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Abstract

Purpose To evaluate the ability of MDCT reformations in
describing the celiac trunk vascular anatomy and variations.
Materials and methods A total of 555 MDCT angiog-
raphies of the abdominal aorta performed between January
2002 and July 2005 were retrospectively reviewed to assess
the celiac trunk vascular anatomy and variations. All the
patients with pathological condition likely to affect normal
vascular anatomy as well as CT exams technically inade-
quate were excluded from our study.

Results A total of 524 MDCT angiographies of abdominal
aorta were included in our study. The classical configuration
of the celiac trunk was detected in 72.1%. The hepato-splenic
trunk was detected in 50.4% of cases; the hepato-
gastro-splenic trunk was detected in 19.4% of cases; the
gastro-splenic trunk was detected in 2.3% of cases. The
hepato-spleno-gastric trunk associated with hepatic arteries
variants were found in 15.4%. The hepato-splenic trunk, the
hepato-gastric trunk, the hepato-splenic-mesenteric trunk,
and the spleno-gastric trunk were found in 2.7, 5, 0.4, and
3.6%, respectively. In 0.6%, we found an absent celiac trunk.
Conclusion The knowledge of the type of anatomical
variants and their subtypes is fundamental for a correct pre-
operative vascular planning in surgical or radiological
abdominal procedures. Multidetector-row CT (MDCT) pro-
vides high-quality 3D-reconstructed images and allows
non-invasive assessment of normal anatomy and anatomic
variants of celiac trunk.
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Introduction

Celiac trunk anatomical variants are not infrequent and
knowledge of the existing aberrations is becoming manda-
tory in planning and conducting surgical or interventional
procedures. In detail, the success of liver transplantation
surgery as well as fashioning intestinal anastomosis is
strictly dependent on an adequate pre-operative vascular
planning. Furthermore, the knowledge of exact anatomy
has also consequences on hepatic arterial infusion chemo-
therapy via catheter for therapy of unresectable advanced
liver malignancies [2, 5, 7, 16, 19].

Conventional angiography represents the gold standard
of vessel imaging. However, although generally considered
safe, DSA may be associated with complications that result
from the procedure itself, with a complication rate of up to
1% depending on the experience of the operators, site of
vascular access, diameter of the catheter, and administered
contrast material [1, 4, 18].

Multidetector-row CT (MDCT) has brought significant
advantages as compared to single detector-row CT
(SSCT): the simultaneous acquisition of more sections
during a complete rotation of the gantry, together with its
increased rotational speed (0.5s and less), lead to a
decrease in the acquisition time, allowing the analysis of
large anatomical volumes, with better spatial and tempo-
ral resolution of images, rationalizing the use of contrast
medium [10, 12, 14].

Due to these advantages, MDCT angiography has become
a valuable minimally invasive tool for the visualization of
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normal vascular anatomy and its variants, as well as
pathological conditions of the celiac trunk and its vessels.
Despite to DSA, MDCT allows in one step fashion to cor-
rectly assess both the abdominal arteries and parenchyma.
Furthermore, reformatted three-dimensional MDCT images
allow the visualization of vascular structures in angiogra-
phy-equivalent planes other than the axial, useful for
complex vascular anatomy to reduce the risk of iatrogenic
injuries.

Therefore, it is important that surgeons, interventional
radiologists, and also abdominal imagers be familiar with
the full gamut of possible celiac trunk variants [3, 20].

The purpose of this article is to evaluate the ability of
MDCT reformations in describing the celiac trunk vascular
anatomy and variations.

Materials and methods
Patients

A computer search was performed to identify all the
patients who had undergone MDCT angiography of the
abdominal aorta in our department between January 2002
and July 2005.

A total of 555 CT angiographies of abdominal aorta of
patients with suspected aneurysm was included in our study
and retrospectively reviewed to evaluate the visibility of the
celiac trunk and its branches. All the patients with patho-
logical condition likely to affect normal vascular anatomy
as well as CT exams technically inadequate were excluded
from our study.

For all the CT examinations, a written informed consent
was obtained.

Imaging technique
CT technique

CT scans were acquired on a 4-channel multidetector-row
CT system (Somatom Plus Volume Zoom; Siemens
Medical Systems, Forcheim, Germany). In all the patients
unenhanced CT images were obtained from the level of the
diaphragm to the symphysis pubis with 4 x 2.5-mm slice
collimation, a pitch of 6, 5-mm slice width and recon-
struction interval, a table speed of 15-mm/rotation and a
0.5 s gantry rotation time.

