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he history of long-segment jejunal interposition dates
Tfrom the early 1900s (Fig 1). Long-segment super-
charged pedicled jejunum (SPJ) interposition or a colon
interposition is most often performed when a stomach
conduit is not available. Small bowel is preferred over
colon because it is a better size match to the esophagus
luminal diameter, has intrinsic peristalsis, does not un-
dergo senescent lengthening, has less intrinsic disease,
and has more predictable mesenteric vascular arcades.
Much has changed since the previous report from my
colleagues and me in The Annals of Thoracic Surgery in
2012 [1]. Many details of the methods and pathway may
be opinion, but the technique described in this report has
worked well for my team and has resulted in more than
35 interpositions with no graft failures.

A preoperative checklist includes ensuring the absence
of active metastatic cancer, severe protein malnutrition,
severe deconditioning, or active infection; when appro-
priate, the esophagus is diverted. The SPJ interposition is
typically performed after diverting esophagostomy to
simplify and optimize the circumstances; therefore, the
posterior mediastinal route is rarely used. I recommend
making this surgery as routine and regular as possible,
leaving few items to variation. Making changes to the
procedure should be based on unacceptable morbidity or
new promising technology.
Preparation

The anesthesiologist places a right-sided central access
line, an arterial line, urinary catheter, sequential
compression hose, temperature probe, large-bore intra-
venous lines, and a single-lumen endotracheal tube and
avoids groin catheters. Subcutaneous heparin and pro-
phylactic antibiotics are also used. An NIM nerve moni-
toring system (Medtronic, Minneapolis, MN) is placed to
provide a recurrent laryngeal nerve alert, especially when
reoperating in the neck.

Transfusion is rarely required after this surgery, but
large blood losses can be encountered, and hypovolemia
should be avoided to protect the microvascular flap.
Intraoperative pressor agents are also avoided. Use of a
proactive transfusion schema is recommended.
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Intravenous fluids can be administered generously,
especially if the patient is dehydrated.
How I Teach It

This procedure has many steps and may be one of the
more difficult thoracic operations. Briefly, the sequence of
steps is as follows: exploratory laparotomy; lysis of ad-
hesions; takedown of prior feeding jejunostomy; selection
of jejunal arcades; exploration of the left side of the neck
through an oblique incision; takedown of diverting left
esophagostomy; resection of a quarter of the superior left
manubrium; resection of the head of the clavicle, the head
of the left first rib, and additional ribs as needed; prepa-
ration of the arteries and veins (left internal mammary
artery [LIMA]/transverse cervical artery and left internal
mammary vein [LIMV]/left external jugular vein [LEJV]);
retrosternal tunnel; division of jejunal branches and
fashioning the mesentery; delivery of bowel; esoph-
agojejunal anastomosis; supercharge of the vessels;
placement of monitoring devices, drains, and feeding
tube; and wound closure. When these steps are stan-
dardized and practiced, the procedure can become simple
and elegant.

Positioning and Incision
The patient is positioned supine, arms tucked on either
side, all pressure points padded, and a shoulder roll
placed behind the shoulders horizontally (an inflatable/
adjustable roll to extend the neck). Alcohol-based skin
preparation is applied from the chin to the knees, and
draping includes neck, chest, abdomen, groin, and both
legs in case a saphenous vein is needed. Nonalcohol-
based skin preparation is used for the esophagostomy
site and J tube or G tube site.

Exploratory Laparotomy
The upper midline abdominal incision is extended to
approximately 2 to 3 cm below the umbilicus (Fig 2).
Because most patients have undergone prior surgery, a
lengthy adhesiolysis may be expected. Often, bowel may
rotate around the feeding tubes and, in some cases, part
of the stomach may have been preserved, even with a
gastrostomy feeding tube in place. If an unexpected
pathologic process is encountered early and unexpected
procedures are performed, I recommend not proceeding
to the SPJ interposition.
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Fig 1. History of supercharged
pedicled jejunum (SPJ) interposition,
more than 100 years. (eso ¼ esoph-
agus; HMH ¼ Houston Methodist
Hospital; IMA ¼ internal mammary
artery; jej ¼ jejunal; MDACC ¼
M.D. Anderson Cancer Center;
pts ¼ patients; yr ¼ years.)
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Lysis of Adhesions and Takedown of Prior Feeding
Jejunostomy
The entire length of small bowel and appropriate mesen-
teric jejunal branches are identified. In case of prior sur-
gery or scar tissue, lysis of adhesions is performed so that
the small bowel can be evaluated in its entirety. The
feeding jejunostomy tube site is taken down and oversewn.

