy with the distal unused segment and (b) hypomotility causing stasis. Tapering
jejunoplasty/enteroplasty could offer a practical solution in selected cases, leading to early establishment of feeds.
This work aims to evaluate the outcome of tapering jejunoplasty including its effect on establishing enteral feeding
in neonates with proximal jejunal atresia.

Results: Twenty-two neonates with jejunal atresia (types I, II and IIIa) were reviewed. Cases with multiple
atresia, apple-peel variant and meconium ileus were excluded. The included cases fell retrospectively into two
groups: group A (13 cases)—very proximal atresia and significant dilatation and group B (9 cases)—mid/distal
jejunal atresia. For group A, we excised only the distal tip of the dilated bowel and stripped a seromuscular
triangle up to the duodenojejunal flexure and inverted the mucosa along the antimesenteric border, followed
by an end-to-oblique anastomosis. For group B, we performed a standard excision of a short proximal segment
and an end-to-oblique anastomosis. There was no significant difference in the gestation age or birth weight
between both groups. The mean operative time was 90 min for group A and 60 min for group B. The duration
until full enteral feeds became tolerated, and parenteral nutrition was weaned accordingly was shorter in
group A (mean 10.8 days) as compared to group B (mean 14.5 days), p = 0.045.

Conclusion: Tapering jejunoplasty by seromuscular stripping and mucosal inversion facilitates early
establishment of feeds in proximal jejunal atresia.
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Mini abstract
The dilated proximal segment in jejunal atresia poses
two problems: calibre discrepancy and hypomotility.
Tapering jejunoplasty by seromuscular stripping and
mucosal inversion achieves a good outcome and leads
to a comparatively early establishment of feeds.
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Background
Jejunoileal atresia is the most common congenital anom-
aly of the small intestine and represents an important
cause of neonatal intestinal obstruction. Its incidence is
three cases per 10,000 live births [1, 2]. Proximal (high)
jejunal atresia is more frequent (54%) than middle and
distal jejunal forms (45%), excluding multiple atresia [3].
With at least 1,300,00 live births per year in Egypt,

about 400–500 cases of jejunoileal atresia are being born
yearly [4, 5]. These cases are managed within 12 univer-
sity pediatric surgical public-funded centres [6]. For
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these reasons, any possible modification of the surgical
technique to establish earlier enteral feeds and earlier
discharge becomes a matter of exceeding importance to
the individual patient and the system.
Surgery for jejunoileal atresia evolved progressively in

the second half of the last century. Nixon in 1955
resected the dilated bowel up to the ligament of Treitz,
which was possibly performed if an adequate proximal
and distal length of the intestine is present, followed by
an end-to-oblique anastomosis and showed an improved
survival rate [7–9]. In 1973, Howard and Othersen de-
scribed a tapering jejunoplasty [10]. Tapering of the di-
lated part on the antimesenteric border reportedly was
performed using a stapler or hand sewn with end-to-end
anastomosis [11, 12]. De Lorimier and Harrison brought
to attention that intestinal imbrication reduces the lu-
minal diameter and restores function while preserving
the mucosal surface area [13, 14], which was subse-
quently reported for megaduodenum as well [15]. This
concept evolved into seromuscular stripping of an ellipse
of the proximal dilated bowel, as described by Kimura et
al (1996) [16], aiming to improve the motility of the dys-
functional proximal bowel, which is the basis for our
technique.
The surgical conundrum is that in proximal jejunal

atresia, within 20 cm from the ligament of Treitz, resec-
tion to an adequate calibre is occasionally not possible
without mobilisation of the duodenojejunal (DJ) flexure
and duodenal derotation, which is challenging and may
risk the superior mesenteric vascular pedicle and the
fraught biliary structures. The proposed solution in this
report is excision of only the distal tip of the dilated
bowel, stripping a triangle of seromuscular layer up to
the DJ flexure and completing a hand-sewn inversion of
mucosa along the antimesenteric border, without duo-
denal derotation, followed by a single-layer end-to-
oblique anastomosis.
The aim of this work is to study the effect of tapering

enteroplasty benchmarked to simple resection and anas-
tomosis on the postoperative establishment of enteral
feeding, traditionally known to be hampered by the dis-
turbed intestinal transit in cases of proximal jejunal
atresia.

