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ABSTRACT. The purpose of our investigation was to determine the anatomical
variations in the coeliac trunk–hepatic arterial system and the renal arteries in patients
who underwent multidetector CT (MDCT) angiography of the abdominal aorta for
various reasons. A total of 100 patients were analysed retrospectively. The coeliac
trunk, hepatic arterial system and renal arteries were analysed individually and
anatomical variations were recorded. Statistical analysis of the relationship between
hepatocoeliac variations and renal artery variations was performed using a x2 test.
There was a coeliac trunk trifurcation in 89% and bifurcation in 8% of the cases.
Coeliac trunk was absent in 1%, a hepatosplenomesenteric trunk was seen in 1% and a
splenomesenteric trunk was present in 1%. Hepatic artery variation was present in 48%
of patients. Coeliac trunk and/or hepatic arterial variation was present in 23 (39.7%) of
the 58 patients with normal renal arteries, and in 27 (64.3%) of the 42 patients with
accessory renal arteries. There was a statistically significant correlation between renal
artery variations and coeliac trunk–hepatic arterial system variations (p50.015). MDCT
angiography permits a correct and detailed evaluation of hepatic and renal vascular
anatomy. The prevalence of variations in the coeliac trunk and/or hepatic arteries is
increased in people with accessory renal arteries. For that reason, when undertaking
angiographic examinations directed towards any single organ, the possibility of
variations in the vascular structure of other organs should be kept in mind.
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Anatomical variations of the hepatic arteries and
coeliac trunk are of considerable importance in liver
transplants, laparoscopic surgery, radiological abdom-
inal interventions and penetrating injuries to the abdo-
men [1]. The frequency of inadvertent or iatrogenic
hepatic vascular injury rises in the event of aberrant
anatomy and variations [2]. Arterial vascularisation of
the gastrointestinal system is provided by anterior
branches at three different levels of the abdominal aorta
(the coeliac trunk and the superior and inferior mesen-
teric arteries). Differences arising during several devel-
opmental stages in the embryonal process lead to a range
of variations in these vascular structures.

Renal artery variations are not uncommon either and
give rise to several problems that are encountered by
clinicians. Kidneys with a large number of renal arteries
are reported to have a higher rate of transplantation
failure than those with a single renal artery [3, 4]. The
risk represented by these vascular variations is not,
however, limited to renal transplantations and to the
surgical treatment of renovascular hypertension.

Digital subtraction angiography (DSA) is regarded as the
gold standard in the evaluation of vascular structures,
although its invasive nature significantly limits its role. In

recent years, the introduction of multidetector CT (MDCT)
and its ability to image vascular structures of small
diameter have led to a significant reduction in the
utilisation of invasive DSA examinations.

The aim of this study is to examine the anatomical
variations that occur in the coeliac trunk–hepatic arterial
system and renal arteries and their prevalence. We
looked at these vascular systems in patients who under-
went multidetector CT angiography of the abdominal
aorta for various reasons.

Methods and materials

Patients and imaging technique

All patients who underwent CT angiography of the
abdominal aorta and its branches for various reasons in
Gulhane Military Medical school, Ankara Hospital from
January 2006 through December 2006 were investigated
retrospectively. 100 patients were evaluated in the study
(61 males and 39 females). The mean age was 49 years
(age range: 10–85 years). The reasons for MDCT
angiography are presented in Table 1.

MDCT angiography examinations were performed
using a 16 detector scanner (MX 8000 IDT Multislice
CT System, Philips Medical Systems, Best, the Nether-
lands). The area from the lower thoracic spine to the
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symphysis pubis level, with the patient in a supine
position, was adopted as the field of view. During
examination, an 18–20 gauge angiocath needle inserted
into patients’ antecubital vein was used to inject 120 ml
of non-ionic iodinated contrast medium using the bolus
tracking technique (rather than a predetermined delay
time) with an automatic injector at a rate of 4 ml s21 (CT
9000 ADV, Digital Injection System, CT Multipack
200 ml syringe; Mallinckrodt Company, New Mexico,
USA).

