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SUMMARY

There has been a dilemma about the arterial
supply of segment IV of the liver, and the subse-
quent risk of ischaemia, necrosis, hepatic artery
thrombosis of segment IV after split-liver transplan-
tation or the associating liver partition and portal
vein ligation for staged hepatectomy procedure.
We report a rare case of anatomical variation of
the arterial blood supply of segment IV of the liver.
In this case the proper hepatic artery trifurcated
into left, middle and right branches that supplied
the liver. Moreover, Segment IV received dual
blood supply from both, the middle hepatic artery
and the right branch of the proper hepatic artery.
Identifying such anatomical variation prior to any
liver surgery is essential. It is of particular signifi-
cance in defining the resection line in liver surger-
ies. In order to avoid ischaemia, necrosis or chol-
angiopathy in segment |V, the division of liver pa-
renchyma needs to be based on the anatomy of
the arterial blood supply and the intrahepatic blood
distribution to segment IV.
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INTRODUCTION

The currently used classification of liver seg-
ments follows the scheme that was developed by
Couinaud in the early 1960s. Since then, surgeons
consider these segments in hepatic surgery
(Fischer et al., 2002).

The Couinaud classification is based on the main
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stems of the portal and hepatic veins. The liver is
divided into two functional hemilivers by the scis-
sures known as the main portal scissure and
Cantlie’s line. Cantlie’s line is the line that runs
anteriorly from the middle of the gallbladder bed
posteriorly to the inferior vena cava. The umbilical
fissure and the falciform ligament separate seg-
ments Il and lll from segment IV in the left hemili-
ver. The tract of the right hepatic vein divides the
right hemiliver into anterior segments (segments V
and VIII) and posterior segments (segment VI and
VIl) (Alghamdi et al., 2017).

Embryologically, the liver has 3 lobes in the early
stage of its formation, each supplied by an embry-
onic artery of its own: the lateral sector (segment
II) by the embryonic left hepatic artery, the medial
and anterior sectors (segments lll, 1V, V, and VIII)
by the embryonic middle hepatic artery, and the
posterior sector (segments VI and VII) by the em-
bryonic right hepatic artery. In the adult liver, seg-
ment IV is a part of the medial sector, and is sup-
plied by the middle hepatic artery (Jin et al., 2008).

Conventionally, the middle hepatic artery origi-
nates from the left branch of the proper hepatic
artery and heads toward the right side of the umbil-
ical fissure and supplies segment IV (Onishi et al.,
2000; Furuta et al., 2009; Yoshimura et al., 1986;
Jason et al., 2012).

There are anatomical variations in the blood sup-
ply of the liver and that includes aberrant or acces-
sory hepatic arteries. In previous studies, it was
found that a right hepatic artery arose from the
superior mesenteric artery. It was considered as
an accessory artery when the right branch of prop-
er hepatic artery existed and it was considered as
an aberrant artery when it was the only artery sup-
plying the right hemiliver. The same condition ap-
plies to a left hepatic artery when it arises from the
left gastric artery (Fonseca-Neto et al., 2017; Mi-
chels, 1966). Also, it was noticed that the accesso-
ry right hepatic artery can arise from coeliac trunk
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Fig 1. A schematic presentation of the anatomical
variation. The liver is subdivided into its functional
Couinaud’s segments.

Falciform ligament

Fig 2. Trifurcation of the PHA with its branches sup-
plying the liver segments. 1. LHA; 2. MHA; 3. RHA; PV.
Portal vein; GB. Gallbladder.

or common hepatic artery directly (Polguj et al.,
2010; Olewnik et al., 2017).

Couinaud’s method of dividing the liver into au-
tonomously functioning liver segments is generally
accepted as a good approximation. But there
seems to be a significant variability in the shape
and position of the segment borders (Fischer et al.,
2002).

Segment |V is different from the other segments
of the left hemiliver according to the Couinaud
classification, as it forms the border with the right
hemiliver. There has been a dilemma about the
arterial supply of segment IV of the liver, and the
subsequent risk of ischaemia, necrosis, hepatic
artery thrombosis of segment IV after split-liver
transplantation or the associating liver partition and
portal vein ligation for staged hepatectomy
(ALPPS) procedure (Alghamdi et al., 2017).

