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Abstract

Purpose Alimentary tract duplications (ATDs) are rare congenital lesions often associated with anomalies such as spinal,
urinary and GI tract malformations. The purpose of this study was to report the experience of a single center with ATDs in
children, focusing on the natural history, associated malformations, and their impact on patient management.

Methods We performed a retrospective analysis over 14 years, collecting prenatal, clinical, surgical, and follow-up data.
We focus on associated anomalies prenatal and postnatal management, and outcomes.

Results Sixty-three patients with ATD (thirty-six females, twenty-seven males, aged 1 day to 14 years) were enrolled in this
study. Prenatal diagnosis was made in 22 patients (35%), of whom 8 showed compression signs. Elective surgery was per-
formed at a mean age of 1.5 years in prenatally diagnosed cases. The others presented symptoms at a mean age of 5.2 years
(55.5%) or were detected incidentally (9.5%) at a mean age of 10.7 years. In four patients (6.3%), we identified multiple
duplications, and ten cases (15.8%) were found with associated anomalies.

Conclusion The wide spectrum of clinical appearance of ATDs and a comprehensive knowledge of human embryology might
define surgical management, which should always be patient-tailored and respectful of the child’s development.
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Introduction

The term alimentary tract duplication (ATD) (occurrence
of 1/4500 newborns) includes a wide range of congenital
lesions that can be found throughout the gastrointestinal (GI)
tract [1, 2].

ATD has three main characteristics, as described by Ladd
in 1937: (1) the presence of a well-developed coat of smooth
muscle, (2) an epithelial lining representing some portion of
! Department of Pediatric Surgery, Buzzi Children’s Hospital i?lteStir.lal tract mucosa, and (3) intimate anatomical associa-

’ ’ tion with the GI tract [2-5].
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erable interest, and many attractive explanations for its ori-
gin have been proposed. Still, none of them can explain the
full spectrum of lesions and associated anomalies observed
[6, 7].

Of interest, ATDs are often associated with other anom-
alies (up to 50% of cases), particularly spinal malforma-
tions in thoracic or thoracoabdominal lesions, intestinal
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malrotation, atresia in abdominal duplications, and urinary
tract malformations in lower duplications. [5, 8].

In this study, we report the experience with ATDs in
children of a single center of Pediatric Surgery, focusing
on natural history, the associated malformations, and their
impact on patient management.

Materials and methods

We performed a retrospective analysis of patients diag-
nosed with ATD over 14 years. Information was collected
on prenatal diagnosis, clinical presentation, preoperative
diagnostic procedures, location, ATD type, treatment, and
outcome. The presence of associated anomalies was care-
fully searched, diagnosis modalities, surgical management,
outcomes, and the natural history of the malformations were
studied.

Table 1 Location of ATD and associated malformations

Results

Between January 2010 and January 2024, 63 patients with
ATD came to our attention. There were 36 females and 27
males, ranging from 1 day to 14 years. The location of ATDs
and associated malformations are reported in Table 1.

Almost one-third of the patients (22/63, 35%) were
referred with a prenatal suspicion of abdominal or thoracic
cystic lesions or for prenatal identification of other asso-
ciated malformations. We identified 12 and 10 cases with
foregut and midgut cysts, respectively. Among the patients
with midgut cysts, two fetuses presented with the suspicion
of multiple duplications: one case had an ileal duplication
associated with a cecal duplication, and the second fetus pre-
sented with two isolated duplications. The differential diag-
nosis included choledochal, bronchogenic, cardiac, ovarian,
and splenic cysts. The natural history of the malformation
was followed by ultrasonographic (US) assessment. Nine
fetuses underwent MRI evaluation to assess their anatomy
better. Pregnancy had a regular course in all cases.

An analysis of the location of ATD and associated mal-
formations in a sample of 63 patients revealed that the mid-
gut is the most common location, accounting for 62% of

Location of ATD and associated malformations (n =63 patients)