The axial images obtained were transferred to a
workstation for analysis. Three-dimensional volume-
rendering technique (3D VRT), maximum intensity
projection (MIP) and multiplanar reconstruction (MPR)
images were used for evaluation.

Vascular system analysis

The raw data axial images obtained by MDCT
angiography as well as the post-processed 3D VRT,
MIP and MPR images were evaluated by two radiolo-
gists in consensus. The anatomies of the coeliac trunk,
hepatic arterial system and renal vascular structures
were analysed individually and anatomical variations
recorded. Anatomical variations of the coeliac trunk
were described according to Uflacker’s system (Table 2)
[5]. Anatomical variations of the hepatic arterial system
were defined according to Michels’s [6] 1966 interna-
tionally recognised classification and Hiatt’s [7] 1994
modification of that system (Table 3).

The existence of any artery other than a single hilar
artery in each kidney was accepted as an anatomical
variation. Anatomical variations of renal arteries,
whether they are unilateral or bilateral, their numbers
and origins were all determined in this study.

The possibility of a correlation between coeliac trunk
and/or hepatic artery variations and renal artery variations

was analysed using the x2 test, with p ,0.05 regarded as
statistically significant.

Results

Both coeliac trunk and hepatic arteries had a normal
anatomy in 50 of the 100 patients (50%); either coeliac
trunk or hepatic artery variation was present in the
remaining half (Tables 4 and 5). A normal coeliac trunk
formed from the left gastric, splenic and common hepatic
arteries was present in 89% of patients. Gastrosplenic
trunk (Type V) was the most prevalent variation (4%),
followed by hepatosplenic trunk (Type II) (3%). In one
patient, the splenic artery and superior mesenteric artery
originated from a common trunk while the common
hepatic artery and left gastric artery originated from a
separate common trunk. This variation has not been
described by any classification, and is defined here as
‘‘splenomesenteric trunk’’ (Figure 1).

The hepatic arteries had a normal anatomy (Type I) in
52% of patients. The most common hepatic artery
variations in our series were replaced right hepatic
artery (Type III) (17%), replaced left hepatic artery (Type
II) (11%) and accessory left hepatic artery (Type V) (10%)
according to Michels’s classification. On the basis of
Hiatt’s classification, on the other hand, the most
common hepatic artery variation was accessory or
replaced left hepatic artery (Type II) (22%).

3 of the 100 patients in our series had unclassified
hepatic artery variations. One of these was a right
hepatic artery that originated from the middle colic
artery (Figure 2); one was a right hepatic artery that
originated directly from the aorta (Figure 3); and the
third was a left hepatic artery originating from the
common hepatic artery (Figure 4). Liver segment IV
arteries, originating from the right hepatic artery, were
determined in 35 of the 100 cases.

Investigation of the patients’ renal arteries revealed 1
renal artery in each kidney in 58 of the 100 patients, and
more than 1 renal artery in 42 patients (Table 6,
Figure 5). All of the accessory renal arteries originated
from the abdominal aorta. The prevalence of one or more
accessory renal arteries was higher on the right than on
the left (18% vs 15%). The only anomaly among the cases
with accessory renal arteries was a horseshoe kidney; in
this case, four renal arteries led from the abdominal aorta
to each side of the anomalous kidney.

23 (39.7%) of the 58 patients with no renal artery
variation had coeliac trunk and/or hepatic arteries with
variant anatomy, whereas 27 (64.3%) of the 42 patients
with renal artery variation also had coeliac trunk and/or
hepatic artery variation. The relation between coeliac trunk
and/or hepatic artery variations and renal artery varia-
tions was significant (x2 test; p50.015).

