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ABSTRACT

Intestinal atresia in both twins from the same pregnancy is very rare. Only seven
pairs of twins have been described. The authors report on two cases of monozygotic twins
with different types of intestinal atresia and clinical evolution. Both pairs of observed twins
turned out to be concordant for the presence of intestinal malformations and for the
absence of other linked malformations; nevertheless, the atresic lesions were anatomically
discordant in each pair of monozygotic twins. Therefore, the diagnostic and therapeutic
procedures have shown some differences in phenotypic expression between the twins of
both pairs. Possible etiologic factors and pathogenetic pathways are discussed, and the
importance of an accurate clinical and instrumental investigation and a long-term follow-
up is underlined. Very rare models, such as pairs of monozygotic twins presenting intestinal
atresia, represent an extraordinary resource to add new clinical and laboratory information
likely to be useful in future advancements to understand the underlying etiology and

pathogenesis.
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Intestinal atresia is related to the absence of a
normal opening of the gut or failure of structure to be
tubular and is associated with narrowing or occlusion of
the internal lumen. It is a leading cause of neonatal
intestinal obstruction in developed countries and one of
the most common causes of alimentary tract obstruction
in the newborn, second only to anorectal malformation.!
Jejunoileal atresia occurs about once in every 5000 live
births, and several cases of recurrence in the same family
have been reported. Newborns from multiple pregnan-
cies have a higher rate of small intestinal atresia than
singletons, possibly due to vascular disruptions in mono-
zygotic twins. Reports of intestinal atresia in both twins
from the same pregnancy are very rare; only seven
pairs of twins have been described in the literature.” In

a 9-month period between 2007 and 2008, at the
Policlinic of Palermo University, we observed two pairs
of monozygotic twins with different types of intestinal
atresia and clinical evolution.

CLINICAL REPORTS

Patient 1A and 1B

Two female twins (1A and 1B) were born from mono-
chorionic biamniotic pregnancy at 31.4 weeks of gesta-
tion by elective caesarean delivery. Prenatal ultrasound
evidence of polyhydramnios and “double-bubble” with-
out other morphological abnormalities was obtained at
28 weeks of gestation for both fetuses. Macroscopic
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Figure 1 X-ray of patient 1A.

observation of placentas at birth did not show evidences
of vascular accidents, but no histological investigation
was performed. Apgar scores were 7/8 for patient 1A and
7/9 for patient 1B. Birth weights were 1330 and 1500 g,
respectively. An abdominal orthostatic X-ray showed
abdominal distension and double-bubble sign in both
twins (Figs. 1 and 2). A large amount of gastric fluid
(30 mL in patient 1A and 50 mL of bilious gastric

Figure 2 X-ray of patient 1B.

residuals in patient 1B) were aspirated via the nasogastric
tube. Therefore, enteral feeding was not started and total
parenteral nutrition with central vascular access was
provided.

Due to birth respiratory distress syndrome, both
twins were intubated for 4 hours, followed by 48 hours of
nasal continuous positive airway pressure. Phototherapy
was performed on both patients from the third and
second day of life, respectively, for ~72 hours.

Patient 1A underwent laparotomy on the fifth day
of life, which showed a proximal duodenal atresia, a
dilated duodenum, and a complete mucosal duodenal
membrane in its distal part. The papilla was placed in the
intermediate dilated duodenum, which appeared as a
large biliary cystic mass (Fig. 3). Therefore, the duodenal
membrane was removed and an end-to-end anastomosis
between the residual duodenum and the first jejunal loop
was performed. In the proximal part, the duodenal
atresic tract was opened and an end-to-end gastroduo-
denal anastomosis was performed. After 29 days of total
parenteral nutrition, the patient gradually started enteral
nutrition with milk formula, and partial parenteral
nutrition was suspended at 45 days of life.

