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Anatomic variations of the hepatic arteries

in 250 patients studied with 64-row CT

angiography

Abstract The aim of our study was to
determine the frequency of different
hepatic arterial variants identified on
abdominal CT angiography (CTA)
with a 64-row CT system and a high
resolution protocol. A total of 250
consecutive abdominal CTAs per-
formed on a 64-row CT system were
evaluated. Two radiologists in con-
sensus analyzed arterial phase images;
the anatomical findings were grouped
according to Michels’ classification.
An anomalous arterial pattern was
observed in 34% of the cases. The
most common anomaly was Michels
type III (9.2%), followed by types II

and V (5.2%), type VI (4.0%), types
IV, VII, and IX (2.0%), and type VIII
(0.6%). No cases of type X were
detected. Unclassified variations were
observed in 3.3% of the cases. The
new generation of 64-row MDCT
allows optimal visualization of
splanchnic vascular anomalies with a
minimally invasive examination. This
visualization is extended to those
vessels with a small caliber and slow
flow resulting in difficult recognition
by classic angiographic studies. The
knowledge of anomalous arterial pat-
terns could be very useful in the
preoperative planning of surgical and
interventional liver procedures.
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Introduction

Anatomical variants of hepatic vascular structures are part
of the daily experience for hepatic surgeons and interven-
tional radiologists. Modifications of the dominant scheme,
in which the liver receives its total inflow from the hepatic
branch of the celiac axis, occur in 12–49% of cases [1–3].
An aberrant hepatic artery refers to a branch that does not
arise from its usual source. Under variant patterns, the lobes
may receive blood supply from the superior mesenteric
artery, left gastric artery, aorta, or other visceral branches.
These vessels may be accessory, occurring in addition to the
normal arterial supply, or replaced, representing the primary

arterial supply to the lobe. Moreover, aberrant hepatic
arteries can be of major surgical significance in operations
of the upper intestinal tract, the liver, and the gallbladder
and pancreas, especially for laparoscopic procedures [4–8];
they can also become a technical problem for infusion
therapy and transarterial chemoembolization of neoplasms
[9, 10]. InMichels’ classic autopsy series of 200 dissections
[11], published in 1966, the basic anatomical variations in
hepatic arterial supply were defined and this classification
has served as the benchmark for all subsequent contribu-
tions in this area.

The advent of 64-row multidetector computed tomogra-
phy (MDCT), thanks to isotropic spatial resolution, the

C. N. De Cecco . R. Ferrari .
M. Rengo . P. Paolantonio .
F. Vecchietti . A. Laghi
Department of Radiological Sciences,
University of Rome “Sapienza” – Polo
Pontino,
Via Franco Faggiana, 34,
04100 Latina, Italy

C. N. De Cecco
Department of Radiology, University
of Rome “Sapienza” – St. Andrea
Hospital,
Via di Grottarossa, 1035,
00189 Rome, Italy

C. N. De Cecco (*)
Via di Villa Massimo, 39,
00189 Rome, Italy
e-mail: carlodececco@gmail.com
Tel.: +39-335-395841
Fax: +39-064-4260834



extremely fast CT data acquisition, and the consequent
optimization of enhancement, has made MDCT invaluable
in the evaluation of vascular arterial anatomy, and in
particular the splanchnic vessels [12]. The development of
powerful and user-friendly software capable of managing
the huge amount of data and of performing selective
reconstruction of vessels enables CT angiography (CTA) to
completely replace diagnostic angiography. This is parti-
cularly true of the evaluation of vascular anomalies, whose
depiction on angiography is often a burden for the need for
selective catheterization [13]. In the literature many studies
have demonstrated CTA feasibility in the evaluation of
abdominal vascular anatomy, without angiography com-
parison, for surgical or interventional planning [14–17].

Our study presents the frequency of normal and aberrant
hepatic arteries encountered in abdominal computed tomog-
raphy angiographies performed using 64-rowMDCTwith a
high resolution protocol.

Materials and methods

Patient population

A total of 250 patients who underwent abdominal MDCT
angiography examination at our institution between
February 2006 and July 2008 were consecutively enrolled.
These patients presented with a variety of pathological
conditions, including known or suspected aortic and low
limbs disease, secondary cancer of the liver, and primary
cancer of pancreas and kidney. Subjects with allergy to
iodinated intravenous (IV) contrast media, impaired renal
function (creatinine concentration greater than 1.2 mg/dL),
with previous hepatic or major abdominal surgery and all
pathological conditions which may cause possible mod-
ifications of the vascular anatomy (i.e., parasitic flow in
hepatocellular carcinoma) were excluded. Permission from
the ethics committee was not requested as CT studies
followed routine imaging protocols, and written informed
consent was obtained from all patients.

