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INTRODUCTION

Variations in the branching patterns of the celiac trunk and superior 
mesenteric artery occur frequently and are usually asymptomatic [1-8]. 

Knowledge of variations and preoperative study of the vascular patterning 
of the abdominal viscera is important to avoid iatrogenic complications 
during intraabdominal surgical and diagnostic procedures [1,3-35]. Reports 
of case studies on the types and prevalence of such variations, thus, are key 
to providing anatomical instructors and surgeons with accurate information. 
This article highlights branching pattern variations of the celiac trunk (CT) 
and superior mesenteric artery (SMA).

During anatomical dissection of 82 cadavers in the 2017-2019 undergraduate 
medical and graduate nursing anatomy courses at the Uniformed Services 
University of the Health Sciences, we found one example of CT and SMA 
branching pattern variations involving the left hepatic artery (LHA), right 
hepatic artery (RHA), and absence of a common hepatic artery (CHA) (1.2% 
of the studied population) (Figure 1). These variations presented in a 72-year-
old White Female cadaver, provided by the Maryland State Anatomy Board.

CASE DESCRIPTION

The branching pattern variations observed in this 72-year-old White Female 
(listed cause of death of respiratory failure and intracranial hemorrhage) were 
as follows. The CT had the branches of the left gastric artery (LGA), splenic 
artery (SA), and the LHA. There was no CHA. The SMA had the following 
branches: the right hepatic artery (RHA), inferior pancreatic duodenal artery 
(IPDA), middle colic artery (MCA), right colic artery (RCA), ileocolic artery 
(ICoA), and the ileal-jejunal arteries (I-JAs) (Figures 1-4). The RHA had the 
following branches: the right gastric artery (RGA), gastro duodenal artery 
(GDA), and the cystic artery (CA). An arterial branch contributing to the 
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Figure 1) Illustrative schematic of the abdominal vessels and associated structures 
highlighting the branching of the Celiac Trunk and Superior Mesenteric Artery of the 
featured case: CT: Celiac Trunk; SMA: Superior Mesenteric Artery; IMA: Inferior 
Mesenteric Artery; CBD: Common Bile Duct; PV: Portal Vein; LHA: Left Hepatic 
Artery; RHA: Right Hepatic Artery; SMA: Superior Mesenteric Artery; SV: Splenic 
Vein; CT: Celiac Trunk; LC: Left Crus of the Diaphragm; LGA: Left Gastric Artery; 
SA: Splenic Artery.

right gastroepiploic artery (RGEA1 and RGEA2) arose from the RGA and 
the GDA. The GDA also had a branch for the anterior superior pancreatic 
duodenal artery (ASPDA) (Figures 3 and 4). The splenic vein (SV) joined the 
superior mesenteric vein (SMV) to form the PV.
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dorsal and ventral aspects of the developing gut. They provide arterial supply 
to the primitive digestive tube. Over time, several ventral branches regress or 
fuse. This reduces the number of the main abdominal aortic artery branches 
to the three unpaired midline vessels: the CT (the 10th segmental artery), the 
SMA (the 13th segmental artery), and the IMA (the 21st or 22nd segmental 
artery). Thus, alterations both in fusion and regression result in branching 
variation of the three major abdominal aortic branches. In addition, because 
their embryonic origins are closely related, persistence of interconnections or 
overlapping of the territories of the CT, SMA, and IMA are common [3,4,8-
14,18,30,31,34,36-38].

The persistence of the ventral longitudinal anastomoses connecting the 
ventral segmental arteries destined to become the CT, the SMA, or the IMA 
reasonably explains the occurrence of the LHA as a branch of the CT and 
RHA as a branch of the SMA [1,3,4,9]. Other factors that may contribute 
to abdominal vascular variations include the midgut rotation, physiological 
herniation, migration of the spleen leftward, and hemodynamic changes in 
the abdominal viscera [9].

Celiac trunk variations

Typically, in human anatomy, the abdominal aorta gives rise to three ventral 
branches: the CT, SMA, and the inferior mesenteric artery (IMA). The 
CT normally originates as the first ventral branch, supplying the foregut 
(i.e. the stomach, spleen, pancreas, liver, and part of the duodenum) 
[3,4,7,9,10,12,14,16,18,24-26,33,34,39-42]. Venous drainage of the foregut is 
principally through the portal vein (PV).

