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Background: The coeliac trunk (CT) is major visceral branch of the abdominal 
aorta. Familiarity with anatomic variations of the CT is relevant for planning 
radiological and surgical procedures. The aim of our research was determining 
variations of the CT, including the occurrence of accessory hepatic arteries (AHA). 
Materials and methods: Forty cadavers were studied. Six patterns of CT branching 
were observed in this study. AHA were observed in 7 (17.5%) specimens. The 
most prevalent variation was normal trifurcation, accounting for 62.5% of cases. 
The rarest variation was absence of the CT, with an incidence of 2.5%. In this 
variant the left gastric artery, the common hepatic artery, and the splenic artery 
branched directly off the abdominal aorta. 
Results: The study material allowed to distinguish two CT branching patterns 
which, to the best of our knowledge, have not been reported before. It was a type 
with four branches originating from the CT: the left gastric artery, the common 
hepatic artery, the splenic artery, and right AHA. The other previously unreported 
pattern variant was the CT which gave off three branches: the common hepatic 
artery, the splenic artery and right AHA. 
Conclusions: The average distance between the aortic hiatus and the coeliac 
trunk calculated for all the cadavers amounted to 54 ± 11.85 mm. The average 
distance between the CT and the superior mesenteric artery was 11.1 ± 7.7 mm. 
(Folia Morphol 2017; 76, 4: 660–667)
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INTRODUCTION
In antiguity Galen was the first to describe the 

distribution of coeliac trunk (CT) branches, as he 
concluded during his research that blood supplying 
the stomach, liver and spleen comes from another 
source than blood supplying the intestines [13]. 
In the 16th century, Andreas Vesalius found out 
that the CT is divided into two branches: left and 
right. The right branch is the hepatic artery, while 

the left is the splenic artery, where the stomach 
arteries originate, including the left gastric artery 
(LGA) [13]. Jacques Benigne Winslow and Albert 
von Haller were the first to describe the normal 
anatomy of the CT. Winslow also described CT 
branches, while von Haller reported on variations 
in hepatic arteries [13].

The CT is a major single visceral branch of the 
abdominal aorta; it is a thick and short artery whose 
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length ranges from 15 mm to 20 mm. The most com-
mon branches of the CT are: the splenic artery, the 
common hepatic artery and the LGA [4, 17]. Nonethe-
less, the CT shows considerable anatomic variations 
[1–5, 7, 11–17]. There have been reports of double, 
triple and even quadruple branches originating in 
the CT [4, 5, 12].

Familiarity with anatomic variations of the CT is 
relevant for planning radiological and surgical pro-
cedures in the abdominal part of the oesophagus, 
stomach, duodenum, liver, pancreas, gallbladder, 
and spleen [5, 9, 12, 17, 18]. Modern transplantol-
ogy requires knowledge on vascular variations, in-
cluding incidence of accessory hepatic arteries (AHA) 
[10, 15]. Araujo Neto et al. [2] also suggested that 
the coeliac trunk’s diameter, as well as the distance 
between the trunk and the superior mesenteric ar-
tery should be estimated prior to a surgical proce-
dures. Moreover, in every case, distribution of an 
AHA may vary and be essential from the functional 
point of view [9, 10].

The aim of our research is determining variations 
of branches origin from the CT and its anatomic 
variations, including the occurrence of AHA in the 
Polish population, which may be relevant for minimis-
ing complications after diagnostic tests and surgical 
procedures.

A novelty in this work is classification of two new 
types of CT branches including AHA, which is associ-
ated with more frequent selective endovascular ap-
plication of chemioterapeutics to tumours of the liver 
(most often metastasis or hepatocellular carcinoma) 
or selective embolisation.

MATERIALS AND METHODS
Fourty cadavers, including 22 male (M) and 18 fe- 

male (F) cadavers, were studied. The cadavers were 
fixed in a 10% formalin solution. The specimens had 
no traces of surgical intervention in the abdominal 
area. The Local Bioethics Commission issued a consent 
for the study (consent no. RNN/93/16/KE).

