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Introduction

The knowledge of anatomical variations of
vessels from the descending aorta provides essential
information when it comes to planning and performing
procedures,
those focused on the gastrointestinal (Gl) system [1].
Just after crossing the diaphragmatic hiatus at the
level of the 12" thoracic vertebrae, the abdominal aorta
extends ventrally and gives its first branch, known as
the celiac artery or celiac trunk (CT) which supplies the
foregut, pancreas, spleen, gallbladder, and the liver.
This is possible because it trifurcates into the left gastric
artery, splenic artery, and common hepatic artery in

surgical and interventional

89% of cases [2].

Abstract

BACKGROUND: To be acquainted with gastrointestinal vasculature variations is of utmost importance for
establishing proper surgical management, improving safety, and decreasing the frequency of iatrogenic errors or
complications arising in operational and post-operational settings.

CASE REPORT: The subject of the present publication involves a unique case of an 80-year-old Caucasian male
who presented with various vascular variations during routine cadaveric dissection. Key variations presented in
this report include unique findings such as an abnormal trifurcation of the celiac trunk, a bifurcation of the superior
mesenteric artery, and its associated branches; an unusual portocaval system communication; and various renal
variations. These variations are examined in an anatomical and clinical context. We further discuss the possible
embryologic and genetic mechanisms which may lead to such vascular abnormalities.

CONCLUSION: Furthermore, with this report, we aim to demonstrate the strong need for adequate knowledge of
vascular variations as well as the important role of pre-operative imaging in the identification of vascular variations
and the elimination of iatrogenic errors during surgical procedures.

The abdominal aorta continues caudally, giving
off its second branch known as the superior mesenteric
artery (SMA), which arises ventrally to the level of the 1
lumbar vertebrae, supplying blood to the derivatives of
the midgut [3]. Around the next vertebrae (2" lumbar),
we usually find the renal vasculature emerging lateral
to the abdominal aorta and inferior vena cava. The
descending aorta continues its way supplying the
reminder of structures in the trunk and bifurcates into
the lower extremities [3].

especially

Variations arising during developmental stages
are commonly found, which may lead to differences
in the vascular architecture of the abdominal cauvity.
For example, reports have presented evidence of a
communicating arterial branch between the CT and the
SMA [4]. Others have described very unusual patterns
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(<2% of the cases), such as the bifurcation of the CT
into the splenic and left gastric artery, where the common
hepatic artery appears directly from the aorta [5]. The most
common renal variation is the presence of an accessory
renal artery (RA), which usually arises between T11 and
L4 and gives blood supply to the upper or lower renal
poles [5]. Data suggest that the prevalence of variations
between the CT and hepatic arteries is correlated with
people with accessory renal arteries [6]. Therefore, there
is a genetic component that orchestrates this unusual
pattern in a minority of the population [3].

In general, there is a need to fully understand
human anatomy from a rational and clinical perspective.
In our study, we present a unique case of branching
of the SMA involving the common hepatic artery and
the blood supply to the small intestine as well as
abnormalities in the renal vasculature.

Case Presentation

Unique trifurcation of CT

Upon routine cadaveric dissection at the
University of Medicine and Health Sciences, St. Kitts,
abdominal exploration of an 80-year-old Caucasian
male showed evidence of vascular variations.
Abdominal exploration of an 80-year-old Caucasian
male showed evidence of vascular variations. Once
the CT was identified as a visceral unpaired branch
of the aorta at the level of T12, it revealed an unusual
trifurcation. Normally, the three branches of the CT are
left gastric artery, splenic artery, and common hepatic
artery [7]. This dissection showed the normal anatomic
course of the left gastric artery and splenic artery after
branching from the CT, nevertheless, the third branch
was identified as the inferior phrenic artery (IPA) which
is normally found as a parietal branch of the abdominal
aorta at the level of T12 (Figure 1).

(b) Common;
hepatic artery

a) Left gastric

Figure 1: (a) Trifurcation of celiac trunk: left gastric artery, splen/c
artery, and inferior phrenic artery. (b) Common hepatic artery arising
from the superior mesenteric artery.

