LIVER TRANSPLANTATION 13:1401-1404, 2007

ORIGINAL ARTICLE

Lessons Learned From Anatomic Variants of the
Hepatic Artery in 1,081 Transplanted Livers
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The aim of this study is to contribute our experience to the knowledge of the anatomic variations of the hepatic arterial supply.
The surgical anatomy of the extrahepatic arterial vascularization was investigated prospectively in 1,081 donor cadaveric livers,
transplanted at La Fe University Hospital from January 1991 to August 2004. The vascular anatomy of the hepatic grafts was
classiﬁed according to Michels description (Am J Surg 1966;112:337-347) plus 2 variations. Anatomical variants of the classical
pattern were detected in 30% of the livers (n ⫽ 320). The most common variant was a replaced left artery arising from the left
gastric artery (9.7%) followed by a replaced right hepatic artery arising from the superior mesenteric artery (7.8%). In
conclusion, the information about the different hepatic arterial patterns can help in reducing the risks of iatrogenic
complications, which in turn may result in better outcomes not only following surgical interventions but also in the context of
radiological treatments. Liver Transpl 13:1401-1404, 2007. © 2007 AASLD.
Received January 22, 2007; accepted May 30, 2007.

Knowledge of hepatic arterial vascularization has a signiﬁcant relevance for the daily practice of a wide range
of practitioners including not only surgeons specialized
in the hepato-biliary-pancreatic area, but also general
surgeons and radiologists, mainly those who are dedicated to interventional radiologic treatments.
In the last few years, substantial improvements have
been achieved in the surgical and/or radiological treatment of benign and malignant liver, pancreatic, and
biliary diseases. With laparoscopic surgery the need
has arisen for exact descriptions of the hepatic vascularization to avoid iatrogenic vascular lesions.
In the setting of liver transplantation, the most effective approach to reduce the dropout rate on the waiting
lists is to expand the number of available livers. Several
strategies including living donors and split livers have
been developed for this purpose. These are extremely
complex techniques in which the exact knowledge of
the arterial anatomy is a required step to plan the best
resection as well as to minimize the risks of morbidity.
The patterns of hepatic arterial supply are not constant. The usual anatomy of the hepatic arterial vascularization is a common hepatic artery arising from the

celiac axis, accounting for 25 to 75% of the cases.1 In
the variant patterns, the hepatic lobes receive arterial
ﬂow through branches coming from the superior mesenteric artery, left gastric artery, or, rarely, from other
arterial trunks.2
Since Michels3 published his ﬁrst report, several
studies have reported not only common and rare hepatic artery variants, but also different classiﬁcations.
These studies are based on angiographic data and autopsy dissections, and mainly derive from surgery and
transplantation literature.4-14
The large sample size of transplanted livers is one of
the major interests of this study. Indeed, harvested
livers offer an excellent opportunity to describe, in situ,
the anatomic variants of the arteries since all extrahepatic arteries need to be carefully identiﬁed during this
step of the liver transplantation procedure to avoid injuries that jeopardize the viability of the graft once implanted.
The main purpose of this study is to accurately describe the anatomic hepatic artery in 1,081 donor livers. Indeed, we believe that surgical anatomy descrip-
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tions have a greater value for surgeons than studies
based on radiologic images or autopsy ﬁndings.

PATIENTS AND METHODS
From January 1991 to August 2004, 1,081 liver transplants were performed in the Liver Transplant Unit of
La Fe University Hospital in Valencia, Spain.
All the grafts implanted for which both the procurement process and the back table surgery data were
available, were included in this study. The hepatic procurement technique in the donor was carried out in all
cases as described by Thomas E. Starzl in 1984,15 following steps perfectly systematized and performed or
supervised by one of the senior surgeons of the Unit. In
21 cases, the liver was explanted by the surgical team
from an external center that sent it to us with the
description of the in situ arterial anatomy. These cases
were also included in the study since the back table
procedure was always performed by a surgeon of our
Unit.
Data concerning the extrahepatic arterial anatomy of
the graft were prospectively recorded from every case in
the donor (in situ) and ex situ surgical protocol. Arterial
anatomy of the grafts were classiﬁed according to Michels3 classiﬁcation. We have also adapted the concepts of
“accessory” and “replaced” artery, described by Michels.3 If 2 hepatic arteries supply the same hepatic lobe,
1 originating in the common hepatic trunk and the
other arising from a different arterial trunk, the last one
is called an “accessory.” On the other hand, if there is
only 1 hepatic artery for the hepatic lobe, that does not
arise from the common hepatic artery, it is called a
“replaced” artery.
Since all the implanted livers were full grafts and
given the additional risks associated with distal dissection, we avoided this practice at the back table, so there
is no data on the anatomy of the middle hepatic artery.