The study was carried out with classical dis-
section techniques. During the dissection, the CT 
morphology, the point where it branched off the 
abdominal aorta in reference to the spine, and 
presence of AHA were evaluated. The next stage 
consisted in morphometric measurements of the 
distance between the CT and the superior mesen-
teric artery, between the CT and the aortic hiatus 
of the diaphragm, and between the trunk and the 

abdominal aorta bifurcation. The measurements 
were taken with an electronic calliper (Mitutoyo 
Corporation, Kawasaki-shi, Kanagawa, Japan). Each 
measurement was taken independently twice by 
two people with high experience in anatomical 
dissection and was accurate within 0.1 mm. Basic 
descriptive statistics were calculated with Excel for 
the collected data.

RESULTS
The study revealed different variations of the CT 

and variable points of its branching off the abdominal 
aorta. Six patterns of CT branching were observed in 
the course of this study:
— 	Typical trifurcation variation — a typical branch-

ing pattern of the CT, with the LGA, the common 
hepatic artery and the splenic artery branching 
off the trunk (Fig. 1). This pattern was found in 
25 cases (14 M, 11 F/62.5%);

— 	Four-branch trunk variation — CT + right AHA. 
Apart from the three typical branches, there was 
an AHA branching off the trunk (Fig. 2). This 
pattern was observed in 3 cases (2 M/1 F/7.5%);

— 	Coeliacophrenic trunk variation — the CT gave 
off four branches: the LGA, the common hepatic 
artery, the splenic artery, and additionally the left 
inferior phrenic artery (Fig. 3). This pattern was 
observed in 5 cases (3 M, 2 F/12.5%);

— 	Bifurcation — hepatosplenic trunk — two main 
branches originated in the CT: the common he- 
patic artery and the splenic artery (Fig. 4). 
This type of variation was observed in 4 cases  
(1 M/3 F/10%);

— 	Trifurcation — hepatosplenic trunk + right AHA 
— the CT gave off three branches: the common 
hepatic artery, the splenic artery and right AHA. 
The LGA branched directly off the abdominal aorta 
and gave off a phrenic branch (Fig. 5). This vari-
ation was found in 2 cases (2 M/5%);

— 	Absence of the CT — the LGA, the common hepat-
ic artery, and the splenic artery branched directly 
off the abdominal aorta (Fig. 6). This pattern was 
found in 1 case (1 F/2.5%).
The level at which the CT branched off the abdom-

inal aorta in relation to the spine was also evaluated. 
In 14 cases the CT originated at the level of the 12th 
thoracic vertebra (35%), in 8 (20%) cases between 
the 12th thoracic and the first lumbar vertebra, and 
in 18 specimens it originated at the level of the first 
lumbar vertebra (45%).



662

Folia Morphol., 2017, Vol. 76, No. 4

Figure 1. Typical trifurcation trunk; CT — coeliac trunk; SA — 
splenic artery; CHA — common hepatic artery; LGA — left gastric 
artery; HAP — hepatic artery proper; GDA — gastroduodenal 
artery; L — liver; P — pancreas.

Figure 2. Four-branch trunk; CT — coeliac trunk; SA — splenic 
artery; CHA — common hepatic artery; LGA — left gastric artery; 
RAHA — right accessory hepatic artery.

Figure 4. Hepatosplenic trunk; CT — coeliac trunk; SA — splenic 
artery; CHA — common hepatic artery; LGA — left gastric artery; 
LAHA — left accessory hepatic artery; RAHA — right accessory 
hepatic artery; LIPA — left inferior phrenic artery; RGA — right 
gastric artery; GDA — gastroduodenal artery; HAP — hepatic 
artery proper.

Figure 3. Coeliacophrenic trunk; CT — coeliac trunk; SA — splenic 
artery; CHA — common hepatic artery; LGA — left gastric artery; 
LAHA — left accessory hepatic artery; LIPA — left inferior phrenic 
artery; SM — superior mesenteric artery

Figure 5. Hepatosplenic trunk and right accessory hepatic artery 
(RAHA); CT — coeliac trunk; SA — splenic artery; CHA — com-
mon hepatic artery; LGA — left gastric artery; HAP — hepatic 
artery proper; GDA — gastroduodenal artery; LIPA — left inferior 
phrenic artery; RIPA — right inferior phrenic artery; LAHA — left 
accessory hepatic artery; SM — superior mesenteric artery.

