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Esophageal replacement by colon interposition with microvascular surgery for
patients with thoracic esophageal cancer: the utility of superdrainage
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SUMMARY. Replacing the thoracic esophagus with the colon is one mode of reconstruction after esophagec-
tomy for esophageal cancer. There is, however, a high incidence of postoperative necrosis of the transposed
colon. This study evaluated the outcomes of colon interposition with the routine use of superdrainage by
microvascular surgery. Twenty-one patients underwent colon interposition from 2004 to 2009. The strategy for
colon interposition was to: (i) use the right hemicolon; (ii) reconstruct via the subcutaneous route; (iii) perform
a microvascular venous anastomosis for all patients; and (iv) perform a microvascular arterial anastomosis when
the arterial blood flow was insufficient. The clinicopathologic features, surgical findings, and outcomes were
investigated. The colon was used because of a previous gastrectomy in 18 patients (85.7%) and synchronous
gastric cancer in three patients (14.3%). Eight patients (38.1%) underwent preoperative chemoradiotherapy
including three (14.3%) treated with definitive chemoradiotherapy. Seven patients (33.3%) underwent microvas-
cular arterial anastomosis to supplement the right colon blood supply. Pneumonia occurred in four patients
(19.0%). Anastomotic leakage was observed in five patients (23.8%); however, no colon necrosis was observed.
The 3-year and 5-year overall survival rates were both 50.6%. Colon interposition with superdrainage results
in successful treatment outcomes. This technique is one option for colon interposition employing the right
hemicolon.
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INTRODUCTION

Surgery for esophageal cancer remains the standard
therapy providing the best chance for cure.1 Resec-
tion and reconstruction of the esophagus is, however,
among the most invasive treatments for cancers of
the gastrointestinal tract. Although the surgical tech-
niques and perioperative management of esophageal
surgery have improved, the morbidity and mortality
rates are comparatively high.2–5

Gastric tubulization has received wide acceptance
by most surgeons performing esophageal surgery.2

Advantages of this technique include ease of prepa-
ration, a robust vascular supply, and adequate length
to extend into the neck. The stomach, therefore, has
become the logical first choice for esophageal replace-
ment. In cases with a history of gastrectomy, concur-
rent gastric disease, or cancer involvement of the
stomach, the colon or jejunum is used instead of the
stomach as an esophageal substitute. A colon graft
is generally preferred over the jejunum, as it is easier
to mobilize; however, debates surround the surgical
procedures, mortality, morbidity, and outcomes of
colon interposition for the treatment of esophageal
cancer.6–24 A notable criticism is the high rate of post-
operative leakage and colon necrosis associated with
this strategy.

In our institute, colon replacement of the eso-
phagus is the standard choice for gastrointestinal
reconstruction after resection of primary esophageal
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cancer, if the stomach is unacceptable. Microvascular
surgical techniques, venous anastomosis (superdrain-
age) and arterial anastomosis (supercharge), were
introduced as early as 2004 when replacement of the
esophagus with the colon was performed. The arterial
circulation in these intestinal conduits brought up to
the neck are usually sufficient without the use of
supercharge in many cases. In such a situation, our
opinion is that the most important means of improv-
ing blood circulation is to avoid venous congestion by
superdrainage. Use of the right hemicolon as a recon-
struction organ requires the ileocolic vessels to be
ligated and divided to bring the proximal part of the
right hemicolon up to the neck. The accompanying
vascular pedicle consists of the middle colic vessels.
Superdrainage is performed by anastomosing the
ileocolic vein or terminal ileal vein to a vein in the
neck, such as the anterior jugular vein or the external
jugular vein.

This report describes a retrospective evaluation of
the outcomes of colon interposition with the routine
use of superdrainage by microvascular surgery on
esophageal replacement in patients with esophageal
cancer in this institute.

PATIENTS AND METHODS

Patients

One hundred ninety-five patients with esophageal
cancer were surgically treated in this department
from April 2004 to December 2009. Twenty-two of
those patients (11.3%) underwent colon interposition.
Among them, one patient who also had a jejunal free
flap between the esophagus and a colon graft of insuf-
ficient length was excluded from this study. The char-
acteristics of these 21 patients are summarized in
Table 1. The male/female ratio was 20:1, with an
average age of 67 years at the time of surgery. The
cancer was located in the upper thoracic esophagus in
eight (38.1%) patients, the middle thoracic esophagus
in seven (33.3%), and the lower thoracic esophagus in
six (28.6%). Nine patients (42.9%) were in tumor,
node, metastasis (TNM) clinical stage I/II, and 12
(57.1%) in stage III/IV. Colon interposition was per-
formed because of a history of gastrectomy in 18
patients (85.7%) and synchronous gastric cancer in
three patients (14.3%). Neoadjuvant chemoradio-
therapy was administered to five patients (23.8%),
definitive chemoradiotherapy to three patients
(14.3%), and no preoperative therapy in 13 patients
(61.9%).