Patient 1B underwent laparotomy on the fourth
day of life, which showed intestinal atresia between the
duodenum and the proximal jejunal loop and an “apple
peel” atresia with mesenteric defect and intestinal malro-
tation (Fig. 4). Therefore, the atresic part was excised and
a duodenojejunal anastomosis was performed. After
30 days of total parenteral nutrition, the patient gradually
started enteral nutrition with milk formula, and partial
parenteral nutrition was suspended at 40 days of life.

At 30 months after birth, an appendectomy was
performed on patient 1A.

The babies are currently 32 months old. At
tollow-up, growth pattern appears adequate for patient
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Figure 3 Scheme of intestinal malformation in patient 1A.
CBD, common bile duct; PD, pancreatic duct.
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Figure 4 Scheme of intestinal malformation in patient 1B.

1B (weight, length, and head circumference at 50th
percentile), but patient 1A is 3rd to 10th percentile for
weight, 10th to 25th percentile for length, and 10th
percentile for head circumference.

Patients 2A and 2B

Two female twins (2A and 2B) were born from mono-
chorionic biamniotic twin pregnancy at 32.4 weeks of
gestation by emergency caesarean delivery for premature
labor. During pregnancy, intestinal atresia in both twins
was suspected at the fetal ultrasound scanning. There
was no family history of either malformation or con-
sanguinity. No exposure to radiations or drugs was noted
during the pregnancy. Macroscopic observation of pla-
centas at birth did not show evidence of vascular acci-
dents, but no histological investigation was performed.
Apgar scores were 7/8 for patient 2A and 7/9 for patient
2B. Birth weights were 1390 and 1550 g, respectively.

Clinically, they showed abdominal overdisten-
sion; an abdominal orthostatic X-ray showed double-
bubble sign in both babies. No other malformations were
tound. Phototherapy was performed on both twins from
the second to sixth days of life. Both twins underwent
surgical operation on the third day of life.

In patient 2A, the entire small intestine was
atresic and malrotated (from almost the beginning of
jejunum down to the distal part of the ileus only 5 cm
before the ileocecal valve) and showed apple peel mal-
formation (Fig. 5), therefore she underwent excision of
the atresic intestine with proximal jejunostomy and
distal ileostomy. Total parenteral nutrition was per-
tormed for 14 days, then she gradually started enteral
nutrition with milk formula containing essential amino
acids. At the age of 2 months and 7 days of life, patient
2A underwent intestinal recanalization, totally measur-
ing 20 cm, and prophylactic appendectomy and chol-
ecystectomy. Hepatic intraoperative biopsy showed
alterations due to total parenteral nutrition, which pro-
gressively regressed after starting enteral feeding to

Figure 5 Apple peel malformation on patient 2A.

support partial parenteral nutrition. Neurological and
ophthalmological screenings were normal.

At 7 months of age, central venous catheteriza-
tion was performed on the right internal jugular vein
with a nutritional schedule of 53% nocturnal parenteral
nutrition and 47% daytime enteral nutrition. At
8 months of age, patient 2A weighed 4900 g (<3rd
percentile), her length was 62.5 cm (10th percentile),
and head circumference was 37 cm. At 14 months of age,
she weighed 6320 g, her length was 69 c¢m, and head
circumference was 43 cm (<3rd percentile).

Patient 2B showed volvulus and apple peel mal-
formation with meconium peritonitis and diffuse ne-
crosis of the entire small intestine down to 1 cm before
the ileocecal valve, and therefore she underwent excision
of the atresic intestine with proximal jejunostomy and
distal ileostomy (Fig. 6). The apple peel malformation
caused a major loss of intestinal length. Postoperative
recovery was associated with a prolonged period of
intestinal inactivity, hence total parenteral nutritional
was needed for 15 days followed by enteral feeding with
milk formula containing essential amino acids support-
ing partial parenteral nutrition. At 3 months of age

Figure 6 Apple peel with meconium peritonitis and diffuse
necrosis on patient 2B.
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patient, 2B underwent surgery for intestinal recanaliza-
tion, after an intestinal elongation using serial transverse
enteroplasty. Hepatic intraoperative biopsy showed al-
terations due to total parenteral nutrition. After surgery,
patient 2B had a slow recovery of intestinal transit and
episodes of diarrhea and regurgitations that required
temporary interruption of enteral nutrition. Intestinal
transit investigation showed an anastomotic jejunoileal
stenosis treated with fluoroscopic pneumatic dilatations.

