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Abbreviations: 90Y, 90Yittrium; aLHA, accessory left hepatic 
artery; aRHA, accessory right hepatic artery; CBCT, cone beam CT; 
CHA, common hepatic artery; DSA, digital subtraction angiography; 
HAP, hepatic artery proper; LHA, left hepatic artery; MDCT, multi-
detector CT; MHA, middle hepatic artery; RE, radio embolisation; 
RHA, right hepatic artery; rLHA, replaced left hepatic artery; rRHA, 
replaced right hepatic artery; SIRT, selective internal radiotherapy; 
SMA, superior mesenteric artery; VCS, volume coverage speed 

Introduction
Liver anatomy

The hepatic artery origins differ considerably between an adult 
and an embryo. The intrahepatic portal vein system (originating 
initially from the vitelline veins) acts as a framework for the arterial 
vasculature, the growth of which is also closely related to the 
development of the biliary tree.1,2 Initially, the embryonic Middle 
Hepatic Artery (MHA) exists as an offshoot of the coeliac trunk during 
the 8thweek of gestation, with further branches of the parenchyma 
becoming visible by the 10thweek.3 Whilst the distribution is initially 
to the central zones (segments 3, 4, 5 and 8), by the 15thweek it will 
reach the periphery, maintaining growth at the same rate as the liver.1 
An embryological Left Hepatic Artery (LHA) is an offshoot of the 
Left Gastric Artery (LGA) supplies segment 2, whilst segments 6 and 
7 are supplied by a branch of the Superior Mesenteric Artery (SMA), 
the embryonic Right Hepatic Artery (RHA).4 As the distribution of 

the embryonic MHA increases, the embryonic LHA and RHA regress 
to form the “normal” hepatic vasculature. Failure of this regression 
can lead to replaced or accessory hepatic arteries.5

The intricate variants that exist in hepatic vasculature were 
initially relevant only during conventional surgical procedures. 
However, as regional chemotherapy and radioembolisation (RE) 
have being developed during the last 20years, these anatomical 
variations have become increasingly important to the interventional 
radiologist. In addition to precise targeting of the cancerous lesions, 
the inadvertent delivery of chemotherapy to non-target vessels can 
cause significant adverse affects including: irritation and necrosis 
of the gastric mucosa, gall bladder and small intestine.6 The hepatic 
vasculature classification was defined in 1966 through Michel’s 
dissection of 200 autopsies, which has been the benchmark since 
(Table 1).7 This classification may be seen as outdated with respect to 
RE, as it includes no information on segmental anatomy or the origin 
of the RGA, and a new classification has been proposed, focussing on 
segmental distribution of the variable vasculature.5

As the right gastric artery is not the major contributor to the gastric 
bed, it is one that is often overlooked in literature relating to arterial 
variation. It is a highly variable artery; with studies showing it can 
arise from the hepatic artery proper (HAP), gastro duodenal artery 
(GDA) and the left, right, common or middle hepatic arteries.8,9,10 
Identification of the right gastric artery is critical, for interventional 
radiologists, since inadvertent chemotherapy delivery to this artery 
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Abstract

Objectives: To determine the imaging modality that provided the greatest detail of the 
hepatic vasculature.

Background: Due to the embryonic origin of the hepatic vasculature, variations can 
occur. Accurate knowledge of the hepatic arterial anatomy is essential in the field 
of transarterial liver interventions, including chemo- and radioembolisation of liver 
metastasis, allowing accurate tumour targeting whilst minimising the risk of non-
target embolisation. 

Methods: 39 patients underwent work up for Selective Internal Radiotherapy. All 
had CT Angiography and Digital Subtraction Angiography (DSA) carried out and 
22/39 underwent a DynaCT scan. The data was analysed retrospectively to determine 
vasculature branching, segmental vascularisation and Right Gastric Artery (RGA) 
origin.

Results: The vasculature variations found in our patients was comparable to previous 
studies using Michel’s Classification. The CT Angiography only located the RGA 
origin in 12.8% of the patients and it was seen in 87.1% of DSAs carried out. RGAs 
not found on DSA were located on DynaCT. Vascularisation was comparable to 
previous data, with segment 4 of the liver being supplied by left-sided circulation in 
78% of patients with standard branching anatomy.

Conclusion: Segmental vascularisation is a more relevant way to classify vasculature 
with respect to radioembolisation. DSA and DynaCT are useful at determining the 
RGA origin, with the latter providing more details of small vasculature.

