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Abstract 

Background: The classic anatomic pattern of the Celiac 
trunk is present in 86-89% of cases in several studies. Major 
variations of the celiac trunk are common and should be antic-
ipated before radiological and surgical interventions such as: 
hepatopancreatobiliary surgery, liver transplant, and interven-
tional radiology. Uflacker’s classification system of variations 
of coeliac trunk is one of the commonly used systems. 

The normal hepatic artery arises from celiac trunk and di-
vides into three main branches; the right hepatic, left hepatic 
and middle hepatic. Many variations of the normal anatomy of 
hepatic artery exist. Michel’s classification for hepatic artery 
variants describes nine arterial anatomical variations. Preoper-
ative identification of hepatic artery variations reduces intraop-
erative bleeding complications and improve postoperative sur-
gical outcomes in many surgeries such as liver tumor resection, 
liver transplantation, pancreatic tumor resection, pancreatoduo-
denectomy and biliary surgeries. 

Multidetector computed tomography angiography has 
shown great ability in defining the vascular anatomy and detect-
ing any anomalies and variants before the surgical interference 
with much less side effects. 

Aim of Study: The aim of the work is to study the variations 
of the normal anatomy of the celiac trunk and the hepatic artery 
among Egyptians using MDCT. 

Material and Methods: This Descriptive cross-sectional 
study was carried out on 380 patients who underwent MDCT 
scan by Toshiba Aquilion Prime Series CT Scanner -80 slice per 
rotation for abdominal and hepatic assessment. 

Results: According to Uflacker’s classification of celiac 
trunk variants, Type I (classic and non-classic patterns) was the 
most common variant in 91.07% of the cases. Followed by type 
V in 30 cases (7.89%). Other variants were type II in 4 cases 
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(1.05%). Type III, VI, IV, VII and VIII weren’t reported among 
the included cases. 

According to Michel’s classification for hepatic artery vari-
ants, Type I (Classic Anatomy) was the most common variant in 
80.2% of the cases. Followed by Type III in 42 cases (11.05%). 
Type V in 15 cases (3.94%), Type II in 10 cases (2.63%), Type 
ΙΧin 7 cases (1.84%) and Type VΙ in 1 case (0.26%). Type IV, 
VΙΙ, VΙΙΙ and Χ weren’t reported in the cases of the study. 

Conclusions: Based on the results of the current study, it 
is concluded that Multidetector Computed Tomography could 
be used as an efficient diagnostic technique in assessment of 
variants of the celiac trunk and hepatic artery. 

Key Words: Celiac trunk – Hepatic artery – Multidetector com-
puted tomography angiography – 3D image re-
construction – Uflacker’s classification – Michel’s 
classification. 

Introduction 

CELIAC trunk is the first ventral branch from the 
abdominal aorta. It arises between the twelfth tho-
racic vertebra and the first lumbar vertebra below 
the aortic orifice of the diaphragm. It is a short trunk 
measuring 1.5-2cm [1]. It divides into three terminal 
branches: ٬eft gastric, splenic, and common hepatic 
arteries [2]. 

This classic pattern represents 86-89% of cases 
in several studies and first described by Haller since 
1756, so sometimes defined as Tripus Halleri [3]. 

The left gastric artery (LGA) is the small-
est branch of the celiac trunk. It gives esophageal 
branches that reach the esophagus through the es-
ophageal opening of the diaphragm. And along its 
course through lesser curvature supply both surfac-
es of the stomach and then ends by anastomosing 
with the right gastric artery at the region of angular 
incisure [4]. 
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The Splenic artery is the largest branch of the 
celiac trunk; it runs in a tortuous course. It ends 
by 5-6 terminal branches which enter the hilum of 
spleen. In its course, it gives off multiple branches 
to the pancreas, short gastric branches and left gas-
troepiploic branch to the stomach [4]. Common he-
patic artery (CHA) is intermediate in size between 
the other two branches. It reaches the porta hepatis 
where it ends by dividing into right and left terminal 
branches [4]. 