Surgical procedure

A schematic illustration of the colon interposition
with microvascular surgery was shown in Figure 1.
The strategy for colon interposition incorporated the

following principles: (i) use the right hemicolon; (ii)
preserve the right colic artery, as well as the middle
colic artery, if there was adequate mobilization of the
colon; (iii) preserve as much of the terminal ileum as
possible; (iv) reconstruct via the subcutaneous route;
(v) adopt superdrainage for all patients regardless
of the intraoperative macroscopic findings; and (vi)
adopt supercharge when the arterial blood flow was
insufficient.

Table 1 Background data for patients who underwent colon
interposition with microvascular anastomosis for esophageal
cancer

Factor Cases (n = 21)

Male/female 20/1
Age (mean) 67 (53–90)
Location of tumor

Upper 8 (38.1)
Middle 7 (33.3)
Lower 6 (28.6)

Reason for colon interposition
History of gastrectomy 18 (85.7)
Synchronous gastric cancer 3 (14.3)

Clinical TNM stage
I, II 9 (42.9)
III, IV 12 (57.1)

Preoperative therapy
Neoadjuvant chemoradiotherapy 5 (23.8)
Definitive chemoradiotherapy 3 (14.3)
None 13 (61.9)

The data in parentheses are percentages. TNM, tumor, node,
metastasis.

Microvascular
anastomosis

Jejunostomy

Fig. 1 A schematic illustration of the colon interposition with
microvascular surgery. A microvascular venous anastomosis
(‘superdrainage’) is added between the ileocolic vein or terminal
ileal vein, and a cervical vein. An artery of the conduit is
microscopically anastomosed to a cervical artery (‘supercharge’)
only in the event of insufficient backflow of the ileocolic artery.
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With the patient in the left lateral position, an
anterolateral skin incision or a longitudinal skin inci-
sion on the anterior axillary line was placed, and a
thoracotomy performed through the fourth or fifth
intercostal space. An esophagectomy as well as a
mediastinal lymphadenectomy was performed. The
esophagus was divided, with a linear stapler above or
below the tumor, depending on its location, and the
chest closed. After the position was changed to the
supine position, the abdomen was opened by an
upper midline incision. The right hemicolon was
mobilized. The appendix was resected, and its root
was buried with purse string sutures.

The ileocolic artery and vein were divided at their
origin at the superior mesenteric artery and vein,
respectively. In cases in which the length of the ileo-
colon graft was inadequate to reach the neck, the
right colic vessels were divided. The transverse colon
was divided, preserving the middle colic artery and
vein. A T-shaped skin incision was made on the neck.
The right hemicolon with the terminal ileum was
brought up to the neck in an isoperistaltic fashion
through a subcutaneous route. An esophagoileo-
stomy was performed with a circular stapler when the
25 mm of anvil was easily inserted into the remnant
esophagus. When it was difficult, the anastomosis
was performed with hand-sewn sutures. This judg-
ment depended on the operator. The colon was then
anastomosed to either the remnant stomach or a
Roux-en-Y loop of the jejunum.

Superdrainage was routinely added between the
ileocolic vein or terminal ileal vein, and a cervical
vein, such as the anterior, external, or internal jugular
vein. We selected an outflow vein with strong flow.
The flexible venous walls were easier to manipulate
than the more rigid arterial walls. In many cases,
veins were reconstructed by direct end-to-end anas-
tomosis. Veins were anastomosed in an end-to-side
manner when the internal jugular vein was selected as
an outflow vein. The vein graft was interposed
between the veins when the distance between the
veins was too long.25 For instance, an inferior mesen-
teric vein (IMV) graft, approximately 10 cm in
length, was harvested from the mesocolon and
immersed in heparinized saline. The proximal end of
the IMV graft was anastomosed to a cervical vein,
and the distal end was anastomosed to a vein of the
conduit. After the completion of the vein anasto-
moses, the clamps on these vessels were released. The
ileocolic artery or terminal ileal artery was micro-
scopically anastomosed to a cervical artery for super-
charge when the backflow of the ileocolic artery was
insufficient. The artery graft was also applicable if
the distance between the arteries was too long. We
used neither antiplatelet nor anticoagulation therapy
routinely.

