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T he surgical use of the colon as an esophageal substitute plays an 
important role in esophageal reconstruction, especially when the 
stomach is unavailable for use. Colonic interposition may be the 

only surgical option in various situations, such as when prior gastric 
surgery precludes use of the stomach; when total gastrectomy accom-
panies esophageal resection; or as a salvage procedure when previous 
gastroplasty fails. The advantages of using the colon include its length, 
acid resistance, and typically rich blood supply. The disadvantages, as 
compared with gastric pull-up surgery, include the long operating time 
caused by mobilization of the colon and an additional anastomosis, 
both of which increase the risk of complications (1). 

The preservation of an adequate blood supply is one of the most im-
portant factors governing the success of colonic interposition grafts. 
Graft ischemia and anastomotic breakdown, two of the most serious and 
potentially lethal complications, are both typically related to arterial or 
venous insufficiency of the interposed segment. Thus, some investiga-
tors recommend preoperative angiography to evaluate the vascular sup-
ply of the proposed conduit as a means of reducing complications re-
lated to compromised blood supply (2).

The routine use of preoperative angiographic assessment of the colon-
ic arterial supply is controversial, but some institutions use it to assess 
arterial patency.  Additionally, preoperative angiography can be used 
to identify an anomalous or aberrant vascular supply to the colon, and 
thereby guides the selection of reconstruction options. The aim of this 
study was to report our experience with preoperative angiography in 
patients being evaluated for esophageal reconstruction and to compare 
our findings with previously reported results. Specifically, we examined 
the utility of preoperative angiography to the surgeon.

Materials and methods
This retrospective study was compliant with the US Health Insurance 

Portability and Accountability Act and was approved by our Institutional 
Review Board with a waiver of informed consent. Using the search term 
“mesenteric angiogram,” we performed a search of the radiology elec-
tronic database at our institution, which contains over 10 million stud-
ies. We limited our search to a 10-year period, from January 1, 2001 to 
December 31, 2010. We included all patients who had undergone an-
giography before esophageal reconstruction. We identified 54 patients 
who fulfilled our search criteria: 41 male patients and 13 female patients 
with a mean age at the time of esophageal reconstruction of 58.6 years 
(range, 26–80 years). Two interventional radiologists reviewed the im-
ages from each study.  

The diagnostic angiograms in the study were performed following 
standard protocols. The patient is placed on the angiographic table in 
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PURPOSE
The aim of this study was to evaluate the role of preoperative 
angiography in patients undergoing colonic interposition.

MATERIALS AND METHODS
We searched the electronic database of our radiology depart-
ment for the term “mesenteric angiography” over a 10-year 
period from January 1, 2001 to December 31, 2010.

RESULTS
We identified 54 patients who had undergone mesenteric 
angiography before esophageal reconstruction, 16 of whom 
proceeded to have colonic interposition surgery. One patient 
(6.3%) developed graft necrosis, two (12.5%) developed an 
anastomotic leak, and three (18.8%) developed an anasto-
motic stricture. These complication rates are similar to those 
reported in the surgical literature for patients who did or did 
not undergo routine preoperative angiography. 

CONCLUSION
There is no significant difference in the rates of complications 
secondary to ischemia (graft necrosis, anastomotic stricture, 
and anastomotic leak) in patients who undergo routine pr-
eoperative angiography as compared with those who do not.
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 4) a single middle colic trunk before 
its division into the right and left 
branches, and 

 5) separate origin of the right colic 
artery.

Of the 54 patients (Table 2), 4 did 
not undergo surgery because of clinical 
disease progression and were excluded 
from further analysis. Thirty-four of 
these 50 remaining patients did not 
undergo colonic interposition surgery 
for various reasons. Specifically, they 
were either found to be inoperable at 
the time of surgery (n=7), or underwent 
jejunal interposition (n=4), esoph-
agogastrectomy (n=13), gastropharyn-
gostomy (n=2), esophagojejunostomy, 
gastrojejunostomy, partial resection 
of the esophagus, hiatus hernia repair, 
dilatation, pectoralis major muscle flap 
repair, or gastrostomy (n=1, each). One 

patient with thyroid cancer did not re-
quire esophageal surgery.

