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IntroductIon

Mesenterial circulation owns an extremely rich
network of collaterals, and the layout and configuration of
these collaterals are very important during surgical
interventions, which is why radiological visualisation of
these collaterals, as well as its adequate interpretation have
exceptional significance. The aim of this paper is the
presentation clinical significance of the mesenteric
collateral circulation of the colon, several aspects of
compromised collateral mesenteric circulation and MDCT
angiographic presentation of the mesenteric collateral
circulation of the colon.

Embryology

The formation of the aorta begins between the 3th and
4th weeks of pregnancy (1), giving branches for each
segment of the embryonal circulation: posterolateral,
lateral and ventral branches from which the vitelline and
umbilical arteries are formed (1). From the vitreous
arteries, the celiac, superior and inferior mesenteric
arteries develop. Vitelline arteries initially represent even
blood vessels of the yolk sac, resulting from the merger
and formation of dorsal mesentrium arteries of the
intestine. These blood vessels vascularize the front,
middle and back intestine (2). Mesenteric arteries

originate from primitive ventral segmental arteries.
Regression of these primitive blood vessels occurs, along
with their development, but during this process, three
blood vessels remain. These are the three main mesenteric
trunks. The tenth segmental artery forms a celiac artery
that vasculates the front intestine (develops into region
between the esophagus and the distal duodenum). The
thirteenth artery builds up the superior mesenteric artery.
This artery vascularizes the middle intestine from which,
later, part between the proximal part of duodenum and the
middle of the transversal colon develop. The twenty-first
or twenty-second artery forms the inferior mesenteric
artery, which supplies blood to the back intestine (2).

colon artErIEs

The colon has a double vascularisation, and it consists
of superior and inferior mesenteric arteries. The rectum
and anal canal feed the branches of superior mesenteric
artery and internal iliac artery. This type of vascularisation
provides adequate circulation to this metabolically
extremely active region, but in case of malignant and other
colorectal diseases, affects the course and outcome of
them. Vascular anatomy of colon and rectum influence the
extent and radicality of surgical intervention of the
colorectal region, and in particular the extent of
lymphadenectomy (3).

STRUČNI ČLANAK

abStract
Developed mesenterial collateral system provides

adequate perfusion of the colon in conditions and diseases
where blood flow is disabled or compromised.

MDCT angiography is the optimal method, providing
an adequate review of the blood vessels in a high
resolution image, which is of great importance in the
diagnosis of various anatomical variations, diseases and
conditions.
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SaŽetak
Dobro razvijen sistem kolaterala u predelu mezenterijuma

obezbeđuje adekvatnu perfuziju abdominalnih organa, a
posebno kolona i rektuma, čak i u situacijama kada je dotok krvi
iz određenih krvnih sudova onemogućen ili kompromitovan. 

MDCT angiografija je optimalna metoda koja obezbeđuje
adekvatan pregled krvnih sudova pomoću slike visoke
rezolucije, što je izuzetno značajno za postavljanje dijagnoze
različitih anatomskih varijacija, bolesti i stanja. 

ključne reči: kolon, CT angiografija, mezenterična ishemija



collatEral supply of colon and

rEctum

A well-developed collateral system in the mesenteric
area provides adequate perfusion of the abdominal organs,
especially the colon and rectum, important in situations
where blood flow from certain blood vessels is disabled or
compromised. Colon and rectum can be preserved when
the main mesenteric branches are surgically ligated during
colorectal carcinoma surgery, or are significantly stenosed
during advanced atherosclerotic processes. In chronic
ischemia, the occurrence of symptoms is long and in this
situation, angiography of mesenteric circulation is a
sovereign method for assessing the condition of the
vasculature of the colon (4). These blood vessels, in
presence of ischemic stimulus, have the ability to
significantly increase their capacity. This characteristic is
important during the diagnostic procedures, because under
normal conditions, angiographic visualisation of
mesenteric blood vessels is not always adequate (4).

