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ABSTRACT

The arterial and venous circulation of the bowel is complex and is characterized by
marked redundancy of multiple interconnecting branches, which provides a rich blood
supply to aid in the digestive process and also serves to protect the bowel from potential

ischemia or infarction. As a result of this circulatory pattern, anatomic variants and

extensive collateral pathways are common. A thorough knowledge of both the arterial and

venous mesenteric circulation, including normal, variant, and collateral anatomy, is
necessary for the appropriate evaluation and management of the various disease processes
that may affect the vascular supply of the gastrointestinal system.
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Objectives: Upon completion of this article, the reader should be able to identify the normal and variant mesenteric vascular anatomy,
as well as the many vascular collateral pathways that supply the gastrointestinal system.
Accreditation: Tufts University School of Medicine (TUSM) is accredited by the Accreditation Council for Continuing Medical Education

to provide continuing medical education for physicians.

Credit: TUSM designates this educational activity for a maximum of 1 AMA PRA Category 1 Credit™. Physicians should only claim
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NORMAL ANATOMY

Developmental
The primitive fetal blood supply is initially a dual one,
with double aortas and both a dorsal and a ventral arterial
supply to the abdominal viscera. During subsequent
differentiation, much of this dual vascular supply re-
gresses. Varying degrees of persistence of certain por-
tions of the dual blood supply account for the many
variations that are seen in the mesenteric circulation.’!
A series of vitelline arteries arise from the paired,
fused dorsal aortas in the fetus, and are initially con-
nected through a ventral anastomotic channel. During
tetal development, three of these vitelline segments

(10th, 13th, and 21st) persist to individually form the
celiac, superior mesenteric (SMA), and inferior mesen-
teric (IMA) arteries; the remaining segments regress
before birth. If a portion of the ventral anastomosis fails
to regress, or there is abnormal persistence of vitelline
segments during development, anatomic variants result
(e.g., arc of Buhler, hepatic artery “replaced” to the
SMA) (Fig. 1).17¢

The hepatic, splenic, and portal venous systems
originate through the development of a liver bud that
forms between the pericardial cavity and the primitive
yolk sac stalk. Hepatic sinusoids are formed when liver
cords insinuate between vitelline and umbilical vein
tributaries. Branches of the right vitelline vein around
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Figure 1 Embryology of normal and variant mesenteric vascular anatomy. (A) In the primitive vasculature, the 10th to 13th
vitelline arteries communicate between the aorta and a primitive ventral anastomotic artery. (B) Normally the ventral
anastomosis and the 11th and 12th vitelline arteries regress, leaving the 10th root as the celiac trunk and the 13th as the
superior mesenteric artery (SMA). (C) With replacement of the hepatic artery to the SMA, there is incomplete regression of the
ventral anastomosis, forming a hepatomesenteric trunk. (D) A celiacomesenteric trunk occurs when the 10th to 12th vitelline
arteries regress and a large portion of the ventral anastomosis persists to connect the celiac artery and branches to the SMA.
(E) A partially replaced or accessory hepatic artery occurs in similar fashion to a completely replaced hepatic artery, through
failure of a portion of the ventral anastomosis to regress. (F) The arc of Buhler results from persistence of the ventral
anastomosis, connecting the celiac and SMA, despite regression of the 11th and 12th vitelline arteries.

the duodenum ultimately become the central portal vein,
while the right umbilical vein involutes and the left
umbilical vein becomes the primary venous inflow vessel
to the liver. This left umbilical vein inflow (portal venous
inflow) is connected via the ductus venosus to the hepatic
venous outflow. The hepatic venous outflow consists of
the hepatic veins and the intrahepatic portion of the
inferior vena cava (IVC) formed by the right vitelline
vein. Shortly after birth, the ductus venosus and the left

umbilical vein close and form the ligamentum venosum
and the ligamentum teres, respec’cively.l’2

Celiac Artery and Branches

The celiac artery (celiac axis or trunk) arises from the
anterior aspect of the abdominal aorta at approximately
the T-12 level, with either a cephalad, caudad, or
straightforward course of variable length. Classically,
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Figure 2 Digital subtraction angiography arteriogram
shows the common hepatic (medium white arrow), splenic
(large white arrow) and left gastric (small black arrow) arteries
as the three divisions of the celiac trunk. After the origin of
the gastroduodenal artery (GDA; medium black arrow) the
proper hepatic artery (large black arrow) courses and divides
into the right (small white arrow) and left (white arrowhead)
hepatic arteries. The GDA terminates as the right gastroepi-
ploic artery (medium black arrowheads). Note that there are
accessory left gastric artery branches (small black arrow-
heads).

this vessel then divides into three arterial branches: the
left gastric, splenic, and common hepatic (Fig. 2). Most
commonly, the initial branch of the celiac trunk is the
left gastric artery, followed by a division into the splenic
and the common hepatic arteries; this pattern is seen in
65 to 75% of individuals, whereas a true trifurcation is
seen in only 25% of patients. As a relatively common
anatomic variant, either the inferior phrenic arteries
(35% incidence) or the dorsal pancreatic artery (22%
incidence) may originate from the celiac trunk.>*”# The
latter variant may further give rise to either the entire
middle colic artery or to the left branch of the middle
colic artery (Fig. 3).