Keywords: hepatic artery, ct angiography, cone beam ct, digital subtraction 
angiography
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can result in significant gastric mucosal damage (necrosis, ulceration 
or perforation).6,9 Evidence shows that the correct identification and 
embolisation of the right gastric artery can reduce the incidence of 
these complications from 36% to 3%.11

Table 1 Michel’s Classification of Hepatic Vasculature.7

Michel’s type Description

I RHA and LHA from CHA

II RHA from CHA. Replaced LHA from LGA.

III LHA from CHA. Replaced RHA from SMA.

IV Replaced LHA from LGA. Replaced RHA from SMA.

V RHA and LHA from CHA. Accessory LHA from LGA

VI RHA and LHA from CHA. Accessory RHA from SMA.

VII Accessory RHA from SMA and Accessory LHA from LGA

VIII

Replaced RHA and Accessory LHA

OR

Replaced LHA and Accessory RHA

IX CHA from SMA

X CHA from LGA

CHA, common hepatic artery; LGA, left gastric artery; LHA, left hepatic artery; 
RHA, right hepatic artery; SMA, superior mesenteric artery

Selective internal radiotherapy (SIRT)

SIRT initially gained approval in 2002 by the United States Food 
and Drug Administration (USFDA) for the treatment of hepatic 
metastases secondary to colorectal adenocarcinoma.12 Access to the 
hepatic circulation is most commonly gained through the femoral 
artery to allow the delivery of 90Yittrium (90Y) microspheres which 
are selectively taken up by tumours, due to their predominant 
hepatic arterial supply.12,13 This allows lethal tumour doses to be 
delivered to cancerous cells whilst preserving and reducing the risk of 
complications in normal liver tissue.13

Imaging modalities

CT angiography was first born in 1994 by the combination of 
helical CT and graphical image processing, eventually overshadowing 
conventional angiography, which had been the gold standard of 
vascular imaging for the preceding 70years.14 The advancement 
allowed high-speed (the entire liver volume can be mapped in one 
breath-hold), high-resolution, and highly accurate vasculature 
mapping with multi-planar reconstruction of the image.15,16 Image 
quality was governed by the volume coverage speed (VCS) of the 
scanner, which itself was dependant on the number of scanners used. 
Consequently, increasing the number of rows (of scanners) increased 
the VCS,17 progression of which has now led to 256-row CT as the 
(ideal) first line imaging modality for vasculature artery mapping.

Digital Subtraction Angiography (DSA) is a technique that 
allows imaging of vasculature through a combination of digitalised 
fluoroscopy (using systems that are highly sensitive to contrast) and 
temporal subtraction (which subtracts an image before contrast from 
one after, isolating the contrast filled vessels).18 The ability to inject 
contrast without the requirement to directly enter into the arterial 
circulation, as was the case with conventional angiography, was 
deemed as a major advantage in the development of DSA.19

The advancement of Cone Beam CT (CBCT) into the clinical setting 
has been limited by the progress of flat-panel fluoroscopy systems.20 
The use of a flat panel detector allows higher spatial resolution when 
compared to the image intensifier systems, the primary limitation 
when cone beam CT was first postulated in the 1980s.21,22 The primary 
difference between Cone-Beam CT and Multi-detector CT (MDCT) 
is the property of the detector itself. A two-dimensional detector is 
used in CBCT as opposed to the multiple one-dimensional detectors 
employed in MDCT.23 CBCT use in hepatic interventional radiology 
potentially allows more selective catheterisation and deposition 
of therapeutic agents, increasing treatment efficacy and reducing 
damage to non-tumour tissue as well as better determinants of target 
tissue treatment.20

There are three types of CBCT scanners that are commercially 
used, DynaCT (Siemens), XperCT (Phillips) and Innova CT (GE 
Healthcare). They vary in their rotation and reconstruction time, 
number of projections and image quality.20 For the purposes of this 
study, CBCT will always refer to the DynaCT (and they may be used 
interchangeably).

This investigation plans to compare the hepatic vasculature of the 
sample population with the existing data, paying close attention to the 
origin of the right gastric artery. In doing so, it will also be possible 
to determine which of these imaging techniques provides the greatest 
detail in hepatic vasculature, critical for the accurate deposition of 90Y.