The 16 remaining patients who un-
derwent esophageal replacement sur-
gery had colonic interposition surgery. 
These patients all had suitable angi-
ographic anatomy for left colonic in-
terposition; however, in one case, the 
left colon was not viable after a clamp-
ing trial due to venous congestion and 
the surgeon performed a right colonic 
interposition instead.

Of the patients who underwent co-
lonic interposition surgery following an-
giography, six had no surgical complica-
tions. One (6.25%) had an anastomotic 
leak with necrosis requiring resection 
and formation of a cervical esophagos-
tomy and two (12.5%) had anastomotic 
leaks without evidence of necrosis and 
were managed conservatively. One of 

the supine position. Typically, the right 
common femoral artery is accessed us-
ing an 18-gauge needle, which is then 
exchanged over a 0.035-inch wire with 
a 5 F×10 cm vascular sheath. Next, 
the celiac artery, superior mesenteric 
artery (SMA), and inferior mesenteric 
artery (IMA) are often accessed in a se-
quential manner. Digital subtraction 
angiography is occasionally performed 
in multiple obliquities to better define 
the vascular anatomy when necessary. 
Typically, a Cobra catheter is sufficient 
for catheterizing the mentioned arter-
ies; however, other reverse-curved cath-
eters, such as a Simmons catheter, are 
sometimes necessary. The angiograms 
are evaluated in detail to document any 
evidence of variant or abnormal vascu-
lar anatomy and atherosclerosis.   

Results
During the study period, 54 patients 

underwent mesenteric angiography 
before esophageal reconstruction. 
Twelve patients underwent surgery 
for benign causes and 42 patients un-
derwent surgery for malignant causes. 
Twenty-six patients had undergone 
previous esophageal or gastric surgery; 
one patient had prior abdominal aortic 
aneurysm repair and four patients had 
a history of prior colonic surgery.

On angiography (Table 1), 19/54 
(35%) patients had vascular anatomy 
that was considered unsuitable for 
left colonic interposition surgery. The 
angiographic findings considered un-
suitable for left colonic interposition 
included the following: 
 1) inadequate anastomosis between 

the left branch of the middle colic 
artery and the ascending branch of 
the left colic artery (n=9), 

 2) two middle colic arteries (n=2), 
 3) non-visualization of the right colic 

artery, middle colic artery, and IMA 
(n=2, each), 

 4) common origin of the right and 
middle colic arteries (n=1), and 

 5) pseudoaneurysm of the SMA (n=1). 
Angiographic vascular anatomy was 

considered suitable (35/54, 65%) if it 
fulfilled the five criteria described by 
Peters et al. (2) as crucial to the success-
ful use of the left colon as an esopha-
geal conduit: 
 1) a patent IMA, 
 2) a visible ascending branch of the 

left colic artery, 
 3) a well-defined anastomosis between 

the middle and left colic systems, 

Table 1. Angiographic findings

Number of cases (%)

Suitable anatomy based on findings by Peters et al. (2) 35 (64.8)

Inadequate anastomosis between right branch of middle colic and 
ascending branch of left colic arteries

9 (16.7)

Two middle colic arteries 2 (3.7)

Non-visualization of the right colic artery 2 (3.7)

Non-visualization of the middle colic artery 2 (3.7)

Non-visualization of the IMA 2 (3.7)

Common origin of the right and middle colic artery 1 (1.9)

Pseudoaneurysm of the SMA 1 (1.9)

IMA, inferior mesenteric artery; SMA, superior mesenteric artery.

