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Abstract

The current observation has documented a 50 years old male cadaver with anomalous triangular liver that was
situated in the midline of the abdomen, occupying the epigastrium, umbilical and the suprapubic regions and
pushing the small intestines into the pelvic cavity. The triangular liver contained two separate right and left
portions that were attached by the peritoneal folds to the anterior abdominal wall, xiphoid process and lower
costal cartilages. The left liver portion received a direct arterial supply from the aorta. The portal vein gave rise
into two extrahepatic tributaries that opened directly into the inferior vena cava. Other anomalies that were
observed in the abdomen included the oval-shaped stomach located in the left abdomen and extending into the
left lumbar region. The transverse colon was situated in the suprapubic region and small intestines occupied the
suprapubic region and the pelvic cavity. The right testicular vein drained into the right renal vein. The current
observations report for the first time midline triangular liver occurring with extrahepatic porto-vena cava
communication. The origin of the anomalies of hepatic morphology occurring in the course of organogenesis
remains to be determined. Continued documentation of liver anomalies remains to be important in medical

practice and in the understanding of liver ontogeny.
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1 Introduction

Congenital anomalies that occur in the liver alone are considered
to be rare and the frequency increases when other organs become
involved (CHAMPETIER, YVER, LETOUBLON et al.,
1985). At autopsy situations the frequency is low and some
authors have suggested that liver anomalies are best found at
laparoscopy (SATO, WATANABE, NAGASAWA et al., 1998).
The documented anomalies of the liver include right hepatic
lobeagenesis (RADIN, COLLETTI, RALLS et al., 1987;
GATHWALA and SEN, 2003; IANNELLI, FACCHIANO,
FABIANI etal., 2005; JIMENEZ FUERTES, LOPEZ ANDUJAR,
LLORET LARREA ctal., 2007; SUH, KIM, KIM et al., 2008);
ectopic liver (BEDII SALMAN, 2002; KOH and HUNT,
2007; CHALAK and PARHAM, 2007); supernumerary liver
(CHARBONNEL, VAN KOTE, GODEFFROY et al., 1988;
D’AGOSTINO, MUSI, DANTE et al., 1989); accessory liver
(IKOMA, TANAKA, HAMADA etal., 1992; KASZNICA, VAN
PRAAGH and PHILIP, 1997;1TO, ANDO, WATANABE et al.,
1999; BEILER, SERGI, WAGNER et al., 2001); hypogenesis
of the right hepatic lobe (INOUE, ITO, MATSUZAKI et al.,
1997); bifid liver (DAVER, BAKHSHI, PATIL et al., 2005);
vascular anomalies (SERRIEN, RIGAUTS, MARCHAL et al.,
1992; KOHDA, SAEKI, NAKANO etal., 1999; GALLEGO,
MIRALLES, MARIN et al., 2004); agenesis of the left hepatic
lobe (FOGH, TROMHOLT and JORGENSEN, 1989);
hypoplasia of the left hepatic lobe (SAIGUSA, AOKI and
HORIGUCHI, 2001; LEE, MURAKAMI and HAM, 2004);
accessory hepatic fissure and sulci (AUH, RUBENSTEIN,
ZIRINSKY etal., 1984; MACCHI, FELTRIN, PARENTT et al.,
2003) andleft-sided liver (SACKS and RIFKIN, 1987). Positional
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anomalies of the liver have also been documented in cases of
situs inversus (ION and TIBERIU, 1982; ENGELBERG,
JEDEIKIN, ZAGER et al., 1978; PATHAK, KHANNA and
KHANNA, 1995; MARTA, FALCAO, SAAVEDRA et al.,
2003). Other developmental anomalies include lobulated liver
(VENDELAND and SHEHADEH, 2000; CHUNG, CHOI,
PARK etal.,2001); inverted liver (HIBBS and AHMAD, 2010)
and midline small liver (KOO and CHI, 1991). Continued
documentation of liver anomalies remains to be important
both anatomically and clinically. Some of anomalies have been
shown to lead into liver pathology; for example, presence of
accessory lobe may stimulate the development of tumor or may
lead to abdominal mass that may lead to misdiagnosis (IKOMA,
TANAKA, HAMADA et al., 1992). Observations have also
showed that suprahepatic gallbladder is commonly associated
with agenesis or hypogenesis of the right lobe of the liver and
patients with this anomaly are likely to develop pathology of
the gallbladder (FAINTUCH, MACHADO and RAIA, 1980;
IKOMA, TANAKA, HAMADA et al., 1992; SHEU, LIN,
CHEN etal., 1995). Defective development of the left lobe of
the liver can lead to gastric volvulus (CHAMPETIER, YVER,
LETOUBLON et al., 1985).

