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Background: Vitellointestinal duct (VID) or Omphalomesenteric duct (OMD) is the embryonic
connection between the yolk sac and the primitive midgut. Anomalies result from failure of
the involution of the VID. Normally, it obliterates between the fifth and seventh weeks of
fetal life. They include Meckel’s diverticulum (MD), fibrous band, fistula, sinus tract, cyst,
and umbilical polyp. Symptomatic cases require surgical correction. They are characterised
by different clinical presentations and histological appearances. This study gathers a single
paediatric institutional experience of VID remnants, their demographic, clinical profile, varied
histomorphology including the presence of ectopic tissues. Aims and Objectives: The objective
of this study was to retrospectively review all the symptomatic cases of VID abnormalities
at a tertiary pediatric referral hospital. The demographic profile, clinical presentation, and
histopathology were reviewed and descriptively analyzed. We classified these anomalies based
on embryology and histology. The findings of this study will provide insights to pathologists
and treating clinicians less exposed to these rare lesions. Materials and Methods: Data was
retrieved retrospectively from the pathology records of a tertiary paediatric referral institute
for 3 years. Histological slides of VID anomalies were reviewed and a descriptive analysis
of the findings was performed. A thorough review of the literature was also done on these
very rare lesions and their findings compared to our results. Results: A total of 60 cases
of VID anomalies were encountered during the study period. There was significant male
preponderance. The most common age group at surgery was infancy. MD was the commonest
VID anomaly. The least common was vitelline fistula and only a single case was encountered
in the study period. Ectopic tissues were seen in 25% of the cases and included gastric and
colonic mucosae and pancreatic tissue. Conclusion: The histopathology of VID anomalies
provides an interesting diagnostic experience for the reporting pathologist. Awareness of
the embryology, presentation and histology of these lesions aids in accurate diagnosis.
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INTRODUCTION

The umbilicus is similar to the neck of a bottle which
carries the umbilical vessels and the structures of the
digestive and urinary tract during the intrauterine life.! It
is an important embryonic and anatomic landmark on the
anterior abdominal wall. Most of the umbilical disorders
are congenital. > Development of the umbilicus begins
around the fourth week of fetal life, when the folding of
the embryonic disk results in the division of the yolk sac

into two parts, an intraceolomic and an extraceolomic part
called definitive yolk sac. These two are connected by the
vitellointestinal duct (VID) or omphalomesenteric duct
(OMD).” The umbilical cord has two tubular structures.
One is the VID and the second is allantois that extends
from the cloaca as a blind pouch within the umbilical cord.
During normal development, the VID disappears around
5-9 weeks of intrauterine life and the allantois is reduced
to a fibrous cord called urachus between 8-16 weeks of
life. Around the time of birth, the VID and the yolk sac
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disappear completely leaving only two umbilical arteries
and one umbilical vein. This process of obliteration begins
on the umbilical end and extends towards the intestine.
The failure of VID to disappear at birth results in vitello
intestinal duct anomalies.

Vitelline duct pathology results in a spectrum of anomalies
like Meckel’s diverticulum (MD), vitelline cyst or OMD
cyst, persistent fibrous cord, umbilical sinus or vitelline
sinus, and persistent vitellointestinal duct (PVID) or VID
fistula discharging contents of small bowel.* Remnants
of VID are reported to be present in 2-4% of post
mortem examinations.” Symptomatic cases need surgical
intervention. A large majority of cases however go
unrecognized.’

Aims and objectives

The objective of this study was to retrospectively review all
the symptomatic cases of VID abnormalities at a tertiary
pediatric referral hospital. The demographic profile, clinical
presentation, and histopathology were reviewed and
descriptively analyzed. We classified these anomalies based
on embryology and histology. The findings of this study
will provide insights to pathologists and treating clinicians
less exposed to these rare lesions.

