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Abnormal Intestinal Anatomy in Late-stage Human Fetuses:
Three Case Series
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Objective: We reported three cases of fetuses with abnormal intestinal anatomy found during our recent
study of the transverse mesocolon using 20 late-stage fetuses.

Cases: The first case (CRL: 328 mm) appeared to have a duodenum and transverse colon trapped in
Winslow’s foramen (foramen epiploicum) and the duodenum superior portion elongated rightward. The
second case (CRL: 264 mm) had a transverse colon inserted deeply into a space between the right kidney and
duodenum. The third case (CRL: 276 mm) had a descending colon that ran inferiorly through a deep space
between the left kidney and duodenum. Each case had a greater omentum that was shifted leftward, but this
is usual. These 3 abnormalities were not evident in the anterior view during dissection of the liver, stomach,
jejunum, and ileum. With underdeveloped pancreatic ducts due to unknown reason other than the internal
hernia, the first case seemed to be fatal after birth. However, the second and third cases could have recov-
ered after birth because there was no evidence of definite malrotation and because of loose attachments of
the intestines to surrounding structures.

Conclusions: The intestinal morphologies described here could cause some sort of symptoms, such as ab-
dominal pain, whose cause might be difficult to determine.
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INTRODUCTION

Many studies have identified the genetic bases of
developmental abnormalities of the intestines [1, 2].
However, incidental mismatches of fetal topographical
anatomy that result in the production of unusual
mechanical stress between structures may also lead
to intestinal abnormalities. Our recent report of liver
agenesis described one example, in which capture
or trapping of the jejunum by the foot during the
early stage of physiological umbilical herniation led
to abnormalities [3]. A well-known group of intestinal
abnormalities — malrotation (including nonrotation,
reversed rotation, and hyperrotation) — apparently
occurs during the repackaging process following
physiological herniation [4]. However, without malrota-
tion, not only the ascending colon but the descending
colon often enter the hernia sac, a morphology that is
apparently not an abnormality, but within the range
of usual variation [5, +Kim et al, 2020 +++]. We found
abnormal intestinal anatomy in 3 fetuses during our
recent study of the transverse mesocolon using 20 late-
stage fetuses near term [6]. Here we report these 3

unique cases because each of them had an intermedi-
ate morphology between the usual anatomy and a real
malrotation, which suggested a possibility of recovery
from a transient abnormality in utero.

MATERIALS AND METHODS

The study was performed in accordance with the
provisions of the 1995 Declaration of Helsinki (as re-
vised in 2013), and the study protocol was approved by
the ethics committee of the Universidad Complutense,
Madrid (B08/374). We examined 17 late-stage fetuses
(crown-rump length [CRL]: 250 to 325 mm, gestation-
al age [GA]: 30 to 38 weeks). All specimens were part
of the large collection kept at the Embryology Institute
of Complutense University, and were from miscar-
riages and ectopic pregnancies at the Department of
Obstetrics of the university, while there was no docu-
ment writing details of the maternal or fetal factors as
well as the family name and date. First, we observed
the entire intestine during removal of most parts of the
liver, stomach, jejunum, and ileum. During dissection,
photographs were taken with Pentax K-1 camera using
a 50 to 100 mm zoom lens. To avoid artificial sepa-
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Fig. 1 Anterior macroscopic observations of the first specimen (CRL 328 mm).
Panel A shows the stomach and transverse colon after removal of major parts of the liver; the greater omentum
was shifted leftward, and adhered to the dilated transverse colon (TC). Panel B shows the upward reflection of the
transverse colon. Panel C shows the retroperitoneum after removal of the sigmoid colon and major parts of the
jejunum (J) and ileum; removal of the transverse colon was difficult. Pins were inserted into the most proximal re-
gion of the jejunum and the ileum end. A band-like, thickened peritoneum (stars), fixed the ileum end at a higher

position.

AP, appendix; DC, descending colon; GO, greater omentum; SC, sigmoid colon; ST, stomach; TC, transverse colon;

UV, umbilical vein.

ration of the colon from the kidney, special attention
was used to assure the colon remained at its original
location.

