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Rare variations of hepatic arteries in association
with variable origin of gastroduodenal artery
found in multidetector computed

tomography angiography

A. Skérzewska', P. Stajgis?, M. Grzymistawska', M. Rojewska', M. Krajecki',

M. Bruska', R. Juszkat?

"Department of Anatomy, University of Medical Sciences, Poznan, Poland
2Department of General and Interventional Radiology, University of Medical Sciences, Poznan, Poland

[Received 3 April 2014; Accepted 1 May 2014]

INTRODUCTION

Three rare anatomical variations were found during study on hepatic arterial
vascularisation in multidetector computed tomography angiography. In the first
described variation the common hepatic artery (CHA) arises from the celiac trunk
(CTr) and supplies right hepatic lobe. The left lobe of the liver is supplied by aberrant
left hepatic artery originating as a common trunk with the left gastric artery and
the splenic artery. This variation may correspond to the type 2 in Michels’ classifi-
cation coexisting with one of three possible patterns of the CTr division (when the
CHA is the first branch of the CTr and the gastrosplenic trunk is the second one).
The second variation corresponds to the very early bifurcation of the CHA arising
from the CTr. Both, the right and left hepatic arteries originate separately from the
CTr. The gastroduodenal artery (GDA) originates from the left hepatic artery. It may
be regarded as the variation of most common type 1 according to Michels. In the
third case the CHA gives raise to the GDA and terminates as the right hepatic artery
supplying the right lobe of the liver only. The proper hepatic artery is missing and
the left hepatic artery arises from the GDA. This variation does not correspond to
any types of Michels’ classification. (Folia Morphol 2014; 73, 4: 531-535)
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[1, 27]. It is also essential for the successful therapy

The multidetector-row computed tomography
(CT) provides sufficient image quality for assessment
of celiac trunk (CTr) variations and hepatic vessels
anatomy and is commonly used in presurgical or
postoperative evaluation of abdominal aorta [4, 11,
13, 20, 21, 25]. The accurate preoperative evaluation
of vascular pattern is of great clinical importance in
hepatobiliary and pancreatic surgery, especially in
hepatotransplantology and pancreatoduodenectomy

in patients undergoing endovascular surgical pro-
cedures such as embolisation of hepatic arteries or
intra-arterial chemotherapy of hepatic neoplasm
[1, 2, 24]. Aberrant hepatic arteries usually coexist
with anatomical variations of the gastroduodenal
artery (GDA). Variable origin and course of this artery
results in complications during embolisation in case
of bleeding duodenal cup ulcer [27]. It is also very
important in planning hepatic arterial infusion che-

Address for correspondence: Dr A. Skérzewska, Department of Anatomy, University of Medical Sciences, ul. Swieckickiego 6, 60-781 Poznan,

Poland, tel: +48 61 854 65 48, e-mail: a.skorzewska@gmail.com



Folia Morphol., 2014, Vol. 73, No. 4

motherapy when the GDA is used for the intraarterial
chemotherapy pump placement [2, 23]. The hepatic
arterial infusion chemotherapy required an accomplish-
ment of adequate distribution of anticancer agent in
the liver parenchyma. It is very important to avoid the
extrahepatic perfusion through inserted catheter [22,
23]. Inaccurate evaluation of arterial anatomy results
failure of therapy due to incomplete drug distribution
in the liver and vascular or gastrointestinal complication.

The anomalous arterial blood supply and exact
description of anatomical variations is a challenge
for radiologists. The purpose of this study was to find
and analyse rare variations which are not described
in Mithels’ classification.

MATERIALS AND METHODS

Anatomical variations of hepatic arterial system
were studied in 163 patients who underwent mul-
tidetector CT (MDCT) angiography in Department of
General and Interventional Radiology Poznan Univer-
sity of Medical Sciences between April 2014 and June
2014. All examinations were clinically indicated routine
diagnostic procedures with patients’ permission and
were performed on 64-row detector CT scanner (Light
Speed, General Electric). Images were obtained from
the level of diaphragm to the pubic symphysis. Slice
thickness was 0.67 mm; the pitch amounted to 1.3
with gantry rotation 0.5 s. In all patients 100 mL of
iodinate non-ionic contrast medium was injected into
the brachial vein with an automatic syringe. Flow rate
of contrast medium administration was 4.5 mL/s. It was
followed by “wash out bolus” — injection of 50 mL
of physiological salt solution. The examinations were
evaluated in early arterial phase only (15-20 s after
injection of contrast agent). Scans were analysed using
General Electric workstation. Images were assessed
using 2- and 3-dimensional reconstructions (maximum
intensity projection — MIP; volume rendering — VR,
auto bone extraction general). The pattern of hepatic
arteries was classified according to Mitchels.

RESULTS

The typical hepatic anatomy was observed in
115 (70.6%) patients, and 45 (27.6%) patients de-
monstrate different types according to Mitchels. In
3 cases rare hepatic arteries variations coexisting with
variable origin of the GDA were revealed.