A scheduled two-stage operation was performed in
nine recent patients, as recently described.26 The first-

stage operation consisted of a resection of the tho-
racic esophagus, cervical esophagostomy, and tube
jejunostomies. The distal part of the esophagus was
cut with a linear stapler at the level of the esophago-
cardial junction. The upper thoracic esophagus was
also cut with the same stapler. A minimal laparotomy
was performed, and two 10F tubes were inserted into
the jejunum about 30 cm distal to the Treiz ligament.
A tube for enteric feeding was placed into the distal
part of the jejunum, while another was placed into the
proximal jejunum for decompression to avoid exces-
sive pressure in the distal margin of the esophagus.
The second-stage operation was usually performed
3 weeks after the first-stage operation. The recon-
structive procedures were the same as for the
one-stage operation. Cervical lymphadenectomy was
performed at the second-stage operation to preserve
the vascular structure.

Staging of the tumor and statistical analysis

The staging of the tumor was based on the TNM
classification defined by the Union for International
Cancer Control,27 and depth of invasion and lymph
node metastasis were defined by the clinical findings.
The survival curve was plotted according to the
Kaplan–Meier method. The median follow-up
periods were estimated using the reversed Kaplan–
Meier function.28 The data were analyzed using the
StatView software package (Abacus Concepts, Inc.,
Berkeley, CA, USA).

RESULTS

Microvascular anastomosis

Superdrainage was performed in all 21 patients.
Supercharge was performed in seven patients
(33.3%). The right colic artery was preserved in 10
patients (47.6%), while the artery was sacrificed or
absent in the remaining patients.

The vessels used for superdrainage and super-
charge are listed in Table 2. The anterior jugular vein

Table 2 Vessels used for superdrainage and supercharge

Superdrainage (n = 21)
Outflow vein Anterior jugular vein 8 (38.1)

External jugular vein 7 (33.3)
Internal jugular vein 3 (14.3)
Transverse cervical vein 2 (9.5)
Superficial cervical vein 1 (4.8)

Inflow vein Ileocolic vein 19 (90.5)
Terminal ileal vein 2 (9.5)

Supercharge (n = 7)
Inflow artery Transverse cervical artery 6 (85.7)

Ileocolic artery 1 (14.3)
Outflow artery Ileocolic artery 5 (71.4)

Terminal ileal artery 2 (28.6)

The values in parentheses are percentages.
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was used in eight patients as the outflow vein (38.1%)
and the external jugular vein in seven patients
(33.3%). The ileocolic vein was used as the inflow vein
in 19 patients (90.5%). The interposition of a vein
graft was needed in five patients (23.8%). The IMV
was used for interposition in two patients, the ante-
rior jugular vein in two patients, and the gonadal vein
in one patient.

The transverse cervical artery was used as the
inflow artery in all patients except for one patient
who underwent the anastomosis between the ileocolic
artery and terminal ileal artery. The transverse cervi-
cal artery was preferred because it is outside the field
of resection. The ileocolic artery was used as the
outflow artery in five patients (71.4%) and the termi-
nal ileal artery in two patients (28.6%). The interpo-
sition with the transverse cervical artery graft was
needed in one patient.

Mortality and morbidity

The median time of the one-stage operation was 835
minutes (range 738–1113 minutes). In the two-stage
operation, the median time of the first-stage opera-
tion was 387 minutes (range 265–435 minutes), and of
the second-stage operation was 700 minutes (range
626–958 minutes). Morbidity and mortality are sum-
marized in Table 3. Overall morbidity occurred in
nine patients (42.9%). Anastomotic leakage was
observed in five patients (23.8%); however, there was
no colon necrosis. We evaluated the status of the
anastomosis clinically because subcutaneous graft
failure could be diagnosed on physical exam of the
anterior neck. We performed an esophagogram or
endoscopy to confirm the diagnosis of anastomotic
leakage or to check the degree of leakage when anas-
tomotic failure was suspected. We have previously
reported the simple method of repairing an esoph-
ageal anastomotic leak via the subcutaneous route
using a pectoralis major myofascial flap.29 Although
one patient was managed conservatively, the remain-
ing four patients with an anastomotic leak in the
present study were treated with a pectoralis major
flap. Although pneumonia was observed in four
patients (19.0%), it was uniformly nonfatal. One
patient died due to acute cardiac failure because of

sudden ventricular tachycardia on the third postop-
erative day; thus, the overall mortality rate was 4.8%.