Discussion

DSA is regarded as the gold standard in the evaluation
of vascular structures. Nevertheless, some variations can
be overlooked when this technology is used in cases
where description of the hepatic arterial system is
difficult, where the catheter tip is far from where it

Table 1. Reasons for multidetector CT angiography exam-
ination in this series

Indication Number
of cases

Aortic aneurysm 27
Renovascular hypertension 21
Liver transplantation donor 10
Renal transplantation donor 14
Acute mesenteric ischaemia 5
Investigation of vascular invasion in pancreatic and

hepatic malignancies
23

Total 100

Table 2. Coeliac trunk variations: Uflacker’s classification [5]

Coeliac trunk variation Uflacker’s classification

Classic coeliac trunk Type I
Hepatosplenic trunk Type II
Hepatogastric trunk Type III
Hepatosplenicmesenteric trunk Type IV
Gastrosplenic trunk Type V
Coeliac-mesenteric trunk Type VI
Coeliac-colic trunk Type VII
No coeliac trunk Type VIII
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should be in the coeliac trunk during selective angio-
graphic processes, or when a high-quality angiograph
cannot be obtained [8, 9]. MDCT angiography allows
most of the body to be scanned helically in just one
breath hold, and thus provides high-contrast resolution
without any artefacts. Together with axial images, 3D
images provide a very good anatomical orientation.
Hence, detailed information regarding vascular struc-
tures, organs and their relations with one another can be
obtained.

Michels’s classification of the hepatic arterial system
described 10 variant subtypes [6]. The accessory and
replaced hepatic arterial systems were described sepa-
rately within this classification. Under Hiatt’s classifica-
tion, no such distinction was made because it was
angiographically difficult to distinguish between acces-
sory and replaced hepatic arterial structures, hence six
subtypes were described [7]. We used both classifications
in our study. A normal hepatic arterial system has been
reported in 51–80% of cases in most studies conducted
using DSA [10, 11]. In our study, this ratio was about
52%. In the literature, the most frequently encountered
variation is Type III, present in between 6%
and 15.5% of all cases [12, 13]. The second most frequent
variation, Type II, was reported in 2.5–10% of all cases
[13, 14]. In our study too, Types III and II were the most
commonly seen hepatic arterial variations. The preva-
lences of these variations in our series are slightly higher
than those often reported, but are similar to those of
Erbay et al [15]. Types VII, VIII and X have only been
reported very rarely. In our study, Types VII and VIII

were determined with a rate of 1%, and no type X was
encountered.

Liver segment IV is of critical importance in transplant
surgery. For that reason, it is important to know the
origin of its blood supply. With the fast MDCT
technology, better and artefact-free images can be
obtained following bolus contrast administration. In this
way, hepatic arterial supply, especially the fine-calibre
artery of segment IV, can be displayed very clearly. In an
MDCT study conducted by Kamel et al, the segment IV
artery was reported to originate from the right hepatic
artery in 62.5% of cases [11]. Erbay et al [15] reported this
incidence as 9% [15]. In our study, the segment IV artery
originated from the right hepatic artery in 35% of cases.

Rare anomalies that are not consistent with any type
described under Michels’s and Hiatt’s classifications can
also be seen. In their study, Koops et al [14] and
Abdullah et al [16] reported frequencies of 1.8% and
1.4%, respectively, for such rare and unclassified
anomalies (or variations) of abdominal aortic branches.
Our study revealed a frequency of 3% (in 3 of 100
patients) for these unclassified abnormalities. A replaced
right hepatic artery that originates from the aorta was
also reported by Koops et al [14], but the other two
unclassified variations that we describe here have not
been reported beforehand to the best of our knowledge.
The existence of such unique variations shows that the
embryological development of the abdominal aortic
branches may be influenced by many factors and is a
complex process.

Normal coeliac trunks exhibiting trifurcation have been
reported with a frequency of 72–90% in the normal
population [17, 18]. One of the largest series, studied by
Vandamme and Bonte [19], had a frequency of 86% for
normal coeliac trifurcation, which is very close to the
frequency in our series (89%). Coeliac trunk bifurcation as
an anatomical variation has been reported at a rate of
about 12% in the literature, and was present in 8% of cases
in our series. Bergman et al [17] published a metaanalysis
of ‘‘no coeliac trunk reports’’ in the literature and
calculated the average absence rate of coeliac trunk as
0.4%. In our study, coeliac trunk was absent in 1 of the 100
cases.