Figure 6. Absence of the coeliac trunk; SA — splenic artery; CHA — 
common hepatic artery; LGA — left gastric artery; LIPA — left inferior 
phrenic artery; GDA — gastroduodenal artery; HAP — hepatic artery 
proper.
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The study material revealed presence of AHA. 
On the whole, in 7 cadavers 9 AHA were found. 
In 1 case, left AHA branched off the LGA, which 
in turn branched directly off the abdominal aorta 
(Fig. 4). In another case, right AHA branched off 
the proper hepatic artery (Fig. 4). Co-occurrence 
of 2 AHA was observed in 1 case, more precisely, 
one of the left AHA branched off the LGA (it was 
a direct branch of the abdominal aorta), while the 
other right AHA branched off the proper hepatic 
artery (Fig. 4). There was also a case in which left 
AHA branched off the LGA, and it in turn branched 
off the CT (Fig. 3). There was also a case found of 
right AHA originating from the superior mesenteric 
artery (Fig. 7). In 5 cadavers, an AHA branched 
directly off the CT (Figs. 2 and 5).

The average distance between the aortic hiatus 
and the CT calculated for all the cadavers amounted 
to 54 mm (25.4–83.4 mm, SD = 11.85 mm, me-
dian = 51.3 mm) (Table 1). The average distance 

Figure 7. Right accessory hepatic artery (RAHA) originating from  
the superior mesenteric artery (SM); AO — abdominal aorta; SA —  
splenic artery; CHA — common hepatic artery; HAP — hepatic 
artery proper.

between the CT and the superior mesenteric artery 
was 11.1 mm (1.5–25.9 mm, SD = 7.7, median = 
8.6 mm) (Table 2). The average distance between the 
CT and the inferior mesenteric artery was 84.2 mm  
(55–112.8 mm, SD = 14.7 mm, median = 83.4 mm)  
(Table 3). The average distance between the CT  
and the abdominal aorta bifurcation amounted to 
132 mm (96–165.2 mm, SD = 16.4 mm, median  
= 131.4 mm), both the lowest and the highest value 
was found in a male (Table 4). In females, the average 
distance was 129.7 mm (105.7–160.5 mm), whereas 
in males it was 133.7 mm (96–165.2 mm) (Table 4).

DISCUSSION
So far, there have been various classifications of 

the CT devised based on its anatomical branching 
pattern. The first classification was formulated by 
Lipshutz in 1917 [7], and it covered four branch-
ing types (Table 5). In 1928, Adachi and Hasabe [1] 
created a classification including six types of the CT 
(Table 5). Other researchers who proposed classifica-
tions of the CT were: Araujo Neto et al. [2], Selvaraj 
and Sundaramurthi [14], Prakash et al. [12], Wadhwa 
and Sonia [19], as well as Song et al. [16] (Table 6).

The most prevalent variation in our study was 
normal trifurcation, accounting for 62.5% of cases. 
Lipshutz [7] observed this variant in 75% of cases, and 
Adachi and Hasabe [1] in 86% of cases. Araujo Neto 
et al. [2] found this variation in 54 (90%) patients, 
while Selvaraj and Sundaramurthi [14] in 68 out of 
75 (90.6%) patients. Also in the studies conducted 
by Prakash et al. [12] and by Wadhwa and Sonia [19] 
this type emerged as the most common — with inci-
dence of 86% and 93.3%, respectively [12, 19]. Song 
et al. [16] studied 5002 patients and found normal 
trifurcation in 4457 cases (89.1%).

The second most common branching type was 
coeliacophrenic trunk (12.5%). This type of branching 
pattern was also included in Pushpalatha’s classifica-
tion and it accounted for 14% of cases [11].