2 Case Report

The anomalous liver was observed in a 50 years old male
cadaver during dissection. The anomalous liver was the most
anterior structure in the upper abdomen and extendings lightly
into the left abdomen (Figure 1a). It occupied mainly the
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Figure 1. (a) The photograph of'a 50 year old male cadaver showing the right portion (R) of the anomalous triangular midline liver
attached to the anterior abdominal wall via the peritoneal fold (A7rows). Note the pubic symphysis (P) and the transverse colon (C) in
the suprapubic region; the small intestines (§) extend into the pelvic cavity; (b) The anterior surface of the anomalous triangular liver
shows the right (R) and left (L) portions, vertical cleft (Small arrows) and peritoneal folds in the vertical cleft (Q); (¢) The anomalous
liver showing the right (R) and left (L) portions separated by a cleft (Small arrows). Opposite the porta hepatis there is a narrow
band of hepatic tissue that connects the two louver portions. Note the position of the gallbladder (B).

epigastrium, umbilical regions and inferiorly the anomalous
liver extended into the suprapubic region, and pushing the
transverse colon into the suprapubic regionand the small
intestines into the pelvic cavity. Its left border extended into
left hypochondrium and left lumbar to cover the left kidney.
On the right side it extended for about 5 cm into the right
hypochondriac region. The liver appeared to be triangular in
shape with the apex attached to the xiphoid process and its
base reaching the suprapubic region. The anomalous liver
measured 25 cm long i.e. transversely from the right to the
left and 16 cm long from the apex to the base. The base of
the liver was free and not attached into the abdominal organs.
For the purpose of this observation the anomalous liver was
described to have the anterior and posterior surfaces and the
right and left borders.

2.1 Anteriov surface

The anterior surface showed the vertical cleft that divided
the liver into two right and left portions which were casily
separated upon retraction (Figure laand 1b). Upon inserting

a probe it was revealed that the cleft was obliquely oriented.
The cleft measured 16 cm long and in the upper 2/3 it
contained the peritoneal fold that appeared to attach the liver
to the anterior abdominal wall. At the apex of the anomalous
liver the peritoneal fold was thicker and appeared suspending
the anomalous liver to the xiphoid process and adjacent costal
cartilages and the rectus abdominis muscle. The cleft was clearly
seen on the lower 1/3 of the liver and it did not contain the
peritoneum (Figure 1b). The right portion of the anomalous
liver was slightly larger (9 cm long and 15 cm wide) than the
left portion which measured about 7 cm long and 10 cm wide
(Figure 1b). Its right border corresponded with an imaginary
vertical line drawn from the tip of the 9% costal cartilage and
the left border contained the peritoneal fold, which separated
it from the right border of the left portion of the anomalous
liver. A small peritoneal attachment measuring about 2.5 cm
wide was seen on the right border of the right portion of
the anomalous liver and it appeared to attach to the anterior
abdominal wall.
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The left portion of the anomalous liver was seen after
retracting the anterior abdominal wall to the left. It appeared
also to be triangular in shape and was separated from the
right portion by a cleft. Its left border extended to reach
the imaginary vertical line drawn through the 11% rib and
the left kidney was completely covered by the left portion of
the anomalous liver. The left portion of the anomalous liver
received a direct arterial branch from the abdominal aorta.
Artery was seen to arise from the anterior surface of the aorta
superior to the right suprarenal artery. The left portion also
contained what appeared to be the left hepatic vein that pierced
the diaphragm to enter the thorax where it opened into the
inferior vena cava (Figure 2b).