The superior mesenteric artery (SMA) arises 
from the abdominal aorta opposite the lower border 
of L1 vertebra, 1cm below the celiac trunk. Then 
passes towards the right iliac fossa to enter the 
root of the mesentery of the small intestine where 
it divides to its terminal branches. It ends by anas-
tomosing with ileal branches of ileocolic artery. 
Its branches include inferior pancreaticoduodenal 
artery, ileocolic artery, jejunal and ileal branches, 
right colic artery and middle colic artery [2]. 

Major variations of the celiac trunk are common 
and should be anticipated before radiological and 
surgical interventions. Various classification sys-
tems for the celiac trunk exist; the most concise and 
most frequently cited is that proposed by Adachi 
(1928), another system was proposed by Uflacker 
(1997) [5]. 

The hepatic artery is defined as typical ‘normal’ 
when it arises from celiac trunk and divides into 
three main branches; the right hepatic, left hepatic 
and middle hepatic. The term ‘accessory’ hepatics 
should be used only in those cases where the normal 
celiacal right or left hepatic is present, and there is 
an additional artery from other sources. When the 
normal celiacal right or left hepatic artery is miss-
ing the replacing vessel coming from another source 
supplying the right or left lobe is to be termed as a 
‘replaced’ right or left hepatic artery [6]. 

In 1966, Michels published the results of 20 
years of investigations into the blood supply of the 
liver using 200 cadavers. He proposed Michel’s 
classification for hepatic artery variants describing 
nine arterial anatomical variations [7]. 

Precise knowledge of hepatic artery variations 
is helpful in the preoperative planning of surgeries 
such as liver tumor resection, liver transplantation-
and biliary surgeries, which can reduce intraopera-
tive bleeding complications and improve postopera-
tive surgical outcomes [8]. 

MDCTangiography has facilitated three-dimen-
sional [3D] image reconstruction, maximum inten-
sity projection [MIP], multiplanar reconstruction 
[MPR], and 3D volume rendering [VR] of vascular 
images. Therefore, it has been shown to have excel-
lent correlation with defining the vascular anatomy  

and detecting any anomalies and variants before 
surgical interference. It has also reduced the burden 
of cost and radiation [9]. 

Aim of the study: 
The aim of the work is to study the variations 

of the normal anatomy of the celiac trunk and the 
hepatic artery among Egyptians using MDCT. 

Patients and Methods 

Study design: 
This Descriptive cross-sectional study was car-

ried out on 380 patients (250 males and 130 fe-
males). 

Target population: 
All subjects presented to the Gastroenterology 

Center at Mansoura University Hospital underwent 
MDCT scan by Toshiba Aquilion Prime Series CT 
Scanner-80 slice per rotation for abdominal and he-
patic assessment. 

Permission for analysis of all CT data was ob-
tained from our institution review board (IRB) prior 
to initiating this study. 

Male and female patients from all age groups 
were included in the study. Patients with impaired 
renal function, pregnant female patients, patients 
with severe obesity, patients with bad general con-
dition, and patients with conditions that may alter 
normal vascular anatomy were excluded from the 
study. 

Procedure: 
All subjects in this study underwent the following: 
1- Laboratory investigations: Renal function. 
2- Radiological examination: 

• Computed Tomography is performed using 
Multidetector computed tomography (MDCT) 
Toshiba Aquilion Prime Series CT Scanner -80 slice 
per rotation. 

• Precontrast and postcontrast triphasic studies 
together with post processing techniques: MPR, 
MIP and VR. 

MDCTAngiography scanning protocol: 
All cases were assessed using (Toshiba Aquilion 

Prime Series CT Scanner -80 slice per rotation) with 
the same protocol of arterial and venous phases. All 
cases were instructed to fast for at least 4 hours 
before scanning. First, an initial scout topography 
was obtained. Then, 100cc of non-ionic iodinated 
contrast agent was injected through a 16-18guage 
cannula inserted in an antecubital vein at a flow rate 
of 5ml/s using a power injector at pressure 300 psi. 
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Arterial phase scanning starts based on automat-
ic bolus tracking. Scanning starts 5s after reaching 
threshold of 150 HU in the area of the abdominal 
aorta. The scanned area extended from diaphragm 
to level of S1. The arterial phase acquisition delay 
was 22s after the start of the contrast injection. The 
main acquisition thickness of 1.25mm, intersection 
spacing of 1.25mm, tube voltage of 120kv, tube cur-
rent range 250-300mAs, with 0.5s gantry rotation 
time. 