The thirth most common pattern was hepatos-
plenic trunk. In our material it accounted for 10% of 
cases. This coeliac trunk branching pattern was the 
second most common variation in Lipshutz’s and 
Adachi’s studies, with incidence of 15% [7] and 8% [1],  
respectively. In the research done by Araujo Neto et 
al. [2], Prakash et al. [12], Selvaraj and Sundaramurthi 
[14], Wadhwa and Sonia [19], as well as Song et 
al. [16] it was also revealed to be the second most 
prevalent variation (Table 6). Wadhwa and Sonia [19] 
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Table 1. The distance between the coeliac trunk and the aortic hiatus

Group The minimum  
distance

The maximum  
distance

The average  
distance

Median Standard  
deviation

All 25.44 83.36 54.04 51.30 11.85

Women 45.53 83.36 58.31 53.83 12.24

Men 35.17 78.50 50.62 49.43 10.68

Table 2. The distance between coeliac trunk and the superior mesenteric artery

Group The minimum  
distance

The maximum  
distance

The average  
distance

Median Standard  
deviation

All 1.54 25.92 11.07 8.59 7.72

Women 2.39 24 10.88 8.15 8.13

Men 3.09 25.92 11.22 10.46 7.62

Table 3. The distance between the coeliac trunk and the inferior mesenteric artery

Group The minimum  
distance

The maximum  
distance

The average  
distance

Median Standard  
deviation

All 55 112.85 84.22 83.40 14.74

Women 59.47 102.33 81.89 82.88 13.05

Men 55 112.85 86.02 90.63 16.06

Table 4. The distance between the coeliac trunk and the aortic bifurcation

Group The minimum  
distance

The maximum  
distance

The average  
distance

Median Standard  
deviation

All 96 165.21 131.98 131.37 16.40

Women 105.66 160.49 129.69 131.37 15.91

Men 96 165.21 133.77 135.05 17.00

Table 5. Comparison of selected classifications of the coeliac trunk

Type of coeliac trunk Lipshutz’s [%] Adachi’s [%] Our [%]

Normal trifurcation 75.0 86.0 62.5

Hepatosplenic trunk 15,0 8.0 10

Hepatogastric trunk 6.0 0.0 0

Gastrosplenic trunk 4,0 3.0 0

Hepatosplenomesenteric 0 1.0 0

Coeliacomesenteric 0 1.5 0

Hepatomesenteric trunk 0 0.5 0

Quadrifurcation – normal trifurcation + accessory hepatic artery 0 0 7.5

Coeliacophrenic trunk – normal trifurcation + left inferior phrenic artery 0 0 12.5

Trifurcation – hepatosplenic artery + accessory hepatic artery 0 0 5

No coeliac trunk 0 0 2.5
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studied 30 cadavers and found only two variations 
of CT branching pattern, namely normal trifurcation 
and hepatosplenic trunk.

The fourth variation we observed was the CT + right  
AHA. We found this type in 7.5% of cases. This 
branching pattern has not been previously classified 
by other authors.

The fifth variation was hepatosplenic trunk + right 
AHA found in 5% of cadavers. This pattern has not 
been described by other authors before.

The dissection revealed a lack of the CT in 1 female 
cadaver, which is 2.5% of the study material. Prakash 
et al. [12] observed a lack of the trunk in 2 specimens, 
and the LGA, the common hepatic artery, and the 
splenic artery branched directly off the abdominal 
aorta. This pattern was also described by Pushpalatha 
[11] and it was observed in 4% of cases.

Lipshutz [7] additionally distinguished the hepa-
togastric trunk variation (6%). In this pattern, the CT 
gave off the LGA and the common hepatic artery, 
while the splenic artery branched directly off the 
abdominal aorta [7]. This pattern was not observed 
in Adachi’s research [1]. Araujo Neto et al. [2] found 
it in only 1 (1.7%) patient (Table 6). The same pattern 
was observed by Prakash et al. [12] in 1.2% (Table 6). 
According to Song et al. [16], this pattern accounted 
for 0.2% of cases (Table 6). In our study, as well as in 
the study conducted by Selvaraj and Sundaramurthi 
[14], this pattern was not found (Tables 5, 6).

