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Abstract: The purpose of this study is to report the variations in hep-
atic arterial supply of a mixed population of organ donors in which the
anatomy was individually examined during the bench surgery, and pa-
tients who underwent a selective angiogram of the celiac axis and supe-
rior mesenteric artery.
We reviewed the donor forms and/or angiograms of 701 patients. The
donor forms were completed personally by one of the authors, while all
the radiology images were obtained through studies performed by one
single radiologist. The arterial anatomy was anomalous in 296 out of
701 cases with an overall incidence of hepatic artery anomalies of
42.22%.
In this paper we describe previously unreported arterial anomalies of
the hepatic artery, collecting the second largest series of hepatic artery
anatomical variations of the English literature. This anatomical update
can be useful for transplant and general surgeons, as well as vascular
radiologists.
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The anatomy of the hepatic artery is of great
importance for general and transplant surgeons as
well as for vascular radiologists. The arterial vas-
cular anatomy of the liver has played a significant
clinical role during the last decade, especially after
the considerable development of hepatopancreato-
biliary surgery, the introduction of laparoscopic
surgery, and the constant development of liver
transplantation.

Today, the continuous increase of oncologic sur-
gical cases and upper abdominal invasive proce-
dures, performed by vascular radiologists, as well
as the refinement in the utilization of cadaveric and
living donor livers, makes the acquisition of a
profound knowledge of all the anatomic variants
of the hepatic artery mandatory.

The chronic shortage of cadaveric livers has led
many surgeons to propose surgical innovations
and alternative approach, namely, reduced-size,
split and living-related transplantation, which are
now routinely performed in both adult and pedi-
atric populations, and which require a detailed
knowledge of the hepatic arterial supply (1).

Liver transplantation has great influence on
general surgery whilst determining the surgical
anatomy of the upper and lower mesocolic space.
In fact, donor operation and bench surgery offer
a unique opportunity in the accurate identifica-
tion of the different anatomy in the arterial
blood supply of the liver. Liver transplantation
has also allowed the development of surgical
strategy for donor operation and bench-surgery
procedures (performed before organ implanta-
tion) favoring recognition and correction of hep-
atic artery potential anomalies, thus resulting in a
minor rate of organ wasting.

From Michels’s first report (2) until now, sev-
eral studies have reported common and rare hep-
atic artery variants. Those studies are based upon
angiographic data (3, 4) and derive mainly from
the surgical and the transplantation literature (5–
7).

We have studied the surgical anatomy of the
hepatic artery in 701 patients belonging to both
organ donor population and general surgery
patients.
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Materials and methods

We reviewed, herein, 701 cases that included 508
cases where the vascular anatomy of the liver
was assessed and personally documented in a
prospective fashion, by at least one of the au-
thors participating in the donor operations. The
same surgical team working in three different
transplant centers performed those 508 liver pro-
curements. Between August 1988 and July 1994,
484 livers were harvested for liver transplantation
at the Thomas E. Starzl Transplantation Institute
of the University of Pittsburgh and the National
Center for Liver Transplantation of the Veterans
Affairs Medical Center, both located in Pitts-
burgh, PA, USA. These 484 cases were grouped
together with another 24 livers, procured by the
same team, between July 1999 and September
2000 in a newly established transplant program
(Table 1), the Istituto Mediterraneo per i Trapi-
anti e Terapie ad Alta Specializzazione (IS-
METT), a partnership between the University of

Pittsburgh Medical Center and the Italian Gov-
ernment.

Also included in this study were 193 patients who
underwent a selective angiogram of the celiac trunk
and superior mesenteric artery at the newly estab-
lished ISMETT transplant facility, between July
1999 and September 2000. Indications for the an-
giograms were pre-transplant evaluation and intra-
arterial chemoembolization treatments for HCC in
102 cases and anatomic study for major upper
abdominal surgical procedures in the other 91.

The arterial anatomy of the donor was reported
as described in the operative notes; vascular radiol-
ogy anatomy was recorded as collected in the radi-
ologist’s reports.

In this study, we defined as normal anatomy of the
liver (arterial supply) a common hepatic artery
arising from the celiac axis from which the gastro-
duodenal and proper hepatic artery were taking off,
the latter dividing distally at the hilum into right and
left branches.