The first variation was described in 65-year-old
male who underwent MDCT angiography in the co-
urse of diagnosis of aneurysm by anastomosis after
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Figure 1. A 65-year-old man with aneurysm by anastomosis after
surgical implantation of aorto-aortic tube prosthesis. The 3-dimen-
sional volume rendered image shows the common hepatic artery
originating from the celiac trunk and supplying right hepatic lobe.
The left lobe is supplied by the left hepatic artery (LHA) arising from
the gastrosplenic trunk (GSTr). The right hepatic artery (RHA) gives
rise to the gastroduodenal artery (GDA). Superior mesenteric artery
(SMA) originates from the abdominal aorta; SA — splenic artery.

surgical implantation of aorto-aortic tube prosthe-
sis. The MDCT confirmed presence of aneurysm and
revealed anatomical variation of CTr and hepatic
arteries. The short arterial trunk arose from abdomi-
nal aorta as a first unpaired visceral branch from its
anterior aspect, in the location typical for CTr. This
trunk divided into 2 branches. One passing upward
gave rise to the splenic artery (SA) and the left ga-
stric artery (LGA), and finally supplied the left lobe of
the liver. It was recognised as the left hepatic artery
(LHA). The second branch of the common arterial
trunk running to the right gave rise to the GDA. It
supplied the right lobe of the liver and basing on
the pattern of its ramification was considered to be
the right hepatic artery (RHA) (Fig. 1).

The second variation was revealed in a 67-year-old
male examined in MDCT angiography for suspicion of
endoleak after endovascular aneurysm repair. Three
years ago he underwent aortic stentgraft implanta-
tion. It was found in MDCT that the CTr divides into
4 branches: the SA, the LGA, and 2 arteries supplying
the liver. These arteries corresponding to the RHA and
the LHA arose independently from the CTr. The GDA
originated from the LHA.

The third variation was found in a 78-year-old
male examined in MDCT angiography during diag-
nosis of abdominal aortic aneurysm before surgical
treatment (Fig. 2). Typical pattern of unpaired bran-
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Figure 2. A 67-year-old man after endovascular aneurysm repair and
aortic stentgraft implantation. The 3-dimensional volume rendered
image demonstrates the right hepatic artery (RHA) and the left he-
patic artery (LHA) originating independently from celiac trunk (CTr).
The gastroduodenal artery (GDA) arises from the LHA; SA — splenic
artery, left RA — left renal artery, right RA — right renal artery.

Figure 3. A 78-year-old man diagnosed for suspicion of abdominal
aortic aneurysm. The 3-dimensional volume rendered image reveals
typical pattern of unpaired branches of abdominal aorta. The
common hepatic artery (CHA) splits into the gastroduodenal artery
(GDA) and the right hepatic artery (RHA). The GDA gives rise to the
left hepatic artery (LHA); CTr — celiac trunk; LGA — left gastric
artery; SA — splenic artery; SMA — superior mesenteric artery.

ches of the abdominal aorta was observed: the CTr
divided into the SA, the LGA, and the common hepatic
artery (CHA), and independent origin of the superior
mesenteric artery (SMA). The CHA split into the GDA
and the RHA typically branching in the right hepatic
lobe. After a short course the GDA gave rise to the
LHA which demonstrated typical pattern of its intra-
hepatic branches in the left lobe of the liver (Fig. 3).

DISCUSSION
Numerous variations of the hepatic arteries were
described. According to the most commonly used
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Mitchels’ classification [15, 16] 10 types of them are
distinguished depending on the origin of the lobar
hepatic arteries and appearance of accessory hepatic
arteries. The source of aberrant hepatic arteries is the
LGA or the SMA.

According to Covey et al. [5] standard hepatic ana-
tomy was observed in 61.3% of patients undergoing
angiographic examination, and 19.8% of patients
demonstrated variations of the origin and course of
the LHA, and in 14.8% variations of the RHA were
observed, while both aberrant hepatic arteries were
found in 4.0% only.

The anatomical variations may be explained ba-
sed on the embryonic development. According to
Douard at al. [6] the liver anlage in human embryo
is composed of 3 parts: right lateral, left lateral, and
middle. They are connected by the median bridge
and supplied by 3 primary embryonic hepatic arte-
ries: right, middle, and left. In 51-74% of cases only
one of them, primary middle hepatic artery (MHA),
persists and transforms into the CHA typically bran-
ching into the GDA and the hepatic artery proper. The
primary RHA usually disappears and the primary LHA
transforms into the LGA. Finally the typical pattern
of blood supply of the liver by 2 lobar branches of
the hepatic artery proper is established. This pattern
corresponds to Michels’ the type 1 [16].