RESULTS
Arterial variations in 1,081 organs were classiﬁed into
the following 10 types (Fig. 1): 1) Type 1 (n ⫽ 761; 70%).
This is the classic anatomical pattern described in
anatomy books, in which the common hepatic artery
arises from the celiac trunk to form the gastroduodenal
and proper hepatic arteries, the latter dividing distally
into right and left branches; 2) Type 2 (n ⫽ 105; 9.7%).
A replaced left hepatic artery arises from the left gastric
artery; 3) Type 3 (n ⫽ 84; 7.8%). A replaced right hepatic
artery originates from the superior mesenteric artery; 4)
Type 4 (n ⫽ 34; 3.1%). This pattern is characterized by
the presence of a replaced left hepatic artery arising
from the left gastric artery, and a replaced right hepatic
artery originating from the superior mesenteric artery;
5) Type 5 (n ⫽ 42; 3.9%). An accessory left hepatic
artery originates from the left gastric artery; 6) Type 6
(n ⫽ 7; 0.6%). An accessory right hepatic artery arises
from the superior mesenteric artery; 7) Type 7 (n ⫽ 7;
0.6%). In this pattern, an accessory left hepatic artery
originates from the left gastric artery, and an accessory

Figure 1. Hepatic arterial anatomy in 1,081 cases according
to Michels’ classiﬁcation.3 Percentages corresponding to each
anatomical type are shown.

right hepatic artery from the superior mesenteric artery; 8) Type 8 (n ⫽ 3; 0.3%). In this pattern, a replaced
left hepatic artery originates from the left gastric artery,
and an accessory right hepatic artery from the superior
mesenteric artery or vice versa; 9) Type 9 (n ⫽ 27; 2.5%).
The common hepatic artery originates from the superior mesenteric artery; and 10) Type 10 (n ⫽ 0). The
common hepatic artery arises from a left gastric artery.
We also found 2 new types not included in Michels3
classiﬁcation: 1) Type 11 (n ⫽ 3; 0.3%). In this pattern,
the common hepatic artery arises from the superior
mesenteric artery, and an accessory left hepatic artery
is a branch from left gastric artery; and 2) Type 12 (n ⫽
8; 0.7%). The common hepatic artery originates directly
from the aorta.
Overall, the percentage of patients with a double artery in the right hepatic lobe (1.5%) corresponded to the
sum of the types 6, 7, and 8. On the other side, the
percentage of patients with a double artery in the left
hepatic lobe corresponded to types 5, 7, and 8 (5.3%).