After using routine procedures to prepare paraf-
fin-embedded histological samples, the abdomen was
sectioned horizontally at 50 to 100 pm intervals and
stained with hematoxylin and eosin (H&E). The par-
affin block contained the descending and ascending
colon, left and right marginal parts of the transverse
colon, the kidneys, and other retroperitoneal structures
(including the aorta and parts of the posterior body
wall muscles). Most photographs of histological samples
were taken with a Nikon Eclipse 80. Photographs at ul-
tra-low magnification (objective lens less than x1) were
taken with a high-grade flat scanner using translucent
illumination (Epson scanner GTX970). During obser-
vations of histological sections, we found 3 fetuses with
abnormal course of the intestine, as reported here. The
other 17 fetuses with usual morphologies had been
used for a study of the topographical relation between
the transverse colon and greater omentum [6].

RESULTS

Case 1: Candidate internal herniation of the duode-
num and transverse colon into Winslow’s foramen
(CRL 328 mm)

The cecum and appendix were located at a higher
level; the pancreatic head and duodenum were movable
due to loose retroperitoneal fixation; and the trans-
verse colon was dilated, folded, and tightly attached to
the stomach (Fig. 1). The medial part of the transverse
colon was folded and adhered to the duodenum and
pylorus. A short band (thickened peritoneum) fixed
the ileum end at a position higher than usual (Fig. 1C),
but the lumen was not blocked beneath the band.

The histology indicated the superior portion of the

duodenum was elongated rightward, and attached
tightly to the left and inferior aspects of the hepatodu-
odenal ligament (Fig. 2A, B). The omental bursa (lesser
sac) was occupied by the caudate lobe of the liver.
The gastric cardia was dilated and attached to the left
adrenal gland (Fig. 3A). The descending portion of the
duodenum had a long meandering course along the
anterior aspect of the right kidney, and turned back
to the medially located greater papilla (Fig. 2C). There
were no pancreatic ducts in the papilla or pancreatic
parenchyma (Fig. 3B, D, E). Immediately below the
pancreatic head, the duodenum passed horizontally
toward the duodenojejunal junction. The pancreatic
body was short and the tail appeared not to reach the
spleen.

The jejunum extended upward, and occupied a
large posterior space surrounded by the left kidney,
stomach, and pancreas (Fig. 2C-E). The apical part of
the left kidney was a slender process, and was sand-
wiched between the transverse colon and jejunum (Fig.
2C). Likewise, the right kidney was flattened beneath
the folded and dilated colon (Fig. 2E). Smooth muscles
were poorly developed or absent at several parts of the
gastric and duodenal walls (Fig. 3A, D). Overall, the
duodenum and transverse colon had been trapped in
Winslow’s foramen (foramen epiploicum), the passage
that connects the lesser sac (omental bursa) and greater
sac, behind the hepatoduodenal ligament.

Case 2: Insertion of transverse colon between the
right kidney and duodenum (CRL 264 mm)

In macroscopic observations, a strong adhesion be-
tween the colon and pylorus was a limited abnormality
(Fig. 4A, B).

The abnormal histological finding was limited to a
course of the transverse colon: it had a sharp, wedge-
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Fig. 2 Topohistology of the upper abdomen of the first specimen (CRL 328 mm).

Panel A shows the upper-most site, and panel E shows the lower-most site. The distances between the horizontal
sections (50 to 100 pm) were 0.3 mm (A-B and B-C), 0.9 mm (C-D), 1.6 mm (D-E), and 3.5 mm (E-F). Panel A
shows that the gastric cardia is highly dilated, and the superior portion of the duodenum (D1) extends anteriorly
along the hepatoduodenal ligament (HDL). Panel B shows that the superior portion of the duodenum is highly
folded and attached to the ligament. Panel C shows that the superior portion of the duodenum extends rightward
on the right adrenal gland (AD). Panels D and E show that the duodenum meets the common bile duct (CBD) and,
between the pancreas (P) and left kidney (LK), the jejunum (J) had a meandering course; the apex of the left kid-
ney (LK) had an altered shape (star in panel D). Panel F shows that the duodenum is connected with the jejunum
below the pancreas. Panels C to E show that the highly meandering course of the transverse colon. All panels are
at the same magnification (scale bar in panel A: 5 mm). The seven rectangles within these panels appear at higher
magnification in Fig. 3.