Methods
This study is a retrospective review of a case series.
There was no randomisation. The employed decision-
making and group-allocation is the protocol the authors
would normally follow in managing proximal jejunal
atresia.
Neonates admitted to the neonatal surgical unit of a

tertiary university centre, between September 2014 and
January 2017, were reviewed. Approval of the depart-
mental scientific and research committee was obtained
for data collection and review. Twenty-two neonates
with jejunal atresia (types I, II and IIIa) were included.
Cases with multiple atresia, apple-peel variant and
meconium ileus were excluded from this analysis and re-
port, to avoid their additional confounding anatomical
and physiological malabsorptive effect. Those included
were analysed into two groups: group A—proximal atre-
sia (distance < 20 cm from DJ flexure) which was always
accompanied with significant dilatation, extending back
to the DJ flexure and group B—more distal jejunal atre-
sia (distance > 20 cm from DJ flexure).
A full-detailed antenatal and post-natal history was

taken for each case to detect any comorbidities or risk
factors. Clinical examination was done to identify any as-
sociated anomalies. All neonates presenting with bilious
vomiting, delayed or failure of passage of meconium,
mild to moderate abdominal distension or abnormal X-
ray films showing distended proximal intestinal loops,
triple bubble sign or air-fluid levels were considered. All
cases received the initial resuscitation in the form of
intravenous fluids, nasogastric (NG) suction with fluid
replacement and a vitamin K injection. First-line antibi-
otics were administered as necessary.
Group A comprises 13 cases of proximal jejunal atre-

sia, for which an excision of the distal tip of the dilated
bowel was done followed by stripping a triangle of sero-
muscular layer up to the DJ flexure. We then completed
a hand-sewn continuous or interrupted inversion of the
mucosa along the ante-mesenteric border, without duo-
denal derotation. At the edge, a single-layer end-to-
oblique anastomosis was done. This was our interven-
tional group (Figs. 1, 2, 3, and 4).
Group B included 9 cases of distal jejunal atresia, for

which the gold-standard excision of a short proximal
segment and a single-layer end-to-oblique anastomosis
was done. This was our control group.

Operative description
In proximal jejunal atresia (group A), a V-shaped anti-
mesenteric seromuscular stripping (Fig. 1a–c) while pre-
serving the submucosa, and inversion tapering was done
aiming to preserve the maximum mucosal surface area
for absorption (Fig. 2). The apex of the V was proximal,
and its base was at the cut-edge of the jejunum. The in-
version employed interrupted or continuous Vicryl 5/0
or 6/0 (Fig. 3).
In mid/distal jejunal atresia (group B), the blind bulb-

ous end of the proximal intestine was always resected,
and the excision was extended back to healthy-looking
non-hypertrophied bowel, if the bowel length and the
distance from the DJ flexure permitted. However, the
length of proximal excision was not uniform and had to
respect retaining a sufficient segment to make an anasto-
mosis with it, comfortably away from the DJ flexure.



Fig. 1 Seromuscular layer stripping (includes a–c). a Seromuscular layer stripping started from distal to proximal. b Seromuscular layer stripping
proceeding from distal to proximal. c Seromuscular layer stripping proceeding from proximal to distal
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To distend the distal segment and slightly reduce size
discrepancy, we instilled 0.9% NaCl solution with a 24-
gauge cannula through a purse-string suture into a
clamped distal pouch. The proximal intestine was trans-
ected at a right angle to maximise its vascularity, whereas
the distal bowel was transected obliquely with the antime-
senteric border spatulated to partially equalise the size of
the openings on both sides for the anastomosis.
A single-layer end-to-back (end-to-oblique) anasto-

