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hile the gastric conduit has been the method of choice
for esophageal replacement for most surgeons,1,2 the

olon also is well-suited for use as an esophageal substitute.
he colon’s segmental vascular anatomy, supplied by the
ight colic, middle colic, and inferior mesenteric arteries, in-
erconnected by the marginal artery of Drummond, allows
or short or long interposition segments. Our practice has
een to utilize the colon interposition conduit for esophageal
econstruction following esophagectomy with total gastrec-
omy for large Siewert type 2 or 3 carcinomas, laryngopha-
yngoesophagogastrectomy for cervical carcinomas, or in pa-
ients with esophageal discontinuity, having had, for
xample, a history of gastric necrosis requiring completion
astrectomy and end esophagostomy.3

Colon interposition has been an option for esophageal re-
lacement since its successful clinical introduction in
911.4,5 Advantages to using the colon as an esophageal sub-
titute include its length and excellent blood supply. Func-
ionally, patients with a colon interposition may have less
egurgitation than those with a gastric conduit. When com-
ared with the gastric conduit, relative disadvantages for co-

on interposition include longer operating time and increased
echnical complexity, as well as the long-term complication
f graft redundancy.6-8

The timing for reoperation is determined electively, once
he patient has stabilized medically and nutritionally, typi-
ally at least 4 to 6 months following the initial operation. If
he initial resection had been undertaken for esophageal or
astric malignancy, reevaluation for recurrent or metastatic
isease is necessary before proceeding with major abdominal
nd thoracic reoperation. It is important to emphasize that
he patient and/or family maintain patency of the end esopha-
ostomy by frequent digital dilation during the interim be-
ween initial resection and planned reconstruction, to pre-
ent stomal narrowing and stricture formation that would
horten the amount of esophagus available for re-anastomo-
is.
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In addition to any necessary restaging studies, preopera-
ive evaluation of the colon includes a barium enema partic-
larly to determine whether the patient has extensive diver-
icular disease that would preclude use of that segment of
olon for esophageal reconstruction. Since the mesenteric
rcade will be evaluated for patency and continuity intraop-
ratively, our group does not perform mesenteric arteriogram
outinely. Such preoperative imaging can be obtained for the
atient with a history of tobacco use, or peripheral vascular
isease, based on findings at preoperative physical examina-
ion.

Before scheduling reoperation, patients are instructed that
moking cessation, regular exercise (ambulating 2 to 3 miles
er day), and use of an incentive spirometer are absolute
rerequisites. Nutrition is maintained via feeding tube, with
onthly vitamin B12 replacement for patients with prior

astrectomy. Mechanical bowel preparation is recom-
ended, and perioperative second-generation cephalosporin

ntibiotic prophylaxis is administered.

onduit Route
n positioning an esophageal substitute for a cervical anasto-
osis, the posterior mediastinum (Fig. 1B) serves as the short-

st and most direct route between the abdominal cavity and
eck; the technique for this has been described previously.9-11 In
he reoperative setting, when the normal tissue planes in the
osterior mediastinum have been obliterated following prior
sophageal resection, retrosternal placement of the esopha-
eal substitute (Fig. 1A) is our next preferred route. Retro-
ternal conduit placement also can be considered during
sophageal resection for malignant disease if there is gross
esidual tumor (R2), for which postoperative radiation of the
osterior mediastinal bed might be indicated, to limit radia-
ion-induced injury to the esophageal substitute.12 If the an-
erior mediastinum has been obliterated by prior cardiac sur-
ery, particularly coronary artery bypass grafting, then a
aramediastinal route can be utilized, either posterior or an-
erior to the pulmonary hilum.

perative Technique
bdominal Exploration

everal questions should be addressed at initial exploration:

hether the remnant stomach, if any, is adequate anatomi-
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232 A.C. Chang
ally for use as an esophageal substitute or as the site for distal
olonic anastomosis and whether the colon has continuity of
ts vascular arcade via the marginal artery of Drummond. The
atient is positioned supine, with the head turned to the right
nd a shoulder roll placed posteriorly to extend the neck. An
pper midline incision, extending several centimeters below
he umbilicus, is made (Fig. 2). For patients who have had
rior abdominal surgery, and for whom the stomach is still
eing considered as a possible conduit, dissection of adher-
nt greater omentum from the abdominal wall must proceed
ith caution, to avoid injury to the greater curvature of the

tomach and the right gastroepiploic artery. If the remnant
tomach is of adequate length and has an intact right gastro-
piploic arcade, then reconstruction can be performed with
his conduit. Alternatively, the remnant can be used for the
istal colonic anastomosis or completion gastrectomy can be

Figure 1 Potential locations for the colon interposition
sternal or anterior mediastinal; (
erformed. Our preference, to reduce biliary reflux or other c
omplications arising from incomplete gastric emptying, is to
erform completion gastrectomy with a roux-en-Y distal
olojejunostomy (Fig. 3).