Table 1. Common and rare types of hepatic arterial anomalies

%No. of casesTypesDescriptionType

Common anomalies 57.77Normal anatomy 4051
1052R. or ARHA from SMA 14.98

11.55813R. or A. LHA from LGA
52 7.42HA from CA+R. or A. LHA from LGA+R. or A. RHA from SMA 4
15 2.14Early bifurcation of the HA 5

0.8666CHA from SMA
5 0.71HA from CA+R. or A. RHA from aorta 7

From celiac mesenteric trunk 8 5 0.71
0.4339CHA from aorta

R. or A. RHA from CA 10 3 0.43
3 0.43HA from CA+R. or A. LHA from aorta 11

R. or A. LHA from aorta+R. or A. RHA from SMA 10 2 0.29
RHA from CHA 13 2 0.29

98687

LHA from A. supraceliac+CHA+RHA from aortaRare anomalies 1 0.14
LHA from SMA+RHA from SMA 1 0.14
LHA from LGA+RHA from CA 1 0.14

1 0.14HA from aorta+A. LHA from LGA+A. RHA from SMA
HA from CA+A. RHA from renal artery 1 0.14
LHA from HA+RHA from GDA 1 0.14
HA from CA+A. LHA from LGA+A. RHA from aorta 1 0.14
RHA from aorta 1 0.14
LHA from LGA+RHA from LGA 1 0.14
Early bifurcation of the HA+LHA from LGA 1 0.14

0.141Celiac mesenteric trunk+LHA from LGA
RHA from GDA 1 0.14
LHA from CHA+RHA from SMA 1 0.14

0.141RHA from CA

14 1.99

Total cases 701 100

CA, celiac axis; CHA, common hepatic artery; GDA, gastro-duodenal artery; HA, proper hepatic artery; LGA, left gastric artery; LHA, left hepatic artery; RHA,
right hepatic artery; R. or A. LHA, replaced or accessory left hepatic artery; R. or A. RHA, replaced or accessory right hepatic artery; SMA, superior mesenteric
artery.

360

 13990012, 2001, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1034/j.1399-0012.2001.150510.x by U

niversità D
i C

atania C
entro B

iblioteche E
, W

iley O
nline L

ibrary on [23/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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Results

Hepatic artery anomalies were documented in 701
cases. While the arterial blood supply of the liver
was normal (according to the definition provided
in Materials and methods) in 405 grafts and livers,
the anomalies were encountered in 296 subjects
(42.22%).

In our study (Table 1), a replaced or accessory
right hepatic artery (RHA) arose from the superior
mesenteric artery in 14.98% of cases; replaced or
accessory left hepatic artery (LHA) stemmed from
the left gastric artery in 11.55% of cases; in 7.42%
of instances, the hepatic artery stemmed from the
celiac axis with a replaced or accessory LHA origi-
nating from the left gastric artery plus a RHA
originating from the superior mesenteric artery; an
early bifurcation occurred in 2.14%; the common
hepatic artery originated from the superior mesen-
teric artery in 0.86% of cases.

In addition to the five above-mentioned anoma-
lies, which actually represent the most frequent
subtypes reported in literature so far, we found
several other interesting findings. The hepatic
artery branched off from the celiac axis with an
accessory or replaced RHA from the aorta in
0.71% of cases; the hepatic artery originates from
the celiac mesenteric trunk in another 0.71%; the
common hepatic artery originated directly from
the aorta in 0.43% of cases; an accessory or re-
placed RHA arose from the celiac axis also in
0.43% of occurrences; the hepatic artery originated
from the celiac axis with accessory or replaced left
hepatic originating from the aorta in 0.43% of
cases; a replaced or accessory RHA from the supe-
rior mesenteric trunk plus a replaced or accessory
left hepatic from left gastric artery was encoun-
tered in another 0.43%; a replaced hepatic artery
originated from a common hepatic artery in 0.29%
of cases; and an accessory or replaced LHA origi-
nated directly from the aorta with an accessory or
replaced RHA originating from the superior
mesenteric artery in 0.29% of cases (Table 1).

Finally, 14 rare and unreported anomalies total-
ing 1.99% were encountered in our study. These
anomalies were each present with an incidence of
0.14% (Table 1). In comparison to previously re-
ported rare anomalies, we observed that several of
these consist of two or three single anomalies
grouped together. Some of these alterations in-
clude anomalies that can be individually noted in
other studies (8).