Two primary hepatic arteries persist in 20-25%,
and three of them in 2-12.5% of cases [6]. They
appear as the “accessory” and/or “replaced” hepatic
arteries. The artery supplying the whole lobe of the
liver and originating from the SMA or from the LGA is
called replaced hepatic artery. The accessory hepatic
artery supplies only the part of the lobe and exists
as additional source of blood supply from the SMA
or the LGA. Variations including replaced hepatic
arteries were classified by Michels [16] as the type 2
(left replaced), type 3 (right replaced) and type 4
(both of them). Accessory hepatic arteries correspond
to type 5 (left accessory), type 6 (right accessory) or
type 7 (both). Type 8 is subdivided into 8a, 8b, and 8c,
and includes variations with coexisting replaced and
accessory hepatic arteries. Vary rare condition is com-
plete regression of the embryonic MHA and liver
blood supply by RHA from the SMA or LHA from the
LGA, or both. It corresponds to the type 9 or 10.

Michels’ classification was reduced to six types by
Hiatt et al. [9] who classified as the same type both
replaced and accessory hepatic arteries supplying
the same lobe of the liver. It is emphasised that the
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exact definition of the CHA is essential to describe
variations of hepatic arteries for practical purposes.
Song at al. [24] proposed to name the CHA each ar-
tery that supplies at least one hepatic segment and
gives raise to the GDA irrespective of its origin and
course (not only this one that originates from the
CTr). Chen et al. [3] presented their classification of
hepatic arterial blood supply into 7 types based on
the variable origin of the CHA.

The persisted embryonic MHA usually supplies by
its segmental branch the quadrate lobe of the liver
[6, 10]. The segmental branch for quadrate lobe is called
in literature the MHA and, according to Wang et al.
[26], exists in 71%. It never originates from replaced
hepatic arteries, regardless to their origin. As it was
confirmed by Milon’s studies [17], each hepatic artery
that terminates as the MHA also gives rise to the GDA
and is the CHA according to Song’s et al. definition
[24]. However another rare variation was observed
by Adamthwaite et al. [1] during pancreatoduode-
nectomy. They found distal quadrifurcation of the
CHA originating typically from the CTr and dividing
into the RHA and LHA, and the intermediate branch,
and right accessory hepatic artery. The intermediate
branch supplied segment IV. The GDA arose from the
accessory RHA.

In rare cases the liver is supplied from 3 sources.
Gurgacz et al. [8] described 3 hepatic arteries: the
MHA arising from CTr, and 2 replaced arteries origi-
nating from the LGA and the SMA. In this case the
MHA and the GDA originated from the CHA. Hlaing
et al. [10] also observed 3 hepatic arteries: the right
originating from the CTr, and the left one from the
LGA, and the CHA. The last one arose from the CTr
and divided into the GDA and the MHA.

Three cases of total hepatic arterial blood supply
derived from the LGA were found in MDCT by Okada
et al. [19]. In these rare variants the GDA originated
from the CHA or from the SA.

According to Song'’s et al. definition [24] the first
described variation may be regarded as the CHA ari-
sing from the CTr and supplying the right hepatic
lobe, whereas the left lobe is supplied by the LHA
originating from gastrosplenic trunk. It may corre-
spond to the type 2, according to Michels [15, 16],
coexisting with one of 3 possible patterns of the CTr
division (when the CHA is the first branch of the CTr
and the gastrosplenic trunk is the second one).

The second case demonstrates the early bifurca-
tion of the CHA just close to origin from the CTr. Both,
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the RHA and the LHA originate separately from the
CTr. The GDA originates from the LHA that is more
common variant as it was mentioned in literature [6].
The part of the LHA from its origin to the origin of the
GDA may be named the CHA. This case corresponds
to the variation of most common type 1. As it is
described in literature early bifurcation of the CHA,
before the origin of the GDA, occurs in 6% of cases
[6]. Usually the right branch originates as the first,
and left branch is the source of the GDA being the
CHA[8]. The last one also gives rise to the right gastric
artery [8]. It is important to differentiate this variation
with the accessory superior RHA originating from CTr
and partially supplying the right lobe of the liver [7].

In the third case the CHA gives raise to the GDA
and terminates as the RHA supplying the right lobe
of the liver only. The proper hepatic artery is missing
and the LHA arises from the GDA. This variation could
not be classified according to Michels’ classification.

Anatomical variations of the GDA were described
by Milon et al. [17]. In rare cases the GDA originates di-
rectly from the CTr and the CHA does not exist. Nayak
et al. [18] describe 5 branches of the CTr: 3 typical,
as well as the left phrenic artery, and the GDA. The
gastroduodenosplenic trunk arising from the aorta
was also mentioned in literature [14] and in this case
the LGA and the accessory LHA arose directly from
the abdominal aorta. According to Jones and Hardy
[12] the RHA arises from the GDA in 6% of cases. In
75% of cases it derives from the hepatic artery proper
and only in 17% from the SMA.
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