Contrast-enhanced images were performed from
suprarenal abdominal aorta to the common femoral artery
with 4 x I-mm collimation, a pitch of 6, 1.25 mm slice
width and 1-mm reconstruction interval, a table speed of
15-mm/rotation, 0.5 s rotation time, with 130 mAs and
120 KV.
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Contrast-medium injection

In all the patients, 120 ml of iodinate non-ionic contrast
medium (iomeprol 300 mgl/mL, Iomeron; Bracco,
Milan, Italy) was injected into the brachial vein with a
power injector at a flow rate of 3 ml/s. Scan delay was
individualized per patient, using Siemens’s proprietary
bolus-tracking software (C.A.R.E. Bolus), to capture
100 HU on the abdominal aorta, at the level of the celiac
trunk, to trigger scanning and ensure a correct peak
enhancement.

Image postprocessing

MDCT angiograms were evaluated and interactively
processed on dedicated workstations to visualize the vascu-
lar structures from all points of view [13]. The goals of
3D-reconstructions (maximum-intensity projection, MIP;
volume-rendering techniques, VRT) are to enhance detection
of normal anatomy, anatomical variants, and pathologies,
facilitating communication among clinicians. At our
institution, we use a CT off-line workstation for image
reconstruction (Leonardo, Siemens Medical Solutions,
Forchheim, Germany).

Results

A total of 31 patients were excluded from our study; 22 of
them due to the presence of pathological condition likely to
affect normal vascular anatomy, such as previous surgical
procedures. Nine MDCT exams were considered techni-
cally inadequate (0.02%) due to bad enhancement of arter-
ies (4/555) or artifact movements (5/555).

A total of 524 MDCT angiographies of abdominal aorta
were retrospectively reviewed.

According to the Michels classification [8] different
types of normal anatomy or anatomic variants were
described (Table 1).

Hepato-spleno-gastric trunk

This is the classical configuration of the celiac trunk,
detected in a total of 378 patients of our series (72.1%).
According to established classification, three subtypes can
be described:

Hepato-splenic trunk

The common trunk origins from the aorta and ends dividing
into common hepatic and splenic arteries. From common
trunk arises the left gastric artery, the smallest celiac
branch, which ascends cranially running along the gastric
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Table 1 Variability according to Michels classification of hepatic
arteries compared to our study

Anatomic No. of cases Michels No. of cases current
variation study (N = 200) study (N = 524)
1 55% (110) 72.1% (378)

I 10% (20) 5.9% (31)

Jiil 11% (22) 9.3% (49)

v 1% (2) 0

A% 8% (16) 0.2% (1)

VI 7% (14) 0

VII 1% (2) 0

VI 2% (4) 0

X 4.5% (9) 3.6% (19)

X 0.5% (1) 0

Other 0 8.7% (46)

lesser curvature. This subtype was detected in 264 patients
(50.4%, Fig. 1).

Hepato-gastro-splenic trunk

The common trunk, originating from the aorta, ends divid-
ing into a trifurcation (left gastric, common hepatic, and
splenic arteries). This subtype was detected in 102 patients
(19.4%, Fig. 2).

Gastro-splenic trunk

This is a relatively rare classical subtype, detected in our
series in only 12 patients (2.3%). Celiac trunk ends dividing
into common hepatic and splenic arteries whereas the
left gastric artery arises from splenic artery, which is
dominant.

Fig.1 3D-CT angiography:
VRT (a, b), MIP (¢). The
common trunk ends dividing
into common hepatic and splenic
arteries with the left gastric
artery arising from the common
trunk (hepato-spleno-gastric
trunk; subtype I)

Hepato-spleno-gastric trunk + hepatic variants

The left gastric, common hepatic and splenic arteries arise
from common trunk associated with: (1) the presence of a
replaced right common hepatic artery arising from the
abdominal aorta or the superior mesenteric artery, detected
in 49 patients (9.3%, Fig. 3); (2) the presence of a replaced/
accessory left common hepatic artery arising from the left
gastric artery, detected in 31 patients (5.9%). A rare sub-
type of this variation (3), represented by the early bifurca-
tion of a short common hepatic artery in right and left
hepatic arteries with an accessory left hepatic artery arising
from left gastric artery, was detected in one patient (0.2%,
Fig. 4).