The common hepatic artery gives off the gastro-
duodenal artery (GDA) and then continues as the proper
hepatic artery, which divides into the right and left
hepatic arteries, with an occasional middle hepatic ar-
tery, that supplies the hepatic quadrate. The small right
gastric artery usually arises from either the common or
the left hepatic artery, to supply the pylorus and the
lesser gastric curvature, ultimately anastomosing with
the distal left gastric artery (Fig. 4). The gallbladder is
supplied by the cystic artery, arising from the right
hepatic artery.

The gastroduodenal artery courses between the
pancreas and the duodenum, yielding as its first branches
the superior pancreaticoduodenal arteries. This superior
pancreaticoduodenal arterial arcade supplies the pan-
creatic head through extensive anastomoses with the

Figure 3 Selective arteriogram shows variant anatomy in
which the entire middle colic artery (large black arrow) arises
from the dorsal pancreatic artery (large black arrowhead) and
then divides into the right (small white arrows) and left (small
black arrows) branches to supply the entire transverse colon
(small white arrowheads). The transverse pancreatic artery
(small black arrowheads) also arises from the dorsal pancrea-
tic artery and has multiple anastomoses with small branches
(short black arrows) that arise from the splenic artery.

Figure 4 Selective common hepatic arteriogram shows
the gastroduodenal (GDA) artery (small white arrow) and its
terminal branch, the gastroepiploic artery (small white arrow-
heads). After yielding the GDA, the common hepatic be-
comes the proper hepatic artery (large black arrowhead),
which then divides into the right (small black arrows) and
left (small black arrowheads) hepatic arteries. The right
gastric artery (large white arrows) arises from the proper
hepatic artery, but may also arise from the left hepatic artery.
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inferior pancreaticoduodenal arteries that originate from
the SMA (Fig. 4).12 Typically, the posterior superior
pancreaticoduodenal artery arises first, to supply both the
pancreas and the pylorus, and the anterior superior
pancreaticoduodenal artery follows. The terminal branch
of the GDA, the right gastroepiploic artery supplies the
greater gastric curvature and ultimately anastomoses
with the left gastroepiploic artery that arises from the
splenic artery.

The splenic artery arises from the celiac artery
distal to the left gastric artery origin and is closely
associated with the dorsal aspect of the pancreatic body
and tail. With age, the artery elongates and becomes
more tortuous, and is one of the initial visceral vessels to
demonstrate atherosclerotic disease. The splenic artery
gives off several variable branches to the spleen, pancreas,
and stomach. The artery divides near the splenic hilum
into superior and inferior branches that supply the
spleen, while the dorsal pancreatic artery, multiple small
pancreatic branches, and the pancreatica magna artery
arise from the splenic artery throughout its course, to
supply the pancreatic body and tail. The dorsal pancre-
atic artery usually gives off the transverse pancreatic
artery, which courses through the body and tail and
has extensive anastomoses with the other multiple pan-
creatic branches. The splenic arterial supply to the
stomach is through the short gastric arteries and the
inferior polar artery that gives rise to the left gastro-
epiploic artery that supplies the lesser gastric curvature.
Both the right and left gastroepiploic arteries yield
epiploic or omental arteries that supply the mesentery
and greater omentum.

The gastric cardia is supplied by the left gastric
artery through branches to the distal esophagus and
gastric fundus (Fig. 5). There are extensive connections
with the short gastric branches, the right gastric and the
left inferior phrenic arteries. Accessory left gastric ar-
teries occur relatively frequently and may arise from the
splenic, common hepatic, celiac, and left hepatic arteries.
Additionally, an accessory left hepatic (incidence: 8 to
13%) or the entire left hepatic artery (incidence: 10 to
12%) may originate from the left gastric artery as an
anatomic variant and thus partially or entirely supply the
left hepatic lobe.®?