To find the common hepatic artery, the left and
right hepatic arteries were traced back until the beginning
of its bifurcation to expose the proper hepatic artery,
which normally is a branch of the common hepatic artery
as well as the gastroduodenal artery [8]. After exposing
the common hepatic artery, we traced it back to find that
it branched from the SMA. In general, the branches of
the SMA are the inferior pancreaticoduodenal arteries,
middle colic artery, right colic artery, ileocolic artery,
and jejunal and ileal arteries, which supply the large
intestine [9].

Bifurcation of the SMA

Continuing with the dissection along the
abdominal aorta, we found this case featured two SMA:
SMA-1 and SMA-2 (Figure 2). SMA-2 branches from
the ventral surface of the abdominal aorta at the level
of the first lumbar vertebrae and first forms the superior
pancreaticoduodenal artery, followed by the common
hepatic artery (Figure 2). The SMA bifurcated over the
left renal vein (LRV) prior. As seen in Figure 2, SMA-1
branched from the distal surface of SMA-2, where it
began to supply the vasculature of the proximal midgut
— the inferior pancreaticoduodenal artery and proximal
jejunal artery branches. Supplying the distal midgut,
SMA-2 uncharacteristically provided branching of the
common hepatic before it continued to branch into the
middle colic artery, right colic artery, ileocolic artery,
ileal arteries, and additional jejunal branches.
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Figure 2: Following bifurcation of the superior mesenteric artery, the
common hepatic artery branches from SMA-2

In addition, this case also featured an abnormality
in the appearance of the superior pancreaticoduodenal
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arteries and the subsequent anterior and posterior
divisions branching from SMA-2, instead of its “normal”
anatomical pattern branching from the CT, the anterior
division of the superior pancreaticoduodenal artery
instead loops around the head of the pancreas before
forming an anastomosis with the anterior division of the
inferior pancreaticoduodenal artery that stemmed from
SMA-1. However, the posterior division of the superior
pancreaticoduodenal artery looped around the body of the
pancreas and formed an anastomosis with the posterior
division of the inferior pancreaticoduodenal artery.

Unique portocaval system communication

Moving with the dissection to the left side of
the abdomen, the portal system revealed an inferior
mesenteric vein (IMV) anomaly. Normally, the IMV has
three branches: Left colic vein, superior rectal vein, and
sigmoid colon vein [10]. The inferior mesenteric artery
(IMA) in this case was discovered to have only two of
the commonly found branches: The left colic vein and
superior rectal vein. In proceeding with the dissection,
the left upper posterior abdominal wall revealed LRV
tributaries anomaly. The dissection exhibited the LRV
with the left testicular vein (LTV) following their normal
anatomical path (Figure 3). On further investigation, the
LTV displayed an unusual anastomosis with a deviant
vein draining closer to the hilum of the left kidney on the
LRV (Figure 3). Following the vessel to its origin, the
abnormal vein was seen to be coming from the sigmoid
colon. Further investigation of this anomaly revealed no
other veins branching from the sigmoid colon. Thus, we

Left testicular vein

;-‘~ :

Figure 3: (a) Communicating branch between the Left Testicular vein
and Superior Mesenteric vein. (b) Sigmoid vein draining to the Left
Renal vein

concluded the deviant vein was indeed the sigmoid colon
vein. The sigmoid colon vein normally drains in the IMV, a
branch of the splenic vein that, in succession, merges with
the superior mesenteric vein (SMV), uniting into the portal
vein. Another abnormality was observed in the process
of dissection of this region: A branch communicating with
the SMV. Usually, the LTV stands alone, draining only the
left testis with no other branches coming from it.

Abnormal variations of renal vasculature

Moving to the right side, normally, the main RA
arises from the abdominal aorta around the level of the
L1-L2 vertebrae, located below the SMA[11]. The main
RV, however, lies anterior to the RA at the renal hilum
and drains into the inferior vena cava [12]. During the
dissection of the cadaver, we found that he presented
two RA in the right kidney instead of what is normally
found. One of them appeared at the normal anatomical
L1-L2 level, while the additional RA appeared to come
out abnormally from the abdominal aorta around the
level of L4. The occurrence of two renal arteries is less
common in the rightkidney (37.5%) thanin the left kidney
(53.6%) [11]. Interestingly, the renal venous system of
the right kidney presented the same abnormalities, we
found in the arterial system. The cadaver presented the
main RV arising from the intervertebral L1-L2 level and
another RV around the L4 level. In this case, venous
abnormalities, such as multiple RV, are more common
in the right kidney than the left [12] (Figure 4). Although
our cadaver presented these abnormalities (Table 1),
it does not seem that it was detrimental to his health
since he still lived a long life and his cause of death was
not related to any vascular and/or renal conditions.