Collateral arterial network of colon and rectum
consists of:

• Celiac artery and superior mesenteric artery,

• Superior and inferior mesenteric arteries,

• Branch of the internal iliac artery and inferior
mesenteric artery,

• Visceral and parietal branches of the aorta,

• Superior mesenteric artery and hepatic artery, where
the middle colic artery arises from the hepatic artery,

• Anastomosis between the middle colic artery and
pancreatic artery, in which case middle colic branch of
superior mesenteric artery is usually missing (5, 6).

collateral circulation between the superior and
inferior mesenteric artery

The most important collateral network, especially in
oncologic surgery, is between the superior and inferior
mesenteric arteries. The main collateral network between
these two are:

• Drummond's marginal artery. The central
anastomotic artery that connects all arterial branches of
the colon was first described by Haller in 1786, but later
this artery became known as Drummond's marginal artery
when in 1913 he demonstrated its surgical significance (2,
8). The diameter of the marginal artery progressively
decreases from the ascendent to the descending colon
(from 1.16 mm to 0.89 mm). The diameter itself also can
vary over the years and in about 40% of cases, there are
constrictions or interruptions in splenic flexure (9, 10).
Also, when mesenteric ischemia develops, the diameter of
the Drummond's artery can be increased several times,
similar to the blood vessels of the uterus (11). Significant
points for ischemic process development:

- Griffith's point, located near the splenic flexure of
colon, at the point where branches of the middle and left
colic arteries are encountered. Ischemic changes occur in
5-7% of cases, due to reduced arterial diameter and
absence of collateral vessels (lat. Vasa recta) (12).
Griffith's point, may also be missing, in about 50% of
cases (13).

- Sudeck's point. Named after Sudeck, in 1907. It is
located on the juncture of collateral blood vessels of
systemic and visceral circulation (9), or between the lower
part of the sigmoid colon and the upper hemorrhoidal
artery (13).

• Middle, right colic and ileocolic arteries build
anastomosis network in the form of a colon marginal
artery, which is completed only when it forms anastomosis
via the left arterial artery with inferior mesenteric artery
(14).

• Riolan's arcade located in the mesenterium, allowing
communication between the middle and left colic arteries
or inferior mesenterial artery. This arcade can only be
found in 7-10% of the population (9). In case of colon
obstruction, its diameter increases several times.

• Moscowitz's curved artery presents connection
between the proximal segment of the middle colic artery
and ascedent branch of left colic artery, following base of
colon mesenterium.

clinical conditions with compromised collateral
mesenteric circulation

There are several clinical entities that require increased
blood flow to the colon via the collateral blood vessels
network:

Changes in the colon caused by the aging. These
changes are associated with changes in other blood vessels
of the whole organism. They are especially rapidly
advancing when there is an associated disease in the form
of chronic heart disease, long-term and untreated
hypertension, advanced atherosclerotic processes. Also,
hypotensive episodes can cause ischemic colitis, in older
people, when they are far more severe than in younger
people (10). In young people, blood vessels are straight
and with little curvature. The curvature of the short blood
vessels increases in proportion to aging. At the same time,
there was no statistically significant difference between
the curvature of long colic arteries in different colon
segments. The number of long arteries per unit of colon
length does not change with age (10).

Abdominal angina. This is a condition that arises as a
result of a reduction in blood flow to at least two of the
three blood vessels, superior mesenteric artery, inferior
mesenteric artery and celiac artery that supply the splanhic
region. Whether there will abdominal angina attack
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appear, depends on the strength of the collateral
circulation to bear the ischemic burden (6).

Ischemic colitis. It represents the consequence of
mesenterial arterio-venous malformation (15). They most
commonly occur in the area of superior and inferior
mesenteric arteries branching (Griffith’s point). This is
also the case with the elderly, with peak incidence in the
seventh decade (16) and manifests inone of two forms,
depending on the extent and duration of vascular lesion,
the effectiveness of collateral circulation, and the severity
of secondary bacterial infection (17-20):

1. Gangrenous ischemic colitis is an infarction
consequence of all layers of the bowel wall and infection.
Perforations with peritonitis with high mortality are
common. Treatment outcome depends on rapid and
energetic preoperative reanimation and surgery resection
of the affected part of the colon with or without primary
anastomosis, depending on the conditions. Unfortunately,
patient's general condition and the local finding mainly
allow only exteorisation as a surgical solution (10, 17).