Location Number of patients (%) Number and type of associated malformations
Foregut n=15/63 (23.8%)
Esophageal n=>5 -n=2 cases of pulmonary sequestration
-n=1 case congenital diaphragmatic hernia
Gastric n=4 -n=1 case genitourinary (calico-pyelic duplication)
Duodenal n=4 -n=1 case gallbladder duplication and annular pancreas
Esophagogastric n=1
Multiple (gastric + pancreatic) n=1
Midgut n=39/63 (62%)
Ileal n=17 -n=1 Meckel diverticulum
Cecum n=14 -n=1 hypertrophic pyloric stenosis
Ileocecal n=1
Isolated n=4 -n=1 Meckel diverticulum
-n=1 ileal atresia
Multiple (ileum + cecum; n=3
ileum + isolated; isolated)
Hindgut n=9/63 (14.3%)
Colon n=4 n=1 congenital lobar emphysema
n=2 Genitourinary
(1 urogenital sinus, 1 renal hypoplasia)
-n=2 Vertebral/spinal cord
(thoracic butterfly, and hemivertebra)
Anus n=3
Ano-rectum n=2 -n=1 Genitourinary (1 calico-pyelic duplication)

-n=1 Vertebral/spinal cord
(1 spinal dysraphism, 1 dysmorphic sacrum)
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cases. Associated malformations in the foregut primarily
involve the esophagus and stomach, while ileal and cecal
locations in the midgut have few associated malformations.
In the hindgut, genitourinary and vertebral malformations
are more frequently observed.

Using the Chi-square test of independence, we found a
statistically significant association between the location of
the ATD and the type of malformation (a Chi-square value
of 15.36 and a p value of 0.0176). This suggests that certain
malformations are more likely to occur in specific locations,
emphasizing the importance of considering ATD location
when evaluating associated malformations.

The mean age of intervention for all these cases was
1.5 years. After birth, eight patients with foregut cysts had
symptoms and signs related to compression of the surround-
ing structures (esophagus, lung, stomach, duodenum). They
were operated on before 12 months of life (Figs. 1, 2, 3). On
the other hand, surgery was postponed after 18 months of
life in asymptomatic patients with foregut (3 cases) and mid-
gut cysts (10 cases). One patient with a foregut cyst is still
waiting for surgery. A minimally invasive approach (MIS)
was performed in 16 patients. In particular, thoracoscopy
was feasible for the removal of all thoracic cysts. The lapa-
roscopy/laparo-assisted approach was used in five patients
with abdominal lesions.

Among those patients who did not receive a prenatal
diagnosis, 35 patients (55.5%) were admitted due to the

onset of symptoms. Acute abdominal pain (22/35, 63%)
was the most commonly reported symptom and, together
with relapsing pancreatitis (2/35, 5.7%), occurred at a mean
age of 6,9 years. The other onset symptoms occurred early,
at a mean age of 1,5 years, and included relapsing pneu-
monia (1/35, 2.8%), GI bleeding (3/35, 8.5%), pyometra
(1/35, 2.8%), peri-rectal abscess (1/35, 2.8%), intussuscep-
tion (3/35, 8.5%), rectal prolapse (1/35, 2.8%), and severe
constipation with failure to thrive (1/35, 2.8%).

Six patients (9.5%) had an incidental finding of ATD.

Four patients (6.3%) had double duplications: two had
a prenatal diagnosis, one had both an ileal and an iso-
lated duplication, and one had a gastric and a pancreatic
duplication.

Regarding the imaging, the abdominal US was decisive
in characterizing the duplication in almost all patients. A
chest radiograph was performed on 11 patients, including
those with thoracic lesions. A better anatomical definition
was obtained by thorax or abdominal MRI and CT scan,
performed on 32 and 17 patients, respectively. In addition,
we requested a Tc99 Scan in 1 case, contrast upper GI X-ray
evaluations in 14 patients, barium enema in 8 patients, and
endo-US in 5 cases. Figures 1, 2, and 3 report three cases
as examples.

Symptomatic patients had surgery shortly after the symp-
tom onset (mean 5.8 years), and patients with an incidental
diagnosis were operated at a mean age of 10.7 years.

Fig. 1 Fetal MRI showing a right thoracic cystic mass (arrow). The
mass narrowed the esophageal lumen, as shown in postnatal CT
(asterisk, b) and contrast swallow study (c). In d, the thoracoscopic

view is reported (arrow =lesion, E=esophagus; L=1lung). e Histol-
ogy (e, EE 10x; f, EE 20x) revealed a cyst with a smooth muscle
layer, gastric (e) and respiratory epithelium with cilia
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Fig.2 Gastric duplication cyst on US (a; asterisk=duplication;
S=stomach) and MRI (b; asterisk=duplication; G=gallbladder;
S =stomach). d Laparoscopic view (c; asterisk=duplication). ¢ His-

Subsequent submucosal excision removed gastric,
esophageal, and duodenal duplications (13 cases, 21%).
One asymptomatic patient with a duodenal duplication is
still awaiting surgery. Ileal and colonic duplications were
treated by resection of the involved bowel together with
the duplication and subsequent primary anastomosis (27
cases, 43,5%), submucosal excision (11 cases, 18%), and
Wrenn mucosectomy (2 cases, 3,2%). In isolated ATD (7
cases, 11%), resection alone was performed after ligation
of the vascular pedicle.