Superior Mesenteric Artery and Branches
The SMA arises from the anterior aorta 1 to 2 cm below
the celiac artery, near the L.1-2 level. It courses behind
the pancreatic body where it enters the mesentery, and
supplies the distal duodenum, the entire small bowel, and
the colon from the cecum to the midtransverse portion.
The first SMA branch is the inferior pancreati-
coduodenal artery, which occasionally arises with the
first jejunal branch as a common trunk. As previously
noted, this is part of a rich collateral arcade supplying the

Figure 5 Selective arteriogram shows the left gastric
artery (large white arrow) supplying the gastric cardia and
retrograde filling of the right gastric artery (large white arrow-
heads) and opacification of a portion of the left hepatic artery
(small white arrow) from which the right gastric artery arises.
There is also retrograde filling of the gastroepiploic artery
(small white arrowheads) and opacification of a short seg-
ment of the gastroduodenal artery (small black arrow), from
which the right gastroepiploic artery originates.

pancreatic head. The middle colic artery arises proxi-
mally from the right side of the SMA either as a separate
trunk or in common with the right colic artery (Fig. 6).
Typically, the middle colic artery divides into right and
left branches, which supply the ascending and transverse
colon, respectively. The right branch of the middle colic
artery anastomoses with the ascending branch of the
right colic artery, while the left branch connects with the
ascending branch of the left colic artery in the splenic
flexure region to form an important SMA-IMA collat-
eral pathway, the marginal artery of Drummond, that
courses along the colonic mesenteric border.

Multiple jejunal and ileal branches arise from the
main SMA trunk, extending from the left upper to the
left and right lower quadrants. Numerous interconnect-
ing arterial arcades between the branches terminate in
vasa recta that supply the small bowel wall. The SMA
terminates as the ileocolic artery, with branches to the
terminal ileum, appendix, cecum, and proximal ascend-
ing colon.

Inferior Mesenteric Artery and Branches
The IMA originates anterolaterally from the left aspect
of the abdominal aorta around the L3-4 level and
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Figure 6 Selective superior mesenteric artery (SMA; large
white arrow) arteriogram shows the middle colic artery (large
black arrowhead) divides into left (small black arrowheads)
and right branches. Multiple jejunal and ileal branches (small
white arrowheads) and the right colic artery (small white
arrow) arise before the ileocolic artery (small black arrow),
which is the terminal branch of the SMA.

supplies the colon from the midtransverse portion to the
rectum. Initially, the vessel has an inferior course of
several centimeters and then yields to the left colic artery.
The ascending branch of this latter vessel anastomoses
with the left branch of the middle colic artery in the
splenic flexure region (Fig. 7). The IMA and left colic
arteries also yield descending colic and sigmoid branches
to the lower descending and sigmoid colon segments.
The IMA then terminates as the superior rectal (hem-
orrhoidal) artery, which bifurcates into right and left
branches to supply the upper rectum. Middle and in-
ferior rectal branches to the remainder of the rectum
arise from the anterior division of the internal iliac
arteries.

Hepatic, Splenic, and Portal Venous System

The splenic vein courses behind the pancreas below the
splenic artery and receives inflow from the short gastric,
left gastroepiploic, pancreatic, and inferior mesenteric

Figure 7 Seclective arteriogram shows the IMA (large
white arrow) yields the left colic artery (small white arrows)
which has an ascending division that anastomoses with the
left branch of the middle colic artery (small black arrows) in
the splenic flexure region. The terminal branch of the IMA is
the superior rectal (hemorrhoidal) artery (white arrowhead).
Note the marginal artery of Drummond (small black arrow-
heads) that courses along the mesenteric border of the colon.

veins. The superior mesenteric vein (SMV) receives
venous blood from the jejunum, ileum, and proximal
colon via venous tributaries. The splenic and the superior
mesenteric veins join to form the portal vein, which
courses anterior to the IVC and behind the pancreatic
head prior to entering the hilum of the liver. The portal
vein bifurcates into the right and left portal veins; this
may occur outside of the liver in ~50% of individu-
als.’®M The right and left portal veins and their branches
course with the hepatic arteries into the hepatic sub-
stance, supplying the various hepatic segments (Fig. 8).

The inferior mesenteric vein (IMV), which drains
the same colonic territory supplied by the IMA, may join
either the splenic or the superior mesenteric vein. Other
venous tributaries that ultimately drain into the portal
system include the right gastroepiploic, pancreaticoduo-
denal, and right colonic veins; these often form a
common gastrocolic trunk that enters the SMA, while
the right and left gastric or coronary veins join the main
portal or the splenic vein.
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Figure 8 Computed tomography angiogram shows the
splenic vein (small white arrows) joining the superior mesen-
teric vein (large white arrow) to form the portal vein (white
arrowhead), which bifurcates into the right (black arrowhead)
and left (large black arrow) portal veins. Note that the right
(small black arrowhead) and left (small black arrows) hepatic
arteries course with the portal vein divisions into the liver to
supply their respective anatomic territories.

The right, middle, and left hepatic veins drain
the liver into the IVC near the diaphragm, while the
caudate lobe is drained separately into the intrahepatic

IVC.