CASE REPORT

While performing a routine anatomical dissection
of an eighty-four-year-old male cadaver who died
of metastatic prostate cancer, an anatomical varia-
tion of the hepato-biliary arterial system was rec-
ognised.

Fig 3. Further dissection of segment IV; segment ||
and lll removed. 1. LHA; 2. MHA; 3. RHA; PV. Portal
vein; GB. Gallbladder.

It was noticed that the proper hepatic artery
(PHA) trifurcates at the porta hepatis into three
branches. The three branches were (from left to
right) the left branch of the proper hepatic artery
(LHA), the middle hepatic artery (MHA), and the
right branch of the proper hepatic artery (RHA).
Further dissection of the liver parenchyma was
performed to identify which liver segments the
three hepatic arteries supply. LHA supplied seg-
ments Il & Il only while MHA supplied segment V.
However, in addition to supplying the segments of
the right hemiliver, RHA also supplied segment IV
(Figs. 1-3).

DISCUSSION

In this case report, the MHA originated directly
from the PHA and supplied Segment IV. However,
MHA was not the sole artery of segment IV as the
RHA supplied segment IV as well. A review of the
literature on the arterial blood supply of segment
IV showed a versatile pattern.

According to Michels (1966), the common hepat-
ic artery provides three branches to the liver: RHA,
MHA, and LHA. The MHA courses in the umbilical
fossa to supply the medial segment of the liver
(segment IV) and is a branch of either RHA or LHA
with a nearly equal incidence rate.

Each hepatic artery, whether replaced from other
source or accessory to the right and left hepatic
arteries, is functionally essential. As such, each
hepatic artery has its specific area of blood supply.
This was demonstrated in the 100 plastic casts of
livers made by Healey and Schroy in the Daniel
Baugh Institute (1951 to 1953). Therefore, hepatic
arteries are end arteries with no anastomosis in-
side the liver (Michels, 1966).

In an anatomical study of 171 livers focusing on
segment IV by Onishi et al. (2000), the MHA origi-
nated from LHA in 61.5%, from RHA in 27.5%,
from PHA in 5.5%, and from both LHA and RHA in
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5.5%. A similar pattern of categorization of MHA
according to its point of origin was established by
Jin et al. (2008); however, the incidence of each
type was different.

Alghamdi et al. (2017) found that in 23 of 29 liv-
ers (79.3%) the arterial perfusion of segment IV
was separated by a line drawn from the left side of
the inferior vena cava at the top of and lateral to
the falciform ligament to the medial point of the
gallbladder bed. The area lateral to this line was
supplied mainly by RHA with/without MHA, and the
area medial to it was supplied mainly by LHA with/
without MHA. In one case, water and ink perfusion
to segment IV came only from the MHA, and in
this case the MHA originated directly from the
PHA.

The MHA originated from the RHA in nine livers
and from the LHA in other nine livers, giving a fre-
quency of 31% for each occurrence. The MHA
originated from the PHA in one liver (3.4%), but
was absent in nine livers (31%). The MHA was
doubled in one liver: one arm arose from the RHA
and the other from the LHA. In 6 of the 29 livers,
the results of the water and ink perfusion were not
as described above (Alghamdi et al., 2017).

These variations in the arterial blood supply of
segment IV of the liver are significant in defining
the resection line in split-liver resection and
ALPPS procedure. To avoid ischaemia, necrosis
or cholangiopathy in segment IV, the division of
liver parenchyma needs to be based on the anato-
my of the arterial blood supply and the intrahepatic
blood distribution to segment IV (Alghamdi et al.,
2017).

Abbreviations

ALPPS: associating liver partition and portal vein
ligation for staged hepatectomy

PHA: proper hepatic artery

LHA: left branch of proper hepatic artery

MHA: middle hepatic artery

RHA: right branch of proper hepatic artery
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