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Background. Typically, the celiac trunk and superior mesenteric artery branch off separately from the anterior aspect of the
abdominal aorta. The celiacomesenteric trunk (CMT) is a rare variant in which those arteries share a common origin. We sought
to compare the prevalence of CMT in the Caribbean with the global prevalence as calculated by a systematic review. Methods. In
this study, we evaluated all consecutive patients who had multiphase contrast-enhanced CT scans at two major referral centres in
the Caribbean from August 30, 2017, to September 1, 2019. In patients with a CMT, we recorded demographic and anatomic
details. We then conducted a systematic literature search and retrieved raw data to calculate the global prevalence (number of
individuals with a CMT divided by the sum total of study samples). We compared CMT prevalence in our sample with the global
prevalence using Pearson’s chi-square and Fisher’s exact tests. Statistical significance was considered to be present when the P
value was <0.05. Results. From 832 CTs, 665 scans met the inclusion criteria. There were 16 (2.41%) CMTs: 3 (0.45%) classic CMTs,
12 (1.8%) hepato-mesenteric trunks, and 1 (0.15%) hepato-spleno-mesenteric trunk. Forty-two studies reported on CMTs in a
total of 74,320 persons. The global CMT prevalence was comparable (3.88%; P = 0.054), but the incidence of hepato-mesenteric
variants was significantly lower in our sample (1.8% vs. 3.24%; P = 0.0352). Conclusion. There was no difference in the prevalence
of a classic CMT in the Caribbean compared to the global prevalence. However, the hepato-mesenteric trunk (incomplete CMT
variant) was significantly less prevalent in the Caribbean. Advances in Knowledge: Healthcare professionals performing hep-
atobiliary interventions must be aware of these differences in order to minimize morbidity during their interventions.

1. Introduction

The celiac trunk (CT) and superior mesenteric artery (SMA)
branch off separately from the anterior aspect of the ab-
dominal aorta. The celiacomesenteric trunk (CMT) is a rare
variant in which those arteries share a common origin from
the abdominal aorta [1]. This variant is clinically important

because it may impact invasive procedures on the upper
abdominal viscera.

Considering the fact that several variations of arterial
supply to the upper abdominal viscera have been reported in
persons of Caribbean descent [2-5], we sought to document
the prevalence of the CMT in the Caribbean study sample. A
secondary aim of this study was to determine whether this



was different from the global prevalence as calculated by a
systematic review of studies across the world.

2. Methods

This study was performed over a 24-month period at major
referral centres in two countries in the Anglophone Caribbean
[6]. Through an initiative from the Caribbean Chapter of the
Americas Hepatopancreatobiliary Association, hepatobiliary
referral centres were set up in these countries to serve the entire
Caribbean population [7]. At these centres, multidisciplinary
teams met weekly to review electronic images and plan the
management of patients with liver and pancreatic diseases. The
local institutional review board granted approval to review all
images during these meetings.

All patients had multiphase computed tomography scans
by using 64-slice multirow detector scanners. A nonionic
contrast medium, Ultravist 300® (iopromide), in a volume of
100 ml, was routinely administered in all studies by using a
pressure injector with bolus tracking. We included all scans
with an arterial phase that adequately covered the CT, SMA,
and IMA territories. Exclusion criteria included duplicated
scans, those with incomplete demographic data, inadequate
arterial phases, and patients with prior vascular surgery or
abdominal interventional radiology procedures.

2.1. Definitions. Zytkowski et al. [8] pointed out that there
are normal variations in anatomy in all body systems, but
there are also classic anatomic descriptions to describe the
most common anatomic patterns. We referred to these
classic anatomic descriptions of arterial anatomy [1, 9],
where three major arteries arise from the anterior aspect
of the abdominal aorta to supply the intra-abdominal
viscera. The CT scan is most cephalad and branches into
the common hepatic, splenic, and left gastric arteries
(Figure 1). The SMA gives off the inferior pan-
creaticoduodenal, middle colic, right colic, ileocolic, ileal,
and jejunal arteries (Figure 2). The IMA arises at the third
lumbar vertebral level and gives off the left colic, sigmoid,
and superior rectal arteries.

Although there are many reported variants, there is no
consensus on nomenclature. For the purposes of this study,
we defined the CMT as a common arterial channel arising
from the abdominal aorta, regardless of its vertebral level,
and giving off branches that belong to CT and mesenteric
artery territories. We defined two types: complete and in-
complete [10-14].