In his research, Lipshutz [7] found the gastros-
plenic trunk variation in 4% of his specimens (Table 5).  
In this pattern, both the LGA and the splenic artery 
originated from the CT. Adachi [1] also described this 
pattern and reported a 3% incidence for it (Table 5). 
Selvaraj and Sundaramurthi [14] found this pattern in 
only 1 (1.3%) case. The gastroplenic trunk’s incidence 
was 0.2%, according to the study by Song et al. [16]. 
This pattern was not revealed in our material.

Adachi [1] additionally described three other CT 
branching patterns (Table 5). The coeliacomesenteric 
trunk variation consisted in a common branching of 
the CT and the superior mesenteric artery, and the 
reported incidence was 1.5% [1]. The same pattern 
was described by Song et al. [16], found in 1.1% of 
cases (Table 6). Such a CT type was not encountered 
in our study.

Adachi [1] also included hepatosplenomesenteric 
trunk in his classification. In this pattern, the common 
hepatic artery, the splenic artery, and the superior 
mesenteric artery had a common branching and this 
type’s incidence was 1% [1]. The same pattern was 
observed by Song et al. [16] in 0.7% of cases. Our 
classification does not include it.

The last pattern reported by Adachi [1] was he-
patomesenteric trunk, which consisted in a branching 
of the common hepatic artery and the superior mes-
enteric artery, and was found in 0.5% of specimens. 
Song et al. [16] reported finding this type of CT in 

Table 6. Comparison of selected classifications of the coeliac trunk

Type of coeliac trunk Song et al.  
[%]

Neto et al.  
[%]

Selvaraj et al. 
[%]

Prakash et al.  
[%]

Wadhwa  
and Sonia 

[%]

Ours  
[%]

Normal trifurcation 89.1 90.0 90.6 86,0 93.3 62.5

Hepatosplenic trunk 4.4 8.3 8.0 4.8 6.7 10

Hepatogastric trunk 0.2 1.7 0 1.2 0 0

Gastrosplenic trunk 0.2 0 1.3 0 0 0

Coeliacomesenteric trunk 1.1 0 0 0 0 0

Hepatomesenteric trunk 2.9 0 0 0 0 0

Splenomesenteric trunk 3.0 0 0 0 0 0

Hepatosplenomesenteric trunk 0.7 0 0 0 0 0

Gastrosplenomesenteric trunk 0.2 0 0 0 0 0

Quadrifurcation – CT + AHA 0 0 0 0 0 7.5

Coeliacophrenic trunk – CT + LIPA 0 0 0 0 0 12.5

Trifurcation – HT + AHA 0 0 0 0 0 5

No coeliac trunk 0 0 0 4.0 0 2.5

AHA — accessory hepatic artery; CT — coeliac trunk; HT — hepatosplenic trunk; LIPA — left inferior phrenic artery
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2.9% of patients. In our study, this branching pattern 
did not appear.

Song et al. [16] additionally classified splenomes-
enteric trunk, with a 3% incidence. In this pattern, 
the splenic artery and the superior mesenteric artery 
had a common branching. The last type reported by 
Song et al. [16] was gastrosplenomesenteric trunk, 
where the LGA, the splenic artery and the superior 
mesenteric artery had a common origin. It was ob-
served in 0.2% of cases.

Babu and Khrab [3] proposed their own classifi-
cation of the CT with multiple variations: 1. Normal 
trifurcation; 2. Hepatosplenic trunk; 3. Hepatogastric 
trunk; 4. Gastrosplenic trunk; 5. No coeliac trunk; 
6. Coeliacomesenteric trunk; 7. Hepatomesenteric 
trunk; 8. Gastromesenteric trunk; 9. Splenomesenteric  
trunk; 10. Hepatosplenomesenteric trunk; 11. Gastro- 
splenomesenteric trunk; 12. Coeliac-colic trunk;  
13. Coeliophrenic trunk (CT + CIPA); 14. Coeliophrenic 
trunk (CT + RIPA), 15. Coeliophrenic trunk (CT + LIPA). 
In our research, we found some of the CT variations 
classified by these authors, namely: normal trifurca-
tion, hepatosplenic trunk, and coeliophrenic trunk.

