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Abstract. – OBJECTIVES: The aim of the pre-
sent study was to evaluate variations in celiac
trunk and hepatic artery with multi-detector
computed tomography (MDCT).

PATIENTS AND METHODS: Totally 820 pa-
tients who underwent angiography of the ab-
dominal aorta were evaluated. Anatomical find-
ings were grouped according to the Michels
classification.

RESULTS: Several variations and/or anomalies
were noted in 33.2% of the patients (n=272). The
most common abnormality was Michels type III
(10.1%), followed by type V (7.3%), type II (4.7%)
and others. Type X was not observed in our se-
ries. We have noted additional, previously un-
classified variations in 12 cases (1.5%).

CONCLUSIONS: Preoperative knowledge of
variant anatomy may assist in the selection of
treatment options and surgical planning, which
in turn facilitates surgical dissection and helps
avoiding iatrogenic injury. MDCT angiography
allows detailed visualization of the vascular
anatomy.

Key Words:
CT angiography, Celiac trunk, Hepatic artery, Arteri-

al anomalies.

Introduction

Multiple configurations of the origin and
branching pattern of abdominal aortic visceral ar-
terial branches occur commonly1. Knowledge of
the vascular system variants is important for sur-
gical planning or interventional procedures. Celi-
ac trunk and hepatic artery variants are especially
important for liver transplantation and hepatic ar-
terial infusion chemotherapy2-4. Main purpose of
preoperative imaging is to obtain the road map of
vascular arterial and venous structures. Despite
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the advances in hepatic surgery techniques, par-
ticularly in terms of microvascular reconstruc-
tion, vascular complications still play an impor-
tant role in morbidity and mortality. Evaluation
before transplantation is performed by multi-de-
tector computed tomographic angiography (CTA)
rather than by conventional angiography5-8. Non-
invasive CTA is well correlated with convention-
al catheter angiography and successfully demon-
strates even the slightest variations2,6. Multi-de-
tector row scanners are particularly beneficial for
angiographic applications due to their features of
better complete anatomic coverage, contrast en-
hancement of the arteries, and longitudinal spa-
tial resolution9,10. The capability of computed to-
mography (CT) in providing precise and high-de-
finition vascular details noninvasively has further
improved with the multi-detector CT (MDCT)
technology11. MDCT angiography can provide
the surgeon with necessary preoperative vascular
data for surgical planning2,9. The aim of the pre-
sent study was to evaluate variations in celiac
trunk and hepatic artery by MDCT.

Patients and Methods

A total of 842 patients who underwent abdom-
inal MDCT angiography of the abdominal aorta
in our Department between 2007 and 2010 were
consecutively enrolled in the study. Those pa-
tients with pathological conditions likely to affect
normal vascular anatomy as well as CT scans
which were technically inadequate were exclud-
ed (n=22). This study was approved by the insti-
tutional Ethics Committee, and informed con-
sents were obtained from all patients.

CT angiography was performed with Philips
Brilliance CT scanner (Philips Medical Systems,
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Type Description

I Hepatic artery originates from the
CHA and bifurcates into the RHA
and LHA

II Replaced LHA arising from LGA

III Replaced RHA arising from SMA

IV Replaced RHA and LHA arising from
LGA

V Accessory LHA arising from LGA
VI Accessory RHA arising from SMA
VII Accessory RHA arising from SMA

and accessory LHA arising from LGA
VIII Replaced RHA and accessory LHAor

Replaced LHA and accessory RHA
IX The CHA arising from SMA
X The CHA arising from LGA
XI For any variant not described for

type I-X

Table I. Michels classification of hepatic arterial anomalies
(I-X).

CHA: common hepatic artery; RHA: right hepatic artery;
LHA: left hepatic artery; LGA: left gastric artery; SMA: su-
perior mesenteric artery.

Figure 1. Maximum intensity projection image on coronal
plane. Michel’s classification type I hepatic artery anatomy.
Celiac artery and its branches (SA; splenic artery, LGA; left
gastric artery and CHA; common hepatic artery) are visible.
CHA branches into the gastroduodenal artery (GDA), right
hepatic artery (RHA), and left hepatic artery (LHA).