Despite positive enteral feeding tolerance, there
was a progressive worsening of cholestatic indexes and
splenomegaly; hepatic biopsy showed alterations due to
total parenteral nutrition with portal hypertension and
hepatic fibrosis. Therefore, lipids in parenteral nutrition
were temporarily suspended and replaced by exclusive
fish oil administration with progressive cholestatic in-
dexes improvement, then lipids were gradually reintro-
duced.

At 8 months of age patient, patient 2B weighed
4700 g (<3rd percentile), her length was 64 cm (25th to
50th percentile), and head circumference was 40 cm (3rd
to 10th percentile). At discharge, she was fed on a
nutritional schedule of 57% nocturnal parenteral nutri-
tion and 43% daytime enteral nutrition. Her growth was
still insufficient due to poor carbohydrate absorption, as
showed by the xylose test, and her hepatic alterations
worsened; therefore, carnitine was introduced in the
parenteral nutrition. At 15 months of age, she weighed
5690 g, her length was 66 cm, and head circumference
was 42.5 cm (<3rd percentile).

DISCUSSION
Intestinal atresia is a heterogeneous condition, with
many etiologic factors and pathogenetic pathways in-
volved, and several cases of familiar recurrence have been
described. Different kinds and types of atresia, at differ-
ent levels (duodenal, jejunal, ileal) and with different
extension have been described. Type IIIB or apple peel
atresia is a rare but well-know variant of jejunoileal
atresia. In this birth defect, the distal ileum receives its
blood supply from the ileocolic or right colic artery in a
retrograde fashion.® The apple peel deformity is usually
found in premature infants and is associated with a
significant loss of small intestine, physiologically short
bowel, and subsequent feeding intolerance.* Conse-
quently, the defect is associated with high mortality,
often resulting from inability to adequately provide
nutrition for these children, though recent reports sug-
gest an improvement in prognosis.5_7

Polyhydramnios and dilated intestinal loops, seen
on antenatal scan, lead to suspected intestinal disconti-
nuity. After birth, babies with atresia present failure to
tolerate feeds, bilious vomiting, and abdominal disten-
sion. The classic double-bubble sign on abdominal X-ray

may be the pathognomonic diagnostic marker.

Classically, there are two theories to explain the
pathogenesis of intestinal atresia. Tandler supposed an
error of the revacuolization of the solid cord of intestine,
with a lack of recanalization in the early embryonic
period.8 Then, Louw and Barnard presented their ob-
servation on the origin of intestinal atresia in the midgut.9
They proposed that intestinal atresia was caused by an
embryological “vascular accident.” There is no specific
teratogen or genetic factor identified as a causal agent of
either theoretic mechanism of development. Genetic
factors or teratogen agents could cause a defect in the
process of recanalization of the intestine as well as in the
vascular supply to a segment of the fetal bowel.’° Familial
hereditary forms of duodenal, jejunoileal, colonic, and
multiple atresias have been reported.'"'* The associated
presence of nongastrointestinal developmental defects
raises the possibility of intestinal atresia being an auto-
somal-recessive heritable condition in some cases. It may
also be associated to Down syndrome.