Survival

The survival curve of the 21 patients who underwent
colon interposition with microvascular surgery for
esophageal cancer is shown in Figure 2. The median
length of follow-up was 23.3 months (range 2.6–65.2
months). Thirteen patients (61.9%) are still alive,
while seven patients (33.3%) died of esophageal
cancer and one patient died due to the previously
described complication. The 3-year and 5-year
overall survival rates were both 50.6%.

DISCUSSION

The present study evaluated outcomes following
the replacement of the esophagus with a colon
graft incorporating microvascular anastomoses
for superdrainage. Microvascular anastomoses have
been utilized for some time in this setting to improve
perfusion. Previous reports support the effectiveness
of supercharge when the thoracic esophagus is
replaced with the colon.

Shirakawa et al. reported that the supercharge
technique for colonic interposition reduced periop-
erative complications and improved patient quality
of life.6 Fujita et al. compared the postoperative
courses, morbidity, and mortality rates of the patients
who underwent colon interposition with and without
supercharge.7 They found that supercharge resulted
in a lower incidence of necrosis of the colon graft and
less risk of leakage in the esophagocolostomy. The
ileocolic artery or the terminal ileal artery was recon-
structed in seven selected patients using the super-
charge technique in the current series (33.3%). The

Table 3 Morbidity and mortality of the patients

Factor Cases (n = 21)

Overall morbidity 9 (42.9)
Anastomotic leakage 5 (23.8)
Colon necrosis 0 (0)
Pneumonia 4 (19.0)
Ventricular tachycardia 1 (4.8)

Mortality 1 (4.8)

The values in parentheses are percentages.

Fig. 2 The survival curve of the 21 patients who underwent
colon interposition with microvascular surgery among the
patients with esophageal cancer. The 3-year and 5-year overall
survival rates were both 50.6%.
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arterial flow in the right hemicolon and the terminal
ileum brought up to the neck is more stable than the
frequently tenuous venous flow. Performing the
supercharge technique of the ileocolic artery is not
always necessary in such esophageal replacements, as
previously reported.30 While perfusion is critical,
amelioration of vascular congestion may also play a
role in whether a graft survives.

Kono et al. reported that transient bloodletting of
the short gastric vein in the gastric tube during esoph-
agectomy improved the microcirculation of the oral
side of the gastric tube.31 Based on our own experi-
ence, the most important means of improving the
blood circulation is to avoid blood congestion. As
the present study is retrospective, it lacks a formal
control group. As a comparator group, we retrospec-
tively investigated the outcomes of all 17 patients
with esophageal cancer who received colon interpo-
sition at our institute between 1995 and 2004. During
this period, we did not perform microvascular anas-
tomoses. Anastomotic leakage and colon necrosis
were observed in seven (41.2%) and two (11.8%)
patients, respectively. Because this comparison is his-
torical and multifactorial, we cannot draw any defini-
tive conclusions. As expected, the graft failures
resulted from arterial occlusion, venous congestion,
technical problems during harvesting, the length of
the graft, tension, the length of the operation, and
medical comorbidities. Learning curves likely also
influenced the surgical outcomes. However, while our
results do suggest that superdrainage may contribute
to a better outcome for patients who undergo colon
interposition, further studies are needed to establish
this technique as the standard of care.

The current recommended strategy for recon-
structing the ileocolic vessels is to first perform
superdrainage of the ileocolic vein to the jugular vein
in all patients followed by a macroscopic inspection
for pulsatile blood flow in the marginal arteries of
the terminal ileum. The ileocolic artery remains
untouched if a pulsatile feeding artery at the tip of the
colon graft is confirmed. The ileocolic artery is only
reconstructed using the cervical arteries in a direct
end-to-end anastomosis when an adequate pulsatile
blood flow cannot be confirmed. While reports do
describe the use of a microvascular anastomosis for
selected patients based on the macroscopic findings
during surgery,8 there are no useful preoperative or
intraoperative parameters that objectively confirm
the presence of venous congestion or arterial flow at
the tip of colon graft. The routine use of microvascu-
lar surgery during colon interposition is considered to
be advocated in such a situation.