Splenomesenteric trunk is a very rare variation with an
occurrence rate of below 1% [20]. Oran et al [21] have

Table 3. Hepatic artery variations: Michels’s and Hiatt’s classifications [6, 7]

Hepatic artery variation Michels
classification

Hiatt
classification

Normal anatomy Type I Type I
Replaced left hepatic artery originating from the left gastric artery Type II Type II
Replaced right hepatic artery originating from the superior mesenteric artery Type III Type III
Co-existence of Type II and III Type IV Type IV
Accessory left hepatic artery originating from the left gastric artery Type V Type II
Accessory right hepatic artery originating from the superior mesenteric artery Type VI Type III
Accessory left hepatic artery originating from the left gastric artery and accessory right

hepatic artery originating from the superior mesenteric artery
Type VII Type IV

Accessory left hepatic artery originating from the left gastric artery and replaced right
hepatic artery originating from the superior mesenteric artery

Type VIII Type IV

Common hepatic artery originating from the superior mesenteric artery Type IX Type V
Right and left hepatic arteries originating from the left gastric artery Type X NOD
Common hepatic artery directly originating from the aorta NOD Type VI

NOD, ‘‘not otherwise described’’ in the literature.

Table 4. Coeliac trunk variations found in this study

Anatomical structure Uflacker
type

Number
of cases

Normal anatomy I 89
Hepatosplenic trunk II 3
Hepatogastric trunk III 1
Hepatosplenomesenteric trunk IV 1
Gastrosplenic trunk V 4
No coeliac trunk VIII 1
Splenomesenteric trunk NOD 1
Total 100

NOD, ‘‘not otherwise described’’ in the literature.
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reported a case in which the splenic artery formed a
common trunk with the superior mesenteric artery, and
the common hepatic artery formed a separate trunk with
the left gastric artery [21]. Similarly, two separate trunks,
a splenomesenteric trunk and a hepatogastric trunk, not
described under any classification, were present in one
patient in our study.

The kidneys, which are located inside the pelvis during
the embryological period, obtain their blood supply from
blood vessels in that region. Initially, the renal arteries take
their origin from the common iliac arteries. As the kidneys
ascend, blood supply is obtained from the distal end of the

aorta. When they ascend further, the kidneys receive blood
from new aortic branches. As the kidneys reach their final
destination, they are fed by true permanent renal arteries
from the abdominal aorta and the previous caudal renal
feeders undergo involution [22]. The wide variations
observed in the kidneys’ blood supply are the result of
these changes in the organs’ blood supplies during
embryological and early foetal life [22]. Accessory kidney
arteries sometimes enter the kidney directly from the
superior or inferior renal poles. An accessory artery in the
inferior renal pole crosses the ureter obliquely from its
anterior aspect, and may lead to hydronephrosis by

Table 5. Hepatic artery variations found in this study

Anatomical structure Type Number of
cases

Normal anatomy M-I 52
H-I

Replaced left hepatic artery M-II 11
H-II

Replaced right hepatic artery M-III 17
H-III

Replaced right and left hepatic artery M-IV 1
H-IV

Accessory left hepatic artery M-V 10
H-II

Accessory right hepatic artery M-VI 1
H-III

Accessory right hepatic artery M-VII 1
H-IV

Accessory left and replaced right hepatic artery M-VIII 1
H-IV

Common hepatic artery originating from the superior mesenteric artery M-IX 2
H-V

Common hepatic artery originating from the aorta M-NOD 1
H-VI

Right hepatic artery originating from the middle colic artery NOD 1
Right hepatic artery originating from directly from the aorta NOD 1
Left hepatic artery originating from the common hepatic artery NOD 1
Total 100

H, Hiatt classification; M, Michels classification; NOD, ‘‘not otherwise described’’ in the literature.