The peritoneal fold which was considered to be an atypical
falciform ligament; at the beginning it was broad measuring
about 11 cm wide and becoming narrow as it ascended upwards.
Upon reaching the apex of the anomalous liver it became
thicker and attached the liver firmly into the xiphoid process,
diaphragm and left rectus abdominis muscles (Figure laand 1b).
The base of the anomalous liver, which formed the inferior
surface, was well delineated and a small part of the gallbladder
was seen protruding at about 1.5 cm below the umbilicus.

2.2 Postevior surface

The posterior surface of the anomalous liver was facing the
posterior abdominal wall and it was related with the stomach,
duodenum, proximal jejunum and pancreas. Close examination
revealed the presence of a short and broad peritoneal fold
that fixed the anomalous liver to the posterior abdominal
wall and enclosing also the porta hepatis and the inferior vena
cava (Figure 2). The porta hepatis was located on the right
portion of the liver and it contained part of the portal vein,
lymphatic vessels, bile duct and nerves. At about 2 cm inferior
to the portal hepatis, the portal vein appeared to give rise into
two tributaries; from the right and left border (Figure 2a).
The portal tributary from the right border appeared larger
measuring about 1.5 cm long and 1em wide and it terminated
by entering the right border of the inferior vena cava. The left
portal tributary appeared smaller but took a longer course;
it penetrated the liver substance to open into the left border
of the inferior vena cava. The two right and left portal vein
tributaries appeared to allow extrahepatic communication
between the portal vein and the inferior vena cava. Examination
of the inferior vena cava revealed some anomalous features;
the inferior vena cava occupied the fissure between the right
and left portions and here it received the right hepatic vein
(Figure 2b). The left hepatic vein showed a different course,
it measured about 2 cm long and after emerging from the left
portion it pierced the left hemidiaphragm to enter the thorax
where it opened into the inferior vena cava. The opening was
on the left side of the inferior vena cava.

After examining the porta hepatis the liver was removed
from the abdomen in order to observe the extent and anatomy
of the cleft on the posterior surface of the anomalous liver.
The deep cleft observed on the anterior surface extended into
the posterior surface separating completely the two right and
left portions of the anomalous liver. Close observation revealed
the existence of a narrow band of hepatic tissue that appeared
to connect the right and left portions of the anomalous liver.
The band was thin measuring about 0.25 c¢m thick and it
appeared to contain the hepatic substance.
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Figure 2. (a) The inferior vena cava ( V) receives two tributaries
(Arrows) from the portal vein before it enters the liver substance;
(b) The inferior vena cava (V) and the left hepatic vein from
the left portion of the anomalous liver piercing the diaphragm
(D); the left hepatic vein (H) enters the inferior vena cava after
entering the thorax.

2.3 Other associated visceval anomalies

The pericardium was adherent to the thoracic opening of
the inferior vena cava and was not attached to the diaphragm.
The right dome of the diaphragm appeared concave in the
thoracic side and convex in the abdomen; the concavity was
occupied by the normal looking right lung. The stomach
occupied the left hypochondriac region, extending into the
left lumbar region. It was ovoid in shape and did not show
the presence of lesser and grater curvature. The transverse
colon was found on the lower part of the suprapubic region
and the small intestines were located in the suprapubic region
and in the pelvic cavity. Other associated anomalies involved
the testicular veins; the right testicular vein drained into
the right renal vein and the left testicular vein opened into
the left renal vein. Other organs appeared normal and the
heart, spleen and the vermiform appendix occupied their
normal position.
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3 Discussion

