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Abstract
Background: Hepatic arterial anatomy is of major importance in performing many surgical and endovascular
procedures on the liver. Hepatic artery anatomical variations are a common finding.
Aim: The aim of our study was to estimate the prevalence of various hepatic arterial variants in HCC patients and
compare it with that in individuals with no abdominal abnormality.
Patients and methods: Total of 78 patients was included in the study. They were categorized into following
groups: 1) Patients with HCC (n=46); 2) Control group (n=32).
Prevalence of variant arterial anatomy in each group and subgroup was determined and compared to the values
in Control Group.
Results: Compared to the control group HCC group showed higher incidence of hepatic arterial anatomy
variations (54.5% vs. 31.2%). The difference was statistically significant (p<0.05).
Among the patients with HCC lesions larger than 10 cm the percentage of arterial variations was 81.25% which
was very statistically significantly different from that of the control group (p<0.01). This subgroup of patients also
showed higher incidence of SMA type RHA p<0.05).
Among the patients with single HCC lesion the percentage of arterial variations was 76.92% which was very
statistically significantly different from that of the control group (p<0.01).
Among the patients with two HCC lesions the percentage of arterial variations was 62.5% which was not
statistically significantly different from that of the control group.
Groups of patients with HCC lesions less than 10 cm as well as the group with multiple HCC lesions did not show
statistically significant difference of the hepatic arterial anatomy variation incidence compared to the control group
either. Our study implies that there may be a difference in the incidence of hepatic arterial anatomical variations
between HCC patients and healthy individuals.
This issue is worth of conducting further research on large series.

Keywords: Hepatic arterial anatomy; Hepatocellular Carcinoma
(HCC); Computed tomography; Carcinoma

Introduction
Hepatic arterial anatomy is of major importance in performing
many surgical and endovascular procedures on the liver. Hepatic
artery anatomical variations are a common finding; according to
publications, normal variant is encountered in 25-80% to individuals
[1,2]. One of the earliest publications regarding liver vascular anatomy
belongs to Michels, who divided the variations into ten variants [3].
Later Hiatt proposed modified classification [4].
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Hepatocellular Carcinoma (HCC) is the most common primary
liver malignancy and one of the major reasons for performing
percutaneous endovascular procedures or liver surgery. Thus
assessment of hepatic arterial anatomy variations in patients with HCC
is of importance in successful interventional management of these
patients.
According to publications Computed Tomography (CT)
angiography is the most reliable non-invasive tool to assess arterial
anatomy of the liver [5-12].
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Materials and Methods
The study was approved by the ethics committee of the Tbilisi State
Medical University. Total of 78 patients were included in the study.
They were categorized into following groups:
1.

2.

The first group (HCC Group) consisted of all the HCC patients
who had undergone abdominal CT angiography (CTA) scan
from 2011 to 2015 at the department of radiology. The number of
these individuals was 46 (38 men and 8 women, age range 39-79
years, average age 56 years). HCC was diagnosed either with the
pathological analysis of the biopsy specimen or combination of
the clinical, laboratory and radiological data. Diagnostic criteria
for the non-invasive diagnosis of the HCC were hyper vascular
lesion with early contrast wash-out combined with cirrhosis and
AFT level above 400.
Individuals for the second group (Control Group) were recruited
from the database of CT examinations. These patients had
undergone abdominal CTA for various reasons and had no
known or visible abdominal disorder. The number of cases in the
control group was 32 (19 men and 13 women, age range 24-72
years, average age 50 years).