VARIANT ANATOMY
Anomalous branching patterns of the mesenteric arteries
occur frequently, whereas anomalies involving the cen-
tral origins from the aorta are much less common. The
hepatic arteries frequently exhibit variant anatomy; by
convention when an entire hepatic lobe is supplied by a
vessel with an aberrant origin, this is termed a “replaced”
hepatic artery, whereas an “accessory” hepatic artery
denotes a vessel with an aberrant origin that only
partially supplies a hepatic lobe (Fig. 9).""~* Addition-
ally, an accessory hepatic artery supplies an isolated area
of a particular hepatic segment and is not merely a
redundant vessel. As a general rule, a replaced or acces-
sory hepatic artery arises from the left gastric artery in
20% of individuals and from the SMA with an equal
frequency of ~20%.1

The celiac and superior mesenteric arteries have a
common origin (celiacomesenteric trunk) in less than 1%
of patients (Fig. 10).1% This is also the incidence of
separate aortic origins of the left gastric, splenic, or
hepatic arteries. Table 1 details the reported frequencies
of the more important variants of the mesenteric arterial
vasculature.

Figure 9 Magnetic resonance angiogram shows a re-
placed right hepatic artery (large white arrow) arising from
the superior mesenteric artery (large arrowhead). The left
hepatic artery (small white arrow) arises normally from the
celiac trunk, as does the left gastric artery (small arrowhead).

COLLATERAL PATHWAYS
The mesenteric arterial circulation is characterized by
multiple redundant interconnecting branches, allowing
for a rich blood supply to the bowel through these
numerous collateral pathways.'>** This redundancy pro-
tects the bowel from potential ischemia or infarction in
situations in which the arterial supply is compromised, as
in segmental arterial occlusions.!#13

The primary collateral pathways are relatively
constant ones that connect the main mesenteric arteries.
The celiac and superior mesenteric arteries are connected
through the pancreaticoduodenal arcade formed by the

Figure 10 Angiogram of a combined celiacomesenteric
trunk is seen in both frontal (A) and lateral (B) projections. The
celiac vessel courses cephalad (white arrow) and the superior
mesenteric artery courses caudally (white arrowhead). This
anatomic variant occurs in <1% of individuals.
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Table 1 Normal and Variant Mesenteric Arterial

Anatomy
Anomalous Frequency
Artery Origin (%)
Celiac Trunk
Classic three vessel 65-75
Classic plus dorsal 22
pancreatic
Celiacomesenteric trunk  Aorta <1
Inferior phrenic Celiac 35
Hepatic Artery
Common hepatic 75
from celiac
Replaced common SMA 2.5
hepatic
Replaced right hepatic SMA 10-17
Accessory right hepatic ~ SMA 6-8
Replaced left hepatic Left gastric 10-12
Accessory left hepatic Left gastric 8-13
Gastric Arteries
Left gastric artery 90
from celiac
Left gastric, splenic, Aorta <1
or hepatic
Gastroduodenal Right or left hepatic 18

Right gastric artery
Right gastric artery
Right gastric artery
Right gastric artery
Middle Colic Artery
Middle colic artery

Proper hepatic 40
Left or middle hepatic 40
Right hepatic artery 10
Gastroduodenal artery 8

Dorsal pancreatic, <1
splenic, hepatic

superior and inferior pancreaticoduodenal arteries; these
pancreatic arcades become extremely important anasto-
motic channels in patients with either celiac or SMA
occlusion.!?1* Additionally, there are inconstant collat-
eral pathways of persistent embryologic origin that
connect the celiac and the SMA (arc of Buhler and the
arc of Barkow).>®

The SMA and IMA are linked through the
marginal artery of Drummond and may also be con-
nected through the arc of Riolan (Fig. 11)." The
marginal artery of Drummond represents the major
collateral arcade between the two mesenteric vessels.
Located within the mesentery of the colon and lying
adjacent to the colonic wall, it runs the entire length of
the colon, and is composed of branches from the right,
middle, and left colic arteries. The arc of Riolan is
situated medial to the mesenteric border of the colon,
where it courses radially through the midportion of the
mesenteric arcade, near the inferior mesenteric vein.'®
Some authors suggest that this is an enlargement of a
normally existing collateral vessel, which dilates in the
presence of a significant arterial occlusion of either the

Figure 11 Selective inferior mesenteric artery (IMA) arter-
iogram shows the arc of Riolan (large white arrow) arising
from the IMA (white arrowhead) and coursing medially in the
mesentery to anastomose with the right (large black arrow)
and left (small black arrow) branches of the middle colic
artery. The marginal artery of Drummond (small white ar-
rows) courses along the mesenteric border of the colon. It is
somewhat inconstant and less developed in this patient.

SMA or IMA.**” The IMA and the internal iliac
artery collateral arcades involve the superior and middle
rectal arteries.
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