2. Stenosing ischemic colitis (ischemic stenosis) is a
consequence of extensive damage of arterial circulation in
the bowel wall, resulting in numerous infarctions in the
mucous membrane of the affected segment of the intestine
with ulceration that open the pathway to infection (20).

Non-occlusive mesenteric ischemia. This type of
mesenteric ischemia increases arterial curvature and
probably, causes ischemia of mucosis, when resistance to
blood flow increases. When blood flows through the
curve, the secondary flow is due to a centrifugal force that
is associated with blood flow in the curve. The
combination of primary and secondary blood flow
provides double helix blood movement and pressure
increase, which causes an increase in blood flow that does
not depend on previous movement (21). In people with
higher blood vessels curvature, weaker circulation in the
splanchnic region is observed, which increases the chance
for developing an ischemic colitis. At places where there
is vessels curvature, there is a significant wall thickness,
elastosis and wall stratification, hypertrophy and
calcification. Left side of colon is more often affected with
ischemic colitis than the right side of colon (10).

Ischemic colitis associated with colorectal cancer. This
condition can be manifested by a dramatic clinical picture
caused by the onset of necrosis or perforation of the rectal
wall, as a consequence of severe vascular failure. Different
degrees of ischemic changes can be recognized, during
surgery, as inserted part of the ischemic colon, which leads
to the anastomosis leak. Ischemic colitis can be
overlooked during colonoscopic examination, so a colon
biopsy needs to be performed to establish an accurate
diagnosis (22).

Radical surgical treatment of colorectal cancer. This
treatment involves the removal of the primary tumor and
the resection of a significant part of the healthy bowel,
over 5 cm from the macroscopic tumor margins, as well as
all lymph nodes and pathways belonging to a particular
colon segment. In the case of tumors invasion in
abdominal wall and adjacent organs, a wide block excision
is recommended. The surgical technique involves bridging
the lumen of the colon, as well as the arterial and venous
pathways ligature that drain affected bowel segment,
significantly reducing possibility of disseminating
malignant cells during the operation (23).

Unconventional cases of mesenteric ischemia. Both
acute and chronic mesenteric ischemia can cause severe
consequences for the patient. Both cases lead to high
mortality rate. Arteries atherosclerotic changes of the
splanhic region often coexist with acute embolization and
non-occlusive mesenteric ischemia. The cause of death
may be irreversible shock onset or intestine necrosis. For
these reasons it is important to recognize the unusual
manifestation of the disease at the earliest stage. Unusual
cases of intestinal ischemia can be classified into six
groups. These are mechanical, drug induced,
hematological, endocrine, caused by diseases of the blood
vessels and various others. Each of these categories must
be thought of in everyday work (24).

Operations on the left colon. During left colon
operative maneuver, whenever is possible large
mesenteric resections should be avoided (23, 25). When
there is a flow in the direction from superior to inferior
mesenteric artery, associated with necrosis or bloodstream
insufficiency of the sigma or rectum at the, lower limb
ischemia may occur.

MDct angiography in the visualisation of
mesenteric collateral circulation in various clinical

entities

Diagnostic procedures, carried out to assess the
condition and configuration of collateral blood vessels, are
conventional angiography, selective angiography,
computed tomography (CT) and multidetector computed
tomography angiography (MDCTA).

For the evaluation of splanchnic circulation, the
optimal method is MDCTA, with subsequent multiplanar
reconstructions (MPR). For examination of superior and
inferior mesenteric artery, proximal parts of the celiac, 3D
display is not necessary to use. In contrast, the distal parts
of these arteries are best visualized using the 3D image
display software (26).

