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Long-segment substernal jejunal esophageal replacement
with internal mammary vascular augmentation

R. F. Heitmiller, P. J. Gruber, P. Swier, N. Singh

Department of Surgery, The Johns Hopkins Medical Institutions, Baltimore, MD, USA

SUMMARY. We describe a technique that uses the internal mammary vessels to enhance long-segment jejunal
graft blood supply in addition to an intact distal mesenteric vascular arcade. We believe that this technique, called
vascular augmentation, improves jejunal graft perfusion and decreases ischemic complications.

INTRODUCTION

Because of technical di�culties in the mobilization of
long-segment grafts and concern regarding ischemic
complications, many esophageal surgeons reserve the
jejunum for short-segment or distal esophageal
replacement. We describe a technique that uses the
internal mammary vessels to enhance long-segment
jejunal graft blood supply in addition to an intact
distal mesenteric vascular arcade. We believe that this
technique, called vascular augmentation, improves
jejunal graft perfusion and decreases ischemic com-
plications. The details of this approach are presented.

CASE REPORT

The patient is a 66-year-old man with a distal
esophageal adenocarcinoma who underwent pre-
operative chemotherapy (5-¯uorouracil, cis-plat-
inum) and radiotherapy (4500 cGy) followed by
trans-hiatal esophagectomy. The post-operative
course was uncomplicated and the pathological stage
was T3N1M0. In follow-up, the patient underwent a
series of esophageal dilatations for a tight cervical
anastomotic stricture that resulted in a large tracheo-
esophageal ®stula (TEF) at the level of the proximal
trachea. No evidence of recurrent cancer was identi-
®ed. Using a left cervicomediastinal incision, the TEF
was divided and the airway repaired. The esophago-
gastric anastomosis was occluded with ®brous tissue.

The stomach appeared healthy; however, the esoph-
agus and stomach could not be mobilized to permit
end-to-end anastomosis. The proximal esophagus
was turned out as a cervical ostomy. Enteral feedings
were instituted via a jejunostomy tube. Long-segment
colon interposition reconstruction was considered;
however, a preoperative mesenteric angiogram dem-
onstrated a completely occluded inferior mesenteric
artery and a stenosis of the celiac artery at its origin.
It was elected to try esophageal reconstruction using
either a free jejunal graft between the proximal
esophagus and stomach or long-segment jejunum.
At laparotomy, the jejunum was mobile, without
adhesions and with large, prominent vascular
arcades. A long Roux-en-Y limb of jejunum was
selected based on three mesenteric vascular arcades.
The proximal two were divided to achieve su�cient
length to permit passage of the bowel to the neck. A
median sternotomy was performed and the left
internal mammary vessels were mobilized, as for
coronary revascularization. The isoperistaltic jeju-
num was passed through the anterior mediastinum
into the neck. The internal mammary artery and vein
were anastomosed to the respective mesenteric vessels
of the proximal mesenteric arcade using 9±0 nylon
and microvascular techniques. Then, a cervical end-
to-end esophagojejunal anastomosis was fashioned
and the Roux loop completed in the abdomen. The
completed reconstruction is illustrated in Fig. 1. The
post-operative course was uncomplicated. No anas-
tomotic leak or stricture was identi®ed. The patient
was discharged on oral and enteral feedings. He is
now eating regular food and weaning from enteral
tube feedings with the expectation of jejunostomy
tube removal.
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COMMENT

The use of the jejunum as an esophageal replacement
conduit is well-established. Roux1 described its use
for esophageal replacement in 1907. Since then,
multiple jejunal reconstructive techniques have been
described including free grafts, pedicled interposition
segments, intact loops or Roux-en-Y limbs. Propo-
nents of using the jejunum for esophageal replace-
ment cite its availability, equivalent esophageal
diameter, peristalsis and the lack of a need for
preoperative bowel preparation. Critics cite technical
di�culties in mobilization and the jejunal mesenteric
vascular anatomy, which limits the length of small
bowel that can be mobilized without risking ischemic
complications. Despite the fact that Rienho�2 des-
cribed long-segment esophageal replacement using
jejunum in 1942, subsequent reports using similar
techniques are very limited.3 Because of the concern
regarding ischemic complications, many esophageal
surgeons use jejunal grafts only for short-segment or
distal esophageal replacement.4±9 If total or near-
total esophageal replacement is indicated, then the
stomach or colon are preferred because the blood

supply of these conduits is su�cient for safe, long-
segment esophageal replacement. There are patients,
however (as with our patient), who, because of
previous surgery, radiation, age, associated bowel
disease, or atherosclerotic vascular disease, do not
have either the stomach or colon available for
esophageal reconstructive use. For these patients,
long-segment jejunal interposition may be the best
remaining reconstructive alternative.