A LHA from an accessory supraceliac branch
plus a common hepatic artery plus RHA from
aorta; a LHA from a superior mesenteric branch
plus a RHA from a superior mesenteric branch;

and a LHA from a left gastric artery plus a RHA
from the celiac axis are some of the examples listed
as rare anomalies in Table 1. Other rare and never
reported anomalies are: proper hepatic artery from
the aorta plus an accessory LHA from a left gastric
artery plus an accessory RHA from the superior
mesenteric artery; a proper hepatic artery from the
celiac axis plus an accessory RHA from the renal
artery; a LHA from a proper hepatic artery plus a
RHA from a gastro-duodenal artery; a proper
hepatic artery from the celiac axis plus an acces-
sory LHA from a left gastric artery plus a RHA
from the aorta; a RHA from the aorta; a LHA
from a left gastric artery and a RHA from the left
gastric artery; early bifurcation of the proper hep-
atic artery plus a LHA from a left gastric artery; a
celiac mesenteric trunk plus a LHA from the left
gastric artery; a RHA from a gastro-duodenal
artery; a LHA from a common hepatic artery plus
a RHA from a superior mesenteric artery; and to
end a RHA from a celiac axis were observed.

Discussion

We report the second largest series of anatomic
variations of the hepatic artery ever reported, to
the best of our knowledge, in the English literature
(Table 1; Fig. 1). The percentage of hepatic artery
anomalies described in this series overlaps the
figures reported in early and late literature (2–6,
10, 12, 13).

The study was performed on a mixed population
of organ donors, general surgery patients (candi-
dates for different upper abdomen surgical proce-
dures), and patients with end-stage liver diseases
who underwent a pre-transplant work-up.

Our aim was to inform general surgeons in-
volved in the field of hepatobiliary surgery or bil-
iary laparoscopic procedures about the potential
risks related to a wide range of anomalies regard-
ing the arterial blood supplies to the liver. The
accurate knowledge of the variability of the hepatic
artery pathway also allows transplant surgeons to
preserve all the anomalous vessels, thus avoiding
vascular injuries to the harvested donor liver that
could potentially result in recipient morbidity or
mortality.

Improvements in anesthesia, surgical techniques
and an increased understanding of arterial hepatic
anatomy kept the risk of donor death from elective
hepatic resection to less than 1% during living
donation for living related liver transplantation (1).

Both in the early and the most recent literature
on this subject, several authors made an effort to
compare different subtypes of variations in order
to determine a single scheme, at least for the most
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Fig. 1. Classification of hepatic artery anatomy. Dotted lines indicate that the variant artery can be accessory if present or replaced
if absent.

common variants, since the less frequent variants
were often reported by single observations.

Our series presents several types of anatomic
arterial variations of the hepatic artery which are
not reported in Michels’s classic paper (2), neither
in Michels’s modified classification as proposed
by the UCLA transplant group (5). On the con-
trary, though these rare anomalies were encoun-
tered once per type, this report broadens the
spectrum of arterial anomalies of the hepatic
artery, listing subtypes (Table 1) previously not
described (2, 8–10).

The criteria we followed in our anatomic classifi-
cation were the origin, the pathway, the distribu-
tion, and the number of branches.

Our study includes some interesting findings
such as 52 patients with a proper hepatic artery
originating from the celiac axis associated with a
replaced or accessory LHA from the left gastric
artery, plus an accessory or replaced RHA origi-
nating from the superior mesenteric artery (type 4,
Fig. 1). In this type, as well as in three other
anomalies encountered among the 14 rare variants
herein reported (Table 1), we found an arterial
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Anomalies of the hepatic artery

supply to the liver coming from three different
sources that can be related to the embryonic arte-
rial blood supply (11).

Amongst the patients who underwent an an-
giography study, we found a number of unusual
and interesting findings such as early bifurcation
of the hepatic artery, already reported in previous
literature as a trifurcation (4, 12); in addition, in
one of our cases a LHA coming from the left
gastric artery was associated with an early bifur-
cation. Six celiac mesenteric trunks, one of which
also revealed an associated LHA originating from
the left gastric artery, were also revealed. Further-
more, due to the contraindications of aortic con-
trast injection use in this subgroup that mainly
consists of individuals with reduced hepatic and/
or renal function, anomalies originating directly
from the aorta were not discovered. Also noted,
without any real anatomical or scientific correla-
tion, is the fact that certain arterial anomalies
such as the presence of celiac mesenteric trunk
were observed only in the angiographic studies
and not in the donor procurement assessment.
The only difference between the two populations
is represented by the fact that the individuals un-
dergoing radiologic assessment derived all from
Mediterranean basin countries. Instead, all other
patients were from different nationalities and eth-
nic groups.

Abnormal pathway of hepatic arteries can usu-
ally be discovered in 60–65% of cases (5). General
surgeons who perform surgery involving the vas-
cular supply to the liver and bile duct need a clear
knowledge of the variety of combinations of arte-
rial blood supply to the liver. This is also critical
information for the donor surgeon, who must pre-
serve the branches of the arterial supply to the
liver, especially since these vessels are end arteries
(6).
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