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Abstract

The celiac trunk is the first major branch of the abdominal aorta. It originates from the ventral aspect of the aorta at the level of T12-L1
vertebrae and was originally described as an artery that branches into the common hepatic artery, left gastric artery, and splenic artery.
Absence of the celiac trunk and origin of the three arteries separately from the aorta is a rare entity that is reported in 0.38% to 2.6% of
cases. It is even more uncommon that this variation can be accompanied by other vascular variations of the upper abdomen as accessory
arteries to the liver, stomach, and pancreas. These cases arise during embryogenesis due to decreased arterial degeneration combined
with decreased arterial fusion, which results in the anatomical variations present in the current case. Complex arterial variations are
both a risk for iatrogenic injury during surgical procedures and beneficial during endovascular supply as they may provide additional
access for embolization and chemotherapy.
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INTRODUCTION

and others.[>>! Not all variations have been observed un-
til now and the existence of diverse classifications makes

The celiac trunk is the first major branch of the abdominal
aorta. It originates from the ventral aspect of the aorta at
the level of T12-L1 vertebrae and was originally described
as an artery that branches into the common hepatic artery,
left gastric artery, and splenic artery.l!] These branches
make the celiac trunk the center of arterial supply of the
upper abdomen and an important anatomical structure
during invasive and mini-invasive procedures. It is import-
ant to consider developmental variations of the celiac trunk
during various invasive and therapeutic procedures such
as surgery of the organs of upper abdomen, endovascular
procedures, etc.?l Due to the anatomical variations, there
have been multiple attempts to classify the anatomy of celi-
ac trunk by Lipshutz (1917), Adachi (1928), Morita (1935)

the topic more complicated for both clinical practice and
research.[1?]

We present an anatomical case report of an absent celiac
trunk with the coexistence of various developmental varia-
tions of the arterial supply of the upper abdomen.

CASE REPORT

During dissection of the internal organs of the upper part of
the abdominal cavity of a 56-year-old man, we encountered
multiple variations of the arterial supply. The celiac trunk
was absent and all three vessels began as separate branches
from the abdominal aorta. The splenic artery had a diameter
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of 0.7 cm and originated from the abdominal aorta 1.7 cm
below the inferior phrenic artery. A common trunk (0.5 cm
in length) that branched into the left gastric artery and su-
perior adrenal artery was located at the same level on the
left. The left gastric artery supplied the lesser curvature of the
stomach, and the right superior adrenal artery gave off seven
short branches to the upper pole of the adrenal gland, as well
as a branch to the diaphragm. The common hepatic artery
branched and the superior mesenteric artery had a common
trunk extending from the aorta 1.8 cm below the splenic ar-
tery (Fig. 1).

At a distance of 2.3 cm from the origin of the common he-
patic artery, the inferior pancreatic artery branched off, sup-
plying blood to the anterior surface of the pancreatic head.
The common hepatic artery continued into the proper hepatic
artery, giving off the gastroduodenal artery at the level of the
lower edge of the liver, to the right of the caudate lobe, in the
region of the neck of the pancreas (Fig. 1).

The proper hepatic artery traveled over the portal vein of
the liver and had a length of 2.7 cm. In the region of the distal

Unusual Arterial Anatomy of the Upper Abdomen

third, it gave off the right gastric artery, and then branched
into the left and right hepatic arteries. The left hepatic ar-
tery branched into two branches of the first order, the right
one provided blood supply mainly to the left lobe of the liver,
the second branch (left), 2.2 cm from its beginning, gave off
an accessory left gastric artery, then entered the caudate lobe
of the liver. The accessory left gastric artery, bending around
the upper edge of the posterior part of the liver, divided into
two branches. One of them supplied the stomach and did not
anastomose with other branches that formed arcades. The
other branch provided blood supply to the sphincter and the
lower third of the esophagus. The right hepatic artery provid-
ed blood supply to the right side of the liver and gallbladder.
The cystic artery branched off in the area of the Calo triangle
and divided into the anterior and posterior branches in the
area of the gallbladder’s neck (Fig. 2).

The gastroduodenal artery ran along the upper edge of the
pancreatic head. The artery branched into the superior an-
terior pancreatoduodenal artery and the superior posterior
pancreatoduodenal artery. Two right gastroepiploic arteries

Figure 1. 1: aorta; 2: splenic artery; 3: common trunk branching into the left gastric artery and the right superior adrenal artery; 4: left

gastric artery; 5: superior adrenal artery; 6: inferior phrenic artery; 7: superior mesenteric artery; 8: common hepatic artery; 9: inferior

pancreatic artery; 10: gastroduodenal artery; 11: right gastric artery; 12: right gastroepiploic artery; 13: accessory right gastroepiploic

artery; 14: pyloric artery; 15: superior anterior pancreatoduodenal artery; 16: head of the pancreas; 17: portal vein; 18: body of the

pancreas; 19: greater pancreatic artery; 20: inferior vena cava; 21: left renal vein; 22: left kidney; 23: spleen; 24: stomach (turned away;

back surface); 25: liver; 26: gallbladder.
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Figure 2. 1: proper hepatic artery; 2: right hepatic artery; 3: left gastric artery; 4: right branch of the first order of the left hepatic artery;