Imaging techniques

MDCT was performed using a 64-row CT system (VCT;
General Electric Healthcare, Milwaukee, USA). Acquisi-
tion parameters were as follows: detector collimation, 64×
0.625 mm; reconstruction thickness, 0.4 mm; pitch, 1.3;
tube voltage, 120 kVp; Smart mAs (Noise Index 18). A
volumetric scan was obtained following the dynamic
injection of nonionic iodinated contrast material (Xenetix
350; Guerbet, France) at a dose of 2 mL/kg of body weight,
with a lower limit of 120 mL for patients weighing 60 kg or
less and an upper limit of 150 mL for patients weighing
over 75 kg. Contrast material was administered by means
of an automatic double-head power injector (EZEM,

Empower CTA, NY, USA) at a flow rate of 4 mL/s,
through a plastic IV catheter placed in an antecubital vein.
Data acquisition was triggered using the bolus tracking
technique, with the region of interest placed in the
abdominal aorta just below the diaphragmatic dome and
the trigger threshold level set to the CT value of 100 HU
with a 4-s delay.

Imaging analysis

For the purposes of the study, only the CT data obtained
during the arterial phase were downloaded onto an off-line
workstation (ADW 4.3; General Electric Healthcare,
Milwaukee, USA) for image postprocessing and analysis.
Arterial phase images were analyzed by two experienced
radiologists in consensus. If consensus was not reached,
the opinion of a third radiologist was requested. Radiolo-
gists interactively analyzed the volumetric datasets on the
workstation, being free to use axial slices as well as any
possible reconstruction algorithms, including multiplanar
reformation (MPR), maximum intensity projection (MIP),
and volume rendering (VR). Images were considerate
adequate for the purpose of the study if the relevant
vasculature in the appropriate phase of contrast enhance-
ment was depicted sufficiently to predict the vascular
anatomy. The anatomical findings were classified as
normal if the common hepatic artery originating from the
celiac trunk and the right and left hepatic arteries arising
from hepatic artery after gastroduodenal branching were
observed. Anatomical variations were grouped according
to Michels’ classification (Table 1). Arterial variants
not included in Michels’ classification were recorded
separately. The frequency of various anomalies was
calculated.

Table 1 Michels’ classification of hepatic arterial anomalies

Type Description

I Normal anatomy

II Repl. LHA from LGA

III Repl. RHA from SMA

IV Repl. LHA from LGA and repl. RHA from SMA

V Acc. LHA from LGA

VI Acc. RHA from SMA

VII Acc. LHA from LGA and acc. RHA from SMA

VIII Acc. LHA from LGA and RHA from SMA

IX CHA from SMA

X CHA from LGA

LHA left hepatic artery, LGA left gastric artery, RHA right hepatic
artery, SMA superior mesenteric artery, CHA common hepatic artery,
Repl. replaced, Acc. accessory
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Results

All 250 exams were considered technically adequate and
none of the patient data were excluded by the sub-
sequent analysis. We studied 143 males (57.2%) and 107
females (42.8%) (mean age, 63.4 ± 16.2 years). As
illustrated in Table 2, normal anatomy was observed in
165 cases (66.0%), while 85 cases (34.0%) showed an
anomalous hepatic arterial pattern. The anomalies con-
sisted of Michels type II in 13 cases (5.2%) (Fig. 1),
type III in 23 cases (9.2%) (Fig. 2), and type IV in 5
cases (2.0%). Type V and VI occurred in 13 (5.2%) and
10 (4.0%) cases, respectively. Michels type VII was
found in five cases (2.0%) and type VIII in two cases
(0.8%) (Fig. 3). Type IX was observed in five cases
(2.0%). There were no cases in which the hepatic trunk
was found to be replaced by the LGA, described by
Michels as type X. We found additional, previously
unclassified variations in nine cases (3.6%) with the
hepatic arteries arising directly from the aorta and with
the replaced or accessory arteries arising separately from
the celiac trunk, the inferior pancreatic-duodenal artery
(IPD) (Fig. 4), and the Buhler arch.

Discussion

At the time of writing, this is the only study to present such a
large series in which hepatic vascular arterial anatomy has
been depicted by 64-row CTA with a high resolution
protocol. In Table 2, a comparison with the frequency of
arterial variants reported by other DSA [18, 19] and CTA
[20–22] series based on Michels’ classification is provided.
Our study presents a frequency of replaced hepatic artery

(types II and III) comparable with the findings of other
angiographic studies; a possible explanation for the concor-
dance of the results might be that a replaced hepatic artery
usually has a normal caliber with a good flow inside and can

Fig. 1 Three-dimensional volume-rendered (a) and maximum
intensity projection (b) CT angiography images showing a replaced
left hepatic artery (arrowhead) arising from LGA and a normal right
hepatic artery (arrow)

Table 2 Variability of hepatic arteries in this study and those reported for CTA and DSA series published in the literature

