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Objective: To evaluate the feasibility of MSCT angiography of the celiac trunk and hepatic
artery variants with a non-tailored protocol among Egyptian patients.
Patients and methods: 1285 Egyptian patients were retrospectively analyzed in our

Radiology Department – Ain Shams University came for triphasic CT or CT aortic angiogra-
phy. The celiac trunk origin and its main branches mainly the common hepatic artery were
identified. The incidence of different celiac and hepatic artery anomalies was calculated
depending on Uflacker’s and Michel’s classifications.
Results: About 90.5% of the patients showed normal trifurcation pattern of the celiac trunk
(Uflacker type I) with the commonest variant was gastro-splenic trunk (Uflacker type V)
with 4.3% incidence. The bifurcation pattern was representing 7.7% of cases. Regarding
the hepatic artery, 74.3% of the cases showed normal origin of the hepatic arteries
(Michel type I) with the commonest anomaly was Michel type III with 12.5% incidence.
Some cases are discovered not previously described by either Uflacker’s or Michel’s classi-
fications.
Conclusion: In our preliminary reports, Good imaging quality of MSCT angiography has
proved effectiveness in depicting different celiac trunk and hepatic artery variants. This
is important pre-interventional or pre-surgical to decrease the complications and the mor-
bidity rates.
� 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-

mons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The celiac trunk (CT) is the first ventral branch of the
abdominal aorta arising at T12/L1 vertebral body level. It
measures 1.5–2 cm in average length passing forward
dividing into left gastric artery (LGA), common hepatic
artery (CHA) and splenic artery (SA) which is the classic tri-
furcation pattern [1,2]. This classic pattern represents 86–
89% of cases in several studies [3–5] and first described by
Haller since 1756, so some times defined as Tripus Halleri
[6]. CHA is recently defined as an arterial trunk containing
at least one segmental hepatic artery and the gastroduode-
nal artery (GDA) irrespective of its origin and course and
this definition facilitates the study of different CHA anoma-
lies [7].

Superior mesenteric artery (SMA) is the second ventral
branch of the abdominal aorta arising 1–20 mm below the
level of the celiac trunk. It gives inferior pancreaticoduode-
nal artery (PDA), middle colic, right colic, ileo-colic, jejunal
and ileal branches [8].

Identification of the course of the hepatic artery and
their origin is very important before hepatic surgeries, liver
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Table 2
Illustrate the Uflacker’s classification of celiac trunk anomalies.

Type Description

Type I = trifurcation
Classic pattern: The CHA, SA and LGA have a common

point of origin from the celiac trunk
Non classic pattern: CHA and SA have a common point of

origin with the LGA demonstrates a
variable points of origin

Type II = hepato-splenic
trunk

CHA and SA have common trunk with the
LGA arises separately from aorta

Type III = hepato-
gastric trunk

CHA and LGA have common trunk with
the SA arises separately from the aorta or
SMA

Type IV = hepato-
spleno-mesenteric
trunk

CHA, SA and SMA have common trunk
with the LGA arises separately from the
aorta

Type V = gastro-splenic
trunk

LGA and SA have a common trunk with
the CHA arises separately from the aorta
or SMA

Type VI = celiaco-
mesenteric trunk

Celiac and SMA have a common trunk

Type VII = celiaco-colic
trunk

The middle colic artery and the celiac
have the same trunk

Type VIII = no celiac
trunk

No celiac trunk with the CHA, SA and LGA
arises directly from the aorta

Table 3
Illustrates the Michel’s classification for hepatic artery variants.

Type Description

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

Type II Replaced LHA arising from the LGA
Type III Replaced RHA arising from the SMA
Type IV Replaced RHA and LHA arising from the LGA
Type V Accessory LHA arising from LGA
Type VI Accessory RHA arising from SMA
Type VII Accessory RHA arising from SMA and accessory LHA

arising from LGA
Type VIII Replaced RHA and accessory LHA or replaced LHA

and accessory RHA
Type IX CHA arising from SMA
Type X CHA arising from LGA
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transplantation and laparoscopic maneuvers to avoid or
minimize serious hepatic vascular complications [9–14].