5: left branch of the first order of the left hepatic artery; 6: accessory left gastric artery; 7: right gastric artery; 8: left gastric artery;

9: gastroduodenal artery; 10: superior anterior pancreatoduodenal artery; 11: superior posterior pancreatoduodenal artery; 12: the first

branch of the superior posterior pancreatoduodenal artery; 13: second branch of the superior posterior pancreatoduodenal artery;

14: the third branch of the superior posterior pancreatoduodenal artery; 15: branches to the right lobe of the liver; 16: cystic artery;

17: head of the pancreas; 18: common bile duct; 19: cystic duct; 20: gallbladder; 21: portal vein; 22: caudate lobe of the liver; 23: the left
lobe of the liver; 24: the quadrate lobe of the liver; 25: the right lobe of the liver; 26: the duodenum; 27: body of the pancreas; 28:

stomach; 29: esophagus.

and a pyloric artery originated from the superior pancre-
atoduodenal artery. The right gastroepiploic arteries passed
along the greater curvature of the stomach, anastomosing
with each other, as well as with the branches of the left gas-
troepiploic artery extending from one of the branches of the
splenic artery. The superior posterior pancreatoduodenal ar-
tery, located along the upper edge of the head of the pancre-
as, immediately branched into three small arteries. The first
branch supplied the duodenum. The second bended around
the head of the pancreas along its right edge and then entered
the posterior surface of the gland. The third branch entered
the parenchyma of the gland, traveled 1.7 cm within the gland
and then exited from the pancreas dividing into three short
thin branches. These three branches entered the parenchyma
of the right lobe behind the common bile duct, together with
the right hepatic artery. The most medial of them supplied the
common bile duct with several small branches (Fig. 2).

The splenic artery had a fairly straight trajectory with
one convoluted section, after which it branched into a large
pancreatic artery. It, in turn, branched into the left branch,
which supplied blood to the body of the pancreas, and the
right branch, which gave off branches mainly to the tail of

the pancreas. At the level of the distal third, the artery split
into two first-order branches, the superior splenic artery of
the first order branched into two second-order arteries. Two
upper pole arteries branched off from the upper artery of
the second order, as well as two short gastric arteries that
supplied the posterior surface of the gastric cardia. The left
gastroepiploic artery originated at the branching point of the
superior splenic artery of the first order and passed along the
greater curvature of the stomach, participating in the blood
supply to the posterior wall of the stomach and the greater
omentum. At a distance of 2.3 cm from its beginning, this
artery gave off the second short gastric artery, which also took
part in the blood supply to the fundus of the stomach.

The lower splenic artery of the first order gave off two
branches of the second order directed to the splenic parenchy-
ma in the area of the hilum (Fig. 3).

The superior mesenteric artery branched off from the com-
mon hepatomesenteric trunk and descended at a 90° angle,
maintaining a straight trajectory. The diameter of the trunk
was 2.5 mm in the largest segment. From the left semicir-
cle of the trunk of the superior mesenteric artery, 12 arteries
branched to the loops of the jejunum and ileum: seven arter-
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Figure 3. 1: splenic artery; 2: lower branch of the splenic artery of the first order; 3: upper branch of the splenic artery of the first order;

4: superior polar arteries; 5: left gastroepiploic artery; 6: short gastric arteries; 7: greater pancreatic artery; 8: branches to the tail of the

pancreas; 9: spleen; 10: stomach; 11: pancreatic tail; 12: left kidney; 13: diaphragm.

ies to the loops of the jejunum, and five arteries to the ileum.
The jejunal and ileal arteries formed multiple arcades on
their way to the wall of the small intestine. Three-row arcades
approached the loops of the jejunum; two rows of arcades
were visible in the mesentery of the ileum. These arcades pro-
vided smaller branches to the walls of the small intestine.

The ileocolic artery branched off from the right semicircle
of the superior mesenteric artery, and headed towards the
distal ileum and cecum. In its course, the artery branched
into anterior and posterior branches and gave off an artery
for the appendix and the ascending colon.

The right colic artery branched off slightly above the ile-
ocolic artery. It formed an anastomosis with the ascending
branch of the ileocolic artery on the left, and with the right
branch of the middle colic artery on the right. The middle
colic artery branched off from the superior mesenteric artery
trunk over the right colic artery. Closer to the intestinal wall,
the vessel branched off into the right branch, which anasto-
mosed with the branch of the right colic artery, and the left
branch, which participated in the formation of the anasto-
mosis along the colon with the branches of the left colic artery
(from the inferior mesenteric artery) (Fig. 4).