,/

Figure 4: Right renal vasculature. In addition to the main blood
vessels, the cadaver presented secondary blood vessels appearing
around the level of the L4 vertebrae. *The main renal vein was cut
during dissection.
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Table 1: Normal abdominal aorta and inferior vena cava branches versus case report findings

Vertebral levels  Branches of aorta

Branches of IVC

T8 Normal Case report Normal Case report
Inf. phrenic vein hepatic vein
T9-11
T12 Inferior phrenic a. Celiac trunk
Celiac trunk Inferior phrenic (as a branch of the
Superior suprarenal a. Celiac trunk not aorta)
L1 SMA a. SMA-1 a. Renal veins Renal veins
Inf. Phrenic a. SMA-2 a. Right suprarenal v. Right Suprarenal v.
Renal a. Main renal a.
L2 Gonadal a. Gonadal a. R. gonadal v. R. gonadal v.
L3 Inf. Mesenteric a. Inf. Mesenteric a.
L4 Common iliac a. (bifurcation) (Additional) right inferior polar renal a. (Additional) right inferior polar renal v.

Discussion

Primum non nocere, a Latin dictum meaning
“first do no harm,” has been a governing principle
in medical practice since ancient times. As time
progressed, medical advancements have incorporated
a continuously growing sector of invasive medical
procedures for diagnosis, monitoring, and treatment.
The invasive nature of these procedures, however,
carries a high possibility of harm due to iatrogenic
vascular errors (IVEs). A comprehensive study on
IVEs conducted in Sweden revealed that about 33%
of IVEs involve vessels in the abdominal region, with
41% of IVEs considered avoidable [13]. In addition, the
lethal risk was calculated to be 4.9% more common in
patients who suffered an IVE [13], with interventional
radiology having the highest reported number of IVEs
followed closely by general surgery [13]. Hence, proper
understanding and knowledge of vascular anatomical
variations play a significant role in eliminating iatrogenic
errors, which ultimately contribute to the burden of
disease and mortality.

Variations in vascular supply to the foregut and
midgut are quite common. Using Michel’s classification
system for hepato-arteries, a Type IX variation is
seen in which the common hepatic artery branches
from the SMA instead of the CT [7]. Variations in the
hepatic-celio-artery are important to note, as they may
indicate the presence of variations in renal vessels
like those seen in this dissection and in other studies
[8]. The multiple abnormalities observed in the midgut
vascular supply not only in this case report but also in
intraoperative studies demonstrate common hepatic
artery aberrations course similarly with gastroduodenal
arteries [9] and are noteworthy for certain surgical
settings.

Embryonic development of the abdominal
arterial system

During human embryonic development,
vascular formation occurs through highly dynamic and
complex coordination of two distinct mechanisms —
vasculogenesis and angiogenesis [14]. In the process
of vasculogenesis, mesenchymal precursor cells called
hemangioblasts, located in the extraembryonic yolk
sac, cluster together, forming blood islands as early

as the 17" day of embryogenesis, which develop into
capillary tubes possessing a lumen [15].

Angiogenesis, on the other hand, is responsible
for the remodeling and expansion of these pre-
formed vessels through two remodeling processes —
endothelial sprouting and intussusceptive angiogenesis.
Endothelial sprouting is a more invasive process that
is under the heavy influence of growth factors such as
VEGF and specialized tip cells which possess filopodia
(cytoplasmic projections) and growth factor receptors,
allowing them to migrate to the surrounding mesenchyme
and regulate capillary branching and development of
new arteries and vessels [16]. Intussusceptive (non-
sprouting) angiogenesis involves the longitudinal
splitting of a vessel (in a zipper-like fashion) into two
vessels through the formation of cylindrical structures
that extend through the lumen of the capillaries, called
intussusceptive pillars. Although this mechanism is not
fully understood, it is suggested that it can influence
the branching angle of a bifurcating vessel, duplicate
a parent vessel, and trim an inefficient vessel [17].
We suggest that possible defects in this pathway or
unnecessary intussusceptive pillar formation can also
contribute to vascular variations, especially those
involving the existence of duplicate arteries and veins
such as the presence of a dual SMA and the presence
of a duplicated right renal artery (RRA) in this case
presentation.