A complete CMT was one in which a single common
trunk arose from the aorta and gave origin to all branches of
the mesenteric artery and celiac trunk territories. Two
complete CMT subtypes were defined: the classic cel-
iacomesenteric trunk (CT and SMA territorial branches) and
a celiac-bi-mesenteric trunk (CT, SMA, and IMA territorial
branches).

An incomplete CMT was one in which there was a shared
origin for at least one arterial branch across the CT and
mesenteric artery territories. Nomenclature was based on
the branches from the common trunk, regardless of the
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FiGure 1: Three-dimensional volume rendering CT image shows
normal branching patterns from the abdominal aorta. The celiac
trunk (CT) is the most cephalad branch and gives off three
branches: the splenic (S), left gastric (G), and common hepatic
(CH) arteries. The superior mesenteric artery (SMA) arises at the L1
vertebral level from the aorta.

origin of remaining arteries that did not originate at the
shared trunk. Table 1 summarizes the definitions used in this
study for the purposes of classification.

2.2. Caribbean Data. Using these definitions, three radiolo-
gists independently examined all computed tomography im-
ages encountered between August 30, 2017, and September 1,
2019. Image series in which a CMT was thought to be present
were selected for detailed re-examination by all three radiol-
ogists. These were experienced radiologists who completed
specialty training in radiology, each with more than 5 years of
experience as consultant radiologists. Patients were only in-
cluded in the study sample if there was an agreement between
all radiologists that a CMT was present. In the event of a
disagreement, this was resolved by group discussion and re-
examination of images by the three radiologists.

In patients who possessed a CMT, we recorded demo-
graphic details and the relevant anatomic details. Data were
recorded in a Microsoft Excel sheet. Descriptive analyses
were performed by using the SPSS statistical software.

2.3. Systematic Literature Review. We then conducted a
systematic literature review using medical archiving plat-
forms, including Pubmed, Medline, Google Scholar, and the



Radiology Research and Practice

FIGURE 2: Ramifications of the superior mesenteric artery (arrow)
include the inferior pancreaticoduodenal (1), middle colic (2),
jejunal (3), ileal (4), right colic (5), and ileocolic arteries (6).

Cochrane Database of Systematic Reviews. We used the
following search terms: “coeliaco-mesenteric trunk,” “coe-
liaco-bi-mesenteric trunk,” “coeliac axis variants,” “coeliac
trunk variants,” “common trunk,”, “gastro-splenic,”
“spleno-mesenteric,” “gastro-hepatic,” “spleno-hepatic,”
“gastro-colic,” “splenocolic,” “hepato-colic,” and “hepato-
mesenteric.” All relevant studies were retrieved, and the data
and images were reviewed in detail. We used the raw data
from these retrieved studies to calculate the global preva-
lence of CMTs. Global prevalence was calculated by dividing
the number of individuals with a CMT by the sum total of
study samples from studies across the globe. The prevalence
of the CMT in our study sample was also calculated and
compared with the global prevalence. We used Pearson’s
chi-square and Fisher’s exact tests to compare 2 x2 con-
tingency tables, and statistical significance was considered to
be present when the P value was <0.05.

3. Results

3.1. Caribbean Data. A total of 832 CT scans were examined,
and 167 scans were excluded from the final study sample for
duplications (64), prior intra-abdominal vascular proce-
dures (51), inadequate arterial phase (48), and incomplete
demographic data (4). The final study sample comprised 665
scans that met the inclusion criteria. A CMT variant was
presentin 16 (2.41%) persons in the study sample, as detailed
in Table 1. Overall, there was a preponderance of CMT

variants in males (10:6). All patients were asymptomatic,
and there were no clinical sequelae directly attributable to
CMT variants in any of these persons.

Three (0.45%) males had a complete “classic” CMT
(Figures 3 and 4), and there were no persons with a celiac-bi-
mesenteric trunk. The most common incomplete CMT
variant was a hepato-mesenteric trunk in 12 (1.8%) persons,
involving the origin of the common hepatic artery (CHA) in
5 persons (Figure 5), the replaced right hepatic artery (RHA)
in 4 persons (Figure 6), and the replaced left hepatic artery
(LHA) in 3 persons. The only other incomplete CMT variant
was a male with the hepato-spleno-mesenteric trunk
(Figure 7).