Table 2. Surgery types

Number of cases

Colon interposition 16

Inoperable at time of surgery 7

Jejunal interposition 4

Esophagogastectomy 13

Gastropharyngostromy 2

Esophagojejunostomy 1

Gastrojejunostomy 1

Partial resection of the esophagus 1

Hiatus hernia repair 1

Esophageal dilatation 1

Pectoralis major muscle flap 1

Gastrostomy 1

No esophageal resection 1

Did not proceed to surgery 4
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Figure 1. Classical blood supply to the colon. SMA, superior mesenteric artery; IMA, inferior 
mesenteric artery.

Figure 2. Collateral blood supply between the superior 
mesenteric artery and inferior mesenteric artery. 1, marginal 
artery of Drummond; 2 and 3, arc of Riolan. The more 
peripherally located collateral connection, as depicted in 3, may 
sometimes be referred to as the meandering artery of Moskowitz. 
SMA, superior mesenteric artery; IMA, inferior mesenteric artery. 

these patients subsequently developed 
an anastomotic stricture requiring 
multiple dilatations. Two additional 
patients also had anastomotic stric-
tures that required multiple dilatations. 
Other complications included a superfi-
cial stitch, fluid collection in the neck 
requiring drainage, anterior abdominal 
wall abscess, multiple episodes of small 
bowel obstruction secondary to adhe-
sions, and dysphagia caused by external 
compression of the conduit requiring 
esophageal stenting (n=1, each).

Discussion
Approximately 10% of all patients 

who undergo esophagectomy and es-
ophageal replacement surgery will de-
velop conduit ischemia or an anasto-
motic leak, with mortality rates of 14% 
and 12%, respectively (3). Briel et al. (3) 
found that, in patients who developed 
clinical graft ischemia, one-third healed 
without complications, one-third de-
veloped a stricture without a leak, and 
one-third developed an anastomotic 
leak, of which half developed a stric-
ture. Consequently, the combination of 
ischemia and an anastomotic leak sig-
nificantly increases the risk of stricture. 

In patients who develop an anastomot-
ic leak without ischemia, about half de-
velop a stricture and half heal without 
complications (3). 

An intact colonic vascular supply is 
essential to the success of colonic in-
terposition surgery, whereas a compro-
mised vascular supply may contribute 
to graft ischemia. The blood supply 
to the colon is derived from branches 
of the SMA and IMA (Fig. 1), with the 
former supplying the right colon (ce-
cum, ascending colon, hepatic flexure, 
and proximal transverse colon). In <1% 
of cases, the SMA origin is fused with 
the celiac artery, creating a celiacome-
senteric trunk (4). A common origin of 
the SMA and one or more of the main 
branches of the celiac trunk is present in 
7% of cases, but it involves the splenic 
artery in about 1% of cases (5). 

Angiographic patterns of the SMA 
anatomy have been divided into 
five categories based on the work of 
Sonneland et al. (6). Type 1 consists of 
patients with the most common, classi-
cal arterial configuration, consisting of 
three dominant branches supplying the 
right colon: the middle colic, right colic, 
and ileocolic arteries. Patients with an 

absent right colic artery are classified 
as type 2, and patients with an absent 
middle colic artery as type 3. Type 4 is 
characterized by multiple right colic ar-
teries and type 5 patients show multiple 
middle colic arteries. Multiple variations 
in the middle colic artery have been de-
scribed, including an aberrant origin, 
complete absence (in up to 25% of in-
dividuals), and presence of an accessory 
or double middle colic artery (~10%) (7). 
The right colic artery shows the greatest 
variation among the colic arteries. It di-
rectly arises from the SMA in about 40% 
of individuals, from the middle colic in 
30%, the ileocolic in 12%, and may be 
absent in about 20% (7). 

The arterial supply to the left colon is 
from the IMA by means of its left colic 
and sigmoid branches. There are three 
branching patterns of the left colic ar-
tery (4). In type 1, the left colic artery 
arises from the IMA; in type 2, the left 
colic and the first sigmoidal artery have 
a common trunk; and in type 3, the left 
colic and first sigmoidal arteries arise si-
multaneously from the IMA.