Cleveland, OH, USA). Scanning was performed
using the following parameters: detector rows, 64;
collimation, 0.625 mm; pitch, 0.92; gantry rotation
time, 0.75 s; slice thickness 0.90 mm, slice incre-
ment, 0.45 mm; 250 mAs and 120 kV dose. A vol-
ume of 100 mL of non-ionic contrast medium was
injected at 4.0 mL/s through an antecubital vein
with an automatic power injector. Images were ob-
tained from the level of the dome of the di-
aphragm to the pelvis. CTA studies reviewed on a
workstation with interactive multiplanar manipula-
tion of the images including multiplanar reforma-
tions (MPR), thin and/or oblique maximum inten-
sity projections MIPs. Afterwards, axial, MIPs and
volume-rendered images were produced from axi-
al image data. Both the axial and reformatted im-
ages were assessed by a radiologist.

Different types of normal anatomy or anatom-
ic variants of hepatic artery were described ac-
cording to the Michels classification12 (Table I).

Results

Out of 820 patients included in the study, nor-
mal anatomy (Michels type I) (Figure 1) was ob-
served in 66.8% (n=548) and several variations
and/or anomalies were noted in 33.2% (n=272)
as illustrated in Table II. The anomalies consisted

of Michels type II in 39 cases (4.7%) (Figure 2),
type III in 83 (10.1%) (Figure 3), type IV in 6
(0.7%) (Figure 4), type V (Figure 5) in 60
(7.3%), type VI (Figure 6) in 28 (3.4%), type VII
(Figure 7) in 10 (1.21%), type VIII (Figure 8) in
19 (2.3%), and type IX (Figure 9) in 15 cases
(1.8%). No type X was observed in our series.
We have noted additional, previously unclassified
variations in 12 cases (1.5%).

The trifurcation of the celiac trunk (hepato-
spleno-gastric trunk) into its usual three branch-
es, the left gastric artery, the common hepatic
artery and the splenic artery, was observed in 752
patients of our series (91.7%).

The variation, in which the common trunk
ends dividing (hepato-splenic trunk) into the
common hepatic and splenic arteries, and the left
gastric artery arises from the aorta, was observed
in 18 patients (2.1%).

The variation, in which the common trunk
ends dividing (spleno-gastric trunk) into a com-
mon artery from which the splenic and left gas-
tric arteries originate, and the common hepatic
artery arises from the aorta or the superior
mesenteric artery, was observed in 21 patients
(2.6%). The variation, in which the common he-
patic and left gastric arteries originates from the
common trunk (hepato-gastric trunk), and the
splenic artery originates from the aorta or the su-
perior mesenteric artery, was not observed in our
series.

Absent celiac trunk was observed in 2 patients
(0.24%).
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Discussion

Various variants and abnormal conditions of
the celiac trunk and hepatic arteries were de-
scribed in the present investigation. Comparison
of hepatic artery variations according to Michels
classification determined in digital subtraction
angiography (DSA)3,13 and CTA2,14,15 studies are
presented in Table II. Ours is the first study re-
porting the results of a large series evaluated by
64-detector CTA. As presented in Table II, nor-
mal hepatic artery (Michels classification type I)
was noted in 66.8% of the patients, similar to the
results of the previous studies. The most common

abnormality in our series was Michels type III
(10.1%), followed by type V (7.3%), type II
(4.7%) and others. No type X was observed in
our series. We have noted additional, previously
unclassified variations in 12 cases (1.5%).

In the present work, the rates of type II and
type III hepatic artery (replaced hepatic artery)
were similar to those reported in the previous 64-
detector CTA study, but greater than those report-
ed in DSA and 4-, 8-, 16-detector CTA studies.
These variations can be better demonstrated by
64-detector CTA compared to other methods.
However, type IV hepatic artery rate in our study
group was lower compared to those in 64-detec-

Figure 2. Maximum intensity projection image on coronal
plane. Michels classification type II hepatic artery anatomy.
Replaced left hepatic artery (LHA) originates from left gas-
tric artery (LGA), right hepatic artery (RHA) originates
from the common hepatic artery (CHA).