The CT, also known as the coelic artery, coelic axis or truncus coeliakus, 
usually arises just below the aortic hiatus at the level of the intervertebral 
disc between the T12 and L1 vertebrae. The CT is normally 1.5 to 2.3 
cm long, and its trunk traverses horizontally forward, trifurcating into the 
LGA, CHA, and SA (55-100% of the population) [1,3,4,6-10,12,14,16,18,23-
26,28,29,33,34,39-44]. This trifurcation was first described by Haller in 1756 
as tripus Halleri [7,8,18,21,22,24,28,30,35,45,46]. The origin of the CT from 
the abdominal aorta, however, can vary. Kao et al. (1992) found that the CT 
emerged at the T2 level in 48% of the celiac angiograms they studied [45,47]. 
Yang et al. (2011) found it emerging at the intervertebral space between T11 
and T12 in 6.55% of their cases [7,40,45]. A high CT origin can predispose 
one to impingement by the median arcuate ligament and cause celiac axis 
compression syndrome (CACS). CACS presents with postprandial epigastric 
pain, nausea, and vomiting [7]. Nayak et al. (2013) referenced a case where 
the CT arose opposite the L2 vertebra [48]. Sahni et al. (2016) also found 
varying locations of the CT origin: at the level of T12 in 62.5% of 50 cases, 
between T12 and L1 in 30% of cases, at the level of L1 in 2.5% of cases, 
and at the level of the intervertebral disk between L1 and L2 in 5% of cases 

Figure 2) Facilitated display of the upper abdominal aorta of the featured case: 
CBD: Common Bile Duct; PV: Portal Vein; LHA: Left Hepatic Artery; RHA: 
Right Hepatic Artery; SMA: Superior Mesenteric Artery; SV: Splenic Vein; CT: 
Celiac Trunk; LC: Left Crus of the Diaphragm; LGA: Left Gastric Artery; SA: 
Splenic Artery.

Figure 3) Facilitated display of the upper abdominal aorta and the association 
of its branches to the liver and gallbladder of the featured case: CAB1: Cystic 
Artery Branch 1; CAB2: Cystic Artery Branch 2; CA: Cystic Artery; RHA: 
Right Hepatic Artery; CD: Cystic Duct; CBD: Common Bile Duct; PV: Portal 
Vein; LHA: Left Hepatic Artery; SMA: Superior Mesenteric Artery; SV: Splenic 
Vein; CT: Celiac Trunk; LGA: Left Gastric Artery; SA: Splenic Artery.

Figure 4) Facilitated display of the upper abdominal aorta and the association of 
its branches to the stomach and pancreas of the featured case: LC: Left Crus of the 
Diaphragm; RC: Right Crus of the Diaphragm; CT: Celiac Trunk; LGA: Left Gastric 
Artery; LHA: Left Hepatic Artery; SMA: Superior Mesenteric Artery; SA: Splenic 
Artery; SV: Splenic Vein; PV: Portal Vein; CBD: Common Bile Duct; PHAL: Proper 
Hepatic Artery; SMV: Superior Mesenteric Vein; RHA: Right Hepatic Artery; RGA: 
Right Gastric Artery; GDA: Gastroduodenal Artery; ASPDA: Anterior Superior 
Pancreaticoduodenal Artery; RGEA1: Right Gastroepiploic Artery 1; RGEA2: Right 
Gastroepiploic Artery 2.

DISCUSSION

Embryonic development

Variation in the number and branching pattern of the abdominal vasculature 
may correlate with embryonic development [10]. The arteries of the gut begin 
as ventral segmental branches of the paired dorsal aortae. These ventral 
branches are initially paired and distributed to the developing gut and its 
derivatives. During the fourth week of embryonic life, the dorsal aortae 
fuse as the gut tube lengthens and rotates, accompanied by migration of the 
associated viscera. As they fuse, so do the paired ventral branches, forming 
unpaired segmental arteries. These segmental arteries supply the dorsal 
gut mesentery and divide into ascending and descending branches. These 
branches form a continuous longitudinal anastomotic channel along the 
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[45]. Pinal-Garcia et al. (2018) found the origin of CT to range from the T10 
vertebral body to the L1 vertebral body [28].

