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Anatomical variations in the arterial supply of liver
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Abstract

The knowledge about the anatomical variations in the arterial supply of liver is mandatory for
surgeons. Presence of hepatic arterial variations may lead to surgical injuries in the liver which
can be made inadvertently even by the most experienced surgeons. During the routine dissection
of a 70-year-old male cadaver, the following variations were observed: Right hepatic artery taking
origin as replaced right hepatic artery from superior mesenteric artery; in addition to normal left
hepatic artery, an accessory left hepatic artery arising from left gastric artery; middle hepatic
artery (artery to quadrate lobe) that usually arises from right or left hepatic artery, in the present
case was found to arise from gastroduodenal artery. These aberrant arteries have embryological
and clinical significance.
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[ntroduction

The right hepatic artery (RHA) and left hepatic artery (LHA)
normally arises from proper hepatic artery. The middle
hepatic artery (MHA) arises either from right or left hepatic
artery. After its origin RHA crosses anterior to the portal
vein from left to right and passes behind the common hepatic
duct to enter the Calot’s triangle where it lies to the left of the
cystic duct. As it approaches the cystic duct, it gives off the
cystic artery and then turns upwards behind the right hepatic
duct to enter the right lobe of liver. The LHA takes origin from
the proper hepatic artery. It passes anterior and to the left of
the portal vein. Then it ascends upwards to reach the left lobe
of the liver.

This “textbook”arrangementofcommonhepaticarteryarising
from celiac trunk leading to proper, left and right hepatic
arteries was found only in 55% of cases [1, 2]. Variations in
the hepatic artery and its branches are exceedingly common.

A vessel which supplies a liver lobe in addition to its usual
vessel is defined as an accessory hepatic artery. A replaced
hepatic artery is a vessel that does not take origin from an
orthodox position and is the sole supply to that lobe [3]. Thus
the aberrant arteries may be either replaced or accessory.
The common variations include replaced or accessory right
hepatic arteries taking origin from superior mesenteric
arteryin 6.67% of cases and replaced or accessory left hepatic

arteries arising from the left gastric artery in 6.41% of cases
[4]. These variations are of great importance to surgeons and
interventional radiologists.

(Case Report

Using conventional dissection techniques, the abdomen was
dissected in a 70-year-old embalmed male cadaver for the
purpose of teaching first year MBBS students. We observed a
replaced RHA taking origin from superior mesenteric artery
and an accessory LHA from left gastric artery. MHA (artery to
quadrate lobe) was taking origin from gastroduodenal artery.
Following fine dissection, the aberrant hepatic arteries were
painted and photographed.

In the present case, the common hepatic artery was observed
arising from celiac trunk as one of its three branches. The
common hepatic artery divided into gastroduodenal and
proper hepatic artery. The proper hepatic artery continued
as LHA and the normal RHA was missing. The proper hepatic
artery also gave a right gastric artery as usual. The replaced
RHA took origin from superior mesenteric artery. It passed
upward obliquely from left to right and dorsal to the pancreas,
portal vein and common hepatic duct to reach the Calot’s
triangle, where it gave cystic artery. Then it passed upward
to enter the right lobe of liver (Figures 1, 2).
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The leftlobe of liver was supplied by a normal LHA, which was
a continuation of proper hepatic artery. In addition to that, an
accessory LHA was found arising from left gastric artery to
supply the left lobe. This artery passed from below upwards
in the cranial part of the lesser omentum to reach the left end
of porta hepatis to enter into the left lobe of liver (Figures 1,
2).

The middle hepatic artery was arising from gastroduodenal
artery and coursed anterior to the portal vein, then passed
upwards to supply the quadrate lobe.

Discussion

According to Michels, the incidence of replaced right hepatic
artery was 18% and accessory left hepatic artery was 11.5%.
He also reported that the source of origin of replaced right
hepatic artery was from superior mesenteric artery in 12.5%,
from celiac trunk 3%, from aorta 2% and from left gastric
artery in 0.5% of cases. Moreover, the source of origin of
accessory left hepatic artery was from left gastric artery in
11.5% of cases [1]. Molmenti et al. reported that the presence
of replaced right hepatic artery in 15-20 % and accessory left
hepatic artery in 35% of cases [5]. In the present study also,
we found that replaced right hepatic artery was arising from
superior mesenteric artery and accessory left hepatic artery
was arising from left gastric artery.

Jones and Hardy reported on the origin of middle hepatic
artery from gastroduodenal artery in 8.7% [6]. In the present

Figure 1. Dissection shows replaced right hepatic artery arising
from superior mesenteric artery; accessory left hepatic artery from
left gastric artery and middle hepatic artery from gastroduodenal
artery. (1: celiac trunk; 2: common hepatic artery; 3: splenic artery; 4:
left gastric artery; 5: gastroduodenal artery; 6: proper hepatic artery;
7: left hepatic artery; 8: cut end of right gastric artery; 9: middle
hepatic artery; 10: superior mesenteric artery; 11: replaced right
hepatic artery; 12: cystic artery; 13: accessory left hepatic artery; 14:
gastric branches of left gastric artery)
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Figure 2. Dissection shows the relations of replaced right hepatic
artery, accessory left hepatic artery and middle hepatic artery. (1:
celiac trunk; 2: common hepatic artery; 3: splenic artery; 4: left gastric
artery; 5: proper hepatic artery; 6: left hepatic artery; 7: middle hepatic
artery; 8: gastroduodenal artery; 9: superior mesenteric artery; 10:
replaced right hepatic artery; 11: accessory left hepatic artery; 12:
cystic duct; 13: common hepatic duct; 14: common bile duct; 15: portal
vein; 16: pancreas-retracted)

case, a similar finding of middle hepatic artery arising from
gastroduodenal artery was encountered.

The aberrant right hepatic artery arising from superior
mesenteric artery may have unusual relations in the right
free border of the lesser omentum and present hazards while
performing cholecystectomy. In ligature of the left gastric
artery during gastrectomy, it is wise to look for a large vessel,
which sometimes supplies the liver. This may be an accessory
or a replaced left hepatic artery from left gastric artery [7].
Accessory left hepatic artery provides a source of collateral
arterial circulation in cases of occlusion of the vessels in the
porta hepatis. The artery may be injured as it lies in the upper
portion of the lesser omentum during mobilization of stomach
in gastrectomy and hiatal hernia repair [8, 3].

Embryological Significance

At fourth week of development, both dorsal aortae give
rise to multiple ventral segmental (omphalomesenteric)
arteries. Fusion of the dorsal aortae occurs concurrently with
regression of multiple ventral segmental arteries. The celiac
axisis derived from the 10th ventral segmental artery and the
superior mesenteric artery arises from the 13th segmental
artery. The 11th and 12th segmental arteries normally
regress.

During early stages of development, there are three hepatic
arteries: (1) left hepatic artery arising from the left gastric
artery, (2) middle hepatic artery arising from the celiac
trunk, and (3) right hepatic artery arising from the superior
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mesenteric artery. In most cases, the middle hepatic artery
is the only one that persists to become the classic proper
hepatic artery in the adult. This artery divides into right and
left branches, which supply the respective hemi-lobe of the
liver [9]. Variations in regression and persistence of these
three early arteries account for the so-called accessory and
replaced variants [10].

Thus we conclude that the knowledge about the variations
in hepatic arterial anatomy is mandatory for surgical
gastroenterologists and interventional radiologists for
preoperative planning and intraoperative imaging during
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procedures like liver transplantation, cholecystectomy,
gastrectomy, hiatalherniarepair, trans-arterial chemotherapy
and hepatic arteriography.
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