Recently, Fairbanks and colleagues evaluated the
regulatory role of the fibroblast growth factor (Fgf) 10
and fibroblast growth factor receptor (Fgfr) 2b signaling
pathway in the manifestation of intestinal atresia. />
The fibroblast growth factors act through tyrosine kinase
transmembrane receptors. Fgfr2b is a receptor for Fgfs 1,
3, 7, and 10. These receptor ligand interactions have a
role in mesenchymal and epithelial cell interactions. The
Fgfr gene family has genetic linkage to skeletal dyspla-
sias, autosomal-dominant craniosynostosis syndromes,
and mammary gland development, including gastroin-
testinal malformations. The involvement of the Fgf10/
Fgtr2b pathway in the pathogenesis of intestinal atresia
is related to tissue-specific transcription factors, which
regulate the expression of Fgf10 according to the organ
system and the stage of gestation.15’16 Homozygous
deletion of Fgfr2b in embryonic mouse permitted eval-
uation of the role of this signaling pathway in regulating
proliferation and apoptosis in intestinal development; it
results in a decrease in the rate of proliferation both in
the mesenchyme and in the epithelium. The effect of
deletion of Fgfr2b is a duodenal atresia with a 35%
penetrance and a variable phenotype, without vascular
malformation, raising questions about the role of vascu-
logenesis in intestinal atresia.

Seven sets of twins with jejunal or ileal atresia
have already been reported in scientific literature: for one
pair, there are no descriptive data available, and for all
other pairs, most data are incomplete, important infor-
mation is lacking, and there is no follow-up. All patients
born before 1969 did not survive, whereas all patients
born since 1980 did survive. Type I atresia and type I1IB
atresia were the most frequently observed (five patients
each). Only three pairs showed the same type of atresia
in both twins. Only one patient showed an associated
major malformation (gastroschisis), and in three pa-
tients, malrotation was described.



CONCORDANT INTESTINAL ATRESIA IN MONOZYGOTIC TWINS/GIUFFRE ET AL

81

The observation and the detailed description of
two additional pairs of twins affected by intestinal atresia
represent an important contribution to scientific knowl-
edge. The present twins all survived the neonatal period
and have a long-term follow-up (up to 3 years). The first
pair showed a discordant type of atresia, and the second
pair both showed type IIIB atresia but with different
phenotypic expression and long-term outcome. The
silent family and pregnancy history and the phenotypical
differences between twins in each pair support the role of
environmental factors in the pathogenesis. Nevertheless,
genetic anomalies should always be considered in case of
occurrence of similar malformations in both twins of
monochorionic pregnancy.

CONCLUSION

Intestinal atresia, although rare, may be a significant
clinical problem facing the neonatal patient population.
The diagnosis may be made by prenatal ultrasound scan
or after birth in the presence of bilious vomiting and the
classic double-bubble sign on abdominal X-ray.

Only seven pairs of twins are described, and our
cases are the eighth and ninth pairs of twins both
affected by intestinal atresia. Mortality still remains
high, and only seven neonates of these pairs of twins
did not die in the neonatal period; therefore, we need
long-term follow-up to learn more about the evolution
of the natural history of these patients.

In our report, both pairs of observed twins turned
out to be concordant for the presence of intestinal
malformations and for the absence of other linked
malformations. Nevertheless, the atresic lesions were
anatomically discordant in each pair of monozygotic
twins. Therefore, the diagnostic and therapeutic proce-
dures have shown some differences in phenotypic ex-
pression between the twins of both pairs. Such
differences may be negligible for the short- and long-
term outcome (in example for the first pair of twins in
this report) or may be significantly relevant (in example
for the patient 2B, who required more sophisticated
surgical treatments and still presents a more severe
prognosis).

No chromosomal anomalies or mitochondrial
diseases were found in these patients; possibly, an
autosomal-recessive inheritance could be supposed.

Today, the paucity of available data does not allow
to distinguish adequately the genetic and/or environ-
mental factors causing intestinal malformations. Very
rare models, such as pairs of monozygotic twins present-
ing intestinal atresia, represent an extraordinary resource
to add new clinical and laboratory information to under-
stand the underlying etiology and pathogenesis. These

patients need an accurate clinical and instrumental in-
vestigation and a long-term follow-up that may reveal
significant differences or new information likely to be
useful in the next future advancements.
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