Also, in interventional radiology, pre-procedure identi-
fication of the celiac and hepatic arteries is very impor-
tant and very helpful especially before intra-arterial
management of hepatic tumors and cases of bleeding
[15,16].

The purpose of this study was to evaluate the feasibility
of MSCT angiography of the celiac trunk and hepatic artery
variants with a non-tailored protocol among Egyptian
population.

2. Patients & methods

2.1. Patients

This is a retrospective study included a total number of
1285 patients that were referred to the Radiology Depart-
ment - Ain Shams University to do either triphasic CT
(which includes arterial phase) for liver assessment or CT
angiography for aortic assessment during the period from
February 2014 to March 2016. Agreement to use the
backup data was taken from the ethical committee.

2.2. Exclusion criteria

� Any patient with pathological condition may alter the
normal vascular anatomy.

2.3. CTA technique

� CT machine: High speed 16 slice CT machine – GE (gen-
eral electric).

� Technique: the patient was in supine position with tim-
ing bolus technique used. Scan direction was craniocau-
dal in all patients. Scout was taken starting from above
the level of the diaphragm down to the pelvis.

� CT parameter: (Table 1).
� Contrast media:we used 80 ml non-ionic contrast media
injected via injector (MED TRONAG) at a rate of 4–5 ml/
s.

� Image processing: The axial images were transferred to
the work station where multi-planar reformatted
images (MPR) were done as well as Maximum intensity
projection (MIP), and 3D volume rendering (VR) images
were also processed.

2.4. Image interpretation and statistical analysis

The celiac trunk origin and the origin of its main
branches namely the LGA, CHA and SA as well as the origin
of the SMA and its branches mainly the PDA were identi-
fied and recorded for statistical analysis to calculate the
incidence of different variants. The variants of the celiac
trunk were classified according to Uflacker’s classification
Table 1
Illustrate the different parameters used in CT technique either in the arterial phas

Thickness (mm) Interval (mm) Matrix Pitch no. S

1.25 0.625 512 � 512 1.75:1 3
(Table 2) [17] while the hepatic artery variants were clas-
sified depending on Michel’s classification (Table 3)
[18,19]. The analysis data were done using IBM SPSS (Sta-
tistical Program for Social Science version 22.0, IBM Corp.,
USA, 2013).
3. Results

285 patients were excluded from the study because of
gross lesions causing derangement of the target vascular
area (112 cases had pancreatic lesions, 107 had gastric
lesions, 56 had biliary and duodenal lesions, and the rest
e of the triphasic study or in the CT aortic angiography.

peed Rotation time kV mA (auto) FOV

5 mm/rot. 0.5 s. 120 150–400 Large



Fig. 1. (A) Coronal MPR and (B) 3D VR images show trifurcation of the celiac trunk into CHA, LGA and SA classified as Uflacker type I. This case is also
classified as Michel type III with the replaced RHA arising from the SMA.

Fig. 2. (A) Sagittal MPR and (B) 3D VR images show non-classic form of Uflacker type I. Notice the origin of the LGA directly from the CT and then the trunk
bifurcates into the CHA and SA.
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10 had previous operation at the target area representing
39.4%, 37.5%, 19.6%, and 3.5% of the excluded cases
respectively).

Regarding the celiac trunk, 905 cases showed normal
trifurcation pattern of the celiac trunk (Uflacker I) repre-
senting 90.5% of the remaining 1000 included cases with
638 patients showed classic trifurcation form (Fig. 1) while
267 patients showed non-classic form with the LGA arising
from any place along the celiac trunk or from the SA or the
CHA course (Figs. 2 and 3). Type V Uflacker in the form of
gastro-splenic trunk was found to be the most common
anomaly representing 4.3% of cases (Figs. 6 and 7) followed
by Uflacker type II found in 2.8% of cases (Fig. 4). Uflacker
types III and VI were the least with 0.6% incidence for each
(Figs. 5 and 9). Uflacker types IV and VII were not detected
between our study population (Table 4).

Anomalies origin of the RHA from the SMA was the
commonest anomaly regarding the hepatic artery variant
representing Michel type III found in 12.5% of cases (Figs. 1
and 7). This is followed by Michel type V found in 5.2% of
cases (Figs. 3, 4 and 7). Michel type IV and X were not
detected between the study population (Table 4).