(a) (b)

Figure 1. Splenomesenteric trunk: the superior mesenteric artery (thin white arrows) and splenic artery (black arrow) originate
from a common trunk as seen in (a) coronal MIP and (b) volume-rendered images. The common hepatic artery (thick white
arrow) and left gastric artery (white arrowhead) originate from a separate trunk.
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compressing the ureter. It is important to be aware that
accessory renal arteries are not juvenile arteries whose
function has been superseded, and thus ligation of an
accessory renal artery ends up with ischaemic damage to
the supplied portion of the kidney. Therefore, a knowledge
of variations in renal vasculature is of crucial importance
for interventions involving the kidney arteries or abdom-
inal aorta. In our study, the renal artery and its variations
were demonstrated very well by MDCT angiography; the
relationship with the pelvic collecting system and other
anatomical structures was revealed very clearly. The
prevalence of abdominal aortic aneurysm among the
patients in this study was 27%. MDCT angiography clearly
demonstrated the relationship between the renal vascular
supply (including its variations) and the aortic aneurysms
in these patients, thereby facilitating the determination of
treatment options.

Satyapal et al [23] reported that the prevalence of
multiple renal arteries in the literature was between 9%
and 76%, and this vascular variation could be accom-
panied by other renal anomalies. Although the incidence
of multiple renal arteries was 42% in our study, a renal
anomaly was present in only one patient who had a
horseshoe kidney with four renal arteries supplying each
side.

In our study, there was no anatomical variation
pertaining to a common origin of the visceral artery
branches and the lateral branches of the aorta. However,
whereas coeliac trunk and/or hepatic artery variation was
present in 23 (39.7%) of the 58 patients with no renal artery
variation, 27 (64.3%) of the 42 patients with renal artery
variation had an associated coeliac and/or hepatic

(a) (b)

Figure 2. Right hepatic artery (white arrowhead) originating from the middle colic artery (thick white arrow) as seen in (a)
coronal MIP and (b) volume-rendered images. Black arrows point out the superior mesenteric artery and the thin white arrow
indicates the coeliac trunk.

Figure 3. Right hepatic artery originating from the abdom-
inal aorta. Axial MIP images demonstrate that the right
hepatic artery (thin white arrows) originates directly from
the aorta. The thick white arrow indicates the coeliac trunk.

Figure 4. Right hepatic artery originating from the coeliac
trunk. The left hepatic artery (thin black arrow) takes its
origin from the common hepatic artery (thick white arrow),
but the right hepatic artery (thin white arrows) originates
directly from the coeliac trunk. The thick black arrow
indicates the splenic artery.
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variation. Hence, there was a statistically significant
correlation between patients with renal artery variation
and patients with variation in the coeliac trunk and/or
hepatic arterial system. The embryological development of
the kidneys and the visceral organs or intestines are
regarded as different and independent of each other.
However, anomalies in the migration of both the liver and
the kidneys can occasionally establish a link between the
visceral branches of the aorta and lateral branches.
Otherwise, it would be difficult to explain how renal
vascular variations emerging during the developmental
migration of the kidneys trigger the formation of coeliac
trunk and/or hepatic arterial system variations, or vice
versa. Examination of the literature shows that no such
correlation has to date been reported. The results in our
study, however, clearly show that there is an association
between these two independent vascular variations. We
consider that further investigation of this relationship with
studies comprising larger populations would be useful.

In conclusion, MDCT angiography permits an accurate
and detailed analysis of hepatic and renal vascular
anatomy. Angiographic information required to deter-
mine treatment options and to prevent complications
arising from vascular variations during surgery or
intervention can easily be obtained using MDCT. The

likelihood of coeliac trunk and/or hepatic arterial
variation rises in those individuals with more than one
renal artery. Therefore, if variations are discovered
during the angiographic examination of one organ, it
must be kept in mind that there may be variations in the
vascular structures of the other organs, and a more
detailed investigation must be performed.
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