3.2. Systematic Review. In our review of the medical liter-
ature, we encountered 42 population-based series that re-
ported the prevalence of CMT variants in a total of 74,320
persons [1, 9-49]. In each study, the raw data were extracted
and tabulated for the purpose of data analyses. The raw data
and statistical comparisons are presented in Table 2. There
was a statistically lower incidence of the hepato-mesenteric
variant in this sample (1.8% vs. 3.24%; P = 0.0352).

4. Discussion

The majority of persons in this Caribbean study sample had
conventional branching from the abdominal aorta [50-53].
This classic pattern is reported to be present in 44% [13] to
91% [33] of persons in the international literature.

The CMT is recognized as a rare variant. Benjamin
Lipshutz is credited with coining the term “truncus celiaco-
mesenterica” when he described 2 cadavers with a variant
where the SMA and CT took a common origin from the
aorta [1]. In the subsequent decades, the CMT was docu-
mented in case reports [54-66] and larger population-based
series [1,9-49]. These data suggest that CMT occurs in 0.42%
[37] to 2.7% [35] of unselected persons across the globe.

The CMT is believed to be an aberration in embryonic
development. During embryogenesis, the visceral arteries
arise from the primitive dorsal abdominal aorta through
four roots (gastric, hepatic, splenic, and superior mesenteric
roots) initially joined in a longitudinally-oriented primitive
ventral anastomosis [1, 66]. The superior mesenteric root is
the dominant arterial root [1] in the primitive ventral
anastomosis. Usually, a cleft develops between the third and
fourth arterial roots that separate the CT and SMA, re-
spectively [66]. When the primitive cleft does not form, the
primitive ventral anastomosis persists, and this gives rise to
complete CMT. A partially formed primitive cleft does not
separate all the primitive aortic roots and leads to the for-
mation of an incomplete CMT. This was the basis of our
classification.

Although many authors have written about CMT, there
is no standardized definition in the medical literature. Most
authors seem to agree that a CMT exists when there is a
“common origin of the SMA and CT,” and it includes the
three main CT branches [10, 12-14, 35]. However, some
authors used other names to describe the same pattern, such
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TaBLE 1: Anatomic variants of the ventral branches of the abdominal aorta in 665 persons.

Anatomic variant Description: arterial origin from the abdominal aorta N (%)
. . Arteries belonging to the celiac trunk and mesenteric artery territories have a common origin 16
Celiacomesenteric trunk .
from the abdominal aorta (2.4%)
(i) Complete A common origin for all arterial branches from CT and mesenteric artery territories
(a) Celiacomesenteric A common origin for all arterial branches from CT and SMA territories only © 535<y)
. 0
(b) Celiac-bi-mesenteric A common origin for all arterial branches of the CT, SMA, and IMA territories 0
(ii) Incomplete A common origin for some arterial branches from CT and mesenteric artery territories
(a) Gastro-mesenteric A common origin for the left gastric artery and SMA 0
(b) Spleno-mesenteric A common origin for the splenic artery and SMA 0
(b) Hepato-mesenteric A common origin for the hepatic artery and SMA 12 (1.8%)
(c) Hepato-spleno- . . . 1
mesenteric A common origin for the hepatic artery, splenic artery, and SMA (0.15%)
(d) Gastrp ~spleno- A common origin for the left gastric, splenic, and SMA 0
mesenteric
H - - .. . .
(e) epaFo gastro A common origin for the hepatic artery, left gastric, and SMA 0
mesenteric

CT =celiac trunk; SMA = superior mesenteric artery; IMA = inferior mesenteric artery.

F1GURE 3: Three-dimensional volume rendering CT image showing
a complete celiacomesenteric trunk (CMT) inclusive of mesenteric
(M) and celiac (C) ramifications.

as “gastro-hepato-spleno-mesenteric trunk” [55, 67], “CT
arising from SMA” [64], or “persistent anastomotic channel”
[27]. Still, others have required extra detail to meet their
definition of a CMT. For example, Varma et al. [58] stip-
ulated that the common origin for CT and SMA must
“further divide into hepato-mesenteric and gastro-splenic
trunks” to be defined as a CMT.

FIGURE 4: Three-dimensional volume rendering CT image showing
a complete CMT (arrow). The celiac branches visible include the
splenic (1), left gastric (2), common hepatic (3), and gastroduo-
denal arteries (4). The mesenteric branches visible include the
inferior pancreaticoduodenal (4) and superior mesenteric ramifi-
cations (5).