We elected to interpose the vessel graft when the
distance between the vessels was too long.25 Some
surgeons have reported the simultaneous use of
supercharge and superdrainage using the internal
thoracic artery and vein, or the thoracoacromial

artery and cephalic vein. The internal thoracic vascu-
lar bundle is accessed by removing the cartilage of
the second and third ribs. The thoracoacromial
artery and cephalic vein are approached by dividing
the clavicular attachment of the pectoralis major
muscle.6,7 We believe that these procedures are time-
consuming and invasive in contrast with harvesting a
graft. For example, the IMV graft may be harvested
from the mesocolon in under 10 minutes.25 Although
an additional anastomosis is required for this proce-
dure, adequate blood drainage is accomplished by
directly anastomosing a drainage vein to the internal
jugular vein.

The operative procedure evaluated in the present
study had acceptable rates of complications. The
two-stage operation, in particular, was routinely
adopted for recent patients, as it reduced the overall
procedural risks, and we have recently reported a
two-stage operation that is less invasive for high-risk
patients.26 There were no cases of colon graft necrosis
in the current study, which suggests that vascular
flow was consistently adequate. Anastomotic leakage
was observed in five patients (23.8%), a rate some-
what higher than was previously reported (Table 4).
Based on our previous reports, high surgical stress
is associated with an increased risk of anastomotic
leakage.4,32 The risk of anastomotic leak, however,
is impacted by other clinical factors, such as medi-
cal comorbidities and preoperative chemoradio-
therapy.33 There were no factors strongly associated
with anastomotic leakage in the present study.
Further studies are required to determine whether
improvements in the two-stage procedure, including
reduced invasiveness, will translate into improved
surgical outcomes.

The choice of graft site (right hemicolon,
ascending-transverse colon, or left colon) generally
depends on the specific surgeons or institute. Each
has its relative merits. The left colon is an optimal
graft, as it enables an isoperistaltic reconstruction
and has a high degree of mobility. In this institute,
however, the right hemicolon is used as it has several
advantages over the left. Less dissection is required to
mobilize the right than the left colon. The length of
the terminal ileum is adjustable, and the anastomosis
is facilitated because the diameters of the ileum and
esophagus are similar. The ileocecal valve function-
ally inhibits regurgitation of digestive juices. Finally,
the use of an ileocolon grafts allows alternative grafts,
including ascending-transverse colon or left-colon
grafts, to be used in case of the first graft failure.
None of the patients in the current series demon-
strated a failure of the first right hemicolon graft
according to the procedures.

The choice of the route of reconstruction also
varies among institutes. Mine et al. reported that the
exclusive use of a retrosternal route led to a favorable
surgical outcome.8 Motoyama et al. reported that

54 Diseases of the Esophagus

© 2012 Copyright the Authors
Journal compilation © 2012, Wiley Periodicals, Inc. and the International Society for Diseases of the Esophagus

D
ow

nloaded from
 https://academ

ic.oup.com
/dote/article/26/1/50/2328863 by guest on 20 April 2024



colon interposition by the posterior mediastinal route
also provided a good outcome and recommended it
as the route of first choice.17 Finally, the subcutane-
ous route is another popular approach. Although this
has cosmetic disadvantages, it is relatively safer than
the other approaches, particularly in elderly patients
and poor surgical candidates. Moreover, various
vessels can be selected for supercharge in all cases
treated via this route. However, to the best of our
knowledge, no randomized studies have identified the
optimal route for esophageal replacement by colon
interposition with respect to surgical outcomes, mor-
bidity, and quality of life.

Esophageal replacement by colon interposition is
an uncommonly performed procedure. As microsur-
gical training is required to perform the microvascu-
lar anastomoses, plastic surgeons are frequently
consulted to assist with the procedure. The need for
additional consultants makes it impractical to
conduct randomized controlled trials examining the
usefulness of microvascular surgery during colon
interposition. Therefore, much of what is known
regarding present techniques has been obtained
through retrospective studies. Therefore, the present
study provides valuable insight into the efficacy of
superdrainage and supercharge.

We describe a technique that represents one option
for colon interposition when using the right hemico-
lon. In conclusion, the right hemicolon interposition
with the routine use of superdrainage by microvascu-
lar surgery is associated with satisfactory postopera-
tive outcomes.
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