Standard
Anatomy

Variant
Anatomy

Michel’s Type

Number of Number of
Number of
Cases in Cases
in
Cases
in
Control
Both
HCC Group
Group
Groups

I

20 (43.5%)*

22 (68.8%)* 41 (52.6%)

II

5 (10.9%)

1 (3.1%)

III

9 (19.6%)

4 (12.5%)

13 (16.7%)

IV

-

-

-

V

4 (8.7%)

-

4 (5.1%)

VI

3 (6.5%)

4 (12.5%)

7 (9%)

VII

-

-

-

VIII

2 (4.3%)

-

2 (2.6%)

IX

1 (2.2%)

-

1 (1.3%)

X

-

-

-

double
hepatic
artery

1 (2.2%)

1 (3.1%)

2 (2.6%)

-

1 (1.3%)

32 (100%)

78 (100%)

HCC group was further divided into 5 subgroups:
•
•
•
•
•

Patients with HCC lesions larger than 10 cm.
Those less than 10 cm.
Patients with single HCC lesion.
Patients with two HCC lesions.
Patients with multiple HCC lesions.

Unclas
sified

The numbers of patients in each subgroup are given in Table 1.
Total
Size of the Lesions

Number of the Lesions

>10 cm

<10 cm

1

2

Multiple

30

13

8

25

Number of
16
Patients

Table 1: Subgroups of HCC group.
Abdominal CT scan was done using 16 and 64 slice scanner using
multiphase CT protocol.
Analysis of the CT scans assumed the assessment of hepatic arterial
anatomy. Evaluation of anatomical variations was made using Michels’
classification.
Prevalence of variant arterial anatomy in each group and subgroup
was determined and compared to the values in Control Group.
Statistical significance of the difference was estimated. The p value
calculation was made using two tiled Fisher’s Exact Test.

Results
Anatomical variants and their distribution in both groups are
summarized in Table 2.
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6 (7.7%)

double
hepatic
artery
and
anastomosis 1 (2.2%)
between
PDA
and
SMA
46 (100%)

Table 2: Hepatic arterial anatomy in both groups.

Arterial Anatomy among the Patients in the HCC
Group
Among 46 patients with HCC standard anatomy (Michels’ type I)
was seen in 20 (43.5%) patients (Figure 1). The rest 26 patients (56.5%)
had anatomical variations. Among those 5 patients had left hepatic
artery (LHA) replaced to the left gastric artery (LGA) (Figure 2). 9
patients were found to have replaced right hepatic artery (RHA) from
the superior mesenteric artery (SMA) (Figures 3 and 4). Accessory
LHA originating from the left gastric artery was found in 4 patients
(Figure 5). Accessory RHA arising from the SMA was seen in 3
patients. Simultaneous existence of the replaced RHA and accessory
LHA was encountered in 2 cases. There was 1 case of the common
hepatic artery (CHA) arising from the SMA. Besides, double hepatic
artery was found in 2 patients, one of which was combined with the
anastomosis between the GDA and the SMA (Figures 6 and 7). GDA to
SMA anastomosis was found in 5 patients, 3 of them had otherwise
standard anatomy and were regarded as Michels’ type I anatomical
variant, and 1 had coexistent replaced LHA.
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Figure 1: Standard hepatic arterial anatomy.

Figure 4: Accessory RHA from the SMA. Note the biliary drainage
catheter (arrow).

Figure 2: Replaced LHA from the LGA.

Figure 5: Accessory LHA from the LGA.

Figure 3: Replaced RHA from the SMA.

Figure 6: Double hepatic artery.
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originating from the LGA was found in 2 patients. Accessory RHA
arising from the SMA was seen in 1 patient.
Among 30 patients with HCC lesion smaller than 10 cm standard
hepatic arterial anatomy (Michels’ type I) was seen in 17 (56.67%)
patients. The rest 13 patients (43.33%) had anatomical variations.
Between those 2 patients had LHA replaced to the LGA. 6 patients
were found to have replaced RHA from the SMA. Accessory LHA
originating from the LGA was found in 1 patient. Accessory RHA
arising from the SMA was seen in 2 patients. Simultaneous existence of
the replaced RHA and accessory LHA was encountered in 2 cases. The
case of the common hepatic artery (CHA) arising from the SMA, also
2 cases with double hepatic artery were included in this subgroup.