Distal hindgut ATDs were removed by a limited poste-
rior sagittal approach (5 cases, 8%).

Considering all operated patients, a minimally invasive
approach was performed in 25 cases (39.7%) and Table 2
resumes the clinical features of the series and the surgical
timing.

We found 16 associated malformations (25.8%) in 10
patients.
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tology of gastric duplication consisting of the cyst with a muscular
layer lined by squamous epithelium (d)

Patients with foregut duplications and associated anoma-
lies (4 cases) were evaluated with contrast barium swallow,
thorax X-ray, and thorax CT/MRI. The endoscopic US was
performed on two patients. The removal of the duplication
was planned as an additional surgical procedure or simulta-
neously with the correction of the associated anomaly. The
follow-up was uneventful for both patients who underwent
surgery.

Midgut duplications and associated anomalies were found
in three patients: two of them had an incidental diagnosis,
and one presented with vomit and signs of intussusception.
A single surgical procedure was performed in all of them at
a mean age of 12.3 months.

Patients with hindgut duplications had multiple associ-
ated anomalies. One presented a picture of atypical Cur-
rarino syndrome (anterior sacral mass and sacral dysmor-
phism) associated with scoliosis, duplex left calico-pyelic
system, and anorectal duplication. Another patient was
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Fig.3 Thoracic duplication leading to esophageal compression
(contrast swallow, a; asterisk in CT scan, b, 20x20X 15 mm). The
cyst was dissected and separated from the esophageal wall under

admitted for a peri-rectal abscess from the duplication. The
diagnostic definition was time-consuming, and surgical man-
agement of these patients required various operations in the
first year of life.

ATDs’ histology revealed no inflammatory infiltrates or
malignant changes in patients with associated anomalies,
and the tissue characteristics were comparable to those of
isolated ATDs.

In our series, we encountered one complication: gas-
troesophageal reflux (GERD) in one patient with a huge
lesion involving the gastroesophageal junction (GEJ), which
required surgical correction. No long-term complications
such as recurrence or malignancy were reported.

All patients, including those with multiple duplications
and associated anomalies, achieved favorable outcomes with
appropriate surgical and postoperative care.

Discussion

ATDs encompass many lesions that differ in location, origin,
anatomical features, and associated anomalies [7].
However, these lesions are usually rare and mainly
reported as single-case reports. Here, we describe our expe-
rience with a cohort of ATDs over a relatively long period,

endoscopic surveillance (thoracoscopy in ¢, d; asterisk=cyst,
arrow = endoscopic light; E =esophagus). Histology revealed a cystic
formation (e) lined by ciliated pseudostratified epithelium (f)

adding information on the natural history, prenatal evalua-
tion, clinical appearance, and associated anomalies [2, 6].
Some points merit discussion.

We can use the terms “foregut”, “midgut” and “hind-
gut” in their broadest sense to group the spectrum of ATD
according to their developmental origin [9].

“Foregut duplications”, including esophageal and gastric
duplications, derive from the primitive foregut [10, 11].

In particular, enteric esophageal cysts originate at an
early stage of development (before the separation of the
trachea from the esophagus), possibly from the failure of
an appropriate canalization after the epithelial stage (weeks
7-10), the persistence of embryonic mucosal diverticula,
or errors during the formation of the notochord (week 3),
that would explain neurenteric cysts associated to vertebral
defects [2, 7, 12].

Esophageal cysts are located in the prevertebral portion
of the superior mediastinum or the posterior mediastinum
[13, 14].

The presence of communications with the vertebral canal
was indicated as a risk factor for postoperative complications
in terms of morbidity and mortality [15].