mosis was performed. The mesenteric gap was then
approximated with Vicryl 6/0 absorbable sutures. Pa-
tency of the anastomosis was tested by milking intes-
tinal air through it (Fig. 4). The intestinal segment was
then moistened and washed with warm saline solution,
returned to the abdominal cavity and the abdominal
wound was closed in layers.
Fig. 2 Seromuscular stripping completed
Post-operative care
A central intravenous catheter was inserted at the time of
operation in all cases due to the expected prolonged ileus
and need for parenteral nutrition. Parenteral nutrition was
started on the second postoperative day. Low intermittent
suction was maintained on an orogastric (OG) or nasogas-
tric (NG) tube until meconium or changing stools were
passed and the drainage from the OG/NG was less than 1
mL/kg/h (20mL/kg/day) and became clear. Feeding was
advanced slowly by mouth or OG/NG tube. As intestinal
function was regained, the patient was progressively weaned
from parenteral to enteral nutrition until the full nutritional
requirements were enterally obtained. A postoperative gas-
trografin follow-through was done if tolerance to feeds was
Fig. 3 Inversion (tapering) suturing started



Fig. 4 Tapering and anastomosis completed
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delayed (beyond 10 days), or in the presence of upper ab-
dominal distension, in order to exclude anastomotic prob-
lems. A more gradual and trophic enteric feeding was
pursued in those that did not directly accept enteral (oral/
OG/NG) feeding. The standard metabolic surveillance of
all patients was done throughout.
We studied the case notes for all procedure-related and

intestinal dysfunction-related postoperative difficulties as
early and delayed intolerance to feeds, high NG/OG aspi-
rates and/or vomiting, anastomotic leak and early anasto-
motic strictures. We analysed various parameters across
both groups, gestational age, birth weight, age at presenta-
tion, age at surgery and days to establish full enteral feed-
ing of 150mL/kg/day and days to discharge.

Statistical analysis
The Shapiro-Wilk and Kolmogorov-Smirnov test were
utilised to assess the normality of distribution for
different variables. Statistical analysis was done on non-
parametric basis. Accordingly, comparison between dif-
ferent variables in the two studied groups was performed
using the Mann-Whitney test. Comparison between cat-
egorical variables was performed using chi-square test
(when valid) or Fisher exact test instead. Data are
expressed as median ± range or interquartile range
(IQR), mean ± standard deviation (SD) or number per-
centage. p value ≤0.05 was considered significant.

Results
Thirteen cases had the studied procedure performed:
seromuscular stripping and mucosal inversion (group
A) and nine cases fell in the comparison arm (group
B), where excision of a short proximal segment and a
single-layered end-to-oblique anastomosis was done.
There was no significant difference in the birth

weight’s mean ± SD between both groups. In group A,
this was 3.08 ± 0.28 kg, and in group B, it was 3.11 ± 0.6
kg (p = 0.804). The mean gestation age for the whole co-
hort was 37.8 weeks (IQR 37.5–38). Both groups ap-
peared similar for gestation age, and there was no
statistical difference on comparison: 37.9 weeks (IQR
37.5–38) in group A versus 37.6 weeks (IQR 36.5–38) in
group B (p = 0.356). Interestingly, group B had two cases
(22%) with a gestation age of 34–36 weeks as compared
to none in group A (all were 36+ weeks), which was not
statistically significant (p = 0.075).
The median age at presentation was 1 day less in

group A, 3 days old (range 2–6), than in group B, 4 days
old (range 2–8), p = 0.004. The mean age at surgery was
also 1 day less in group A, 4 days old (range 4–8), than
in group B, 5 days old (range 3–10), p = 0.027. The
mean ± SD operative time was 90 ± 19.5 min for group
A and 60 ± 9.4 min for group B (p = 0.01). Table 1 out-
lines the characteristics and possible confounders across
both groups.
The duration (mean ± SD) until 150 mL/kg/day of en-

teral feeds became tolerated, and parenteral nutrition
was weaned was shorter in group A (10.8 ± 3.5 days)
compared to group B (14.5 ± 5.1 days), p = 0.045. For
the same parameter, the median was 10 days (range 7–
21) in group A versus 14 days (range 10–21) in group B.
The days until discharge reflected this and were 12.15 ±
3.5 days in group A versus 16 ± 5.05 days in group B (p
= 0.038). The median follow-up was 1.8 years (IQR 1.3–
3.2 years). There was no mortality in either group. Table
2 outlines the outcomes, post-operative difficulties and
complications across both groups.
In this cohort, we had one case which had an anasto-