AO, aorta; D2, second (descending) part of the duodenum; D3, third (horizontal) part of the duodenum; HA, he-
patic artery; P, pancreas; PC, peritoneal cavity; PV, portal vein; RK, right kidney; SMA, superior mesenteric artery;
ST, stomach; TC, transverse colon.
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Fig. 3 High magnification observations of the upper abdomen (from Fig. 2) of the first specimen (CRL 328
mm).
Panel A (from Fig. 2A) shows poorly developed smooth muscles in the posterior wall of the gastric cardia.
Panel B (from Fig. 2D) shows the common bile duct (CBD) in the major duodenal papilla. Panel C (from
Fig. 2A) shows a border between the pylorus and the first (superior) duodenum (D1). Panel D (from Fig.
2C) shows the thin wall of the duodenum (arrows). Panel E (from Fig. 2E) and panel B show no pancreat-
ic ducts in the pancreas (P). Panel F (from Fig. 2E) shows the renal capsule and renal fascia (RF) beneath
the transverse colon (TC). Panel G (from Fig. 2F) shows the mesentery of the winding jejunum and duo-
denum in the posterior part of the abdominal cavity. Each scale bar: 1 mm.
AD, adrenal gland; D2, second (descending) part of the duodenum; D4, fourth (ascending) part of the
duodenum; PC, peritoneal cavity; PV, portal vein; RF, renal fascia; RK, right kidney.
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Fig. 4 Macroscopic and histologic observations of the second specimen (CRL 264 mm).

Panel A shows an anterior view of the transverse colon, which was reflected upward. Panel B shows
the retroperitoneum after removal of major parts of the jejunum and ileum. In panels A and B, pins
were inserted into the most proximal region of the jejunum and the end of the ileum; it was difficult
to remove the transverse colon because the medial part (uppermost pin) adhered to the duodenum and
pylorus. Panel C shows the transverse colon (TC), posterior to the second (descending) portion of the
duodenum (D2). Panel D (a plane 0.5 mm below panel C) shows the major duodenal papilla and the
abnormal transverse colon. Panel E (a higher magnification view of the rectangle in panel D) shows
the renal capsule and a connection of the colon to the renal fascia (RF) by fibrous bands (arrows).
Scale bar: 5 mm in panel C and 1 mm in panels D and E.

AD, adrenal gland; AO, aorta; D1, first (superior) part of the duodenum; D3, third (horizontal) part of
the duodenum; LK, left kidney; P, pancreas; PC, peritoneal cavity; PV, portal vein; RK, right kidney;
SC, sigmoid colon; SMA, superior mesenteric artery; ST, stomach; UV, umbilical vein.
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Fig. 5 Macroscopic and histologic observations of the third specimen (CRL 276 mm).

Panel A shows an anterior view after removal of a major part of the liver; the greater omentum (GO)
extends inferiorly and leftward. Panel B shows a cut surface of the transverse mesocolon (arrows)
after removal of major parts of the stomach, transverse colon (TC), jejunum (J), and ileum, and
retroperitoneal swelling (arrowheads), in which the descending colon had an abnormal course. Panel
C shows a horizontal section (blue line in panel B) in which the descending colon (DC) was inserted
deeply between the left kidney (LK) and duodenum. Panel D (a higher magnification view of the
rectangle in panel C) shows fascial relations along the duodenum. Between the transverse colon and
duodenum (triangles) as well as between the descending colon and adrenal, a loose tissue is seen
without any border (bottom corners of panel D); however, the duodenum was from retro-abdominal
structures by a narrow peritoneal space (circles). Scale bars in panels C and D: 1 mm.

AC, ascending colon; AD, adrenal gland; AO, aorta; AP, appendix; D2, second (descending) part
of the duodenum; D3, third (horizontal) part of the duodenum; D4, fourth (ascending) part of the
duodenum; P, pancreas; RK, right kidney; SMA, superior mesenteric artery; ST, stomach.
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like curve that inserted deeply into the space between
the duodenum and right kidney (Fig. 4C, D). This
curved region of the colon attached loosely to the
duodenum and kidney, and there was a narrow space
between the colon and renal fascia (Fig. 4E).

Case 3: Descending colon between the left kidney
and duodenum (CRL 276 mm)

In macroscopic observations, an unusual morpholo-
gy was limited to a retroperitoneal swelling present in
the medial side of the left kidney (Fig. 5A, B).

The histology indicated the descending colon had
a sharp and posterior turn near the future splenic
flexure, and was inferior while passing through a deep
space between the duodenum and left kidney (Fig. 5C).
The duodenum and descending colon were loosely
attached to the retroperitoneal structures, so there was
a narrow space along the intestines facing the kidney,
adrenal gland, retroperitoneal lymph nodes, inferior
vena cava, and aorta. The descending colon resumed
its original course below the left kidney, and connected
to the dilated sigmoid colon.