To add an additional layer of complexity, some authors
include variants with only two main CT branches arising
from the common origin in their definition of a CMT
[14, 36, 47, 60]. For example, Tang et al. [47] defined the
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FiGure 5: Fluoroscopic images during selective mesenteric angi-
ography showing the common hepatic artery (CHA) arising from
the superior mesenteric artery (SMA) and then bifurcating into the
left (LHA) and right (RHA) hepatic arteries.

CMT as a “single common trunk arising from the aorta, and
the branches include the SMA and at least two major branches
of the CT.” Whitely et al. [14] also included variants with the
SMA plus two major CT branches, defining this as an
“incomplete CMT.” Yet, other authors reporting on the
CMT ignore variants that include a combination of the SMA
plus two CT branches [13, 27, 65]. For example, Bolinti-
neanu et al. [65] reported on the presence of a hepato-
spleno-mesenteric trunk that was not considered a CMT
and, in fact, discussed CMTs separately in their paper.

Still, other authors include variants where the SMA plus
one CT branch has a common origin from the aorta
[11, 54, 60], while others do not consider these variants as
CMTs [29, 36, 47]. For example, Kornafel et al. [29] excluded
a variant in which the common hepatic artery (CT territory)
arose from the SMA, instead terming this a “hepato-mes-
enteric trunk.” Meanwhile, other authors have introduced
descriptive terms such as “complete vs. incomplete” CMTs
[14, 33, 68] that inconsistently seem to be used inter-
changeably with “classic vs. variant” CMTs [11].

The wide variation in nomenclature and the multiplicity
of classification systems [1, 9, 14, 18, 27, 36, 47, 54, 69] bear
testimony to the fact that there is no standardized no-
menclature or definition. We based our classification on the
basis of embryologic development of the aortic branches,
independent of the final ramifications of the CMT branches
and/or origins of non-CMT arteries. We avoided numeric

FIGURE 6: Incomplete CMT: hepato-mesenteric variant showing a
replaced right hepatic artery (C) arising from the superior mes-
enteric artery (B) instead of the celiac trunk (A).

classifications that we found confusing and instead
attempted to describe CMT ramifications using the com-
binations of the branch names as determined by their ter-
ritorial supply. We thought this would allow for a better
correlation with multifarious definitions and classification
systems currently used in the medical literature.

In this study, we did not encounter any persons with a
celiac-bi-mesenteric trunk. This was not surprising as it is
extremely rare [10, 14], with a global prevalence of only
0.02%. The “classic” complete CMT was present in 0.45% of
unselected persons in our study sample, and this was sta-
tistically similar to the global prevalence (0.82%).

The most common incomplete CMT variant in our
sample was the hepato-mesenteric trunk (1.8%), but it was
significantly less prevalent in our sample than was seen
across the globe (3.24%; P = 0.0352). Due to the multifarious
existing classifications, comparisons were challenging be-
cause some authors reporting on the hepato-mesenteric
trunk attempted to distinguish between variants with the
CHA arising from the SMA versus a replaced or accessory
HA arising from the common trunk [10-12, 19, 28, 31].
Others attempted to define the hepato-mesenteric trunk
according to the terminal HA branches arising from the
common trunk [9, 21]. One publication even attempted to
make an unclear distinction between “a combination of
splenogastric and hepato-mesenteric trunk” separate from
“splenogastric trunk with CHA arising from the SMA,” both
categories being reported individually [10]. In our study, we



F1GURE 7: Three-dimensional volume rendering CT image dem-
onstrating a hepato-spleno-mesenteric trunk. A = left gastric artery,
B =celiacomesenteric trunk, C=celiac trunk, D =superior mes-
enteric artery, E=splenic artery, F=common hepatic artery,
G =left hepatic artery, H=gastroduodenal artery, and I=right
hepatic artery (reproduced with permission from Johnson PB, et al.
Vascular Supply to the Liver: Report of a Rare Arterial Variant.
Case Rep Radiology. 2013.969327:1-3. DOI: 10.1155/2013/969327
(2]).

did not attempt to distinguish between persons with CHA
and accessory or replaced hepatic arteries arising from the
common trunk because there is clinical significance that
once any one of these vessels arises from the common origin.
The clinical significance of these variations is discussed
below.