MATERIALS AND METHODS

A retrospective descriptive study of VID remnants of
3 years’ duration was taken up at a tertiary pediatric referral
hospital. Pathology records of the surgical specimens
of cutaneous VID remnants and Meckel’s diverticulum
received were analyzed from June 2015 to June 2018. The
available patient related information, gender, age at surgery,
the clinical presentation was retrieved along with gross and
microscopic findings. A detailed histopathological analysis
of the hematoxylin and eosin stained slides of all the cases
was performed by two pathologists. The epithelial lining
of the VID remnants along with presence of any ectopic
or heterotopic tissue was studied.

A descriptive analysis of the findings was performed and
results interpreted. The age and sex distribution of all the
cases of VID anomalies along with number and percentage
of each anomaly was derived. The number of cases
showing different clinical features and the percentage of
cases with ectopic mucosal tissues and type of the ectopic
lining epithelium has been described in every anomaly
of VID.

All cases of VID remnants during the study period were
included. Persistent urachus, other urachal anomalies, and
umbilical granulomas were excluded from the study.
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RESULTS

Sixty cases of VID remnants were retrieved from the
pathology records during the study period, and a total of
six different types of anomalies of VID were encountered.
The detailed division of the VID remnants, along with the
age at presentation, sex predilection, clinical presentation,
and histology is described in Table 1.

Male to female incidence was 1.8: 1 and most of the cases
21 (35%) were less than a year old. Meckel’s diverticulum
was the commonest anomaly accounting for nearly 75% of
the cases. Vitelline sinus was the least common (Table 1).
The findings of each entity in the spectrum of VID
remnants will be discussed separately.

Meckel’s diverticulum was seen in 45 cases. There was a
male preponderance at the ratio of 2.2:1. Age incidence
was as follows, 0-1 years -17 cases, 1-2 years-10 cases,
2-5years-7 cases, and 5-10 years -11 cases. Most of the patients
were infants (37.77%). Twenty five patients presented with
intestinal obstruction. Ten (22.2%) presented with diverticulitis
and 4 (8.88%) presented with lower gastrointestinal bleeding;

On microscopy, transmural inflammation was seen in
33 cases (73.3%). Ten cases (22.2%) showed submucosal
lymphoid hyperplasia. Small intestinal lining along with
heterotopic pancreas was seen in 6 cases (13.33%) and
small intestinal lining with heterotopic gastric mucosa in
4 cases (8.88%). Only ectopic pancreatic tissue was seen
in 2 cases (4.44%) of MD (Image 1).

Vitelline band or fibrous remnant of VID was seen in
6 cases (10%). Four were male and 2 female children. Age
distribution in this second common lesion in the study was

53 / ».m%' t\‘\\
Meckels Diverticulitis

Ectopic pancreatlc & gastric

ECtOplC pancreatic tissue
tissue

Image 1: H&E stain x40, Microscopic images of Meckel’s diverticulum
showing ectopic gastric and pancreatic tissues
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S.No VID No of cases (%) Age at Sex Clinical Histology/ ectopic tissue
Anomaly N=60 presentation(%) incidence presentation(%)
1 Meckel's 45(75) 0-1years-17 1.8:1 Intestinal Small intestinal lining along with
diverticulum (37.77) obstruction-25(55.55)  heterotopic pancreas seen in 6
1-2 Diverticulitis-10 cases (13.33%)
years-10(22.22) (22.22) Small intestinal lining with
2-5 years- Lower Gl heterotopic gastric mucosa seen
7(15.55) bleed-4(8.88) in 4 cases (8.88%)
5-10 years- Only ectopic pancreatic tissue
11(24.44) was seen in 2 cases (4.44%)
2 Vitelline 6(10) years-1(16.66) 2:1 Intestinal obstruction  Fibro collagenous band seen in
band — 4 (66.66) 6 cases (100)
2-5 Pain abdomen — 2 Ectopic tissue- none
years-1(16.66) (33.33)
5-10
years-4(66.66)
3 PVID 4(6.6) Age less than 3:1 Umbilical Small intestinal epithelium seen
one month — swelling-3(75) in 4cases(100)
4(100) Umbilical Ectopic tissue- none
discharge-3(75)
Omphalocele
minor-1(25)
4 OMD Cyst 2(3.3) <one month — 1 Both female  Umbilical discharge Cyst wall with Small intestinal
7 months— 1 -2(100) epithelium-1(50)
Pancreatic tissue seen in 1(50)
5 Umbilical 2(3.3) 11 months-1 Both female  Umbilical swelling Small intestinal epithelium seen
polyp 3 years-1 and discharge — in 1(50)
2(100) Colonic epitheliumseen in 1(50)
6 Umbilical 1(1.6) 3 % years Male Umbilical discharge  Colonic epithelium seen in
sinus 1(100) 1(100)