The greater omentum is divided from its adhesions to the
ransverse colon. In the setting of prior gastrectomy or gastric
obilization, if there is no residual right gastroepiploic ar-

ade, the greater omentum should be amputated. The colon
s mobilized from its lateral attachments, with care taken to
reserve the mesenteric vessels within the mesocolon, which
ay have been distorted due to prior upper abdominal sur-

ery (Fig. 4). Before proceeding further, once the middle and
ight colic arteries are identified, these should be occluded
emporarily using small vascular clamps (Fig. 5A). Continu-
ty of the collateral mesenteric vessels (marginal artery) is
etermined by palpation and Doppler flow probe interroga-
ion of vasculature to the most proximal colon segment being

t during esophageal reconstruction include: (A) retro-
erior mediastinal or orthotopic.
condui
onsidered for esophageal reconstruction (Fig. 5B).
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Figure 2 Surface anatomy and possible locations for placement of an end esophagostomy.



234 A.C. Chang
Figure 3 Completed Roux-en-Y colojejunal anastomosis with feeding jejunostomy.
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Figure 4 Vascular supply to the colon with potential points of division for the interposition conduit. a. � artery; v. �

vein.
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236 A.C. Chang
obilization of the Esophagostomy
he skin surrounding the cervical esophagostomy is incised cir-
umferentially and the remnant cervical and upper thoracic
sophagus is freed from its surrounding attachments along the
rior subcutaneous tunnel (Fig. 6). A 32-French Maloney dila-
or is passed perorally and through the esophagostomy to aid
his mobilization. To prevent compression of the colon interpo-
ition graft as it passes through the thoracic inlet, the left clavic-
lar head, medial articulation of the first rib, and left half of the
anubrium are resected (Fig. 7). An extrapleural dissection is
ndertaken to avoid injury/disruption of the underlying internal
horacic vessels. Patients should be forewarned that resection of
he sternoclavicular joint can result in minor impairment of

Figure 5 Assessment of the marginal artery. After serial o
(B) is used to assess for pulsatile arterial flow within the
psilateral shoulder function.13 t
The xiphoid process is resected and the underlying di-
phragm is divided from its attachment to the xiphister-
um. The retrosternal tunnel is created by gradual manual
issection, working from the abdominal and cervical inci-
ions. Conduit length is estimated by laying an umbilical
ape from the upper aspect of the abdominal incision to
he base of the neck. The colon is divided distally at the
evel of the vascular pedicle, which will supply the con-
uit, and proximally at the appropriate length. A penrose
rain is secured to the proximal end of the colon conduit
t the antimesenteric taenia coli and used to guide the
onduit. In this process, the conduit is introduced through
he subxiphoid space and advanced gently without traction

n of the middle colic vessels (A), a Doppler flow probe
nal artery.
cclusio
hrough the retrosternal tunnel.
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Colon interposition for staged esophageal reconstruction 237
igure 6 Mobilization of an anterior tho-
acic end esophagostomy (A), beginning
ith circumferential incision of the stoma

B) and mobilization of the remaining up-
er and cervical esophagus (C).
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Figure 7 Excision of the left sternoclavicular joint, including the posterior prominence of the clavicular head, opens the
thoracic inlet and limits compression of the esophageal substitute as it passes through the anterior mediastinal or left

paramediastinal space.
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Colon interposition for staged esophageal reconstruction 239
igure 8 Once the colon conduit is
assed through the mediastinal space,
ny redundant colon is reduced gently
ack into the peritoneal cavity (A) to pre-
ent kinking or twisting of the intratho-
acic portion. The colojejunal anastomo-
is is performed first (B) to prevent any
istension by mucosal secretions within
he interposition conduit. The colojeju-
al anastomosis is placed in a retrocolic
osition (C).
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Figure 9 A Wützel feeding jejunostomy is placed in the afferent (biliary drainage) limb and passed across the jejunal

anastomosis, to limit potential distal obstruction of the colojejunal anastomosis.
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Figure 10 A side-to-side semistapled
esophagocolic anastomosis is completed.
After (A) making a vertical colotomy,
(B-C) 3-0 polyglycolic stay sutures are
placed and a linear stapler is deployed,
with the larger cartridge passed into the
esophagus. (D-E) The remaining anterior
�hood� of the esophagocolostomy is
closed in two layers.
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equence of Abdominal Anastomoses
nce the conduit is passed through the mediastinal tunnel,

entle traction is applied to reduce any redundancy in the
ntrathoracic colonic segment (Fig. 8A). The distal colon is
ivided, taking care to preserve the vascular arcade between
he left colic artery and marginal artery to the colon conduit.