DISCUSSION

Our first case (CRL 328 mm) had a candidate
internal hernia of the duodenum and transverse colon
into Winslow’s foramen. However, this interpretation
is simply based on the close topographical relationship
of the duodenum and transverse colon with the hepa-
toduodenal ligament. The lesser sac was occupied by
the liver caudate lobe, as during normal development,
and the contents of the hepatoduodenal ligament and
their topographical relations were also normal. Thus,
we did not observe an actual hernia but the recovery
process. However, because parts of the jejunum were
in the left side of the gastric cardia, traction by the
suspected internal hernia seemed to cause conduction
of mechanical stress to the cardia and jejunum via the
duodenum. Later during development, pressure from
the unfixed intestines might have been so strong that
it changed the morphology of both kidneys. With un-
derdeveloped pancreatic ducts due to unknown reason
other than the internal hernia, the first case seemed
to be fatal after birth. Nevertheless, because a mass of
the pancreatic parenchyma existed, the ducts had once
developed but they might be secondarily degenerated.

An internal hernia passing through Winslow’s fo-
ramen is very rare [7], and previous studies classified
this condition as a left paraduodenal hernia [8-10].
However, in a group of the left paraduodenal hernia,
a part of the intestines usually enters the lesser sac
through a rupture of the gastrocolic ligament or other
parts of the omentum, not through Winslow’s foramen
[11-13]. Moreover, in contrast to a report of a left inter-
nal hernia by Okino et al. [14], our case seemed have
normal arrangement of the midgut mesenteries.

The second case (CRL 264 mm) had an abnormal
transverse colon, in which a sharp wedge-like curve
inserted into the space between the right kidney and
duodenum. In contrast, the third case (CRL 276 mm)
had an abnormal descending colon, with a relatively
long course and a medial shift. Thus, the second
case may have had a temporal and spotty mechanical
stress directed posteriorly, whereas the third case may
have had a slight error in the repackaging process

from physiological herniation. Neither of these cases
had a band-like structure that fixed or trapped the
colon. In the second case, a dilated sigmoid colon
might have provided mechanical stress for pushing it
posteriorly; in the third case, a delayed repackaging of
the jejunum might have led to misdirection of the de-
scending colon and medial fixation. It is likely that the
descending colon is repackaged before the jejunum:
such a reversed return seemed to be an usual variation
according to Cho et al. [5]. In the second case, the deep
insertion or hernia of the colon into a posterior space
can be classified as a right paraduodenal hernia [8-10,
15].

In general, amniotic bands are considered major
causes of defects in the limbs and/or body wall
[16]. Likewise, Ladd bands are abnormal peritoneal
structures in children that obstruct the intestine [17].
Abnormal tissue bands can lead to traction, fixation,
and mechanical stress (possibly from the vitelline
structures) and are considered a major cause of gas-
troschisis [18, 19]. An abnormal band may also lead to
malpositioning of the descending colon [20]. However,
we found none of these features in the three specimens
described here. Indeed, we found a band at the ileum
end in the first case (a candidate Winslow’s foramen
hernia), but it apparently did not cause the rightward
elongation of the duodenum. In addition, a leftward
shift of the greater omentum is present in normal
morphology. Conversely, a widely and evenly extended
omentum covering the entire jejunum and ileum is
rare in late-stage fetuses [6].

Overall, because none of these cases had mal-
rotation or loose retroperitoneal attachments, these
unusual morphologies might not correspond to any
classical categories of abnormalities. Rather, they might
be likely to show the recovery process from a transient
abnormality. In particular, the second and third cases
seemed to be out of entities of any congenital diseases.
However, after birth, these unusual morphologies
might cause some sort of symptoms, such as abdomi-
nal pain, whose cause might be difficult to determine.

REFERENCES

1) Bogue CW, Ganea GR, Sturm E, Ianucci R, Jacobs HC. Hex
expression suggests a role in the development and function of
organs derived from foregut endoderm. Dev Dyn. 2000; 219(1):
84-89.

2) Martinez Barbera JP, Clements M, Thomas P, Rodriguez T,
Meloy D, Kioussis D, Beddington RSP. The homeobox gene Hex
is required in definitive endodermal tissues for normal fore-
brain, liver and thyroid formation. Development. 2000; 127(11):
2433-2445.