The only other incomplete CMT variant we encountered
was the hepato-spleno-mesenteric variant in 0.15% of un-
selected persons, and this was statistically similar to the
0.45% global incidence of this variant. There are existing
reports on the hepato-spleno-mesenteric trunk in the
medical literature
[10, 11, 14, 18, 20, 25-27, 36, 37, 47, 48, 67, 70-72], although
there is some variation in descriptions. For example, Loukas
et al. [73] described a 74-year-old woman with an “anom-
alous splenic artery which arose as a branch of the mes-
enteric artery and gave rise to the common hepatic artery.”
Although they did not use nomenclature, a detailed review of
the anatomic description and published photographs reveal
that this was actually a hepato-spleno-mesenteric trunk.
Similarly, Hemant et al. [74] described a case in which the
“SMA gave hepatosplenic trunk as its first branch,” and then,
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the “hepatosplenic trunk divided into the splenic artery and
a branch to the common hepatic artery.” Published pho-
tographs suggest this is also a hepato-spleno-mesenteric
trunk.

5. Clinical Significance

Some authors have noted that a CMT can be associated with
other arterial variants [1, 9, 18, 27, 42, 46, 69], morphologic
anomalies [11, 56, 63], and/or clinical sequelae [62, 63].
None of the patients in our study had clinical sequelae at-
tributable to the presence of a CMT, and they were all in-
cidentally discovered during imaging for other diagnoses.
Nevertheless, awareness of this anatomic variation carries
great clinical significance when it comes to invasive surgical
or interventional procedures.

Interventional radiologists are often required to perform
selective angiography of the aortic branches to identify a
source of haemorrhage in patients with gastrointestinal
bleeding, diagnostic angiography in trauma patients with
solid visceral injuries, infusion of transarterial hepatic
chemotherapy, angioembolization for pancreatic pseudoa-
neurysms, and solid organ injuries. In these cases, the
presence of the CMT increases technical complexity and
impacts procedural planning. These variations are also
important in surgical practice as they herald technical dif-
ficulty at operation and require modification of operative
procedures. The variation in CMT origin and course of the
arterial branches increases the risk of iatrogenic arterial
injury during pancreaticoduodenectomy, hepatectomy, and
gastrectomy. For example, a CHA arising from a CMT often
takes an aberrant course posterolateral to the pancreatic
neck, which puts it at great risk of injury during a pan-
creaticoduodenectomy, leading to intraoperative haemor-
rhage, hepatic ischaemia, biliary strictures, anastomotic
leaks, or death.

In addition, some oncologic operations require the di-
vision of arteries at their origin in order to achieve a proper
nodal harvest. For example, the surgical oncologist is re-
quired to divide the left gastric artery at its origin during a
gastrectomy or distal oesophagectomy [10, 26, 66]. These
variations also increase the complexity of transplant surgery
as it may increase the risk of graft failure [10, 66, 75] and also
require modification of operative techniques. For example,
Guglielmo et al. [66] reported a modification of their
transplant techniques requiring harvesting an aortic patch of
the common trunk in organ procurement for liver
transplantation.

In some cases, the presence of the CMT may be bene-
ficial. For example, during suprarenal aneurysmorrhaphy,
the vascular surgeon would be able to harvest and re-implant
a single aortic patch to the prosthetic graft to maintain
visceral perfusion instead of performing multiple re-im-
plantations of CT and mesenteric arteries. On the other
hand, the lower origin of the CMT or CBMT may impact the
landing zone for endovascular stent prostheses. Bordei et al.
[46] reported that 42% of persons with a CMT had a low
origin from the aorta at the lower body of the L1 or L1/2
intervertebral disk.
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5.1.Study Limitations. We considered whether the low CMT
incidence in our study sample was due to human error or
misinterpretation. However, all scans were performed on
high-resolution multislice scanners with conventional ar-
terial phase protocols and were independently reviewed by
three radiologists with specialist interests in vascular anat-
omy. Therefore, we believe that these data are representative
of the variations in this study sample.

6. Conclusion

In Caribbean populations, 99.3% of unselected persons have
conventional upper abdominal aortic branch anatomy.
There was no difference in the prevalence of the classic CMT
in the Caribbean compared to the global prevalence (0.45%
vs. 0.82%, respectively). However, the hepato-mesenteric
trunk (incomplete CMT variant) was significantly less
prevalent in the Caribbean (1.8% vs. 3.24%, respectively).
Healthcare professionals performing hepatobiliary inter-
ventions must be aware of these differences in order to
minimize morbidity during their interventions.
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