0-1 year- 1 case, 2-5 years- 1 case, and 5-10 years- 4 cases.
The highest incidence was in older children i.e. 5-10 years
60.6%. Four cases presented as intestinal obstruction and 2 as
pain abdomen. Histopathology revealed linear band of fibro
collagenous tissue devoid of lining epithelium (Image 2).

Persistent VID or VID fistula was seen in 4 cases. 3 cases
(75%) presented with small growth at the umbilicus and
umbilical discharge of fecal matter and one case had associated
omphalocele minor. All cases presented in the neonatal age
group. Microscopy revealed small intestinal mucosa No
ectopic tissues were noted in these cases (Image 2).

We encountered 2 cases of OMD cyst or vitelline cyst. One
of the cases was a neonate and another was a 7-month old
child. Both cases were females and both presented with
umbilical discharge. On histological examination, in one of
the cases the cyst wall was lined by small intestinal mucosa
and in the other case by pancreatic tissue (Image 3).

We received 2 cases of umbilical polyp in the study
period. Both were males one case was 11 month old child
who presented with umbilical swelling and foul smelling
discharge, the other child was 3 years old and presented
with umbilical swelling and a history of bleeding on trauma.
Histology in one of the cases was characterized by the
presence of small intestinal epithelium and in the younger
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Image 2: (a) H&E stain x40, Microscopy of remnant fibrous band
showing band of fibro collagenous tissue devoid of lining epithelium
and (b) PVID lined by small bowel mucosa

child, a surprising finding of colonic epithelium was seen
on microscopy (Image 3).

The last type of anomaly, vitelline or umbilical sinus was
present in a 3 1/2 -year old male child with a history of
umbilical discharge of 4 months’ duration. Histopathology
revealed partly a preserved epidermis along with an ulcerated
area beneath the epithelium. Underneath the ulcerated
surface was colonic mucosa with mucin secreting glands

(Image 4).

DISCUSSION

The umbilicus is considered a mirror of the abdomen!
and the umbilical cord is the lifeline between the fetus and
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Image 3: (a) H&E stain x40, Microscopy of umbilical polyp with colonic
mucosa and (b) OMD cyst showing ectopic pancreatic tissue
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mbilical sinus/vitelline sinus
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Image 4: H&E stain x10, Microscopy of the case of umbilical sinus
showing discontinuous stratified squamous epithelium with colonic
mucosa

the placenta. The embryo is attached to the placenta by a
connecting stalk by the end of the third week of gestation.
By 25 days of life yolk sac forms, and around 28 days
at the level of the anterior wall of the embryo vitelline
duct is formed from the yolk sac. Towards the end of the
fifth week of gestation primitive umbilical ring is formed.
Surrounding the vitelline duct it contains a) stalk through
which the allantois passes along with the paired umbilical
arteries and umbilical vein. b) vitelline duct (yolk sac stalk)
and ¢) a canal that connects the intra and extra embryonic
coclomic cavities.”