In addition to an extensive literature on origin variation, there is a 
substantial literature pertaining to branching pattern variation of the 
CT. To identify a vessel as a CT, two of the three major branches must be 
present (hepatosplenic, gastrosplenic, gastrohepatic) with the missing branch 
originating elsewhere. Various authors have classified such CT variations: 
Lipshutz (1917), Adachi (1928), Morita (1935), Michels (1951), Uflacker 
(1997), Babu E and Khrab (2013), Sureka et al. (2013), Panagouli et al. (2013) 
[2,5,6,8,18,21,-24,26,28,30,35,43,49-53]. Variations in the CT branching 
pattern can involve from two to six different branches [45]. These branch 
variations include: GDA (3.61%, 3.3%, 0.2%, 1.7% of cases) [20,30,49] 
inferior phrenic arteries (13%, 28.2%, 30-51%) [32] left or right middle 
suprarenal artery (3.3%) [54] left superior suprarenal artery [3] left middle 
suprarenal artery [3] dorsal pancreatic artery [9] RHA [4] accessory hepatic 
artery and retroportal artery [55] MCA (1.2-4.8%) [42]. Generally, these 
branch variations manifest in place of or in addition to the usual branches 
of LGA, CHA, and SA, and are known as replaced (aberrant) or accessory 
[3]. They may be the result of either portions of the longitudinal channels 
persisting or disappearance of parts that are normally present [3,6]. The 
CT branch variation highlighted in this article replaced one of the usual 
branches: the LHA instead of the CHA. Two to twenty percent of individuals 
exhibit aberrant LHA [1,19,53]. Makisalo et al. (1993) and Raviprasanna 
and Kulkarni (2018) reported one case in each of their cohorts that had an 
accessory LHA arising from the CT [45,56,57]. In its absence (0.38-1.4%), 
branches of the CT may arise from the aorta [4,7,8,27,28,34,35,38,42-44,58].

Superior mesenteric artery variations

Typically, the SMA originates as the second ventral branch of the abdominal 
aorta, supplying the midgut. Specifically, this vessel supplies part of the 
duodenum, a portion of the head and the pancreatic body, the entire small 
intestines, and the large intestine up to the right two-thirds of the transverse 
colon. Its normal branching pattern from its right concave side is as follows: 
the IPDA, MCA, RCA and the ICoA. Several I-JAs branch from its left 
convex side [25,45]. Venous drainage for the midgut is principally through 
the superior mesenteric vein (SMV) into the PV.

Variations in SMA origin are much more diverse than described in standard 
anatomy textbooks [45]. Its traditional origin is from the abdominal aorta at 
the level opposite the lower third of L1 vertebra. SMA origin, however, can 
vary from the lower border of T12 to the intervertebral disk between L2 and 
L3 vertebrae [50]. Prakash et al. (2011) reported an atypical level of origin in 
24% of the cases they studied [29]. Matusz et al. (2013) reported a unique 
case involving a CT and SMA origin from the thoracic part of the aorta, 
approximately 21 mm and 9 mm above the aortic hiatus [58].

In addition to arising from various locations along the aorta, the SMA can 
also fuse with or arise with components of the CT. When the SMA fuses 
with the CT at its origin, it forms a celiacomesenteric trunk (CMT), usually 
occurring in 1-2% of cases [1,26]. Tsukamoto (1929), however, found an 
extraordinarily high percentage (11%) in the cohort he studied [59]. SMA can 
also arise jointly with one or any two components of the CT. When it shares 
a common trunk of origin with the SA, it is known as a splenomesenteric 
trunk and occurs in 0.16-1% of cases [29]. A hepatosplenomesenteric trunk, 
occurring in 0.68-1.7% of cases, involves the SMA fusing with both the 
splenic and hepatic arteries [60]. Another variation is a common origin stem 
shared by the LGA, SA, and SMA [45]. Nonent et al. (2001) coined the 
term celiaco-bimesenteric trunk to describe the extremely unusual variation 
in which the SMA originated with the CT and IMA from the aorta at the 
level of L2 vertebra [61]. An additional rare variation occurs when the SMA 
joins as a common trunk with the IMA from the aorta (less than 0.1%). This 
joint origin of the SMA and IMA usually arises from the abdominal aorta 
at the level where the normal SMA would arise [61-63]. Maleux et al. (2010), 
however, reported the common trunk of SMA and IMA can arise at the level 
of L5 [64]. In such a case, the IMA usually emerges as the first branch of the 
SMA. Conversely, Gwyn and Skilton (1966) reported the same variation, but 
the IMA arose as the second colic branch from the SMA [62]. Others have 
reported the IMA and CHA stemming from the SMA, forming a common 
hepatomesenteric trunk [63]. Power (1850) found the SMA can also arise 
from the internal iliac artery [65].

