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Abstract

Anatomical variations of the hepatic artery are important in the plan-
ning and performance of abdominal surgical procedures. Normal he-
patic anatomy occurs in approximately 80% of cases, for the remain-
ing 20% multiple variations have been described. The purpose of this 
study was to review the existing literature on the hepatic anatomy and 
to stress out its importance in surgical practice. Two main databases 
were searched for eligible articles during the period 2000 - 2015, and 
results concerning more than 19,000 patients were included in the 
study. The most common variation was the replaced right hepatic ar-
tery (type III according to Michels classification) which is the chief 
source of blood supply to the bile duct.
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Introduction

For decades, arterial variations of the abdominal aorta have 
attracted the attention of anatomists and radiologists due to 
their prominent significance in surgical specialties. The first 
description of normal and aberrant celiac trunk anatomy was 
published in 1756 by Haller [1]. Lipshutz [2] seems to have 
been the first who suggested a classification of the celiac trunk 
into four types. Later, Adachi [3] presented a more detailed 
classification, while the two most commonly used classifica-
tions were suggested by Morita [4] and Michels [5]. Varia-
tions in the vascular pattern of the celiac trunk and its branches 
should be taken into consideration when planning surgical in-

terventions on the abdominal part of the esophagus, stomach, 
duodenum, liver, pancreas, gallbladder and spleen [6]. Our 
study presents a review of the frequency of normal and aber-
rant hepatic arteries found in abdominal computed tomogra-
phy angiographies, during operation and in cadavers.

Methods

A systematic search of the scientific literature was carried out 
using Pubmed and Scopus database for the years 2000 - 2015 
in order to obtain access to all publications involving the ana-
tomic variations of the hepatic artery.

The following terms and combinations of them were used: 
“hepatic”, “artery”, “anatomic”, and “variations”. The refer-
ences of all the articles which were considered relevant were 
checked to find any studies missed. The criteria for inclusion 
of data in the study were the following: 1) The study was an 
original article or a review. 2) Only studies concerning adult 
humans were selected. 3) Populations overlapping with others 
were excluded. 4) Only articles written in English were used.

The classification of the celiac trunk was defined accord-
ing to Michels. For each study considered eligible, the year 
of publication, the type of study (case report, case series, and 
systematic review) and the kind of patients (living or cadavers) 
were investigated.

Results

Twenty articles were retrieved using the described search strat-
egy. All articles were analyzed in the review (Fig. 1).

A total of 19,013 patients were analyzed in our study (Ta-
ble 1) [6-26]. In our review, 81% of cases displayed normal 
anatomy. A replaced right hepatic artery (RHA) arose from the 
superior mesenteric artery (SMA) in 3.7% of cases, while a 
replaced left hepatic artery (LHA) stemmed from the left gas-
tric artery in 3% of cases. Both a replaced RHA and a left one 
were found in 0.8% of cases, while an accessory LHA and an 
accessory RHA were present in 3.2% and 1.6% of cases, re-
spectively. A common hepatic artery (CHA) originating from 
the SMA appeared in 1.2% of cases.

Finally, 784 cases (4.1%) encountered in our study were 
rare unreported anomalies or more commonly unclassified 
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anomalies (Table 2).

Discussion

According to the available literature, trifurcation of tripus Hal-
leri is reported with variable frequency, ranging from 60.0% 
to 94.2%, and a more recent review by Yi et al reported that 
the trifurcation occurs in 87.6% (1,875/2,141) of subjects [16].

Studies regarding the hepatic artery variations are abun-
dant in the literature. Hepatic arterial tree anomalies include 
replaced RHA in 11-21% of cases and replaced LHA in 3.8-
10% of cases, while accessory RHA and LHA have a frequen-
cy of 0.8-8% according to a recent review [27].

Embryologically, the celiac trunk derives from six pairs of 
ventral splanchnic vessels (subphrenic, upper, middle, lower 
ventricular and upper and lower intestinal). During the fetal 

development, these pairs span and disappear. However, the 
persistence of longitudinal channels between primitive vessels 
may lead to vascular anomalies or variations [28].

Knowledge of the anatomical variants in hepatic vascular 
structures is of great importance in general surgery, especially 
in hepatic and pancreatic surgery. This knowledge is also of 
great importance with regard to laparoscopic surgery, radio-
logical procedures, and the treatment of penetrating injuries 
involving the peri-hepatic area. Computerized tomographic 
angiography (CTA) helps to clearly delineate the vascular 
anatomy preoperatively, which would help the surgeon by 
anticipation of a vascular anomaly. Every attempt should be 
made to carefully dissect and preserve anomalous vessels un-
less their division or resection is dictated by the need to obtain 
oncological clearance [29].

An international classification describing the principal 
variations in the vascular anatomy of the liver was proposed 

Figure 1. Summary of the literature search. 
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by several authors, including Adachi in 1928, Michels in 1966, 
Hiatt in 1994 and Abdullah in 2006. Despite these studies, 
there are still some rare hepatic variations which are not found 
in these classifications [30].