Hepato-splenic trunk

The common trunk ends dividing into common hepatic and
splenic arteries whereas the left gastric artery arises from
the aorta (14/524, 2.7%, Fig. 5). A rare subtype of this vari-
ation, detected in one patient (0.2%) of our series can be
represented by the concomitant presence of a replaced right
hepatic artery arising from the aorta (Fig. 6).

Hepato-gastric trunk

Common hepatic and left gastric arteries origin from
common trunk whereas the splenic artery originates from
the aorta (Fig. 7) or from the superior mesenteric artery
(26/524, 5%).

Hepato-splenic-mesenteric trunk

The common hepatic, splenic, and superior mesenteric
arteries form a single trunk whereas left gastric artery arises

w4 5 splenic’a.
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Fig. 2 3D-CT angiography:
VRT (a, b), MIP (¢). The
common trunk ends dividing
into a trifurcation (hepato-
spleno-gastric trunk; subtype II)

hep%t

Fig. 3 3D-CT angiography:
VRT (a, b), MIP (c).
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directly from the aorta (Fig. 8). This rare variation was
detected in only two patients (0.4%).

Spleno-gastric trunk

This variation, detected in 19 patients (3.6%), was repre-
sented by the origin of splenic and left gastric arteries from
a common artery with common hepatic artery arising from
the aorta (Fig.9) or from the superior mesenteric artery
(Fig. 10).

Absent celiac trunk
The three main arteries arise directly from the abdominal

aorta or from the superior mesenteric artery (Fig. 11) in
three patients of our series (0.6%).
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Discussion

Variant hepatic and celiac arterial anatomy have been
reported in 55% of patients on the basis of initial cadaveric
dissections by Michels [8]. In 1969, Redman and Reuter
[11] reported “most of the variations” seen in 50% of the
population “have little surgical significance”. However,
today, because of the development of interventional and
new surgical techniques to treat both primary and meta-
static tumors and the increasing availability of living
related liver transplant donors, the accurate depiction and
definition of the hepatic arterial anatomy are important. It is
also mandatory that interventional radiologists who per-
form hepatic arterial embolization be familiar with both
common and rare hepatic arterial variants, because failure
to recognize the presence of an aberrant vessel can result in
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Fig. 4 3D-CT angiography: VRT. Hepato-splenic-gastric trunk with
an early bifurcation of short common hepatic artery in right and left
hepatic arteries and concomitant accessory left hepatic artery arising
from left gastric artery

incomplete embolization. So the presence of different arte-
rial variants may alter patient management [2, 5, 7, 16, 19].
MDCT angiography is accurate and minimally invasive for
the evaluation of the celiac trunk, allowing the description
of normal anatomy as well as anatomical variants: it spares
the patient the discomfort and the associated morbidity of
angiography, analgesia, and postprocedural observation
[9, 15].

The anatomical variations of the celiac trunk are due to
developmental changes in the ventral splanchnic arteries.
The embryological explanation by Tandler [17] was a lon-
gitudinal anastomosis (Laengsanastomose) between the
four roots of the omphalomesenteric artery. The anatomiz-
ing vessel remains with the first root and gives rise to the

Fig. 5 3D-CT angiography:
VRT (a, b), MIP (c).
Hepato-splenic trunk with the
left gastric artery arising from
the aorta

left hepr.rhc a.

hepatic a.

hepatic, left gastric, and splenic arteries. On the other hand,
separation from the fourth root gives rise to the superior
mesenteric artery. If this separation takes place at a higher
level, one of the branches is displaced to the superior
mesenteric artery. Disappearance of the first or fourth root
generates a common celiacomesenteric trunk. A hepato-
spleno-mesenteric trunk may be due to an anomalous separa-
tion of the longitudinal anastomosis with the left gastric
artery remaining with the first root, and the common hepatic
and splenic arteries remaining with the fourth root [6].

For hepatic artery anatomical variations study, we fol-
lowed Michels classification. We identified normal com-
mon hepatic artery in 72.1% of the patient (Michels I). In
classic visceral anatomy, the celiac trunk originates from
the abdominal aorta and gives origin to the left gastric
artery, the splenic artery, and the common hepatic artery.