A schematic representation of all anatomical variations is
presented in Fig. 5.

DISCUSSION

The number of terminal branches of the celiac trunk is
important to consider during surgery. Branching of the
celiac trunk into three arteries occurs in 43.6%-90.9% of
cases. At the same time, true trifurcation is distinguished,
when all three vessels originate from one branch point
(7.1%-6.9%) and false trifurcation, in which one of the ar-
teries branches earlier. Bifurcation of the vessel is seen in
1.3% to 7.1% of cases. Additional branches are described
in 5.2%-47.9% of cases. Most often, these branches are the
inferior phrenic arteries (2.77%-41.4%), but they can also
be lumbar arteries, arteries of the head or body of the pan-
creas, liver, stomach, and colon. Usually, there is only one
accessory artery (5.2%-12.9%). However, there are cases
when the celiac trunk branches into five branches (12.9%),
six branches (1.4%), and seven branches (0.7%). Origin of
the common hepatic, splenic, and left gastric artery inde-
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Figure 4. Superior mesenteric and its branches. 1: aorta; 2: splenic artery; 3: common trunk that branched into the left gastric artery,

the upper right adrenal artery, and a branch to the diaphragm; 4: left gastric artery; 5: superior adrenal artery; 6: inferior phrenic artery;

7: hepato-mesenteric trunk; 8: common hepatic artery; 9: superior mesenteric artery; 10: right gastric artery; 11: gastroduodenal artery;

12: superior anterior pancreatoduodenal artery; 13: right gastroepiploic artery; 14: accessory right gastroepiploic artery; 15: pyloric

artery; 16: inferior pancreatoduodenal artery; 17: greater pancreatic artery; 18: portal vein; 19: inferior vena cava; 20: left renal vein;

21: arteries to the small intestine; 22: iliac artery; 23: right colic artery; 24: middle colic artery; 25: the ascending colon; 26: superior

mesenteric vein; 27: the descending colon; 28: the transverse part of the colon; 29: caecum; 30: loops of the ileum; 31: loops of the jeju-
num; 32: left kidney; 33: spleen; 34: the body of the pancreas; 35: head of the pancreas; 36: liver; 37: gallbladder; 38: common bile duct;

39: stomach (inverted, posterior surface); 40: greater omentum.

pendently from the aorta ranges from 0.38% to 2.6% of
cases. o8l

The celiac trunk has a central role in the blood supply
to the liver, gallbladder, spleen, pancreas, and stomach. Ac-
cording to the latest classification proposed by Marco-Clem-
ent and coworkers based on radiological and anatomical
studies, celiac trunk branching can be divided into four
main types: complete (type I), incomplete (type II), no celiac
trunk (type I1I), and celiacomesenteric trunk (type IV).)

The rare types of celiac trunk branching is type III, in
which all branches extend directly from the aorta or from
its branches. Vandamme et al. reported this type of varia-

tion in 1.3% of 156 anatomical specimens.!”! Tezzi et al., in
their study on the basis of 524 CT angiograms, found this
type in 0.6% of cases.!!!]

Variant anatomy of the common hepatic artery occurs
in the world population on average in 10%-42% of cases.
Single vessel variation is found in 22.89% of cases, and
multiple arterial variations in 4.21% of cases.'?) According
to the latest data from a study by Faisal Hanif et al. based
on 1000 CT angiograms, an accessory left hepatic artery
occurs in 1.6%, while an accessory right hepatic artery is
found in 0.7%.13) Presence of three accessory hepatic arter-
ies that originate at the level of the pancreas is a rare case.
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Figure 5. Schematic representation of the arterial supply. A: aorta; St: stomach; PI: pylorus; Sp: spleen; P: pancreas; D: duodenum;
G: gallbladder; RLL: right liver lobe; LLL: left liver lobe; Ad: adrenal gland; RHD: right hemidiaphragm; E: esophagus; 1: splenic
artery; 2: greater pancreatic artery; 3: arteries to the pancreatic tail; 4: left gastro-epiploic artery; 5: superior polar arteries to the

spleen; 6: terminal branches of the splenic artery; 7: hepato-mesenteric trunk; 8: inferior pancreatic artery; 9: gastroduodenal artery;

10: left splenic artery; 11: right hepatic artery; 12: cystic artery; 13: left hepatic artery; 14: accessory left gastric artery; 15: terminal

branches of the left hepatic artery; 16: common gastro-adreno-phrenic trunk; 17: accessory left gastric artery; 18: right phrenic ar-

tery; 19: superior adrenal artery and its branches; 20: anastomoses at the level of lower esophagus and gastric cardia; 21: anastomoses

at the lesser gastric curvature; 22: anastomoses at the greater gastric curvature; 23: superior pancreatic artery; 24: inferior pancreatic

artery; 25: two right gastro-epiploic arteries; 26: duodenal artery; 27: accessory right hepatic arteries; 28: pyloric artery.