Three arterial branches supply distinct sections
of the embryo: The ventral intersegmental artery will
supply the gut tube and its associated organs; the lateral
intersegmental artery will supply the retroperitoneal
organs; and finally, the dorsal intersegmental artery will
supply the muscle tissue of the back, limbs, and trunk.
Forthis paper, we will only focus on the ventral and lateral
intersegmental branches, which can be associated with
the vascular variations, present in this case report. The
paired primitive dorsal aortae are located dorsally to
the developing gut tube, with the ventral intersegmental
arterial branches surrounding the omphalomesenteric
duct (vitelline duct) (Table 2). The primitive vessels

Table 2: Embryonic dorsal aorta branches and adult
derivatives

Embryonic Adult

Ventral segmental arteries — Celiac trunk, SMA, IMA
vitelline arteries umbilical artery?
Lateral segmental arteries

Posterolateral segmental arteries

Renal a., Suprarenal a., gonadal a.
Arterial supply to muscles of the upper and lower
limb, trunk, back

SMA: Superior mesenteric artery, IMA: Inferior mesenteric artery.
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either fuse or degenerate, giving rise to three major
abdominal arterial branches from cranially to caudally:
The CT, which supplies the foregut; the SMA which
supplies the midgut; and the IMA which supplies the
hindgut (Tables 2 and 3). Failure of ventral segmental
arteries and omphalomesenteric arteries to fuse or pair
can lead to vascular variations and abnormalities such
as the ones present in our case report [18].

Table 3: Embryonic IVC branches and adult derivatives

Embryonic Adult

Vitelline veins Portal v., Hepatic v., ductus venosus, Splenic v., SMV, IMV
Umbilical veins Hepatic sinusoids, ligamentum teres

Cardinal veins

Anterior SVC, Internal Jugular v.,

Posterior Common iliac v.

Subcardinal Renal v., gonadal v.

Supracardinal Intercostal v., hemiazygos v., azygos v.

IVC: Inferior vena cava, SMV: Superior mesenteric vein, IMV: Inferior mesenteric vein.

Renal vascular anatomical variations in the
form of multiple renal arteries and veins termed as
aberrant, supernumerary, or accessory, are estimated
to occur in 20-50% of the population, which makes this
variation more common than in any other organ [19].
Classically, each terminally developed kidney is
supplied by a single RA, which is a branch of a single
lateral segmental artery arising from the abdominal
aorta at the vertebral level between L1 and L2. In a
study of arterial patterns of 200 renal pedicles, it was
estimated that only about 38.8% of RRAs arose from
the L1 to L2 vertebral level and only 35.7% of the left
renal arteries arose from the same level. Nonetheless,
the L1-L2 level remains the most frequent site of RA
branching [19]. In the same study, it was estimated
that 61.5% of the pedicles presented with additional
renal arteries. Multiple renal arteries were observed
to possess different patterns such as 2—4 hilar arteries
and usually 1-2 superior or inferior pole arteries.
More specifically, it was calculated that an additional
inferior polar RA was observed in 3.57% of cases in
the right kidney and 2.9% in the left kidney [19]. This
result coincides with our case presentation finding of
an additional RA possessing an inferior polar pattern
in the right kidney. Another study on renal patterns of
100 healthy kidney donors also supported that renal
kidney variation is extremely frequent. It was observed
that 51% of the 100 kidney donors had some type of
renal arterial variation, with the most common being an
additional RA [20].

RV variations are also frequent, especially in
individuals who already possess a RA variation. In a
study performed by Zhu et al., attempting to estimate
the incidence of RV variations in a sample size of
1452 individuals, it was observed that 24.7% had an
RV variation with 7.1% involving the left RV and 19.2%
involving the right RV [10]. It is important to note the
higher frequency of variations in the right RV compared
to the LRV.