Image processing: 

For 3D image reconstruction, the volumetric CT 
data sets were processed on a separate workstation 
with multiplanar reformatting (MPR), maximum 
intensity projection (MIP) and volume rendering 
(VR). Axial source images and the 3D data sets 
were evaluated by experienced radiologists. The 
celiac and hepatic arterial anatomy was assessed 
forthe presence of variants. 

Statistical analysis of the data: 
The collected data is coded and analyzed using 

SPSS program (version 21) for windows. Descrip-
tive statistical analysis is performed. The appro-
priate statistical tests will be used when needed. 
p-value less than 0.05 (5%) will be considered sta-
tistically significant. 

Results 

The current study included total number of 380 
cases who underwent hepatic and abdominal MDCT 
assessment. Among the cases, there were 250 males 
and 130 females. 

According to Uflacker’s classification of celiac 
trunk variants in the current study, Type I (classic 
and non-classic patterns) was the most common 
variant in 90% of the cases. The second common 
pattern was type V (gastro-splenic trunk) in 30 cases 
(7.89%). Other variants were type II (hepato-splen-
ic trunk) in 4 cases (1.05%), Type III (hepatogastric 
trunk), Type VI (celiacomesenteric trunk), Type IV 
(hepatospleno-mesenteric trunk) and Type VII (ce-
liaco-colic trunk) and Type VIII (no celiac trunk) 
weren’t reported among the included cases (Table 
1), (Figs. 1,2,3). 

According to the Michel’s classification for 
hepatic artery variants in the current study, Type I 
(Classic Anatomy) was the most common variant 
in 80.2% of the cases. The second common pattern 
was Type III (Replaced RHA arising from SMA)  

in 42 cases (11.05%). Other variants were Type 
V (Accessory LHA arising from LGA) in 15 cas-
es (3.94%), Type II (Replaced LHA arising from 
LGA) in 10 cases (2.63%), Type IΧ (CHA arising 
from SMA) in 7 cases (1.84%) and Type VI (Ac-
cessory RHA arising from SMA) in 1 case (0.26%). 
Type IV (Replaced LHA and replaced RHA), type 
VII (Accessory LHA and RHA), type VIII (Re-
placed RHA and accessory LHA, or replaced LHA 
and accessory RHA) and type Χ (CHA arising from 
LGA) weren’t reported in the cases of the study 
(Table 2) (Figs. 3-7). 

Table (1): Celiac trunk variants according to The Uflacker’s 
classification of celiac trunk anomalies. 

No. of 
Type Incidence 

patients 

Type I: Classic and non-classic patterns 346 91.05% 

Type II: Hepato-splenic trunk 4 1.05% 

Type III: Hepatogastric trunk 0 0% 

Type IV: Hepatospleno-mesenteric trunk 0 0% 

Type V: Gastro-splenic trunk 30 7.89% 

Type VI: Celiacomesenteric trunk 0 0% 

Type VII: Celiaco-colic trunk 0 0% 

Type VIII: No celiac trunk 0 0% 

Table (2): Hepatic artery variants according to Michel’s 
classification for hepatic artery variants. 

Type  
No. of 
patients 

Incidence 

Type I: Classic anatomy 305 80.2% 

Type II: Replaced LHA arising from 10 2.63% 

LGA 

Type III: Replaced RHA arising from 42 11.05% 

SMA 

Type IV: Replaced LHA and replaced 0 0% 

RHA 

Type V: Accessory LHA arising from 15 3.94% 

LGA 

Type VI: Accessory RHA arising 

from SMA 

1 0.26% 

Type VII: Accessory LHA and RHA 0 0% 

Type VIII: Replaced RHA and 

accessory LHA, or replaced LHA 

and accessory RHA 

0 0% 

Type IΧ: CHA arising from SMA 7 1.84% 

Type Χ: CHA arising from LGA 0 0% 
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Radiological findings 

Fig. (1): (A) Maximum intensity projection (MIP) coronal image and (B) Volume rendered image of a male patient 
aged 34 years showing normal anatomy of Celiac Trunk (CT) and Superior Mesenteric Artery (SMA) arising 
together from the Abdominal Aorta (AA). Uflacker Type I. 