Method
Patient selection

All patients included in this study had undergone scans as part of 
their management between March 2012 and May 2015 at the Royal 
Infirmary of Edinburgh These patients all presented with metastatic 
liver disease secondary to colorectal cancer and were undergoing 
work up to assess suitability for SIRT following discussion in the 
Hepatobiliary Multi Disciplinary Meeting. Ethical Approval was 
obtained in March 2015.

Imaging

All patients underwent CT Angiography prior to SIRT. It was 
either carried out on the 128-slice CT Scanner at the treatment centre 
(Aquilion CX; Toshiba) or had been done by the patient’s previous 
care team (maximum three months old, minimum requirements: 
128-slice CT scanner). If carried out in the treatment centre, 
intravenous contrast (Iomeron 400; 60-70ml dependant on patient 
size) was injected at 4.5ml/sec (Medrad Infusion Pump) followed 
immediately by a saline bolus (70ml). Images were obtained with an 
automatic trigger (descending aorta; HU=180) to view the arterial 
phase (7 second delay pre-scan for breathing instructions) and portal 
phase (32second delay post arterial scan).

Patients then underwent two DSA procedures, approximately 7 
to 14days apart. The first of those (work-up DSA) was carried out 
to determine vessel patency and anatomy (and carry out any vessel 
embolisation if required). During this procedure, if required, a 
DynaCT (Artis Zee; Siemens) was carried out. The second DSA was 
carried out for delivery of SIR-Spheres (Yittrium-90; 30µm diameter; 
64hours half-life; 100-1000+ Gy dose to tumour).

Image interpretation

All images were analysed on a workstation. The liver segments 
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were reviewed against Couinaud’s Classification during the portal 
phase. The hepatic vein distribution was used to determine the vertical 
scissurae with the portal vein determining the horizontal scissura. 

The hepatic vasculature was then analysed during the arterial 

phase (if taken in the treatment centre), or variable phases (if taken 
elsewhere) and followed to determine the Michel’s Classification 
(Table 1) and the segmental distribution (Figure 1). The naming of 
the artery supplying segment 4 was based on the study by van den 
Hoven.5 If visible; the origin of the RGA was also recorded

Figure 1 Michel’s Classification of Hepatic Vasculature.7,8

After the CT images had been reviewed, the DSA-images was 
analysed to confirm the arterial branching and determine the origin 
of the RGA. If there was a requirement during the procedure, the 
CBCT was taken (variable entry dependant on reasoning). If possible, 
information regarding vasculature branching, RGA origin and 
segmental distribution was recorded. 

Results
Of the 39 patients that were worked up for SIRT therapy, all 

underwent CT Angiography and DSA. 22/39 of these patients also 
underwent CBCT during the DSA procedure.

There were no discrepancies between the scans in determining 

the Michel’s classification. These are listed below (Table 2) in 
comparison to previous (surgical and radiological) data. Any study 
that combined replaced and accessory arteries was not included, as 
accurate comparisons could not be made.

The segmental distribution was analysed on the CT Angiography 
and CBCT (Table 3). Any patient that had undergone a major resection 
(n=6) was not included in the analysis.

Both researchers also looked for the origin of the RGA on all three 
imaging modalities (Table 4). If the origin was at a bi- or trifurcation 
point then it was said to derive from the proximal artery (Example: the 
RGA coming off at the bifurcation of the CHA into the HAP and the 
GDA would be determined to arise from the CHA).

Table 2 Surgical and Radiological data analysing the variations in hepatic vasculature utilising Michel’s’ Classification

Author
Michel’s Classification/% (Rounded to Nearest 0.1%)

I II III IV V VI VII VIII IX X Unclassified

Irfan 2015 74.4 7.7 7.7 2.6 2.6 - - 5.1 - - -

Michel’s 19667 55 10 11 1 8 7 1 2 4.5 0.5 -

Suzuki 197123 70.5 8 3.5 - 4.5 4 - - 3 - 6.5

Daly 197424 76 4 6 - 3.5 4 - - 2 - 6

Rygaard 198625 75.5 4.6 13.4 0.9 - - 0.5 0.5 1.4 - -

Chen 199826 80.3 7.8 5.2 0.7 1.3 1.5 0.5 - 1.6 0 1.1

De Santis 200027 52 10 15.5 0.6 0.6 2 0.6 - 4 - 14.7

Covey 200228 61.3 4.5 12.2 - 15 2.5 1 3.2 2 - -

Koops 200429 79.1 2.5 8.6 1 0.5 3.3 0.2 0.2 2.8 - 1.8

Yang 200930 70.2 2 9.8 0.6 - - - - 2.3 0.4 5.2

Ugurel 201031 54 11 17 1 10 1 - - - - 1

Elkholy 201432 55 10 15 5 5 10 - - - - -

Hoven 20155 66 8 15 3 1 - 1 2 1 - -
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Table 3 The main arterial branches are followed by their segmental territories of vascularisation in brackets