3) Kim JH, Hwang SE, Rodriguez-Vazquez JF, Murakami G, Cho
BH. Liver agenesis with omphalocele: a report of two human em-
bryos using serial histological sections. Pediatr Dev Pathol. 2014;
17(6): 431-440.

4) Skandalakis JE, Gray SW, Ricketts RR. Small intestine. In:
Skandalakis JE, Gray SW (editor). Embryology for Surgeons,
2nd edition. Williams & Wilkins, Baltimore, 1972: pp 190-199.

5) Cho BH, Kim JH, Jin ZW, Wilting ], Rodriguez-Vazquez JF,
Murakami G. Topographical anatomy of the intestines during in
utero physiological herniation. Clin Anat. 2018; 31(4): 583-592.

6) Suzuki D, Kim JH, Chai OH, Shibata S, Murakami G,
Rodriguez-Vazquez JF. Topographical anatomy of the greater
omentum and transverse mesocolon: a study using human fetus-
es. Anat. Cell Biol. 2019; 52(4): 443-454.

7) Nagayose K, Nakanishi K. Retrogastric colon mimicking fora-
men of Winslow hernia or left paraduodenal hernia: case report.

—168—



8)
9)

10

=

11

=

12)

13

=

14)

J.H. KIM et al. /Abnormal Colon and Duodenum in Human Fetuses

Nihon Igaku Hoshasen Gakkai Zasshi (Jpn. J. Radiol. Ass.)
2000; 60(8): 445-447. (Article in Japanese with English abstract)
Bell-Thomson J, Vieta JO, Yiavasis AA. Paraduodenal hernias.
Am ] Gastroenterol. 1977; 68(3): 254-259.

Davis R. Surgery of left paraduodenal hernia. Am J Surg. 1975;
129(5): 570-573.

Khan MA, Lo AY, Vande Maele DM. Paraduodenal hernia. Am
Surg. 1998; 64(12): 1218-1222.

Joo YE, Kim HS, Choi SK, Rew JS, Kim HR, Cho CK, Kim
S]. Internal hernia presenting as obstructive jaundice and acute
pancreatitis. Scand ] Gastroenterol. 2002; 37(8): 983-986.

Min JS, Lee JH, Jin SH, Bang HY, Lee JI. Difficult disgnosis of
a double omental hernia that led to extensive small bowel infarc-
tion. Hernia. 2010; 14(5): 523-525.

Okayasu K, Tamamoto F, Nakanishi A, Takanashi T, Maehara
T. A case of incarcerated lesser sac hernia protruding simulta-
neously through both the gastrocolic and gastrohepatic omenta.
Radiat. Med. 2002; 20(2): 105-107.

Okino Y, Kiyosue H, Mori H, Komatsu E, Matsumoto S, Yamada
Y, Suzuki K, Tomonari K. Root of the small-bowel mesentery:

correlative anatomy and CT features of pathologic conditions.
Radiographics. 2001; 21(6): 1475-7490.

15) Antedomenico E, Singh NN, Zagorski SM, Dwyer K, Chung
MH. Laparoscopic repair of a right paraduodenal hernia. Surg
Endosc. 2004; 18(1): 165-166.

16) Hunter AG, Seaver LH, Stevenson RE. Limb-body wall defect. Is
there a defensible hypothesis and can it explain all the associated
anomalies? Am | Med Genet A. 2011; 155A(9): 2045-2059.

17) Raphaeli T, Parimi C, Mattix K, Javid PJ. Acute colonic obstruc-
tion from Ladd bands: a unique complication from intestinal
malrotation. J. Pediatr. Surg. 2010; 45(3): 630-631.

18) Fukuzawa R, Toma M, Nomura A. Histology of a paraumbilical
band in a neonate with gastroschisis. Pediatr Dev Pathol. 2011;
14(6): 493-495.

19) Komuro H, Hoshino N, Urita Y, Fujishiro J, Sakamoto N, Ono
K, Kaneko M. Pathogenic implications of remnant vitelline struc-
tures in gastroschisis. ] Pediatr Surg. 2010; 45(10): 2025-2029.

20) Koh CC, Tseng SH, Weng CC, Chen Y. Congenital membrane
causing duodenal obstruction and malpositioning of the de-
scending colon. Periatr Neonatol. 2013; 54: 275-277.

—169—