Type CTA DSA

This study (n=250)
64-row

Coskun (n=48)
16-row [21]

Stemmler (n=63)
4/8-row [22]

Winston (n=371)
4-row [20]

Koops (n=604)
[19]

Covey (n=600)
[18]

I 66.0 54.1 80.9 50.7 79.1 61.3

II 5.2 0 0 14.5 2.5 3.8

III 9.2 6.3 6.3 8.1 8.6 8.7

IV 2.0 0 0 – 1.0 0.5

V 5.2 16.6 7.9 3.5 0.5 10.7

VI 4.0 2.1 0 – 3.3 1.5

VII 2.0 4.2 1.6 – 0.2 1.0

VIII 0.6 0 1.6 – 0.2 3.0

IX 2.0 0 1.6 1.6 2.8 2.0

X 0 0 0 – 0 0

NC 3.3 16.6 0 12.5 1.8 7.5

Data are presented as percentages of cases studied
NC not classified
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thus also be revealed by a non-state-of-the-art catheteriza-
tion of the celiac trunk or the SMA or with a normal CTA
protocol. Only type IV has had a higher result than with
DSA and this could be due to population variability.

On the other hand, Table 2 demonstrates a general
difference in the number of accessory hepatic arteries
detected (Michels types V, VI, and VII), with lower rates of
these anatomical patterns in the recently published angio-
graphic series than in this study. This difference might be
due to the small size of the accessory branches, resulting in
the general underestimation of the accessory arteries on
angiography. As there is usually a wide deviation in the rate
of aberrant LHA from the LGA in radiological publications,
it is assumed that the reason lies in the more difficult
angiographic identification of the LGA itself; it is easily

overlooked if the tip of the catheter is positioned too far into
the celiac trunk on selective angiographies and the proce-
dure lacks adequate aortography [23, 24]. Compared with
other CTA studies, performed on 4/16-row scanners, we
found a similar frequency of these anomalies and this
demonstrated that global visualization of abdominal vessels
obtained with CTA, with no state-of-the-art technology,
permits accessory vessels not easily depicted by DSA to be
recognized.

These studies also share the finding of a relatively stable
percentage of Michels type VIII and IX patterns, probably
owing to the low frequency of these anomalies. Michels
type X anomaly, in which the hepatic trunk is replaced by
the LGA, is confirmed to be the rarest anomaly, given that
it has only been reported in one study after Michels’
original classification [25].

However, in our study the prevalence of anomalies not
classified by Michels’ system does not differ compared
with those reported in other publications.

The preoperative knowledge of these anomalies assumes
high surgical significance, in particular in liver surgery and
laparoscopic procedures where surgeons have a limited
vision of the surgical field. For this reason, the possibility
of obtaining a complete arterial pattern, with no substantial
additional cost to the patient, during standard imaging liver
studies, seems to be invaluable for improvement of surgical
technique and reduction of morbidity costs.

Finally, the knowledge of liver vascular anatomy is also
useful for the placement of an infusion pump for liver
metastasis treatment, where it is fundamental to recognize
the presence of anomalous vessels, which preclude the
treatment of liver parenchyma supplied by aberrant arteries
[26, 27]. Moreover, recognition of aberrant vessels could
also be useful in transcatheter arterial chemoembolization
and radioembolization with yttrium-90, where all extra-
hepatic vessels that originate from hepatic arteries should

Fig. 3 Three-dimensional volume-rendered CT angiography image
showing an accessory left hepatic artery arising from the left gastric
artery (open arrow), a replaced right hepatic artery from the SMA
(arrowhead), and a normal left hepatic artery (arrow)

Fig. 4 Three-dimensional volume-rendered CT angiography image
showing a replaced right hepatic artery arising from the SMA
(arrowhead) and a replaced left hepatic artery arising from the IPD
(arrow)

Fig. 2 Three-dimensional volume-rendered CT angiography image
showing a replaced right hepatic artery (arrowhead) arising from the
superior mesenteric artery (SMA) and a normal left hepatic artery
(arrow)
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be occluded to prevent severe complications such as
pancreatitis and gastroduodenal ulcerations [28].

Conclusions

The new generation of 64-row MDCT allows optimal
visualization of splanchnic vascular anomalies with a
minimally invasive examination, as demonstrated in other
preliminary CTA series obtained with 4/16-row CT
systems. This visualization is also extended to those

vessels with a small caliber and slow flow, resulting in
difficult recognition by classic angiographic studies. The
application of submillimetric protocols could also improve
recognition of small accessory branches compared with
4/16-row CTA, but further studies are needed to confirm
these findings. Preoperative knowledge of the range of
arterial anomalies and their specific frequencies is of
greater importance than ever in the planning and
performance of specific surgical and interventional radio-
logical procedures in the upper abdomen.
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