motic leak in the tapering jejunoplasty (enteroplasty)
group, which was early detected and re-operated upon,
on the seventh post-operative day. In the simple resec-
tion/oblique anastomosis group, one patient had an early
stricture that was detected on a contrast study for de-
layed feeding on the 11th post-operative day. Both pa-
tients achieved full enteral feeding at 21 days from the
initial surgery.
Discussion
The Young–Laplace equation (Laplace’s law) governs
pressure in balloon-like chambers with tension in the
wall. This tells us that at a fixed tension in the wall
(analogous to the contractility and inherent elasticity of
the muscularis or muscle coat), the pressure drops sig-
nificantly as the dilatation of the ectatic segment in-
creases. Reciprocally, the smaller the radius, the higher
the pressure and the more propulsive the bowel could
be by building pressure across the anastomosis [17].
Even more importantly, Hagen–Poiseuille equation

governs the flow of fluid in a tube: ΔP = 8μLQ/ΠR4,
where ΔP is the pressure difference between the two
ends, L is the length of pipe, μ is the dynamic viscosity,
Q is the volumetric flow rate and R is the pipe radius.
This unequivocally shows that the change in pressure is
inversely (negatively) proportionate to the fourth power



Table 1 Characteristics of both groups

Characteristics of both groups (confounding factors) Group A (n = 13) Groups B (n = 27) p value

Gestational age in weeks
Mean ± SD
Median (IQR)

37.61 ± 1.34 weeks
37.9 (IQR 37.5–38) weeks

37.92 ± 0.4 weeks
37.6 (IQR 36.5–38) weeks

0.356

Gestational age (maturity/prematurity)
Full term (> 36 weeks)
Preterm (< 36 weeks)

13 (100.0%) cases
0 (0%)

9 (77.8%) cases
2 (22.2%) cases

0.075

Birth weight (mean ± SD) 3.08 ± 0.28 kg 3.11 ± 0.6 kg 0.804

Male to female distribution 9:4 6:3 0.899

Age at presentation
Median (range) 3 days (2–6 days) 4 days (2–8 days)

0.004

Age at surgery
Median (range) 4 days (4–8 days) 5 days (3–10 days)

0.027
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of the tube radius, highlighting the importance of redu-
cing the diameter of the ectatic segment [18].
Although their study was on duodenal atresia, Takaha-

shi et al. interestingly studied the contraction profile
with manometry proximal to the anastomosis and dem-
onstrated low contraction amplitudes in dilated seg-
ments, in seven newborns, as early as 2 weeks after
surgery. They excluded confounders by multivariate ana-
lysis and concluded that the low contraction amplitude
of the dilated bowel was the main pathophysiological
feature [19].
From a technical perspective, to avoid an obstruction

by the keel of the inverted mucosa at the anastomotic
edge, the mucosa/submucosa to be folded should be
kept to less than half of the circumference at the edge;
otherwise, trimming of the inverted mucosa at the prox-
imal end is advisable [20]. This inverted mucosa may
preserve the absorptive capacity and offers the advantage
of a lower risk of anastomotic leakage through the plica-
tion line as compared to excision by a stapling device. In
our series, the single case of leak in group A was at the
anastomotic line and not along the tapering enteroplasty
suture line. As it is stripped off the seromuscular layer,
this keel becomes much less bulky than in imbrication
without stripping.
There are reports of a similar approach for proximal

jejunal atresia in a few series [16, 20, 21]. In one report
of 11 newborns, they achieved full feedings at 12.7 ± 1.8
Table 2 Postoperative difficulties and complications across both gro

Postoperative difficulties and complications compared across both groups

Stenosis

Anastomotic leak

Early transient bowel dysfunction and high nasogastric aspirates

Delayed feeding tolerance (need for PN beyond 14 days)