During nephrogenesis, transition from the
mesonephric structures to the metanephric structures,
there is a high probability of renal vascular variations

to occur, mostly through the persistence or non-
obliteration of a mesonephric artery. At the same time,
because the pelvis of the embryo is relatively small
in size and organs and their vascular supplies are in
close proximity with each other, it is suggested that
the metanephros also receives arterial branches from
the common iliac arteries in addition to the branches
from the aorta, which later degenerate as the kidneys
ascend to allow the existence of only one definitive
RA. A defect in the degradation or persistence of these
branches, however, can also contribute to multiple renal
arteries [21].

Genetic involvement in vasculogenesis
and angiogenesis

The genetics of vascular development are
complex and are currently under active investigation both
in animal studies and in the deep whole-genome analysis.
The major genes implicated during angiogenesis include
PI3k/Akt [22], TGF-beta [23], TIE2/TEK [24], and TIE2/
TEK [25]. Among the gene mutations, implicated in
vascular anomalies are those having an effect on
endothelial proliferation, migration, attachment, stem
cell differentiation, as well as survival [26]. However,
as with the case presented here, a circulatory system
with multiple vascular abnormalities with the anomalies
seemingly confined to the abdomen, the genetic basis of
errors of vasculogenesis raises the question as to why
these abnormalities are not generalized in the body? The
answer lies in the concept of epigenetics and mosaicism:
The genetic defects are found only in a small subclass of
cells within the area where the anomaly has occurred [27].
The local effects of abnormal angiogenesis-related
genes are likely enhanced by cytokines such as TGF-
beta and TNF-alpha that act in a paracrine manner to
stimulate vascularization [28].

Possible clinical and surgical implications
of these vascular variations

In recent years, there has been much interest
in the pre-operative mapping of a patient’s vasculature
to account for abnormalities and prepare for any
complications relative to them. One group considers
it essential before a right colon resection to utilize 3D
reconstructed anatomy derived from pre-operative CT
scans, which enables the surgical team to visualize vessel
loops with origins and confluences of aberrant vessels to
be able to manage incidental bleeding promptly [29]. In
this case, in particular, the presence of an additional right
inferior polar RA at the level of L4 would be beneficial
to be aware of prior paraaortic lymphadenectomy, for
instance, an operation that has therapeutic benefit
for patients with advanced endometrial cancer and
which is done in close proximity with major vessels
and already has a high risk of hemorrhage [30]. The
double SMA could provide challenges in the treatment
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of SMA syndrome — where the SMA compresses the 3"
part of the duodenum — and which is accomplished by
laparoscopic duodenojejunostomy. The degree of the
angle of the SMA branching off the aorta is normally
45, but a reduction in that angle to below 25 could
predispose to duodenal compression, as could a low
origin [31] — thus it is conceivable that an additional SMA
can contribute to the development of this condition. In
addition to intraoperative hemorrhagic complications
of abnormal Gl vasculature, damage to unrecognized
vessels has been linked to diaphragmatic necrosis
(possible in this case with right IPA a branch of the CT
instead of the aorta), thrombosis of the accessory artery,
vasculopathy, and ischemic necrosis [32]. There is a
strong need to grow basic sciences and pre-operative
imaging study capabilities of vascular abnormalities to
reduce IVE during invasive procedures.

Conclusion

The published data, as reviewed in this
manuscript, indicated that vascular variations in the Gl
system are not an uncommon finding. However, the
concomitant involvement of the various arterial and
venous variations found in our cadaveric specimen
demonstrates a unique case of tremendous anatomical,
functional, and surgical importance. In this report,
these vascular variations were discussed extensively
in an anatomical, developmental, and clinical context.
Collectively, this case illustrated the need for a deeper
understanding of the Gl vascular architecture and
the associated variations to ensure a positive patient
outcome and reduce iatrogenic errors and complications
during procedures. In addition, we suggested that
expanding the scope of pre-operative imaging along
with anatomical knowledge could have a significant
impact on identifying variations and eliminating the risk
for iatrogenic errors and complications.
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