Fig. (2): (A) Maximum intensity projection (MIP) sagittal image and (B) Volume rendered image of a male patient 
aged 26 years showing the Left gastric artery (LGA) arising from the Abdominal Aorta (AA) Uflacker type II. 

Fig. (3): (A) Maximum intensity projection (MIP) coronal image and (B) Volume rendered image of a male patient aged 
37 years showing the Common Hepatic Artery (CHA) arising from the Superior Mesenteric Artery (SMA) 
Uflacker type V and Michel Type IX. 
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Fig. (4): (A) Maximum intensity projection (MIP) coronal image and (B) Volume rendered image of a female patient 
aged 47 years old showing replaced Left hepatic Artery (LHA) arising from Left Gastric Artery (LGA) Michel 
type II. 

Fig. (5): (A) Maximum intensity projection (MIP) coronal image and (B) Volume rendered image of a female patient 
aged 27 years showing replaced Right hepatic Artery (RHA) from Superior Mesenteric Artery (SMA) Michel 
type III. 

Fig. (6): (A) Maximum intensity projection coronal image and (B) Volume rendered image of a female patient aged 45 
years showing accessory left hepatic artery (LHA) from left gastric artery (LGA) Michel Type V. 



510 Anatomical Variations of Celiac Trunk & Hepatic Arterial System Using MDCT in Egyptians 

Fig. (7): (A) Maximum intensity projection coronal image and (B) Volume rendered image of a male patient aged 55 
years showing Left Gastric artery (LGA) directly from Aorta Uflacker type II. and Common Hepatic Artery 
(CHA) from superior mesenteric artery (SMA) Michel Type IX. 

Discussion 

Regarding the Celiac trunk variants according to 
The Uflacker’s classification of celiac trunk anoma-
lies, the current results agreed with Osman and Ab-
drabou who included 1285 Egyptian patients were 
retrospectively analyzed in Radiology Department, 
Ain Shams University. They showed that 90.5% of 
the patients have 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 [10]. 

The current results were also in accordance with 
Jalamneh et al., who reported that the anatomical 
variations in the celiac trunk pattern were observed 
in 54Palestinian cases (9.8%). Among the variants, 
type V was the most common (5.5%), which is a 
gastrosplenic trunk with the CHA originating di-
rectly from the abdominal aorta (AA) or SMA [11]. 

Similar results were obtained by Araujo Neto et 
al., who conducted a study based on the analysis of 
MDCT images of 60 Brazilian patients. The results 
showed that the celiac trunk anatomy was normal 
in 90% of cases. Type II (hepato-splenic trunk) was 
found in 8.3% of patients, and type III (hepatogas-
tric trunk) in 1.7% [12]. 

Another study found 89.1% of Korean popula-
tion with type I classification and 10.1% with other 
variations [13]. Other researchers Ramanand et al., 
found 9% of his Indian patients with celiac trunk 
anatomical variants [14]. 

A previous study found 94.5% of Indian popu-
lation with type I classification and 5.5% with oth-
er variations [15]. Another study, found 90.2 % of 
Turkish population with type I classification and 
9.8% with other variations [16]. 

A slightly higher prevalence of variant celiac 
trunk anatomy has been reported in cadaveric stud-
ies. The results from the classical cadaveric studies 
from the first half of the 20th century are summa-
rized in Bergman’s Illustrated Encyclopedia of Hu-
man Anatomic Variation [17]. 

Panagouli et al.published a systematic review 
including 36 studies and found a significantly lower 
incidence of variant celiac trunks in the radiological 
studies (10.5%, 675/6,501) compared with cadaver-
ic studies (14.9%, 489/3,278) [18]. 