Coeliac axis LGA SMA Irfan 2015/% Hoven5 2015/%

No aberrant branches 69 66

LHA (2-4) and RHA (5-8) - - 54 46

LHA (2-3) and RHA (4-8) - - 15 19

Aberrant left hepatic artery 12 9

MHA (4) and RHA (5-8) rLHA (2-3) - 6 -

RHA (4-8) rLHA (2-3) - 3 6

LHA (3-4) and RHA (5-8) aLHA (2) - 3 1

Aberrant right hepatic artery 6 17

LHA (2-4) - rRHA (5-8) 6 14

Aberrant left and right hepatic arteries 9 6

- rLHA (2-4) rRHA (5-8) 3 1

RHA (5-8) rLHA (2-4) aRHA (5,8) 3 -

MHA (4) and RHA (6-8) rLHA (2-3) aRHA (5-6) 3 -

Not all of the variations determined by Hoven et al.5 are listed

LHA, left hepatic artery; RHA, right hepatic artery; MHA, middle hepatic artery; rLHA, replaced left hepatic artery; Alha, accessory left hepatic artery; rRHA, 
replaced right hepatic artery; aRHA, accessory right hepatic arter

Table 4 The visibility and origin of the Right Gastric as viewed on three 
different imaging modalities

Origin of RGA CT Angiography 
n=39 DSA n=39 CBCT n=22

Not Seen 34(87.1%) 3(7.7%) 4(18.2%)

HAP 1(2.6%) 8(20.5%) 2(9.1%)

CHA - 8(20.5%) 1(4.5%)

RHA - 4(10.3%) -

LHA 4(10.3%) 13(33.3%) 5(22.7%)

MHA - 1(2.6%) -

GDA - 1(2.6%) -

Gastro-epiploic - 1(2.6%) -

Coiled - - 10(45.5%)

Discussion
Even though the sample size for this study (n=39) was smaller than 

many of the other studies focussing on the Michel’s Classification, the 
results obtained are comparable and fit the trend. The most common 
pattern is the Michel’s I(54-80.3%) classically deemed to be the 
standard branching anatomy, but there is significant variability in 
the other classifications, making it difficult to determine an accurate 
“order of prevalence”.

S4 segment vascularisation

There is varying nomenclature to describe the arterial supply to 
segment 4 (S4) of the liver. In previous studies, the terms MHA and 
A4 (artery supplying segment 4) have been used interchangeably,33‒36 
but a distinction was made defining the MHA as a hilar branch from 
the CHA or PHA and A4 as a distal branch of the LHA or RHA.5 This 
definition has been utilised in the naming of S4 branches in this study.

In those patients that did not present with replaced or accessory 
arteries, it was found that the Left Hepatic Artery vascularised 
Segment 4 in 78% of cases. This was agreeable with 2recent studies, 
which showed 70%5 and 61.5%35 respectively of S4 supply originated 
from the LHA in the absence of aberrant arteries. However, there has 
been disagreement as to the most common origin of S4 blood supply 
with two newer studies reporting the RHA as the most common site 
for A4 branching (52%34 and 65%36 respectively in patients with no 
aberrant branches).

It was postulated that in the presence of replaced hepatic arteries, 
the origin of the artery supplying segment 4 would come from a 
branch of the coeliac axis.36 Whilst this held mostly true in our study 
(78% of patients with replaced or accessory arteries), it was found 
that a S4 branch could arise from a replaced LHA (though not from 
an accessory LHA). This data was supported by a previous study5 
which also demonstrated S4 vascularisation from a replaced RHA. 
Therefore, when determining the vascular supply of S4 in patients 
with aberrant arteries, it is not the origin of the artery that is important, 
rather the nature of the aberrance (replaced or accessory).

RGA origin

The sensitivity of CT Angiography to detect the RGA was low 
(12.8% in this study) with it not being found in the majority of scans. 
This may explain why previous radiological studies do not include the 
RGA5,24‒26,28‒30,32 whilst studying the variations in hepatic vasculature 
primarily utilising CT Angiography.

