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Triple arterial blood supply to the liver
and double cystic arteries
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A rare combination of variations in the arterial supply of the liver and gallbladder
was encountered in a male cadaver. The simultaneous occurrence of an accessory
left hepatic artery and an accessory right hepatic artery from which double cystic
arteries arose (one of which was low-lying). This combination has not yet been
reported. The accessory left hepatic artery originated from the left gastric artery.
The accessory right hepatic artery originated from the superior mesenteric artery.
Such arterial variations are caused by differences in embryological development.
This, however, may lead to complications related to diagnostic and therapeutic

procedures in the upper abdomen. (Folia Morphol 2017; 76, 3: 523-526)
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INTRODUCTION

Variations in the arterial blood supply to the liver
and gallbladder are common. The typical textbook
pattern, in which the liver receives its total arterial
supply from the hepatic branch of the coeliac trunk
(CT), occurs in 55-88% of cases [1, 7, 8]. Under vari-
ant patterns, however, the hepatic lobes may receive
arterial blood from the left gastric artery (LGA), the
superior mesenteric artery (SMA), the aorta or other
visceral arteries [6-8, 11, 13]. These aberrant arter-
ies may be either accessory in nature, occurring in
addition to the normal arterial supply, or replaced,
thereby substituting the normal arterial supply to the
lobe [6, 7, 13].

The typical pattern of the blood supply to the
gallbladder by a single cystic artery (CA), arising from
the right hepatic artery (RHA) in the hepatobiliary
triangle, occurs in 63% of cases [8]. The hepatobil-
iary triangle is the area bounded by the cystic duct,
the common hepatic duct and the inferior border of

the liver [2]. The CA typically traverses the hepato-
biliary triangle to the right of the common hepatic
duct towards the neck of the gallbladder, where it
normally divides into superficial and deep branches.
The superficial branch supplies the free peritoneal
surface of the gallbladder. The deep branch runs in the
gallbladder fossa, between the liver and the gallblad-
der [8]. Variant CA anatomy includes variations in its
origin, course and number of vessels [2, 5, 10, 11].

CASE REPORT

During a routine dissection of an adult male ca-
daver, a triple arterial blood supply to the liver and
double cystic arteries to the gallbladder were found
(Fig. 1). The CT trifurcated classically with the LGA
branching out first, followed by the splenic and com-
mon hepatic branches. The LGA supplied the lesser
curvature of the stomach with a few branches. The
accessory left hepatic artery (aLHA) ran upwards in
the hepatogastric ligament as a continuation of the
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Figure 1. Triple arterial blood supply to the liver and double cystic
arteries to the gallbladder, A. Anterior view; B. Right lateral view;
aLHA — accessory left hepatic artery; aRHA — accessory right
hepatic artery; sCA — superficial cystic artery; dCA — deep cystic
artery; CD — cystic duct; CBD — common bile duct; CHD —
common hepatic duct; CT — celiac trunk; LGA — left gastric artery;
SA — splenic artery; CHA — common hepatic artery; GDA —
gastroduodenal artery; PHA — proper hepatic artery; MHA — middle
hepatic artery; LHA — left hepatic artery; RHA — right hepatic
artery; SMA — superior mesenteric artery; Ao — aorta; IVC —
inferior vena cava; PV — portal vein; G — gallbladder; L — liver;
D — duodenum; S — stomach.

LGA before turning around a prominent papillary
process of the caudate lobe and entering into the
hepatic porta. The common hepatic artery (CHA) gave
rise to the gastroduodenal artery (GDA) and the right
gastric artery, as expected, before continuing as the
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proper hepatic artery (PHA). The PHA trifurcated into
the middle hepatic artery (MHA) and the narrower
left and right hepatic arteries.

The accessory right hepatic artery (aRHA) derived
from the SMA passed obliquely upward, posterior to
the common bile duct in the hepatoduodenal ligament
before branching off into double cystic arteries: the
superficial cystic artery (sCA) on its half way to the liver
and the deep cystic artery (dCA) in the hepatobiliary
triangle. The larger sCA, 3 mm in diameter, was unu-
sually long (50 mm), low-lying and ran beyond the
hepatobiliary triangle through the cholecystoduodenal
ligament, on the surface of the gallbladder’s body.
In addition to this, a miniature dCA, only 1.8 mm in
diameter, ran through the middle of the hepatobiliary
triangle towards the gallbladder’s fossa.

The diameters of the three arteries supplying the
liver were: the PHA (3 mm), the aLHA (5 mm) and
the aRHA (6 mm).

DISCUSSION

Knowledge of embryology is vital in order to
understand the formation of arterial variations in
the liver. Mammalian liver development starts with
three embryonic lobes — one central and two lateral
— which are closely connected with the embryonic
(umbilical, vitelline) veins [3, 4]. Each embryonic lobe
is supplied by its own embryonic artery (EA): the left
lateral lobe is supplied by the left EA, originating from
LGA; the central lobe is supplied by the middle EA
from the CT; and the right lateral lobe is supplied by
the right EA from the SMA. The three aforementioned
embryonic arteries (left, middle and right) anasto-
mose in the hepatic hilum. The central lobe, which
later develops in right and left paramedian sectors,
grows intensively and overlaps the lateral lobes (fu-
ture lateral sectors). Lastly, owing to the enlargement
of the stomach and spleen, the left lateral embryonic
lobe grows less than the right. Consequently, the
shape of the liver becomes remarkably asymmetric,
as is the case in a fully developed liver [4]. With the
hepatic growth, the middle EA territory continues to
enlarge until it becomes a dominant hepatic artery.
The middle EA then develops into the PHA, with a left
and right branch (i.e. normal arterial liver supply). The
left and right embryonic arteries gradually regress to
the point where they finally disappear. Only minuscule
fibrous remnants may be found.