Another study found 83.9% of Palestinian popu-
lation with type I classification and 16.1% with oth-
er variations [19]. 

The reason why the variation rates were higher 
in some cadaveric studies compared to radiologi-
cal studies may be attributed to the insufficiency of 
opacification of very thin vessels [20]. 

In contrast, the current results disagreed with 
Reda et al. who included 30 Egyptian patients with 
signs and symptoms of various liver and other ab-
dominal pathologies in which biphasic or triphasic 
contrast-enhanced CT was indicated. They report-
ed that the commonest variant was Uflacker type II 
(hepato-splenic trunk) in which CHA and SA have 
common trunk and LGA arises separately from aor-
ta representing 40% while Uflacker type V (gas-
tro-splenic trunk) in which the origin of the CHA 
from either the SMA or the aorta was the second 
common variants representing 20%. Type I (no clas-
sic variant) was reported only in 10% [21]. 

According to the Michel’s classification for he-
patic artery variants, the results of the current study 
agreed with Ghenciu et al., who included 4192 
Romanian patients. Using Michels’ classification, 
the normal anatomy (type I) was present in 3392 
(80.91%) cases, while abnormal hepatic arteries 
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were observed in 800 (19.08%) cases. The vari-
ations were distributed as follows: Type II in 40 
(0.95%) cases, type III in 442 (10.54%) cases, type 
IV in 13 (0.31%) cases, type V in 285 (6.79%) cases, 
type VI in 12 (0.28%) cases, type VII in 3 (0.07%) 
cases, type VIII in 108 (2.57%) cases, type IX in 
6 (0.14%) cases and type X in one case (0.02%). 
170 (4.05%) unclassified cases were observed. Us-
ing Hiatt’s classification, the variations were: Type 
II in 325 (7.75%) cases, type III in 454 (10.83%) 
cases, type IV in 124 (2.95%) cases, type V in 6 
cases (0.14%) and type VI in 69 (1.64%) cases. 102 
(2.43%) unclassified cases were observed [22]. 

Higher incidence of hepatic artery variant was 
reported in other studies. Osman and Abdrabou who 
showed that regarding the hepatic artery, 74.3% of 
the cases showed normal origin of the hepatic ar-
teries (Michel type I) with the commonest anomaly 
was Michel type III with 12.5% incidence [10]. 

Within the same line, Gkaragkounis et al., con-
ducted a study among 1,520 Greek patients. They 
showed that 1,108 (72.89%) were classified as 
Michels Type I (normal anatomy). Type II and Type 
III were the commonly reported variants after type I 
in 9.01% and 7.11% respectively while 4.87% were 
non-classified [7]. 

A retrospective study done by Prabhasavat and 
HomgadestudyingMDCT of 200 Thais patients 
showed hepatic arterial anatomic variation in about 
16% of population. Type III was most common var-
iation in their study and prevalence of other varia-
tions were 2.5% [23]. 

Another MDCT based study done among 400 
Chinese patients by Wang et al., showed variant 
anatomy in 24% of study population with type III 
being commonest variant [24]. 

In Araujo Neto et al.’s study, variation of the 
hepatic artery variant was observed in 21.7% of 
cases, including anomalous location of the right he-
patic artery in 8.3% of cases, and of the left hepat-
ic artery, in 5%. Also, cases of joint relocation of 
right and left hepatic arteries, and trifurcation of the 
proper hepatic artery were observed, respectively, 
in 3 (5%) and 2 (3.3%) patients [12]. 

Also, Zaki and his colleagues conducted a study 
on 500 Egyptian patients. They showed that accord-
ing to Michel’s classification, the normal anatomy 
(type I) was observed in 369 (73.8%) cases, while 
anomalous hepatic arterial pattern was detected in 
131 (26.2%) cases. These anomalies were distribut-
ed as follows: Type II in 36 (7.2%) cases, type III in 
60 (12%) cases, types IV and V in 5 cases for each 
(1% each), type VI in 14 (2.8%) and types VIII and 
IX in a single case for each (0.2% each). Neither 
type VII nor type X was detected. Nine (1.8%) un-
classified cases were observed [25]. 