Today, MDCTA is the first-choice method, providing
an overview of the arterial hypertrophy in a high
resolution image, which is of great importance in the
diagnosis of various anatomical variations, diseases and
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conditions (27, 28). Using MDCTA, changes in arteries is
possible to visualize, which in 66% of cases are not visible
on CT or conventional angiography (29). Identification of
this characteristics using MDCT angiography can very
often be of significance during the diagnosis of conditions
requiring surgical intervention (30, 31). Anatomical
variation, using this method, can be detected in almost
100% of cases (32).

Due to non-specific abdominal symptoms, it is
difficult to diagnose mesenteric ischemia. The first
symptom is usually abdominal pain (33). Occlusion of
mesenteric arteries is characterized by slow progression
and non-specific clinical features, unlike venous occlusion
(34). MDCTA represents the gold standard in the
diagnosis of this condition (35). Secondary signs
indicating acute mesenteric occlusion are: wall thinning of
the intestine, slow recovery and free fluid infusion (36). In
case of complete obstruction of these arteries,
vascularisation may be optimal due to the existence of a
collateral network. In case of complete obstruction in the
lumen, these collaterals are not visualized in all cases (37).

Acute mesenteric ischemia presents an urgent, life-
threatening condition with a high mortality rate (26, 38).
Compared to conventional, CT angiography, MDCT
angiography performance significantly improved, because
of rapid volumetric data acquisition. By using MDCTA,
cause of bowel ischemia and location, as well as the
presence of mesenteric blood vessels or mesenterium wall
abnormalities can be detected. The cause can be arterial or
venous occlusion, hypoperfusion in vascular non-
occlusive diseases or strangulation (26, 38-42, 43).

Chronic mesenteric ischemia can often be manifested
with abdominal pain. In most cases, it is a consequence of
atherosclerosis (44). It is more common in patients treated
for liver disease, gall bladder or pancreas diseases (45).

The protocol of mesenterial circulation examination
includes three phases MDCT: without contrast (native
series), arterial and port (venous) phase. The MDCT
parameters are given in Table 1.

Before examination, patient does not use oral contrast.
Subsequently, after the native series, through the cubital
vein 100-125 ml iodine, non ionic contrast material, is
administered using an automatic injector. The
concentration of iodine in contrast must be equal to or
greater than 300 mg per ml, and the administration rate at
least 4 ml per second or faster. The arterial phase begins
when automatic measurements achieve a density of 150
Hounsfield Units (HU) in the proximal part of the
abdominal aorta. The port phase starts after 40-60 seconds,
or 70-90 seconds from the beginning of intravenous
contrast administration (35, 46).

In 3D imaging of abdominal structures and/or blood
vessels, two methods are used: Maximum intensity
projection (MIP) imaging and volume rendering (VR).
MIP accentuates higher density voxels (arteries and veins
with contrast) in comparison to surrounding structures,
summarizing them in 3D formations. In this way, blood
vessels are filled with contrast at a certain stage. VR uses
a complex software algorithm and allows reproducing
structures of different densities in 3D in a more effective
way than the MIP. The application of both methods for 3D
visualisation of blood vessels involves the use of special
workstations for post-processing of examinations (35, 45-
46).

conclusIon

MDCTA, as a non-invasive technique for examination
blood vessels in general, is a gold standard in the
visualisation of mesenteric collateral circulation, both in
different clinical states that require this diagnostic, and in
the detection of anatomical varieties of arteries and veins
of this region.

Conflict of interest statement: The authors declare that
there is no conflict of interest related to this study.

abbrEvIatIons

CT - computed tomography

HU - Hounsfield Units

MDCTA - multidetector computed tomography
angiography

MIP - maximum intensity projection

MPR - multiplanar reconstructions

VR - volume rendering
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Table 1. MDCT parameters

Detector configuration 64x0.625 mm 

Tube voltage 120 kVp 

Tube current 100-400 mAs 

Slice thickness 0.5 mm 

Reconstruction interval 0.4-0.8 mm 

Pitch 0.828 mm 

Rotation time 0.5 sec 
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