Singh et al. [15] measured the distance between 
the CT and the superior mesenteric artery, with regard 
to sex. The average distance between the arteries 
for both sexes was 8.1 mm. In males, the average 
distance was 8.1 mm, with the lowest value being  
3 mm, and the highest 18 mm. In females, the average  
distance was 8 mm, with the lowest value at 3 mm, 
and the highest at 15 mm. The same morphometric 
measurements were taken by Araujo Neto et al. [2]; 
however, their research took no account of the sex. 
The average distance was 1.2 mm (0.3–2.3 mm).

According to our research, the average distance  
between the CT and the superior mesenteric artery was 
11.1 mm (1.5–25.9 mm); in females in was 10.9 mm  
(2.4–24 mm), while in males it was 11.2 mm (3.1–25.9 mm)  
(Table 2). Additionally, we measured the distance 
between the CT and the inferior mesenteric artery  
(Table 3), as well as between the CT and the abdominal 
aorta bifurcation (Table 5). We also verified the level at 
which the CT branched off the abdominal aorta. Similar 
research was done by Selvaraj et al. [14]. In their study 
of 75 patients, they found three levels where the CT 
originated from the abdominal aorta [14]. In Selvaraj’s 
et al. [14] study, in 8 patients, the CT originated at 
the level of the 12th thoracic vertebra (10.7%), while 
we observed this level of origin in 14 (35%) cases. 
According to Selvaraj et al. [14], in 14 patients the CT 

branched off at the level of the first lumbar vertebra 
(18.6%), and we found 18 cases in which it originated 
at this level (45%). In 53 specimens, Selvaraj et al. [14] 
observed an origin at the level of the intervertebral disc 
between the 12th thoracic and the first lumbar vertebra 
(70.7%), while our study revealed 8 (20%) such cases. 
According to the research by Selvaraj et al. [14], the 
prevalent pattern was a CT origin at the level of the 
intervertebral disc between Th12/L1 — 70.7%, whereas 
in our study the most common origin was found at 
the level of L1 — 45%.

During our study, we observed AHA. There were  
5 cases of an accessory right hepatic artery originat-
ing from the CT; in 3 of those cases, this happened 
when the CT had standard branches, such as the LGA, 
the common hepatic artery, and the splenic artery. In 
2 of the cases, the CT fell under the ‘hepatosplenic 
category’. To the best of our knowledge, this pattern 
has never been reported before.

A precise classification of the hepatic arteries was 
formulated by Hiatt et al. [6] and Michels [8]. In 
Michels’ research, the type of accessory left hepatic 
artery originating from the LGA was called type V [8], 
the same pattern was referred to as type II in the study 
by Hiatt et al. [6]. Ugurel et al. [18] reported this type 
in ten patients. During our research, we encountered 
it twice. An accessory right hepatic artery originat-
ing from the superior mesenteric artery is in Michels’ 
classification type VI, and in Hiatt’s classification — 
type III. Ugurel et al. [18] found it in 1 patient, and 
we observed it in 1 specimen. Accessory left hepatic 
artery originating from the LGA and accessory right 
hepatic artery originating from the superior mesen-
teric artery in Michels’ classification — type VII, and 
in Hiatt’s classifaction — type IV, was found by Ugurel 
et al. [18] also in 1 patient. We did not observe it 
in our specimens. However, we found in our study 
material an origin of an accessory left hepatic artery 
in the LGA and an origin of the right hepatic artery 
in the proper hepatic artery.

CONCLUSIONS
Despite of previous classifications of the CT, the 

new additional subdivision is needed because we 
found two types of CT, which have not been included 
in previous classifications before. It is a type with four 
branches originating from the CT: (the LGA, the com-
mon hepatic artery, the splenic artery, and right AHA). 
The other previously unreported variant is also a CT 
which gave off a hepatosplenic trunk and right AHA.
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