A study by Maharjan et al., in Nepal showed that 
the prevalence of variant anatomy was found to be 
higher (25.3%) and type III variant anatomy (re-
placed RHA from SMA) was the commonest vari-
ant anatomy (10.1%) [26]. 

On the other hand, much higher prevalence of 
variations were reported in other studies according 
to Ugurel et al., in a retrospective study of 100 com-
puted tomography (CT) images of Turkish patients 
, hepatic artery with variations was found in 48% 
of the cases [27]. Sebben et al., in a study of 30 Bra-
zilian cases, have reported variation in 40% of their 
cases [28]. 

In a study that included 350 patients from India, 
hepatic artery proper (right and left hepatic arteries 
arising from common hepatic artery) (Type I) was 
seen in 222 (63.4%) of cases. The most common 
variant replaced left Hepatic Artery (LHA) from 
the left gastric artery (Type II) with a prevalence of 
46 (13.1%). A normal portal vein branching pattern 
(Type I) was seen in 201 (57.4%) of cases. The most 
common variation was trifurcation (Type II) with a 
prevalence of 68 (19.4%) [29]. 

The most common anatomical variants observed 
in our study was the replaced RHA arising from 
SMA (Michel’s type III). It constituted 11.05% of 
our studied cases. This was in accordance with the 
findings of Michel (11%), Zaki (12%), Rygaard 
(13.4%), De Cecco et al. (9.2%), Saba and Mallarini 
(10.56%) [25,30,31,32]. A low percentage of this var-
iation was found in the studies of Daly et al. (6%) 
[33], Chen et al. (5.2%) [34], Stemmler et al. (6.3%) 
[35]. 

The replaced RHA is a beneficial variant in 
right hepatic lobe living donors transplant, as the 
common postoperative complication in liver trans-
plantation is hepatic artery thrombosis because of 
shorter and thinner hepatic artery graft. However, 
the replaced RHA in such cases provides a longer 
and larger graft, thus reducing chances of hepatic 
artery thrombosis [36]. 

In the current study, the second most common 
variant was Type V (accessory LHA arising from 
LGA) in 15 cases (3.94%). This agreed with Can-
kalet al.who showed that the accessory LHA was 
the second common anomaly reported in 10% of the 
included cases [37]. 

However, Thangarajah discovered that type V of 
Michels’ classification, the presence of left accesso-
ry hepatic artery, as the most common abnormality 
(8.5% of all cases), followed by Type III (8%) and 
Type II (6%) [38]. 

The third most frequent variation in our study was 
the replaced LHA arising from the LGA (Michel’s 
type II). It constituted 2.63% of the studied cases. 
This variant exists with different percentages in dif- 
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ferent studies as following Michels (10%), Chen et 
al. (7.8%), Saba and Mallarini (7.48%), De Cecco 
et al., (5.2%), Koops et al., (2.5%). Stemmler et 
al.,reported absence of such variant in their study 
[30,31,32,34,35,39]. 

Type IV (LHA from LGA and RHA from SMA) 
type VII (accessory LHA from LGA and accessory 
RHA from SMA) and type X (CHA from LGA) are 
relatively rarer anatomical variants as their preva-
lence were 1%, 1% and 0.5%, respectively in the 
study by Michel, 1966 [30]. In our study, we also 
could not find a single case with type VII and type 
X variation. Other studies done by Duran, et al., and 
Keles, et al., also did not detect these variants in 
their study [40,41]. 

This study recommends the utilization of MDCT 
as standard screening tool for detection of the ana-
tomical variants of the abdominal vasculature. Also, 
further multiple centers studies with larger number 
of cases should be conducted. 

Conclusion: 
Based on the results of the current study, it could 

be concluded that Multidetector Computed Tomog-
raphy could be used as an efficient diagnostic tech-
nique in assessment of vascular pattern variants of 
the celiac trunk and hepatic artery. 

Among the included cases, the prevalence of ce-
liac trunk anatomical variants (rather than the clas-
sic pattern) was 8.93% while the prevalence of he-
patic artery variants (rather than the classic pattern) 
was 19.8%. 
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