The current observation has documented a 50 years old male
cadaver with anomalous triangular liver that was situated mainly
in the midline of the abdomen, occupying the epigastrium,
umbilical and the suprapubic regions and pushing the small
intestines into the pelvic cavity. The triangular liver contained
two separate right and left portions that were attached to the
anterior abdominal wall, xiphoid process and lower costal
cartilages by the peritoneal fold. The left liver portion received
a direct arterial supply from the aorta and the portal vein
gave rise into two tributaries that opened into the inferior
vena cava. The associated extrahepatic anomalies include the
oval-shaped stomach located in the left abdomen and extending
into the left lumbar region. The small intestines were located
in the pelvic cavity and the right testicular vein drained into
the right renal vein. The current observations report for the
first time midline triangular liver occurring with extrahepatic
porto-vena cava communication. Continued documentation
of liver anomalies remains to be important in medical practice
and in the understanding of liver ontogeny.

In normal anatomy the liver is located on the right side of
the upper abdomen and its greater part is in contact with the
left hemidiaphragm. In the current observation the liver was
located in the midline of the body and was not in contact with
the diaphragm. Triangular-shaped liver occurring in the midline
of'an adult person is a new finding and has not been reported
before. Review of literature have showed that there is only
one documented case of midline liver; in this observation the
liver was found to be small and it co-existed with congenital
hydrocephalus (KOO and CHI, 1991). Positional anomalies of
the liver are very rare; the documented cases of left-sided liver
have been commonly seen in association with situs inversus
and Kartagener’s syndrome (ENGELBERG, JEDEIKIN,
ZAGER etal., 1978; MARTA, FALCAO, SAAVEDRA et al.,
2003). In one case the left sided liver was associated with mirror
image arrangement of other abdominal organs (SACKS and
RIFKIN, 1987). Midline liver is a form of positional anomalies
of the liver and its exact frequency need to be determined.
Liver anomalies are mostly reported following radiological
investigation and endoscopic examination of the abdomen.
It is possible that we may be missing some of liver anomalies
because of lack of investigation (CHAMPETIER, YVER,
LETOUBLON etal., 1985). In Africa imaging methods such
as CT scan and ultrasound are not available and autopsy is
seldom done. At present there is no clear explanation as to
why the liver was located in the midline. During embryonic
development the liver develops in the midline from a single
hepatic diverticulum that grows to invade the septum transversum
(SADLER, 2010). Septum transversum is quite extensive
and it occupies the midline, ventral and dorsal parts of the
embryo (COLLINS, 2002). It is possible that in the current
case liver remained in the midline and did not grow into the
right abdomen. Future work needs to be done on pathways
that regulate liver development and mechanisms that regulate
migration from the midline to the right abdomen.

The anomalous triangular liver contained two, right and left
liver portions that were largely separated except for a small middle
band that that appeared to unite the two portions. Normally
the liver occurs as a single organ and presence of two separate
portions has not been reported before. The possible explanation
for this observation can be derived from the current findings;

the cleft that separated the two liver portions contained the
peritoneal folds. Posteriorly the peritoneal folds appeared to
attach the liver to the posterior abdominal wall and ventrally
the peritoneum entered the cleft and attaching the two liver
portions to the anterior abdominal wall. During development
the liver is associated with the ventral mesogastrium, which
split to enclose the liver and anteriorly it forms the falciform
ligament that attach the liver to the anterior abdominal wall
(MOORE and DALLEY, 1999). It is possible that in the
current report the ventral mesogastrium took a different
course whereby it passed through the developing liver to
make a cleft that separated the right and left liver portions.
It is interesting to note that the left liver portion received
its arterial branch directly from the abdominal aorta and its
hepatic vein pierced the diaphragm pierced the diaphragm to
enter the thorax before draining into the inferior vena cava.
In normal anatomy the inferior vena cava receive hepatic
veins before it pierces the diaphragm. Hepatic veins have not
been adequately studied and yet they are clinically important;
occlusion of hepatic vein can lead to severe liver pathology
and death. The current observations provide a challenge for
future detailed study on liver development.