Failure to thrive (poor weight gain during infancy)

None of the above complications

Data expressed as: number of cases (%)
days after the operation, and in another, full feeds were
achieved around the ninth to tenth day postoperatively
in three babies [20, 21]. This is generally similar and
comparable to our results, where feeds were established
at 10.8 ± 3.5 days.
The alternative techniques, aiming at a similar goal in-

clude (a) imbrication of the dilated part, without strip-
ping the mucosa on the antimesenteric border, either
using a stapler or hand-sewn [13], and (b) derotation of
the dilated duodenum and jejunum after takedown of
the ligament of Treitz [22, 23].
The imbrication caries the issue of the bulkiness of the

inverted mass, possibly causing obstruction at the deli-
cate anastomotic site, and there are reports of break-
down and recurrent dilatation [13]. The derotation is a
lengthier and technically demanding operation, necessi-
tating extreme carefulness with the superior mesenteric
vascular pedicle and the biliary structures. However, it is
anatomically sound and appealing when a megaduode-
num needs to be addressed as it allows a duodenoplasty
as well and achieves a dependent duodenojejunostomy.
One of the disadvantages of our technique is the lon-

ger operative time. Hypothetically, it may be difficult to
entirely eliminate the risk of anastomotic leakage; and
theoretically, there is an unpredictable absorptive cap-
acity of the stripped area. However, it obviously reduces
the luminal diameter and helps in restoration of function
by improving peristalsis, an objective that has been
ups

Group A (n = 13) Group B (n = 9) p value

0 (0%) 1 (11.1%) 0.409

1 (7.7%) 0 (0%) 0.591

1 (7.7%) 4 (44.4%) 0.043

0 (0%) 3 (33.3%) 0.054

1 (7.7%) 3 (33.3%) 0.125

10 (76.9%) 2 (22.2%) 0.027
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stressed as crucial by many authors [10, 12, 13]. Until
this report, we limited using the tapering to only the
very proximal atresia, but as a future direction, we would
consider resecting less bowel and tapering what is left
proximally, even in mid/distal jejunal atresia.
A valid critical question is why when the dilated bowel

was excised, longer recovery was noted than when it was
tapered? The explanation, in our view, is that tapering
can be extended more proximally than excision, leaving
less dilated/ectatic bowel. Excision of the ectatic bowel
segment could never be consistently complete, leaving
only healthy bowel in every case. It must differ from one
case to the other, in order to technically allow for an
anastomosis a little distant from the DJ flexure. Add-
itionally, we are cognisant of the major interplay be-
tween the gestation age (prematurity), birth weight, age
at presentation (within the circumstances of our referral
system), pre-operative sepsis and dehydration and the
quality/vascularity of the residual bowel which could
have all contributed to the difference between both
groups. One view could be to read this article as two
separate case series, put side-to-side, to show the out-
comes of tapering jejunoplasty, in the context of our
general neonatal surgical care and outcomes, when it
comes to the jejunoileal atresia domain.
The main limitation of this study is being retrospective

and thus observational. The ideal study would be to ran-
domise all neonates with proximal jejunal atresia into hav-
ing the studied operation versus a gold standard, assuming
it is possible to define one, and then to analyse both groups.
This would be methodologically more robust but indeed
would attract a set of challenging issues around randomisa-
tion and its pertinent ethical considerations. On the other
hand, without prospective randomisation, it is difficult to
completely isolate confounding factors. Both groups were
comparable to a reasonable extent, albeit not identical. The
number of cases (statistical power) allowed the key findings
to be proven statistically valid. Having stated the limita-
tions, this series remains the largest reported to date for this
technical modification.
Conclusion
We found that tapering enteroplasty is feasible and
beneficial for cases with proximal jejunal atresia with
ectatic dilatation extending back to the duodenojejunal
flexure. It is a safe technique, and despite being a length-
ier operation, enteral feeding could be established early.
It is an optional modification within the neonatal surgi-
cal armamentaria, which is suitable for a selected group
of challenging cases.
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