In human foetuses in the 4th month of preg-
nancy, a left hepatic EA was found in 50% of cases
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and a right hepatic EA was found in 25% [4]. Miyaki
(1989) [9] analysed 60 foetal livers over 5 gestational
months old and found a left hepatic EA in 25.0% and
right hepatic EA in 18.3% of cases. The left and right
hepatic embryonic arteries coexisted with a regular
arterial liver supply in 10.0% of cases. Therefore, the
occurrence of hepatic EA progressively decreases
with increasing gestational age. In the adult popu-
lation, the simultaneous occurrence of the aLHA
and aRHA was observed in addition to the ordinary
arterial liver supply in only 1-3% of cases [1, 8]. It
can therefore be hypothesized that the aLHA and
aRHA are remainders of the left and right hepatic
embryonic arteries.

From a functional standpoint, it may be con-
cluded that in the presented case (Fig. 1) each of
the accessory hepatic arteries (aLHA, aRHA) with
diameters of 5 mm and 6 mm, respectively, probably
provided more blood flow to the liver than the PHA,
the diameter of which was only 3 mm. Regarding
the arterial supply of the gallbladder, the sCA clearly
dominated. This can be confirmed from the sCA di-
mensions as well as from the distribution pattern of
its sub-branches. Some of these sub-branches were
actually larger than the dCA itself and even reached
the fundus of the gallbladder.

Thorough knowledge of anatomical variations serves
as the foundation for any hepatobiliary surgical proce-
dure, including transplantation. Due to a lack of donor
livers, each organ is precious, regardless of its arterial
supply variation. In the presented case (Fig. 1), the liver
is supplied by both the CT (via the CHA and aLHA) and
the SMA (via the aRHA). All accessory arteries must be
preserved during transplantation because all hepatic
arteries are terminal vessels which supply specific ter-
ritories of the liver [8]. In a whole liver (orthotopic)
transplantation, the arterial blood supply to a hepatic
graft is usually provided by an end-to-end anastomosis
between the donor’s CT and the recipient’s CHA [12]. If
the donor’s liver is supplied by more than one artery, as
in the case presented, the donor’s variant arterial liver
supply must be converted into a single vessel during the
transplantation procedure. Arterial supply to the left
lateral hepatic sector from the LGA (via aLHA) presents
no problem because the LGA arises from the CT. The
partial or entire right lobe arterial supply by the aRHA
from the SMA represents a serious surgical problem
with various possible solutions [12].

Variant CA anatomy is also common. The double
cystic arteries occurring in 12-25% and represent
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cases in which the superficial and deep branches of
the CA have separate origins, either from the same
source or two different sources [5, 8]. Both cystic
branches most commonly originate from the RHA
[10]. It is slightly less common for the dCA to arise
from the RHA and the sCA to arise from the GDA or
some other source. Sometimes both cystic arteries
stem from an anomalous source [8]. If one of the
cystic arteries is located within the hepatobiliary tri-
angle and the other is located outside, as in the case
presented, this represents a compound CA type [5].
In patients with double cystic arteries, both must be
found and ligated during the cholecystectomy.

When the CA arises either from the GDA and its
branches or from the SMA, it often ascends to the
gallbladder early, forming a low-lying CA configura-
tion. This artery approaches the gallbladder inferior
to the cystic duct and never enters into the hepato-
biliary triangle [2]. A low-lying CA may provide the
gallbladder with complete arterial supply or, as in
the case presented, it simply represents a superficial
branch of the double cystic arteries (Fig. 1). A low-
lying CA is clinically important because a surgeon
ordinarily does not expect to observe the CA inferior
to the cystic duct. From a laparoscopic perspective,
it is located more superficially and anterior to the
cystic duct, which means that it is the first structure
encountered during a cholecystectomy. If a low-lying
CA is overlooked, this may lead to an accidental
intersection with an unintended haemorrhage [2].
Variant CA anatomy is difficult to establish before
a cholecystectomy and so careful dissection of the
hepatobiliary triangle and the gallbladder must be
performed in order to avoid unnecessary complica-
tions. Bleeding from the CA can be a cause for
a conversion from a laparoscopic to an open chol-
ecystectomy [5].

Cases with one accessory hepatic artery associated
with double cystic arteries are very rare [11]. Simul-
taneous occurrence of aLHA, aRHA and double cystic
arteries arising from the latter, is a feature that has, to
the best of our knowledge, not been reported to date.

CONCLUSIONS

Anatomical variations of this type could be the
result of some persistence in the foetal arterial hepatic
pattern. Adequate familiarity with the variants of the
anatomy of cystic and hepatic arteries is a precondi-
tion for performing accurate diagnostic and safe
surgical procedures in the upper abdomen.
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