We had noted additional unclassified celiac trunk vari-
ant which was previously observed by Song et al. [7] and
defined as ambiguous celiac axis. This variant was charac-
terized by the presence of persistent anastomotic channels
through the pancreaticoduodenal arcades and/or through
vertical anastomosis and absent CHA owing to separate



Fig. 3. Coronal MPR images show non-classic form of Uflacker type I. Notice the origin of the LGA from the SA. This case is also classified as Michel type V
with accessory LHA arising from the LGA (image B).

Fig. 4. (A) Sagittal MPR, (B and C) 3D VR images. A and B show celiac trunk bifurcation anomaly in the form of hepato-splenic trunk with separate origin of
the LGA directly from the aorta close to the celiac trunk origin. The case is classified as Uflacker type II. C image is for another case showing also Uflacker
type II anomaly yet with the LGA arising from the SMA. The same case C shows accessory LHA arising from the LGA which is classified as Michel type V.

Fig. 5. 3D VR image showing abnormal bifurcation pattern of celiac trunk
in the form of hepato-gastric trunk with the SA arising directly from the
aorta in close to the hepato-gastric trunk which is classified as Uflacker
type III.

1454 A.M. Osman, A. Abdrabou / The Egyptian Journal of Radiology and Nuclear Medicine 47 (2016) 1451–1458
origin of the hepatic and gastroduodenal artery. Such vari-
ant was detected in 2 cases only (Fig. 10).

Also, one hepatic variant detected in one case was not
identified by Michel and not mentioned in other studies
in the form of replaced RHA from the SMA and replaced
LHA from the LGA with accessory branches arising from
the CHA (Fig. 8).

Schematic diagrams were designed to illustrate differ-
ent types of celiac trunk variants demonstrated in our
study as seen in Fig. 11.

4. Discussion

Celiac trunk and hepatic artery variations and anoma-
lies are uncommon and usually asymptomatic [20]. Digital
subtraction angiography (DSA) is the gold standard in eval-
uation of vascular structures; however, it is invasive and
carries a lot of risks and complications for patients [8].



Fig. 6. (A) Coronal MPR and (B) 3D VR images show anomalies pattern of the celiac trunk in the form of spleno-gastric trunk with anomalies origin of the
CHA from the SMA which is classified as Uflacker type V and Michel type IX. Notice also the presence of replaced LHA arising from the LGA which is
classified as Michel type II.

Fig. 7. 3D VR images show anomalies pattern of the celiac trunk in the form of spleno-gastric trunk with the CHA arising directly from the aorta which is
classified as Uflacker type V. In case A there is replaced RHA from the SMA which is classified as Michel type III while in case B there is accessory LHA arising
from the LGA which is classified as Michel type V.
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The development of MSCT machines allows us to obtain
thin thickness images with high spatial and temporal res-
olution in a very short time. Subsequently, it replaces the
conventional angiography in assessment of the vascular
structures as preoperative evaluation of the hepatic vascu-
lature [9,21–23]. Also, it allows 3D views for the vessels
with high sensitivity and specificity in detection of small
vessels.

Recent trends in surgical procedures are more toward
the minimally invasive surgeries and this is raising the
need and the importance to know the normal vascular
anatomy and to detect any anomalies and variants before
the surgical interference [20]. The identification of celiac
and hepatic artery variants is very important before
laparoscopic and interventional procedures for the treat-
ment of benign and malignant disease originating from
the foregut and midgut as well as liver transplantation
surgeries and aortic vascular surgeries [14,24,25].

Various studies and authors tried to classify the celiac
trunk anomalies and variants based on the branching pat-
tern. First classification was done in 1917 by Lipshutz. The
most recent one done by Uflacker in 1997 classifying the



Fig. 8. (A) Coronal MPR and (B) 3D VR images reveal normal trifurcation pattern of the celiac trunk which is classified as Uflacker type I. There is replaced
LHA arising from the LGA and replaced RHA arising from the SMA with CHA giving accessory hepatic branches. This variant is not classified in Michel
classification (combination of Michel type II and III).

Fig. 9. (A) Sagittal MPR and (B) 3D VR images reveal the presence of common trunk from which celiac trunk and SMA originate which is classified as
Uflacker type VI.
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celiac trunk into eight types is demonstrated in Table 2
[17,18,26,27].