The technique of vascular grafting to a segment of
bowel that has been mobilized for esophageal
replacement, in addition to its mesenteric blood
supply, is termed vascular augmentation. A donor
graft that is mobilized with a dual blood supply, one
native and the other surgically created, is often
referred to as ``supercharged'' because of its enhanced
perfusion. Although supporting data are lacking, we
feel that the technique of vascular augmentation
improves long-segment jejunal graft perfusion and
decreases ischemic complications that have historic-
ally been associated with these grafts.

Technical guidelines for using this technique
include the following. The operative ®eld should be
widely prepared to include the neck, anterior chest
and abdomen. Explore the abdomen and select an
appropriate length of jejunum. The jejunal segment
should not include the ®rst vascular arcade distal to
the ligament of Trietz as this will limit mobility and
jeopardize vascularity to the distal duodenum.
Determine which vascular arcades will supply the
graft. The distal most arcade will be left in situ. Do
not divide the proximal arcade(s) at this time. Open
the anterior mediastinum using a median sternotomy
incision. The patient does not need to be repositioned
for this second incision. This technique results in
substernal esophageal replacement. We do not feel
that this compromises esophageal reconstructive
function. In many cases involving complex esopha-
geal reconstruction, the substernal approach is pref-
erentially selected, as the posterior mediastinum has
been obliterated by previous surgery. In addition, an
open surgical approach prevents traction injury to the
bowel or its blood supply when the graft is pulled
through the closed substernal space. The proximal
esophagus is prepared for anastomosis using a
cervical incision. The left internal mammary artery
and vein are mobilized as a single pedicle in a fashion
identical to the preparation for coronary revascular-
ization (the pedicle will be based superiorly). Ligate
the proximal mesenteric vascular arcades to the
jejunal graft, leaving the distal arcade intact. Pass
the isoperistaltic graft to the neck through the
anterior mediastinum. Perform sequential arterio-
venous anastomosis between the internal mammary
vessels and the corresponding vessels of the proximal
mesenteric arcades. In this patient, we used micro-
vascular anastomotic techniques for the vascular
anastomoses. However, it may be possible to perform

Fig. 1 An overview of the operative technique is illustrated. A
median sternotomy and midline laparotomy incision have been
employed. A long-segment, isoperistaltic, Roux-en-Y jejunal graft
is passed through the anterior mediastinum and anastomosed to
the cervical esophagus. The jejunal graft has a dual blood supply,
one native (the preserved distal mesenteric vessels) and the other
from the left internal mammary vessels that are anastomosed to the
proximal mesenteric vessels. SMA, superior mesenteric artery;
SMV, superior mesenteric vein.
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the vascular anastomosis using standard loupe mag-
ni®cation. Complete the bowel reconstruction using
proximal esophageal anastomosis and distal comple-
tion of the Roux-en-Y limb. An overview of the
completed reconstruction is illustrated in Fig. 1.

Cusick et al3 reported their results with ®ve pedi-
atric patients in which jejunal interposition was
employed for long-gap esophageal atresia. In four
patients, the long-segment jejunal graft was supported
by an intact distal mesenteric arcade, as well as a
vascular graft to the superior thyroid artery and
internal jugular vein. In the remaining patient, a free
jejunal graft was used based on the internal mammary
artery and the external jugular vein. The advantages
of using the internal mammary vessels for vascular
augmentation (as we describe) include their availab-
ility, single-pedicle arteriovenous blood supply, ease
of harvesting and mobility of the vascular pedicle,
which allows the augmenting blood supply to be
brought to the jejunal graft. If needed, multiple site
revascularization using both the left and right internal
mammary pedicles would be possible. The technique
could also be applied to interposed colon grafts.

The technique of long-segment substernal jejunal
esophageal replacement with internal mammary vas-
cular augmentation should be considered as a recon-

structive option, especially in patients in which the
stomach or colon are not readily available for use.
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