Figure 7: GDA to SMA anastomosis.
Arterial anatomy among the subgroups of HCC group is
summarized in Table 3.
Among 16 patients with HCC lesion larger than 10 cm standard
hepatic arterial anatomy (Michels’ type I) was seen in 3 (18.75%)
patients. The rest 13 patients (81.25%) had anatomical variations.
Among those 3 patients had LHA replaced to the LGA. 7 patients were
found to have replaced RHA from the SMA. Accessory LHA

Standard
Anatomy

Variant
Anatomy

Among 13 patients with single HCC lesion standard hepatic arterial
anatomy (Michels’ type I) was seen in 3 (23.08%) patients. The rest 10
patients (76.92%) had anatomical variations. Among those, 2 patients
had LHA replaced to the LGA. 6 patients were found to have replaced
RHA from the SMA. Accessory LHA originating from the LGA was
found in 1 patient. The case of the common hepatic artery (CHA)
arising from the SMA was included in this subgroup.
Among 8 patients with two HCC lesions standard hepatic arterial
anatomy (Michels’ type I) was seen in 3 (37.5%) patients. The rest 5
patients (62.5%) had anatomical variations. Among those, 1 patient
had LHA replaced to the LGA. 2 patients were found to have replaced
RHA from the SMA. Simultaneous existence of the replaced RHA and
accessory LHA was encountered 1 patient.

Michels’
Type

Number of Cases in
Number of Cases >10 cm Number of Cases in Number of Cases in 1 Number of Cases in 2
Multiple
Lesion
Subgroup
<10 cm Subgroup
Lesion Subgroup
Lesion Subgroup
Subgroup

I

3 (18.75%)**

17 (56.67%)

3 (23.08%)**

3 (37.5%)

14 (56%)

II

3 (18.75%)

2 (6.67%)

2 (15.38%)

1 (12.5%)

2 (8%)

III

7 (43.75%)*

3 (10%)

6 (46.15%)*

2 (25%)

2 (8%)

IV

-

-

-

-

-

V

2 (12.5%)

1 (3.33%)

1 (7.69%)

-

2 (8%)

VI

1 (6.25%)

2 (6.67%)

-

-

3 (12%)

VII

-

-

-

-

-

VIII

-

2 (6.67%)

-

1 (12.5%)

1 (4%)

IX

-

1 (3.33%)

1 (7.69%)

-

-

X

-

-

-

-

-

unclassified

-

2 (6.67%)

-

1 (12.5%)

1 (4%)

Total

16

30

13

8

25

Table 3: Arterial variations among the subgroups of HCC group.
Among 25 patients with multiple HCC lesions standard hepatic
arterial anatomy (Michels’ type I) was seen in 14 (56%) patients. The
rest 11 patients (44%) had anatomical variations. Among those 2
patients had LHA replaced to the LGA. 2 patients were found to have
replaced RHA from the SMA. Accessory LHA originating from the
LGA was found in 2 patients. Accessory RHA arising from the SMA
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was seen in 3 patients. Simultaneous existence of the replaced RHA
and accessory LHA was encountered in 2 cases. One patient with
double hepatic artery was also found belong to this subgroup.
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Arterial Anatomy among the Patients in the Control
Group
22 individuals in the control group had standard anatomy. Replaced
LHA arising from the LGA and double hepatic artery were found each
in single cases. Replaced and accessory RHA from the SMA was seen
in 8 cases (4 cases each).