Figure 3. Maximum intensity projection image on the coro-
nal plane. Michels classification type III hepatic artery anato-
my. Replaced right hepatic artery (RHA) originates from supe-
rior mesenteric artery (SMA) and left hepatic artery (LHA)
originates from the common hepatic artery (CHA).

Figure 4.Maximum intensity projection image on the coronal
oblique plane. Michels classification type IV hepatic artery
anatomy. Left hepatic artery (LHA) originates from the left
gastric artery (LGA) and the right hepatic artery (RHA) origi-
nates from the superior mesenteric artery (SMA).

Figure 5. Maximum intensity projection image on the
coronal oblique plane. Michels classification type V hepatic
artery anatomy. Accessory left hepatic artery (Acc. LHA)
arising from left gastric artery (LGA).
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tor CTA study, and higher compared to those in
DSA and other CTA studies. This may be due to
greater sample size of the present study. More-
over, type VI and type VII hepatic artery (acces-
sory hepatic artery) rates of our study group were
similar to those in 64-detector CTA study, but
greater than those in other CTA and DSA re-
searches. As accessory arteries are thinner and
have shorter calibration compared to other arter-
ies, they may be demonstrated better by 64-de-
tector CTA. In our investigation, type VIII hepat-
ic artery rate was higher than those in CTA and
DSA studies. This may be due to our greater
sample size. Type IX hepatic artery rate in our
study group was similar to those in DSA and 64-
detector CTA investigations, but higher com-

pared to those in other CTA studies. DSA and
64-detector CTA might have demonstrated the
superior mesenteric artery better compared to
CTA with a lower number of detectors.

Similar to the previous researches included in
Table II, the type X abnormality, which is very
rare, was also not observed in our series.

For surgical resection of liver tumors, hepatic
vascular architecture should be delineated compre-
hensively and accurately. This becomes especially
important in terms of surgical approach and pa-
tient management, especially during placement of
an intraarterial chemotherapy pump, which may
be decided upon during the surgical procedure as
an alternative to resection11. MDCT angiography
allows rapid acquisition of high-resolution images

Figure 6. Maximum intensity projection image on the
coronal oblique plane. Michels classification type VI hepatic
artery anatomy. Accessory RHA (Acc. RHA) arising from
superior mesenteric artery (SMA).

Figure 7. Maximum intensity projection image on the coro-
nal plane. Michels classification type VII hepatic artery anato-
my.Accessory right hepatic artery (Acc. RHA) arising from su-
perior mesenteric artery (SMA) and accessory left hepatic
artery (Acc. LHA) arising from left gastric artery (LGA).

Figure 8. Maximum intensity projection image on the coro-
nal plane. Michels classification type VIII hepatic artery anato-
my. Replaced right hepatic artery (Rpl. RHA) arising from su-
perior mesenteric artery (SMA) and accessory left hepatic
artery (Acc. LHA) arising from left gastric artery (LGA).

Figure 9. Maximum intensity projection image on the
coronal plane. Michels classification type IX hepatic artery
anatomy. Common hepatic artery (CHA) arising from the
superior mesenteric artery (SMA).



of hepatic arteries during the phase of maximal
contrast enhancement. The role of CTA in the de-
termination of tumor resectability in patients with
pancreatic and hepatobiliary malignancy has been
well-described16. Preoperative knowledge of vari-
ant anatomy may assist in the selection of treat-
ment options and surgical planning, which in turn
facilitates surgical dissection and helps avoiding
iatrogenic injury2,11,13,16,17.

CT angiography is noninvasive, allows three-
dimensional visualization of vessels from any an-
gle from a single set of data acquisition and is
substantially less expensive compared to conven-
tional DSA18. MDCT angiography is a fast tech-
nique that depicts hepatic vascular anatomy with
high sensitivity and specificity. MDCT angiogra-
phy has progressively been replacing convention-
al angiography for evaluating vascular anatomy,
liver parenchyma, adjacent organs, and soft tis-
sues. Axial and coronal MIP and volume-ren-
dered images allow virtual anatomic mapping for
the transplant surgeon2.

Conclusions

Preoperative knowledge of the arterial pattern
provides great help for surgical planning and 64-
detector CT angiography allows detailed visual-
ization of the vascular anatomy in this respect.
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