Michels described the hepatic arterial anatomy and its var-
iations using the results of 200 cadaveric dissections and iden-
tified 10 types of hepatic arterial anatomy: type I: normal pat-
tern; type II: a replaced LHA from the left gastric artery; type 

III: a replaced RHA from the SMA; type IV: replaced RHA and 
LHA; type V: an accessory LHA; type VI: an accessory RHA; 
type VII: accessory RHA and LHA; type VIII: a replaced RHA 
or LHA with other hepatic artery being an accessory one; type 
IX: the hepatic trunk as a branch of the SMA; and type X: the 
CHA from the left gastric artery [31].

Table 1.  Classification of the Articles According to the Number and Type of Patients

Author No. of patients Type of patients
Paraskevas and Raikos [8] 1 Cadaver
Prakash et al [6] 50 Cadaver
Chitra [9] 50 Cadaver
Venieratos et al [7] 77 Cadaver
Le Bian et al [10] 2 Living patient
Panagouli et al [11] 12,196 Living patient/cadaver
Schwartz et al [12] 1 Living patient
Sureka et al [13] 600 Living patient
Chaib et al [14] 60 Cadaver
Ramanadham et al [15] 2 Living patient
Yi et al [16] 1 Living patient
Loschner et al [17] 1,297 Living patient
Lopez-Andujar et al [18] 1,081 Cadaver
Koops et al [19] 604 Living patient
De Cecco et al [20] 250 Living patient
Coskun et al [21] 48 Living patient
Stemmler et al [22] 63 Living patient
Winston et al [23] 371 Living patient
Covey et al [24] 600 Living patient
Saba and Mallarini [25] 1,629 Living patient
Sebben et al [26] 30 Cadaver

Table 2.  Distribution of the Found Variants

Michels type N = 19,013 100%
I 15,342 81
II 556 3
III 710 3.7
IV 163 0.8
V 592 3.2
VI 309 1.6
VII 38 0.2
VIII 66 0.35
IX 245 1.2
X 5 0.04
Not yet classified types 784 4.1

Figure 2. Type I normal anatomy according to Michels classification 
(81% of cases). RHA: right hepatic artery; LHA: left hepatic artery; 
CHA: common hepatic artery; CT: celiac trunk; PV: portal vein; LGA: 
left gastric artery; SA: splenic artery; SMA: superior mesenteric artery. 
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The classification of Michels was modified by Hiatt who 
distinguishes six categories: the normal anatomy - Hiatt type I, 
the LHA arising from the left gastric artery - Hiatt type II, the 
RHA arising from the SMA - Hiatt type III, every combination 
of a double replaced pattern - Hiatt type IV, the CHA originat-
ing as a branch of the SMA - Hiatt type V; and the abnormality 
consisting of an isolated aortic origin of the CHA, which Hiatt 
introduced as type VI instead of including the rare variant with 
a CHA arising from the left gastric artery [8, 32].

Our study comprises a review of Pubmed and Scopus da-
tabases. It looks into the anatomical variations of the hepatic 
artery as they are recorded in 20 articles. A total number of 
19,013 cases of adult humans were included. We have used 
the Michels classification because from the surgical point of 
view we believe that is more complete since it establishes the 
differences between “an accessory” and “a replaced” artery 
concepts not explained in more recent classifications. Type III 
(replaced RHA) is the most common variant (3.7%) according 
to Michels (Figs. 2-4). These vessels usually pass lateral and 

behind the portal vein and enter the hepatoduodenal ligament 
posterolateral to the bile duct and can be felt in this location 
when palpating the structures at the porta with the finger in the 
foramen of Winslow. However, there have been reports of such 
vessels traveling behind or through the head of the pancreas, in 
which case they are susceptible to damage. The danger in case 
of injury to a replaced RHA is its effect on the liver and specifi-
cally the bile duct vascularity with the attendant risk of a leak 
in the bilioenteric anastomosis, as Traverso et al outline (Fig. 
5). This is because the RHA is the chief source of blood supply 
to the bile duct. Type V (accessory LHA) is the second most 
common anomaly (3.2%). In this variation, the artery courses 
along the path of the replaced vessel and, on dissecting, the 
vessel is found to be accessory in the presence of the native 
LHA running along its normal course. Injury to these vessels is 
not associated with any major problems [27]. However, the re-
placed CHA arises from the SMA by a common trunk referred 
to as the hepatomesenteric trunk and has been classified as type 
9 by Michels. The incidence of such an anomaly has been re-
ported in literature to range from 0.4% to 4.5%, while in our 
review was 1.2%. Accidental ligation of this vessel can lead to 
ischemia of the bilioenteric anastomosis and a consequent leak.

We have to point out that the not classified types are the 
more frequent anomalies. The above results are similar to 
Michels’s classification as well as consistent with most of the 
published articles.

In conclusion, the hepatic arterial anatomy represents one 
of many “lessons for the general surgeon”. These arterial pat-
terns are of importance in the planning and performance of 
all surgical and radiological procedures in the upper abdomen.
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