point of division is selected in the jejunum 30 to 40 cm
istal to the ligament of Treitz, where the jejunum is cleared
f its mesenteric attachments for 1 cm, to allow placement of
gastrointestinal stapler. If a prior feeding jejunostomy has
een maintained for preoperative enteral nutrition, this site is
xcised and can be used as the point of division. To reduce
onduit distension, the distal colo-jejunal anastomosis is per-
ormed first. The distal staple line of the colonic interposition
onduit is excised and anastomosed in an end-to-side fashion
o the distal (efferent) jejunal limb. Our preference is to per-
orm a 2-layered hand-sewn anastomosis using a running 3-0
hromic catgut mucosal layer and interrupted 3-0 silk Lem-
ert outer seromuscular layer (Fig. 8B). Distal colic continu-

ty is then reestablished such that the colojejunal anastomosis
emains in the retrocolic position (Fig. 8C). The afferent je-
unal limb is then anastomosed side-to-side, 60 cm distal to
he colo-jejunal anastomosis. Titanium clips are placed to
ark the intra-abdominal anastomoses for subsequent radio-

raphic localization.
A new feeding jejunostomy is placed in the afferent limb,

sing a Wützel technique, and guided across the jejunal anas-
omosis to provide postoperative supplemental enteric nutri-
ion (Fig. 9). We use a 14-French red rubber catheter into
hich additional side holes have been cut. We have found

hat such a catheter is readily available and is easier for the
atient and caregivers to maintain, rather than the more per-
asive smaller caliber “needle jejunostomy” catheters that
ore frequently develop occlusions or inadvertently can be

emoved. The abdominal wound is closed after completion of
he cervical anastomosis, so that appropriate positioning of
he nasal drainage tube can be confirmed and further redun-
ancy of the interposition conduit can be corrected.

ervical Esophagocolic Anastomosis
ur technique for a stapled side-to-side cervical esophago-

astric anastomosis has been described in detail elsewhere
nd is readily adaptable for an esophagocolic anastomosis.
nce the esophagostomy and remnant proximal esophagus
ave been mobilized, the epithelialized segment is excised. A
ertical colotomy is made in the taenia coli opposite the mes-
ntery (Fig. 10A). A linear stapler is positioned, with the
arger cartridge limb placed in the esophageal lumen and the
arrower anvil placed in the colon, oriented along the axis of
he proximal esophagus pointed to the patient’s right ear and
losed (Fig. 10B-C). Using 3-0 polyglycolic suture, seromus-
ular Lembert tacking sutures are placed between the colon
nterposition conduit and the esophagus. After the stapler is
eployed and removed, a 16-French naso-“gastric” sump
rainage tube is placed and positioned such that the distal

nd crosses the distal conduit anastomosis. The anterior wall
f the esophagocolic anastomosis is closed in 2 layers, using
running 4-0 absorbable monofilament suture for mucosal

pposition and interrupted 4-0 absorbable monofilament
embert sutures for closure of the outer seromuscular layer
Fig. 10D-E). Metallic clips are placed to mark the cervical
nastomosis. A closed suction drain is placed adjacent to the
ervical esophagocolic anastomosis.

onclusions
ntraoperative or perioperative use of alpha-agonists should
e avoided, particularly if the patient is hypovolemic, to limit
planchnic vasoconstriction that would place not only the
sophagocolic anastomosis but the entire colon interposition
onduit at risk for ischemic complications, particularly conduit
ecrosis.14 Other postoperative complications include wound

nfection, anastomotic leak or stricture, recurrent laryngeal
erve palsy, pneumonia, atrial dysrhythmia, intra-abdominal
bscess, and abdominal fascial dehiscence. Nasogastric tube
rainage is maintained for 7 days postoperatively, followed by
barium esophagogram to assess for anastomotic leak or

istal obstruction. If no anastomotic leak is detected, both the
asogastric tube and the cervical drain are removed. Early
atient ambulation and frequent use of an incentive spirom-
ter are encouraged. Esophageal reconstruction using the co-
on interposition, particularly for the patient in discontinuity,
s a challenging operation, for which preoperative patient
ducation and assessment with appropriate rehabilitation
nd conditioning are essential.
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