Data Analysis
Compared to the control group HCC group showed higher
incidence of hepatic arterial anatomy variations (54.5% vs. 31.2%). The
difference was statistically significant (p<0.05) (Table 3).
Among the subgroups of HCC group statistically significant
difference was found in the following subgroups (Table 4).
Among the patients with HCC lesions larger than 10 cm the
percentage of arterial variations was 81.25% which was very
statistically significantly different from that of the control group
(p<0.01). This subgroup of patients also showed higher incidence of
SMA type RHA (p<0.05).
Among the patients with single HCC lesion the percentage of
arterial variations was 76.92% which was very statistically significantly
different from that of the control group (p<0.01).

from that of the control group. Groups of patients with HCC lesions
less than 10 cm as well as the group with multiple HCC lesions did not
show statistically significant difference of the hepatic arterial anatomy
variation incidence compared to the control group either.

Discussion
Our study implies that there may be a difference in the incidence of
hepatic arterial anatomical variations between HCC patients and
healthy individuals, particularly in those with single tumor lesions
larger than 10 cm. However, we did not get statistically significant
increase in arterial variations in the subgroup of patients with tumor
lesion less than 10 cm. Thus the difference between HCC and Control
Groups may be due to very high percentage of variant anatomy among
the patients with larger tumors (87.5%) and in fact the variant anatomy
is linked with HCC size only and not the existence of the tumor itself.
Anyway, it is above the capabilities of our study and requires further
research. Perhaps larger series will show it better.
To our knowledge this is a pilot study comparing hepatic arterial
anatomy in HCC patients in case-control fashion. Publications
estimating hepatic arterial variations do exist [1-6,13-15], but those
determining the prevalence in HCC patients are rare [16-19]. Their
results are summarized and compared to our data in Table 4.

Among the patients with two HCC lesions the percentage of arterial
variations was 62.5% which was not statistically significantly different
Arterial Anatomy

Our Study

Nikolopoulos et al.

Jiang

Rawat

Standard

19 (41.3%)

22 (66.7%)

413 (82.6%)

49 (39.2%)

Variant

27 (58.7%)

11 (33.3%)

87 (17.4%)

76 (60.8%)

Total

46

33

500

125

Table 4: Hepatic arterial anatomy variants among liver cancer patients in various studies and those reported by us.
The data is confusing and ambiguous with considerable diversity
between the authors. This might be due to the difference in the patients
among various studies (patient age, nationality, other genetic factors
etc.). By including control group in our study, we tried to minimize
these differences between HCC and Control groups.
Some anatomical variants are identified that do not fit into any
variant proposed by Michels (Figure 6).
We also report 5 cases of PDA to SMA anastomosis which was more
prevalent in HCC group (though not statistically significantly
different). 3 of these anastomoses coexisted with the standard arterial
anatomy and were regarded as Michels’ type I configuration. Though
in some circumstances (probably increased demand of the liver for the
blood) it may serve (via retrograde flow) as an alternative arterial
supply to the liver. Conditions that increase the arterial blood demand
of the liver include cirrhosis. In our study minimum 35 patients (76%)
in HCC group had concomitant liver cirrhosis. As far as our study was
retrospective it was not possible to determine the direction of the
blood flow in these anastomoses, but the issue is undoubtedly
interesting.
Finally, it is worth of noting that we also had cases of the HCC fed
by alternative nonstandard sources. We did not consider those vessels
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hepatic arterial variations. These alternative sources included GDA,
LGA and inferior phrenic artery.
We also understand the limitations of our study which includes first
of all small sample size (number of individuals). Our effort to
compensate this limitation was inclusion of the Control Group in our
study. Another limitation of our study is the fact that HCC group was
inhomogeneous by including newly diagnosed HCC-s as well as postembolization CT scans. The number of post-embolization patients was
4. Evidence supports the fact that embolization can change the arterial
supply of the HCC [20-27].
In conclusion, higher prevalence of the hepatic arterial anatomy
variations raises the suspect of possible increased risk of locally rapidly
growing HCC in the individuals with nonstandard arterial anatomy.
This issue is worth of conducting further research on large series. Also,
this fact favours performing pre-embolization and pre-surgical CTA
for the mapping of the hepatic arteries and is in consensus with other
authors [22-24].
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