DISCUSSION
The aim of this study is to contribute to the knowledge
of the hepatic vascular anatomy with the experience
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obtained in the dissection of the hepatic vascularization
during liver transplantation. This concerns not only
surgeons specialized in liver surgery but also general
surgeons involved in open and laparoscopic operations
in the upper abdomen (gastric and pancreatic surgery),
and radiologists who use therapeutic modalities such
as intraarterial chemoembolization of hepatic tumors;
indeed, an accidental injury of any of the arterial vessels that supply the hepatic parenchyma might cause
ischemia and biliary tract complications.
Our main ﬁndings can be summarized as follows: 1)
The prevalence of anatomical variants was 30%, a percentage similar to that reported in other series based on
surgical dissections for hepatic procurement in donors
(20-29%),5,9-11 but lower than the 39 to 46% reported in
series based on autopsy cases or radiological studies3,6-8; 2) Most of the variants described ﬁt into Michels3 classiﬁcation; 3) The most common anatomical
variants in our series were a replaced left hepatic artery
arising from the left gastric artery (9.7%) and a replaced
right hepatic artery arising from the superior mesenteric artery (7.8%), in agreement with previous studies.3-5,8,10,12
Michels3 reported in 1966 a classiﬁcation of 10 possible anatomical variants of the extrahepatic arterial
distribution that was based on a study of 200 autopsy
cases. After Michels3 initial classiﬁcation, several authors described their own observations.4-6 From a surgical point of view, we believe that Michels3 initial classiﬁcation is more complete since it establishes the
differences between “an accessory” and “a replaced”
artery, concepts not explained in more recent classiﬁcations. That is the main reason we choose it in the
present study. Although classically it was considered
that the hepatic arterial vascularization is terminal and
that there are no intrahepatic communications between
the different branches,3,16 more recent data, particularly that originating from the living donor experience,
has challenged this concept.17
We considered it important to identify all the hepatic
arteries and to classify them as “accessory” or “replaced.” Indeed, replaced arteries must be always preserved; in contrast, accessory arteries do not necessarily need to be reconstructed if there is adequate backﬂow after the anastomosis of the other branch or if
arterial ﬂow in all the segments is demonstrated by
intraoperative Doppler ultrasonography.
Our study has 2 major strengths. The ﬁrst is the
sample size of the series, one of the largest published in
the literature. The second is the material of study, an
extremely meticulous dissection of the hepatic arterial
vascularization by a reduced group of surgeons and
with a systematized technique, taking special care in
recognizing and distinguishing the difference between
an accessory and replaced artery in the ex situ surgery.
In fact, in our experience, a dual procurement of the
liver with pancreas or small bowel was never a handicap to describing the origin of the arterial system of the
explanted liver. Overall, the minimum diameter of the
identiﬁed arteries was above 1 mm in adult grafts. In
addition, no graft was discarded for arterial injury; in

the rare cases when it occurred, it was repaired at the
back table.
There are practical lessons that derive from these
descriptions. In the last few years, the number of liver
transplant candidates has increased substantially at a
rate signiﬁcantly greater than that of the donor population. This imbalance has led to the development of
alternative strategies to increase the number of available organs, including living donors and split livers.
Anatomical variations of the liver vasculature and bile
ducts are common and their recognition and management are critical in these 2 types of liver procurement.
The ﬁrst living donor liver transplant using the right
hepatic lobe was reported in 1994.18 The decision to
proceed with right lobectomy was forced by the intraoperative discovery of a prohibitive left lobe vascular
anatomy. Replaced hepatic arteries are anomalies that
are easily managed; in contrast, the presence of accessory arteries might result in reconstructions of double
arteries that, because of their small diameters, are the
cause of an increased rate of arterial thrombosis despite the use of reﬁned suture techniques with magnifying glasses and microsurgery13,14; the concept of
mandatory reconstructions when double arteries are
present is, however, being revisited based on the observations about intrahepatic arterial ﬂow in the livingdonor transplantation setting.17
Types 2, 3, and 4, present in 21% of our cases, are
favorable variants to obtain a split liver or a right hepatic lobe from a living donor, with a long and independent artery that is perfect for arterial anastomosis. Importantly, a double artery is found in 1.5% and in 5% of
right or left hepatic lobes, respectively. These data can
be used to decide between the right and the left hepatic
lobe in the living donor. On the other side, in types 2, 4,
5, 7, 8, and 11, an accessory or replaced left hepatic
artery is found in 18% of cases; information that should
be taken into account in the setting of upper abdominal
surgery when the gastrohepatic omentus or the left
gastric artery need to be cut.
The ﬁndings of the present study highlight the fact,
already observed in previous studies, that the extrahepatic arterial distribution is variable and that different
anatomic variants can occur in a high percentage of
cases. These arterial patterns are relevant in the planning and performance of all types of liver surgical and
radiological procedures. Furthermore, knowledge of
this high variability will likely help in planning and
performing, with less risks of serious ischemic complications, the procurement of donor livers in all its modalities, cadaveric, living, and split livers.
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