Another anomaly associated with foregut duplications is
a second duplication of the small intestine, with an initially
reported incidence of 12.5% [16]. This condition represents
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Table 2 Clinical features and surgical timing in patients with prenatal and postnatal diagnosis

Clinical features and surgical timing in patients with prenatal and postnatal diagnosis

Total =63 cases

Prenatal diagnosis
n=22

Postnatal diagnosis
n=41

Natural history

Age at surgery

Type of surgery

Clinical picture Age of appearance

Type and age of surgery
(average)

All cases
Age of appearance
Wg 12-24

Foregut 12/22 (54.5%)

-n.8 postnatal com-
pressions

-n.4 asymptomatic

Midgut 10/22 (45.5%)

1.5 years (average)

< 12 months (if com-
pression)

> 18 months (asymp-
tomatic)

> 18 months

n=16 MIS

n=>35 open

n=1 waiting for
surgery

n=11MIS
n=1 waiting for
surgery

n=35MIS

Symptomatic patients

n=34

-n.22 acute abdominal
pain (63%)

-n.2relapsing pancrea-
titis (5.7%)

-n.1 relapsing pneu-
monia 2.8%)

-n.3 GI bleeding
(8.5%)

-n.1 pyometra (2.8%)

-n.1 peri-rectal
abscess (2.8%)

-n.3 intussusception
(8.5%)

-n.1 rectal prolapse
(2.8%)

-n.1 severe constipa-
tion with failure to
thrive (2.8%)

Incidental cases
n=6

6.9 years (abdominal
pain and recurrent
pancreatitis)

1.5 years (all other
symptoms)

10.7 years

n=3 MIS

n=29 open

n=1 waiting for
surgery

5.8 years

n=6 MIS
10.7 years

-n.10 asymptomatic n=>5 open

a surgical challenge, as the duplication may be huge, pass-
ing through the diaphragm, occupying both the thorax and
the abdomen, and communicating with the alimentary tract.

An infrequent association is with esophageal atresia, with
only 17 cases reported since 1956. In these cases, the diag-
nosis of ATD is usually delayed because the duplication is
asymptomatic and often missed during esophageal atresia
repair surgery, making additional surgical procedures neces-
sary [14, 17].

Foregut duplications have also been described in patients
with congenital pulmonary airway malformations (particu-
larly cystic airway malformations—CCAM and pulmonary
sequestration—PS), as we experienced in two patients
(esophageal duplication cyst associated with PS and PS with
CDH) [18-21].

The small intestine, particularly the ileum, represents the
most common location of ATDs (“midgut duplications™)
[5, 22]. Once again, there is no satisfactory explanation for
the pathogenesis of midgut ATDs, and the mechanisms of
defective embryogenesis (split notochord theory, errors of
recanalization) proposed for the foregut represent the most
acceptable hypothesis [2, 7].

@ Springer

In 1907, Lewis and Thyng observed diverticula of the
digestive tract of embryos in the 6th—8th weeks, which
are usually transient but may persist as small cysts or
diverticula, leading to the development of ATDs or the
persistence of Meckel’s diverticulum [23]. We observed
two patients with this association. Both the Meckel’s
diverticulum and the ATD may cause intestinal bleeding
when gastric mucosa ulcerates intestinal mucosa distal to
it [23-25]. Given this possibility, although the associa-
tion of Meckel and the duplication did not influence the
patients’ management, it seems worthwhile to carefully
inspect all the intestinal bundles, searching for associated
anomalies. This maneuver is fast, safe, and feasible under
minimally invasive procedure [24].

Another possible etiology of midgut ATD is based on the
occurrence of an intrauterine mesenteric vascular accident.
This hypothesis was proposed considering the association of
ATD and intestinal atresia, as we experienced in one patient
[2,7,25].

Midgut ATDs may determine severe symptoms (acute
abdominal pain, bleeding, intestinal obstruction, intussus-
ception) requiring urgent surgery [26].
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“Hindgut” ATD includes midline cystic and tubular
duplications of the colon-rectum that are similar in structure
and embryogenesis to those of the midgut and the “side-by-
side” tubular duplications that are often accompanied by
the pairing of other midline structures (e.g., two vaginae,
two uteri, two bladders, bifid vertebral column). Besides
the urogenital and skeletal anomalies mentioned, malrota-
tion, horseshoe, or absence of kidney and clubfoot have also
been described [3, 27, 28]. In our series, three out of five
patients with hindgut duplications had associated anoma-
lies. We have recently reported the case of a patient with
total colonic tubular duplication, pointing out the surgical
difficulties and the lack of indications on how to perform
long-term surveillance [29].

ATDs in our series were associated with additional anom-
alies or multiple duplications in about 25% of the cases.
Still, they do not appear to influence management as long as
they are identified early. Although the condition is rare, we
suggest careful inspection and patient evaluation to exclude
associated malformations [2, 30].

Prenatal diagnosis of ATDs is reported in around 20-30%
of cases [31].