The primitive yolk sac divides into two portions
intracoelomic and extracoelomic. They are connected
by the vitellointestinal duct. Thus VID is an embryonic
connection between the extra embryonic yolk sac and the
primitive mid gut through the umbilical coelome, and also
contains vessels that provide nutrition to the developing
embryo till the placenta is formed.* The intracoelomic part
develops into midgut and hindgut. At this time a broad
communication is present between the developing gut and
extracoelomic yolk sac. Differential growth of the anterior
body walls and the elongation of the intestinal tract to form
the vitelline duct this communication gets narrowed. These
structures together with the vitelline artery and vein form

120

the yolk stalk. The umbilical vein, two umbilical arteries and
allantois form the body stalk. The diverticulum from the
hindgut part of the intraceolomic yolk sac fuses with the
yolk stalk and forms the umbilical cord with an allantoic
membrane investment.” The umbilical arteries and veins
close after birth forming lateral umbilical ligaments and
ligamentum teres respectively.

Around the sixth week of gestation, midgut herniates
into the umbilical cord and rotates 90° counter clockwise
around the superior mesenteric artery axis. During the
process, VID closes its lumen to become a thin fibrous
band which later is obliterated. Incompletely resorbed VID
persists and presents as a spectrum of anomalies. Complete
patency of the tract is called persistent vitellointestinal
duct fistula (PVID), and partial patency of the proximal
remnant is called a sinus. A remnant at the umbilicus with
no connection to the gut results in aberrant tissue called
umbilical polyp or closed OMD. A remnant located at the
ileal end with no connection to the umbilicus is a Meckel’s
diverticulum. An OMD or VID cyst is created when both
ends i.e. umbilical and ileal are closed and the mid part of the
duct remains patent. A fibrous cord or band develops when
only fibrous tissue connects the ileum and umbilicus.'™!"

This retrospective study was taken up at Niloufer hospital,
a tertiary paediatric referral hospital in Hyderabad, India.
This hospital caters not only to the state of Telangana, but
also to the neighboring states and is a high volume centre
for paediatric surgery in south India.

This is the reason for higher incidence of these very
cases of these rare lesions in our study. The data that we
retrospectively retrieved included 60 cases of VID remnants.
The commonest age at presentation and surgery was less than
one year (35%). There was a significant male preponderance.
The cause for this predilection is currently obscure. A similar
demographic profile was also noted by other studies.*!"'?

Among the VID anomalies, Meckel’s diverticulum was
the commonest accounting for 75% of the cases in our
study. A similar study reported 67% of their symptomatic
VID remnant cases to be Meckel’s diverticulum.® Meckel’s
diverticulum is the most common congenital anomaly of the
gastrointestinal tract and is present in 2.9% of the population.’?
Least common were OMD cyst and umbilical polyp 2 cases
each and a single case of vitelline sinus. A retrospective study
on 132 neonates with VID remnant pathology found only
a single case of OMD sinus."* The authors concluded that
sinus was the least common abnormality of VID.

The commonest clinical presentation was intestinal
obstruction and umbilical discharge was another common
presentation among the cutaneous VID remnants. Similar
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findings were reported by a study titled “Symptomatic
OMD remnants in children”!! and another titled
“Cutaneous presentation of OMD remnants.”"

Meckel’s diverticulum was described by Fabricus Hiladanus
in 1590. It is named after Johann Friedrich Meckel who
explained its anatomy and embryologic origin in 1809.'° A
Meckel diverticulum is a true diverticulum, has all the layers
of the gut wall, arises from the antimesenteric border of the
ileum, and has its own blood supply It remains silent but may
present with life alarming complications such as intestinal
obstruction, perforation, hemorrhage, and peptic ulceration.
The blood supply of MD is from the vitelline artery, a
branch of the superior mesenteric artery. Own blood supply
makes MD prone to infection and obstruction like the
appendix. On imaging, normal Meckel’s diverticulum is seen
as a blind ending tubular structure arising from the small
bowel in the right lower abdomen. Detection on Computed
tomography with oral contrast is poor as MD is seen as a
blind ending pouch from the anti-mesenteric border of the
ileum resembling the usual small bowel loops."’