The mesenteric circulation has a rich 
system of collateral vessels (Fig. 2) that 
provide a potential mechanism for 
maintaining adequate perfusion to the 
colon when major mesenteric branches 
are surgically ligated. These collaterals, 
which play an important role in colonic 
surgery, are those between the SMA and 
IMA, and primarily include the mar-
ginal artery of Drummond (8) and the 
arc of Riolan (9) (Fig. 3). The meander-
ing artery of Moskowitz represents an 
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additional collateral pathway between 
the SMA and IMA (Fig. 2); however, 
some controversy exists regarding the 
true origin of the meandering artery of 
Moskowitz, because some believe that 
it represents a dilated arc of Riolan, 
whereas others believe that it is a sep-
arate discrete anastomotic channel. 
The meandering artery of Moskowitz 
courses along the base of the colonic 
mesentery and represents a connection 
between the proximal segment of the 
middle colic artery and the ascending 
branch of the left colic artery (10). 

The marginal artery of Drummond 
is the major collateral arcade between 
the SMA and IMA, is located within the 
mesentery of the colon, and lies about 
2–3 cm from the mesenteric border of 
the bowel supplying the vasa recti (Fig. 
3b and 3c). This collateral arcade is com-
posed of branches from the ileocolic 
and right, middle, left colic, and sigmoi-
dal arteries. The marginal artery is usu-
ally a continuous vessel that runs par-
allel to the colon; it is better developed 
in the left colon and is inconsistent or 
poorly developed in the right colon in 
25%–75% of patients (8). There are two 
watershed points: the Griffiths’ point at 
the splenic flexure where branches of 
the middle and left colic artery meet, 
and the less important Sudek’s point at 
the rectosigmoid junction where the last 

sigmoid branch and the superior hem-
orrhoidal artery meet. The arc of Riolan 
(Fig. 3c) represents a set of collateral 
branches located centrally within the 
mesentery and forms a communication 
between the middle colic and left colic 
arteries in a region that usually does not 
have major branches. It is present in 
7%–10% of the population (9).

Our study showed that 65% of pa-
tients demonstrated suitable anatomy 
for left colonic interposition, which is 
less than the 84% reported by Peters et 
al. (2). In addition, we found that the 
middle colic artery is absent in 3.7% of 
patients, an incidence much less than 
the 8%–25% incidence previously re-
ported (6, 7). Similarly, the incidence 
of other anatomic anomalies exclud-
ing colonic interposition surgery was 
also decreased as compared with prior 
reports. These anomalies included dou-
ble middle colic arteries (3.7% vs. 10%–
12%), absence of the right colic artery 
(3.7% vs. 20%), and common origins of 
the right and middle colic arteries (1.9% 
vs. 30%) (6, 7). The lower incidence of 
anatomical variants in our study popu-
lation is probably due to our small co-
hort number.

Patient follow-up ranged from 1 to 
62 months, with a mean follow-up of 
19.3 months. Our postsurgical com-
plication rates of graft necrosis (6.2%), 

anastomotic leak (12.5%), and anasto-
motic stricture (18.7%) were similar to 
those previously reported (Table 3) (1, 3, 
11–20) Of these studies, five (including 
ours) routinely used preoperative angi-
ography in all or a defined select group 
of patients, two did not use routine pr-
eoperative angiography, and six did not 
report whether preoperative angiogra-
phy was used. The rate of graft necrosis 
ranged from 3% to 5% in those who did 
not routinely perform preoperative an-
giography; 3% to 9.6% in those who did 
perform angiography in all or a prede-
fined select group of patients; and 0% to 
9% in those who did not report if they 
did or did not perform angiography. The 
rate of anastomotic leak ranged from 
4% to 10%, 3.3% to 14.8%, and 0% to 
30%, and the anastomotic stricture rates 
were 13.5%, 2.3%–24%, and 4.5%–19% 
in each of these respective groups. It is 
likely that a greater number of colonic 
interposition surgeries are performed at 
our institution because preoperative an-
giography is not the standard practice. 
Therefore, the extent to which compli-
cations secondary to ischemia arise from 
aberrant vascular anatomy and vascular 
disease is unclear. In cases where pr-
eoperative angiography was not per-
formed, computed tomography (CT) 
angiography studies may have been per-
formed for evaluation of the mesenteric 