The current report has also showed the presence of extrahepatic
communication between the tributaries of the portal vein and
the inferior vena cava. In normal anatomy the portal vein does
not communicate with the inferior vena cava, instead it enters
the liver and branch into smaller tributaries that pour blood
into the hepatic sinusoids (MOORE and DALLEY, 1999).
Observations indicated that the portal vein before entering the
liver substance gave rise into two tributaries that joined the
inferior vena cava. Congenital portosystemic venous shunts are
rare; past studies have showed the presence of two intrahepatic
and extrahepatic portosystemic venous shunts (MULLIKEN
and GLOWACKI, 1982; PARK, CHA, HAN et al., 1990; LIN,
CHEN, HSIEH ctal., 2006; STRINGER, 2008). Extrahepatic
shunts also known as Abernethy malformations occur outside
the liver before the portal vein enters the liver substance and
two types 1 and 2 have been suggested (MORGAN and
SUPERINA, 1994). In type 1, the portal vein is absent and
as a result portal blood is shunted directly to the inferior
vena cava. In type 2, the portal vein is intact, but some of the
portal blood is diverted into the inferior vena cava through
an extrahepatic communication (MORGAN and SUPERINA,
1994; STRINGER, 2008). The current observation showed
the presence of type 2, whereby the portal vein gave rise into
two tributaries that entered the inferior vena cava. It has been
suggested that the key to understanding the pathogenesis of
these shunts lies in the normal developmental mechanisms
underlying the formation of the portal vein and inferior vena
cava in the embryo (STRINGER, 2008). The terminal part
of the inferior vena cava, the hepatic veins and the portal vein
develop from the vitelline vein; the vitelline also develop to
form the hepatic sinusoids (MOORE, 1977). The fact that
development of inferior vena cava is closely associated with the
vitelline veins which also give rise to the porta vein may explain
the occurrence of communication between the portal vein and
inferior vena cava seen in the current report. Portosystemic
shunting is clinically important and is associated with metabolic
pathology such as hypergalactosemia, lack of nutrients and
increased bile acid, postprandial glucose and ammonia blood
levels (WAKAMOTO, MANABE, KOBAYASHI et al.,
1999; AKAHOSHI, NISHIZAKI, WAKASUGI et al., 2000;
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MAEKAWA, SUZUKI, MORI et al., 2007), tumor and
nodular hyperplasia (MOTOORI, SHINOZAKI, GOTO etal.,
1997; DE GAETANO, GUI, MACIS et al., 2004). Lack of
nutrients in the liver may lead to fatty degeneration and atrophy
leading to dysfunction (ALTAVILLA and CUSATELLI,
1998; ARANA, MARTI-BONMATI, MARTINEZ et al.,
1997). Systemic diversion of portal blood flow may interfere
with liver functions and regenerative capacity leading to liver
tumor (MOTOORI, SHINOZAKI, GOTO et al., 1997;
ALTAVILLA and CUSATELLI, 1998; GRAZIOLI, ALBERTI,
OLIVETTI et al., 2000).

The current report has documented the co-existence of liver
anomalies with extra-hepatic congenital anomalies. Development
of the liver is closely related to embryonic structures including
the precardiac mesenchyme, septum transversum, vitelline
veins, diaphragm, ventral mesogastrium and the caudal parts
of the primitive foregut. How these structures interact during
development to give into normal liver morphology is not clearly
known. Continued documentation of liver anomalies and
research on molecular pathways that regulate liver ontogeny
remains to be anatomically and clinically important.
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