According to Michels classification, the most common
variant observed was a replaced right hepatic artery originat-
ing from the superior mesenteric artery (Michels III), identi-
fied in 9.3% of patients. This frequency is similar to the
results of the cadaveric study by Michels. It is importat to
recognize a replaced right hepatic artery when performing
pancreaticoduodenectomy and for porta hepatis dissection
during hepatic resection. Therefore, if a head or uncinate pro-
cess pancreatic cancer involves a replaced right hepatic, it
precludes the patient from surgical resection. The second
most common arterial variant identified was a replaced left
hepatic artery originating from the left gastric artery, seen in
5.9% of patients (Michels II). The reported incidence of this
variant is 10%, whereas the incidence in our study was lower
[9]. It is important to detect this variant prior performing left
hepatectomy because this vessel must be identified and
ligated; the knowledge of this variant facilitates portal dissec-
tion because the major arterial branch to the left liver does
not need to be found in the porta hepatis. The third most
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Fig. 6 3D-CT angiography:
VRT (a, b), MIP (c). Hepato-
splenic trunk with the left gastric
and a concomitant replaced right
hepatic arteries arising from the common

aorta hepatic a.
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Fig. 7 3D-CT angiography:
VRT (a), MIP (b). Hepato-
gastric trunk with the splenic

artery arising from the aorta BammonD

hepatic a N "y

Fig. 8 3D-CT angiography:
VRT (a, b), MIP (c). The
common hepatic, splenic, and
superior mesenteric arteries
origin from a single trunk with a
left gastric artery arising from
the aorta (hepato-splenic-
mesenteric trunk; subtype I)

common arterial variant observed was the common hepatic
artery arising from the superior mesenteric artery, seen in
3.6% of cases (Michels IX). Michels’ IX variant requires a
twisting in anastomosis’ order since the artery has be sutured
before the portal vein because of its deeper location posterior
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to the vein. An accessory left hepatic artery originating from
the left gastric artery was found (Michels V). This accessory
artery provides an additional source of arterial blood to the
left hepatic lobe and may be sutured without compromising
the arterial supply to the left hepatic lobe.
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Fig. 9 3D-CT angiography:
VRT (a, b), MIP (¢). Splenic and
left gastric arteries origin from a
single trunk with common
hepatic artery arising from the
aorta (spleno-gastric trunk)

Fig. 10 3D-CT angiography:
VRT (a, b), MIP (¢).
Spleno-gastric trunk with
common hepatic artery arising
from superior mesenteric artery
(spleno-gastric trunk) ‘ . Y
common ~=

hepatic @.-« *

&Ny
[] :

1

» ’ .
ehic av'|
J 2

No cases of type IV, VI, VII, VIII or X abnormalities
were found in our study, whereas the literature reports a
mean prevalence of 0.6 +0.4, 3.1+£22, 04+04,
0.4 £0.7 and 0.1 £ 0.2%, respectively [3].

On the other hand, Michels’ classification is only based
on hepatic arteries variants. For this reason, we recognized
46 anatomical variants not classified on the basis of Mich-
els’ classifications. However, our incidence of these vari-
ants did not differ from the literature may be because the
visualization of this large vessels in MDCT is similar to
conventional angiography or anatomical dissection [3].

A potential limitation of our study should be that it has
been performed on a 4-detector row CT with the actual
tendency to use higher detector CT. However, until now, a
4-detector row CT is the standard in many departments.

. . . ) . Furthermore, our results highlight that good quality 3D
Fig. 11 3D-CT angiography: VRT. Splenic and left gastric arteries inde- dered and MIP i b ired ith
pendently origins from the abdominal aorta whereas the common hepatic rendered an 1'mages may be .a(.:qulr'e ever.l with a
artery arises from the superior mesenteric artery (absent celiac trunk) 4-detector configuration scanner avoiding diagnostic DSA.
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Conclusion

Understanding of celiac trunk anatomy as well as knowl-
edge of the type of anatomical variants and their subtypes,
detected in our experience in quite 28% of patients, is fun-
damental for a correct pre-operative vascular planning in
surgical or radiological abdominal procedures. Multidetec-
tor-row CT (MDCT) provides high-quality 3D-recon-
structed images and allows non-invasive assessment of
normal anatomy and anatomic variants of celiac trunk.
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