Similar to origin variation, the SMA can have a variety of branches. The 
traditional SMA branching pattern, in which all of the branches arise 

separately from the SMA, occurred in only 22% of cadavers assessed by 
Nelson et al. (1988) in 28.7% assessed by Sonneland et al. (1958), and in one-
third of 200 cadavers assessed by Michels et al. (1965) [1,15,45,66]. Branching 
variation associated with the SMA can include normal CT branches and 
their sub-branches. Possible branching variations include the RGA (12.6%, 
[4]) LGA [67] SA [68] and CHA (0.5-5% incidence) [1,4,6,12,21,22,30,34,3
5,41,50,69]. Belilo et al. (2017) however, reported 30.7% of the 482 patients 
they studied had the CHA originating from the SMA [19].

The SMA can also give rise to accessory branches or branches normally 
derived from other abdominal organ sources, such as the liver, stomach, 
spleen, and pancreas [45]. The most frequent branches observed are dorsal 
pancreatic artery (1.8-25%) [70,71] transverse pancreatic artery [72] and 
RHA (replaced (aberrant) or accessory). Replaced RHA originating from the 
SMA varied in incidence from 6.9 to 17% [53,72]. Aberrant RHAs can arise 
from the SMA behind the head of the pancreas and be at risk for right lobe 
devascularization, if not recognized during a Whipple procedure. Accessory 
RHA as a SMA branch occurred in 0.6-7% of individuals [4,53,72]. The 
GDA arose from the SMA in two cases studied by Michels (1955), four 
cases by Huu et al. (1976) and in ten cases of double GDAs where one 
GDA originated from the CT and the other from the SMA with the SMA 
branch being dominant [45,72,73]. RGEA may also arise from the SMA 
instead of the GDA [72,74]. Jain and Motwani (2013) found a rare case of 
an accessory SA and LCA arising together from the SMA as a common stem 
[39]. Other less frequent SMA branches observed include PHA [75] right 
anterior hepatic artery [76] CA [77] right renal [78] and middle suprarenal 
artery [79]. Accessory arteries of the colon that may also originate from the 
SMA include: an accessory colic artery (49.2% of 65 cases, [80]) accessory 
LCA (8%, [45,70]) LCA and superior rectal arteries [70] and an accessory 
transverse colic artery [70].

The SMA may also be absent (1.4%) [1,4,65,81] or doubled [65]. Delannoy 
(1923) found one SMA dividing into I-JAs and the other supplied the 
ascending and the transverse colon [82]. Pillet et al. (1993) and Milnerowicz 
et al. (2012) also reported duplicated SMA in their articles, where they named 
the artery supplying ascending and transverse colon the middle mesenteric 
artery [36,83].

The variation featured in this article is the presence of the LHA from the 
CT (a replaced or aberrant LHA) and the RHA from the SMA (a replaced 
or aberrant RHA). They do not originate from a typical position and have 
replaced a ‘usual’ artery branch at that location to be the primary blood 
supply to the corresponding organ or organ section (i.e. the left and right 
lobes of the liver) [19,22,69]. Knowledge of replaced arteries as variations can 
be lifesaving for patients with bile duct cancer. These vessels are positioned 
farther away from the bile duct and may be spared from the cancer, allowing 
for successful tumor removal [19].

CONCLUSION

Vascular variations are common in the literature and usually asymptomatic. 
Detailed knowledge of anatomical variations in the branching pattern of 
the CT and SMA are of considerable importance in abdominal surgical 
intervention and disease assessment. Awareness of such variations serves 
to improve the outcome of oncologic, surgical, radiological interventions 
by avoiding iatrogenic injury, promoting surgical procedure planning, and 
proper selection of appropriate treatment options. Such familiarity is equally 
important for anatomy instructors in the various medical disciplines.
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