Figure 3. a–c. Selective superior mesenteric artery (SMA) arteriogram showing the middle colic artery dividing into the right branch (large black 
arrowhead) and left branch (small black arrowhead) (a). The right colic artery (black arrow) and ileocolic artery (white arrow) are also labeled. Selective 
arteriogram where the inferior mesenteric artery (IMA) origin (black arrow) branches into the left colic artery and terminal branch of the IMA, which 
is the superior rectal (hemorrhoidal) artery (white arrow) (b). The ascending branch of the left colic artery (white arrowheads) anastomoses with the 
left branch of the middle colic artery (small black arrowheads) near the splenic flexure. The continuous marginal artery of Drummond (large black 
arrowheads) courses along the mesenteric border of the colon supplying the vasa recta. Selective SMA arteriogram demonstrates an arc of Riolan 
(white arrowheads); inferiorly, branches of the superior rectal artery are opacified (white asterisks), and superiorly, its connection to the left branch of 
the middle colic artery (small black arrowhead) is seen (c). Large black arrowheads indicate the marginal artery of Drummond.   

b ca
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Table 3. Published studies describing colon interposition as an esophageal substitute

Study
Number of 

patients
Preoperative
angiography

Preferred method 
(% of procedures)

Graft 
necrosis (%)

Anastomotic 
leakage (%)

Anastomotic 
stricture (%)

Wain et al. 1999 (1) 52 Preoperative angiography 
in 32 patients

Left (88.5) 9.6 5.8 23.1

Briel et al. 2004 (3) 163 DNR DNR 7.4 6.1 8.7

Klink et al. 2010 (11) 43 DNR Left (58) 9 30 19

Davis et al. 2003 (12) 42 DNR Right (66.7) 2.4 14.3 19

DeMeester et al. 1998 (13) 92 58 patients had 
preoperative angiography

Left (92) 7.6 4.3 4.3

Hagen et al. 2001 (14) 72 DNR Left 5.6 12.5 DNR

Mansour et al. 1997 (15) 129 Age ≥60 years with prior 
intestinal resection and PVD

Right (66) 3 14.8 2.3

Cerfolio et al. 1995 (16) 32 Patients with PVD or 
repair of a AAA (n=5)

Left (63) 9.4 3.3 24

Isolauri et al. 1987 (17) 248 None Left (54) 3 4 DNR

Thomas et al. 1997 (18) 60 None Left (88) 5 10 13.5

Kolh et al. 2000 (19) 38 DNR Left (63) 0 0 DNR

Knezevic et al. 2007 (20) 336 DNR Left (76.7) 2.4 10.1 4.5

DNR, data not reported; PVD, peripheral venous disease; AAA, abdominal aortic aneurysm.

vasculature. Cases where only CT angi-
ography was performed before colonic 
interposition surgery were not captured 
from our departmental database using 
the search terms selected.   

A limitation of our study is the small 
number of patients who underwent 
colonic interposition (n=16); how-
ever, when we include all of the stud-
ies analyzed in this paper, there were 
308 patients in the group where rou-
tine angiography was performed, 321 
in the group where angiography was 
performed in all or a predefined select 
group of patients, and 694 in the group 
where routine angiography perform-
ance was not reported.  

In conclusion, there is no significant 
difference in the rates of complications 
secondary to ischemia (graft necrosis, 
anastomotic stricture, and anastomotic 
leak) in patients who undergo routine 
preoperative angiography as compared 
with those who do not.
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