A microscopic review of the cases of Meckel’s diverticulum
revealed transmural inflammation (73.3%) and lymphoid
hyperplasia (22.2%0). The lining epithelium was predominantly
the small intestinal type. Ectopic and heterotopic tissues
were seen in 12 cases (26.6%). Pancreatic tissue was seen in
8 cases among which 2 cases had only pancreatic tissue and
the remaining six cases had ileal mucosal lining along with
pancreatic tissue. Four cases showed gastric epithelium along
with small intestinal epithelium. A study of symptomatic
VID remnants had 259 cases of Meckel’s diverticulum and
inflammatory changes were present in 49% and ectopic tissue
in 31% of the cases. These variations may be explained by
their large sample size in comparison to our study.

Ectopic gastrointestinal tissue is defined as the presence
of gastrointestinal tissue at any part of the gastrointestinal
tract other than at its normal anatomical location. Ectopic
tissue of gastrointestinal origin is frequently reported in
VID remnants, other parts of the gastrointestinal tract like
the duodenum and also in extraintestinal sites."®

In our series, in addition to Meckel’s diverticulum ectopic
pancreatic tissue was seen in one among two cases of OMD
cystand a rare finding of the colonic mucosa was noted in
one among the 2 cases of umbilical polyp and the isolated
case of vitelline sinus. One case of OMD cyst also showed
ectopic pancreatic tissue. The overall incidence of ectopic
tissue in this study is 25%, 15 out of 60 cases. This is lower
in comparison to a similar study which had ectopic tissue
in 30 out of 71 cases.”

In a study of symptomatic paediatric patients with
Meckel’s diverticulum, 59% were found to have ectopic
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tissue suggesting that the presence of ectopic tissue is
proportional to symptomatology in MD." Presence of
ectopic tissues is the major risk factor for acute hemorrhagic
ot inflammatory complications in MD.* Brisk hemorrhage
presenting as bright red blood in the stool can be seen.
Pertechnetate scintigraphy is the investigation of choice in
the evaluation of pediatric patients with suspected bleeding
from a Meckel diverticulum. Tc99m- pertechnetate
accumulates in the parietal mucus-secreting cells of the
ectopic gastric mucosa, resulting in focal uptake in the
right lower quadrant, which parallels uptake in the stomach.
Intestinal obstruction due to a Meckel’s diverticulum can
occur secondary to twisting of the small bowel around a
remnant band, internal hernia called littre hernia occurs
from entrapment of an intestinal loop within a mesenteric
fold to the diverticulum and intussusception can occur with
the diverticulum acting as a lead point.

Umbilical polyps are usually firm, reddish nodules found
in the depth of the umbilicus which can be mistaken for
granulomas. An ultrasound and fistulogram will determine
if a communication exists with the small bowel. They
are cutaneous remnants of incomplete obliteration of
the OMD. They usually contain small intestinal mucosa,
sometimes in association with the gastric mucosa. The study
includes a case of an umbilical polyp with colonic mucosa.
Few other studies have also found colonic epithelium in a
polyp.”! In a study out of 13 umbilical polyps, 11 showed
small intestinal tissue and one with gastric mucosa, and
two showed colonic mucosa.”

umbilical sinuses are rare and need exploratory laprotomy
with excision of whole tract of the sinus. We encountered
only a single case report with colonic mucosa in an
umbilical sinus similar to ours on review of the literature.
Park reported a case of ectopic pancreas in OMD cyst
similar to our study.” Cases of OMD fistulas or PVID
with ectopic tissues have been described in the literature.
We did not encounter ectopic tissues among the PVID
cases in this study. Henirich system is used to classify the
ectopic pancreas.* Metaplasia, misplacement, and totipotent
theories are proposed to explain pancreatic ectopia.” The
misplacement theory proposes, that the embryonic tissue is
located in an inappropriate place and develops into mature
pancreatic tissue.”* Metaplasia theory, states that endodermal
tissues migrate to the submucosa during embryogenesis
and transform into pancreatic tissue® and the totipotent
cell theory, proposes that the totipotent endodermal
cells lining the gut or VID differentiate into pancreatic
tissue.**?” According to the misplacement theory during
rotation of the foregut, many elements of the primitive
pancreas become separated and ultimately form mature
pancreatic tissue along the length of the gastrointestinal
tract. Due to this the heterotopic rests are prone to drop