Many studies all over the world were done to identify
the incidence of the celiac trunk and hepatic artery anoma-
lies and variants.

All these studies showed that Uflacker type I is the com-
monest form which is consistent with our study. The inci-
dence of Uflacker type I among Egyptians was 90.5% which
is close to the results by Matsuki et al., Chen et al., Song
et al., Ugurel et al. and Gumus et al. [5,7,19,28,29].

The commonest variant was Uflacker type V with
gastro-splenic trunk and anomalies origin of the CHA from
either the SMA and/or the aorta representing 4.3% and this
is similar to Ugurel et al. [29]. Also, Gumus et al. found type
V to be the highest anomalies but to a lesser incidence than
been in our study (2.6%) [19].

This is contradictory to Lipschutz, Chen et al., and
Mburu et al., who found Uflacker type II the commonest
celiac trunk variants while type V was the second common
variants yet with close numerical incidence to our study
[5,26,30].

Song et al., discovered new non-classified form and
called as ambiguous celiac trunk which was detected in 2
cases between our study populations (Fig. 10) [7].

The current study showed that Michel type I is the com-
monest form with an incidence about 74.2% which is close
to the results of Koops et al. Type III was the commonest
anomaly in our study with replaced RHA from the SMA



Table 4
Illustrate the incidence of different types of celiac trunk and hepatic artery variants among the study population according to Uflacker and Michel classification.

Celiac trunk variants Hepatic artery variants

Type No. of patients Incidence Type No. of patients Incidence

Type I = 905 90.5% I 742 74.2%
Classic pattern: (Fig. 1) 638 63.8%
Non classic: (Figs. 2 and 3) 267 26.7%
Type II = hepato-splenic trunk (Fig. 4) 28 2.8% II (Fig. 6) 30 3%
Type III = hepato-gastric trunk (Fig. 5) 6 0.6% III (Figs. 1 and 7) 125 12.5%
Type IV = hepato-spleno-mesenteric trunk 0 0 IV 0 0
Type V = gastro-splenic trunk (Figs. 6 and 7) 43 4.3% V (Figs. 3, 4 and 7) 52 5.2%
Type VI = celiaco-mesenteric trunk (Fig. 9) 6 0.6% VI 11 1.1%
Type VII = celiaco-colic trunk 0 0 VII 6 0.6%
Type VIII = no celiac trunk 10 1% VIII 10 1%
Bifurcation form 77 7.7% IX (Fig. 6) 23 2.3%

X 0 0
Non classified (Fig. 10) 2 0.2% Non classified (Fig. 8) 1 0.1%

Fig. 10. A case with ambiguous celiac trunk with no celiac trunk seen
arising from the aorta with the HA as well as the SA is refilled via
pancreaticoduodenal arcades and anastomotic channels. This variant is
not classified in Uflacker classification.
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representing about 12.5% and this is consistent with Koops
et al., De Cecco et al. and Gumus et al. with variable inci-
dences [19,31,32]. However, Covey et al., Stemmler et al.
and Cokun et al. found that Michel type V was the com-
monest between their study population [33–35].
Fig. 11. Schematic diagram of the different types of celiac trunk va
Also, we found a new hepatic artery variant which is not
previously described in the form of replaced RHA and LHA
from the SMA and LGS respectively with the CHA giving
rise to accessory branches (Fig. 8).

Accordingly this thesis may add a modified classifica-
tion for the celiac and hepatic artery variants ‘‘Ain Shams
Egyptian classification” which is similar to Uflacker and
Michel yet with adding the newly discovered variants.
Type IX adding to the Uflacker classification in the form
of ambiguous celiac trunk as well as Type XI adding to
the Michel’s classification replaced RHA from SMA and
replaced LHA from the LGA with accessory branches from
the CHA.
5. Conclusion

Knowledge of the celiac trunk and hepatic artery vari-
ants and anomalies is very important pre-surgical, pre-
laparoscopic or even pre-interventional and this can be
achieved using MSCT to minimize and avoid the major vas-
cular complications and decrease the morbidity of patients.
riants detected in our study following Uflacker classification.
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