Accessory gastric arteries are relatively frequent in the
population and most commonly originate from hepatic
vessels (21.2%).114 The right gastric artery originates more
often from the proper hepatic artery (53%), from the bifur-
cation point of the common hepatic artery (20%), from left
hepatic artery (15%), and less commonly, from the gastro-
duodenal artery (8%) or common hepatic artery (4%). [*!
The presence of accessory gastric arteries that originate
from a common trunk together with adrenal and phrenic
arteries from the aorta as in the current case is a rare entity.

The arterial supply of the pancreas is complex and there
are various types of vascular supply of the gland.['®) How-
ever, it is uncommon for an artery to travel through the
gland without participating in its arterial supply as in the
present case.

The inferior phrenic arteries originate from the aorta
or celiac trunk and, in rare cases, from the renal arteries.
There are reports of various other sites of origin, such as
the left gastric, hepatic, superior mesenteric, spermatic,
and adrenal arteries.!'”!8] The current case is unusual since
the right inferior phrenic artery originated from a common
trunk together with the right superior adrenal artery and
accessory left gastric artery. This is especially important as
the right phrenic artery can participate in the vascular sup-
ply of the hepatocellular carcinoma, and can be cannulated
for embolization.!"]

Arterial anatomy of the abdominal cavity has a compli-
cated embryological development due to organ migration
and turn, which is accompanied by growth and degenera-
tion of vascular structures. This is one of the reasons for su-
pernumerary arteries in adults. Another important embry-
ological cause is the unequal growth of walls of aorta that
helps to fuse different arterial branches.?*?!) The decreased
arterial degeneration combined with decreased arterial fu-
sion results in the anatomical variations presented in the
current case.

CONCLUSIONS

Arterial variations of the upper abdomen are relatively fre-
quent, but usually are related to a single organ. Complex
arterial variations can both pose a risk during surgical pro-
cedures and be beneficial during endovascular supply, as
they provide additional access for embolization and che-
motherapy.
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Pe3tome

YpeBHBIIT CTBOJ SIBII€TCS [EPBOIT KPYIIHON BETBBIO OpIoNIHOI aopThl. OHa 6epéT Hadamo OT BeHTPAIbHOI YaCTH A0PThI Ha YPOBHE
1103BOHKOB T12-L1 1 mepBoHavaIbHO ObLIa ONIMCAHA KaK apTeps, KOTOPas pa3BeTB/IAETCS Ha OOLIYIO IeYEHOUHYIO apTEPHIO, IEBYIO
JKETyIOYHYI0 apTepUIO I cene3€HOuHYI0 apTepuio. OTCYTCTBUE YPEBHOTO CTBOJA U OTXOXKTEHME TPEX apTepuit OTAENbHO OT A0PThI —
penKoe cOCTOsIHME, O KOTOpOM coob1maioT B 0.38-2.6% ciy4aes. Ewmé 6omee peaxo sTa Bapyaumsa MOXKET COIPOBOXKAATCS APYTUMU
COCYAMCTBIMM BapMalVAMM BEPXHel! YaCTV )KMBOTA B BUJIE OTIOTTHUTENbHBIX apTepuil K TIe4eHM, XKeTTYAKY U MO KeTy0YHO sKeTese.
ST cnyday BOSHMKAIOT BO BpeMs SMOpUOreHesa 13-3a CHIDKEHUS HereHepaluy apTepuii B COYETAHUM C YMEHbIIEHUEeM CIVSAHUS
apTepuif, YTO IPUBOAUT K AaHATOMUYECKMM BapMalUAM, PUCYTCTBYIOUIMM B TaHHOM caydae. C/oKHbIe apTepyuaabHble BapyUalun
IIPEACTAB/IAIOT CO60IT PYUCK ATPOTeHHOTO IIOBPEX/eHNs BO BpeMsI XUPYPIUIeCKIX IPOLeAYP U IOIe3HBI IPY S9HAOBACKY/IIPHOM KPO-
BOCHA6XXEHNM, IIOCKOJIbKY OHM MOTYT 06€CIednTh JOIOTHUTENbHbII JOCTYII /L1 9MOOMM3ALMI Y XMMMOTEPAIIUIA.

KnwoueBble cnoBa

Ho6aBOYHasA 7eBasi >KeMyJoYHas apTepus, H0OaBOYHasA IpaBas MeUEHOYHAs apTepus, YPEBHBIN CTBOJ, MEeYEHOYHO-OpPBDKEeUHBIN
CTBOIL

Folia Medica | 2023 | Vol. 65 | No. 3 507