121



Krishna, et al.: Clinicopathological profile of paediatric vitellointestinal duct anomalies

off from the dorsal primordium and develop in various
locations like the distal part of the stomach and proximal
part of the duodenum, which are the most common sites
of heterotopic pancreas. This theory cannot explain other
rarely discovered locations of the heterotopic pancreas such
as Meckel’s diverticulum, ampulla of Vater, gallbladder,
umbilicus, fallopian tube, and mediastinum. The totipotent
cell theory is an acceptable explanation for heterotopic
pancreas in the VD remnant because the cells lining the
VD are known to be pluripotent and can express either
gastric, pancreatic, hepatic, or other terminal endoderm-
derived phenotypes. Normal tissues have a restricted ability
to differentiate into other cell types, these tissues appear to
escape this restriction and remain pleuripotent.

Ectopic gastric tissue is a common finding and may be a
congenitally displaced tissue or a choristoma. It may be
a result of irregular distribution of the totipotent cells.
The presence of gastric mucosa within them makes VID
remnants symptomatic.”

Ectopic gastric mucosa can be found anywhere in the
gastrointestinal tract including Meckel’s diverticulum, the
Gall bladder, Cystic duct, the VID, and the liver.” An
interesting case report discusses the case of OMD fistula
with ectopic gastric mucosa in a six-month old female
leading to acidic discharge, inflammation, and ulceration.”
We encountered ectopic gastric mucosa in only MD cases in
this study. A rare case report of ectopic pancreatic, gastric,
and small intestine tissue in a single umbilical polyp has
also been described in the literature.”

Cullen mentions that “Vestige of heterotopic tissue is a
convergence of retarded retrogression of vitello intestinal
duct”.** Heterotopic tissue is more common in VID lesions
of children than adults.” Historical mortality reported in
VID remnants is 10.3%, it is much less today considering
the advances in medical imaging and management.
Morbidity is still a major concern due to possible bowel
necrosis, evisceration, and hemorrhage. We in this study
histologically recognized ectopic tissues in MD, OMD cyst,
umbilical polyp, and sinus. vitelline band or persistant VID
did not show any ectopic mucosal lining;

VID abnormalities may be associated with umbilical
hernias, intestinal atresias, cardiac malformations, cleft lip,
palate, and examphalos.” They may also be associated with
trisomy13 and Downs syndrome.”** Associated congenital
anomalies need to be ruled out in these cases. Diagnosis of
a VID remnant can generally be made by the surgeon on
physical examination if there are cutaneous or umbilical
signs. Ultrasound, CT scan, Meckel’s scan, and fistulogram
may aid the diagnosis.”® All vitellointestinal duct remnants
are surgically excised either by open or laparoscopic
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methods. It may simple wedge resection or bowel resection.
Surgery is essential to prevent complications.

LIMITATIONS OF THE STUDY

This study is limited by lack of long term patient follow up.

CONCLUSION

VID remnants form an interesting group of congenital
anomalies. Few cases present with clinical manifestations.
There is a relatively higher incidence in the infantile age group
along with male preponderance. The vatiable histology and
presence of ectopic tissues make them very enticing, Histology
of the VID remnants provides inroads into the embryogenesis
of the vitelline duct, umbilicus and gastrointestinal tract. An
awareness of the diversity of VID malformations and the
possible presence of ectopic tissues on histology is essential
for accurate diagnosis. Surgery is curative in most cases.
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