Specific prenatal features, such as fixed abdominal dou-
ble bubbles, double wall, and visible peristalsis, have been
described and permit the identification of ATDs as early as
12 weeks of gestation [32, 33]. We reported prenatal iden-
tification in 35% of patients, including foregut and midgut
cysts, while tubular hindgut forms are more complex to iden-
tify as they might be misinterpreted as bowel loops.

Once ATDs have been suspected, multiple observations
are required throughout pregnancy to screen for associated
anomalies and prenatal complications [34].

According to a recent systematic review, which included
86 patients with prenatally diagnosed intraabdominal ATD,
most duplications are detected in the second trimester, and
half of the infants with prenatal identification develop symp-
toms after birth [33]. Jejunal, colonic, and larger enteric
cysts were more commonly associated with symptoms [33].
In our series, 36.4% of patients with prenatal diagnosis had
signs and symptoms related to a compression effect deter-
mined by large foregut cysts. The preoperative workup
included additional investigations (such as a contrast swal-
low study and endoscopic US) for a better anatomical assess-
ment and the definition of the surgical timing.

ATDs usually present with no predictive features for com-
plications, and surgery is mandatory.

Associated anomalies significantly impacted the man-
agement plan and timing of surgery for patients with ali-
mentary tract duplications (ATDs). Of the 63 patients in
our study, 35% were referred due to prenatal suspicions
of abdominal or thoracic cystic lesions or for identify-
ing associated malformations. Among those with midgut
cysts, two fetuses presented multiple duplications—one

with an ileal and cecal duplication, and another with two
isolated duplications. This complexity necessitated a care-
ful differential diagnosis, which included choledochal,
bronchogenic, cardiac, ovarian, and splenic cysts.

The decision-making process was further influenced
by the severity and type of associated anomalies. For
instance, eight patients with foregut cysts experienced
symptoms related to the compression of surrounding struc-
tures, leading to surgical intervention before 12 months of
age. In contrast, asymptomatic patients with foregut and
midgut cysts were managed conservatively, with surgery
postponed until after 18 months of age.

Furthermore, in cases without prenatal diagnosis, the
emergence of symptoms such as acute abdominal pain also
dictated the urgency of surgical intervention. For example,
acute abdominal pain was reported in 63% of the symp-
tomatic cohort (mean age 6.9 years) and required earlier
surgical planning compared to asymptomatic patients.

Over the years, a deeper understanding of ATDs has
highlighted the importance of tailoring clinical decisions
to the specific context of each patient, shifting from a
generalized approach to a case-based management. The
growing use of minimally invasive surgery (MIS) has revo-
lutionized treatment, reducing invasiveness and improving
recovery times. In patients with associated anomalies, a
personalized approach allowed for coordinated and simul-
taneous surgical interventions, reducing the number of
necessary surgeries and improving outcomes.

Surgical excision of ATDs, together with satellite cysts
(when associated), prevents possible septic sequelae and
malignant change [26, 33, 35, 36].

Surgical resection is curative and feasible under mini-
mally invasive procedures in almost 40% of cases. Simi-
larly, endoscopic cystectomy or marsupialization may be
effective if the mucosa is completely removed [37]. Par-
ticular attention must be paid in the follow-up to forms
involving the esophagogastric junction due to the possi-
ble risk of reflux and for those localized in the ileocecal
region. The latter often requires ileocecal resection, posing
a risk for reduced intestinal transit and impaired malab-
sorption in the first months of life [33].

Although most ATD cases occur sporadically, detect-
ing familial cases may suggest a hereditary component;
hence, some duplications may be associated with genetic
mutations. However, a specific pattern of inheritance has
yet to be identified. Some authors showed a slight male
predominance in a single-institution series [38], whereas
others reported no evidence of gender distribution [30,
39]. Moreover, no specific genes are identified as respon-
sible. Further investigations involve using Next Genera-
tion Sequencing (NGS) to identify a wide range of genetic
variations, such as single nucleotide polymorphisms,
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insertions, and deletions, and uncover new genes and
genetic mutations involved in the biological processes of
ATDs.

Conclusion

Our findings highlight that diverse clinical manifestations
of alimentary tract duplications (ATDs) are influenced by
embryological origins and anatomical location. Understand-
ing these variations is crucial for accurate diagnosis and
management. The surgical approach should be individual-
ized based on the age at presentation, anatomical character-
istics, and patient’s symptoms. A tailored surgical strategy
should be based on the developmental characteristics of each
patient and should minimize the impact on growth and organ
function.
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