The radiological studies in which the RGA has been reported 
(Table 5)9,11,37,39,40 have utilised DSA (primarily whilst attempting to 
coil it for RE). These trials make no real distinction between aberrant 
or accessory arteries in the work up phase of the patients. DSA was 
significantly more sensitive to the RGA origin when compared to CT 
Angiography, detecting it in 87.2%.

In some of the scans utilised in this study, CBCT was used as 
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a “trouble-shooting” option for patients when the RGA was not 
visible using DSA. In all these cases, it was possible to determine 
its location; this finding is supported by data showing increased 
sensitivity, specificity and accuracy of CBCT compared to DSA when 
determining small arterial branches.38 The current analysis is the 
first to review the use of CBCT in determining the RGA, as coiling 

(and consequently identification) of both GDA and RGA is standard 
practice in the treatment centre. This had led to reduced gastric 
complications secondary to SIRT when compared to other centres, 
which is supported by previous data showing the significant decline 
in adverse effects (36% to 3%) when the RGA was coiled during 
infusional chemotherapy.11

Table 5 The variations in origin of the Right Gastric Artery

Author HAP/% CHA/% LHA/% RHA/% MHA/% GDA/%

Irfan 2015 20.5 20.5 33.3 10.3 2.6 2.6

Daselar 194738 50 - 32.4 4 - 13.2

Eckmann 198439 53 24 15 - - 8

Inaba 200110 55.7 7.8 20.7 4.1 1.3 10.1

Yamagami 20028 50.7 9.3 25.3 9.3 2.7 2.7

Cosin 200636 55 22 22 - - -

In some instances, the RGA could not be seen on the CBCT whilst 
it had been identified on the DSA. In these cases, the role of CBCT was 
not to determine the RGA but to determine detailed vascularisation 
of the tumour. When the CBCT was performed, contrast was infused 
distal to the origin of the RGA, and therefore no information on the 
RGA position was obtained.

Compared to previous published results of the RGA (Table 5), 
there is variation between the distributions of RGA origin. This may 
be due to the small population number that presented in our study, 
potentially giving a skewed view of the data. Another reason may 
be the naming of the origin of the RGA. In our study, if the RGA 
originated from a bi- or trifurcation, then the origin was determined 
to be the proximal artery. It was not stated how this was allocated in 
other trials and may account for the larger number of CHA originating 
RGAs in our trials compared to the majority. 

Limitations

As in any study of a retrospective nature, there were limitations 
that need to be addressed. The use of CBCT in the scans utilised in 
this trial was not consistent, it was used to determine vessel location, 
extra-hepatic enhancement or check tumour perfusion. The vessels 
that were injected with contrast at the time of the scan varied based 
on the requirements for it. Due to this inconsistent approach to CBCT, 
it is hard to determine its true potential in this study. Trials that have 
utilised CBCT in the work up for 90Y delivery in the treatment of 
hepatic malignancies41,42 found that CBCT provided more information 
in over half of the patients when compared to DSA. Whilst in some 
cases, the information was purely academic; it altered the treatment in 
52%41 and 19% of patients.42 It may be considered that in the future 
work-up of SIRT patients, CBCT is carried out as standard practice 
as it may yield information that will allow more complete patient 
management.

Another limitation that was highlighted was the utilisation of 
Coinaud’s classification of liver segments. Whilst it is an easily 
applicable concept to the liver anatomy of most patients, its accuracy 
is not infallible when compared across the entire population.43 In 
the field of RE, this means that the expected target volume for SIRT 
may differ from the actual affected area. The use of CBCT in SIRT 
could allow exact arterial distribution to the liver to be mapped (as it 
provides soft tissue as well as vascular information).20 This reduction 
in uncertainty of treatment targeting could cause a further reduction in 
complications from 90Y damage to non-target tissues.

Conclusion
The classification for Hepatic vasculature proposed my Michel’s 

has long been used in hepatic surgery. There are differing requirements 
during radioembolisation, and with the evolution of segmental 
approach and techniques a more useful and relevant arterial mapping 
classification specific to SIRT and liver directed arterial therapies is 
required. Whilst this can be determined using CT Angiography, the 
lack of visualisation of the RGA is a limiting feature. These can be 
identified using DSA and CBCT with the latter providing more detail 
in terms of small arterial branching. Considerations may be made to 
incorporate CBCT into standard SIRT therapy, though further data 
collection is required before this shift in clinical practice is viable.
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