Selection of Jejunal Arcades
Several assistants may be needed when performing this
portion of the surgery—at least two people are required
Fig 2. Incisions (left) and summary of final positioning of bowel (right). (U
Research.)
to hold the bowel and one person to stand at the patient’s
left side and hold the light source for transillumination.
The appropriate selected arcades are marked using a
handheld light cord in a darkened operating room. The
superior mesenteric artery (SMA) has several jejunal
branches. The jejunal arcade has a distinct pattern, with
jejunal arteries supplying arcades that arch across to
branch into marginal arteries that terminate in the vasa
recta of the bowel (Fig 3). The first mesenteric branch of
the SMA is preserved (Fig 4). The second jejunal branch
of the SMA is prepared to be anastomosed to the LIMA
sed with permission of Mayo Foundation for Medical Education and



Fig 3. Mesenteric blood supply to the
jejunum. (SMA ¼ superior mesen-
teric artery). (Used with permission of
Mayo Foundation for Medical
Education and Research.)
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and LIMV, and the jejunum is transected between the
first and second jejunal arteries. The entire arcade pattern
must first be inspected to ensure the downstream
branches are intact and favorable for use. The third ar-
cade is divided and used as a pedicle. Several variations
may be used and differ on the basis of length needed,
patient anatomy, and thickness of the mesentery (Fig 5).
The fourth jejunal artery is typically maintained to supply
bowel that reaches into the chest but can also be trans-
ected for a bridge if additional length is needed (Fig 6).
Vessels are not cut until the donor vessel dissection is
complete, because division of the second arcade will start
the clock for ischemic time.

Exploration of the Left Side of the Neck Through an
Oblique Incision
A left-sided oblique neck incision is used and extended
laterally and superiorly if dissection of the LEJV is
needed. It is extended inferiorly in a vertical fashion to
expose the medial second rib (Fig 2). An elliptical incision
around the end esophagostomy is created so that a linear
closure can be performed. The end esophagostomy is
taken down, preserving tissue generously around the
organ to preserve blood supply.

Takedown of Diverting Left Esophagostomy
After the esophagus is completely mobilized, the head of
the clavicle is identified. A quarter of the superior left
manubrium is then resected, along with the head of the
clavicle and the head of the left first rib, with possible
resection of the medial aspect of the left second rib (if
additional length for the mammary artery is needed).
A sternal saw is used to divide the manubrium in the

midline. This incision in the bone extends down to the
insertion point of the left second rib (Fig 2). A Midas Rex
surgical drill (Medtronic) with a diamond-tip burr can
Fig 4. Arterial division and prepa-
ration of the mesentery for the bowel
interposition. Numbers represent the
second through fifth arcade of the
branches of the small bowel. (Used
with permission of Mayo Foundation
for Medical Education and Research.)



Fig 5. Variations in vessel preparation for supercharged pedicled
jejunum interposition. Numbers represent the second through fifth
arcade of the branches of the small bowel. (Used with permission of
Mayo Foundation for Medical Education and Research.)
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soften the edge and prevent erosion into the vessels
nearby. Preserving the posterior perichondrium of the ribs
will make later dissection and preparation of the LIMA/
LIMV easier. The periosteal/perichondrial flap from the
medial aspect of the ribs is then used to cover the bony
edge. A left pectoralis muscle flap is raised (where the
drain will later be embedded), as is a right-sided limited
pectoralis flap (used to cover the left edge of the bone).

Preparation of the Arteries and Veins (LIMA/Transverse
Cervical Artery and LIMV/LEJV)
Maturation of the LIMA and LIMV is then performed
with tenotomy scissors and bipolar electrocautery. Prep-
aration for microvascular anastomosis includes dissection
to the subclavian vessels to the top of the second or third
rib. The LEJV and transverse cervical artery can also be
dissected if the LIMV is too small for the mesenteric vein,
as is frequently the case. That is done by raising a sub-
platysmal flap over the left side of the neck. It is dissected
distally toward the head.
Retrosternal Tunnel
A tunnel is created behind the sternum, taking care to
avoid entry into either pleural space. The incision begins
anteriorly on the inside of the diaphragm just below the
sternum, using blunt dissection in front of the pericar-
dium in the anterior mediastinal space. Dissection by
hand can be used to clear the avascular space but can
cause hypotension from compressing the heart. The ideal
space is for a small hand (6 to 6.5 glove size) to pass. The
hand is passed until it can be seen adjacent to the undi-
vided LIMA/LIMV. The endothoracic fascia is divided
until the gloved finger can easily be seen and there is
adequate space for passage of the jejunum. An ultra-
sound probe cover or drain is delivered through the
tunnel, exiting from the anterior midline diaphragm
incision.
Division of Jejunal Branches and Fashioning the
Mesentery
Thoracic and plastic surgery teams work together to
dissect the jejunal branches; at this point the second je-
junal artery is divided as the last act before passing the
bowel into the probe cover to be transposed within the
tunnel to the upper chest for microvascular augmenta-
tion. Figure 6 shows various bowel configurations to
demonstrate patient differences. The bridging arteries are
transected with two clips on the proximal side, two clips
on the distal side, and a 4-0 Prolene (Ethicon, Somerville,
NJ) suture ligature. Sharp tenotomy scissors are used to
divide between the clips and the suture ligature, and the
mesentery can be divided with either bipolar cautery or
tying of vessels.
Delivery of Bowel and Esophagojejunal Anastomosis
It is necessary to unfurl the bowel before passage through
the anterior mediastinum. This portion of the surgery will
require estimating the length to take the mesenteric
vessels from the second jejunal artery branch off the SMA
to the LIMA. The bowel has a 3:1 ratio of bowel length to
mesentery. Some exceptional arcades do not require di-
vision of the mesentery to the level of the bowel (Fig 6C),
but the mesentery will most often require division to the
level of the bowel to straighten the conduit (Figs 6D, 6E).
The bowel is then placed within the probe bag and tacked
in two areas to prevent twisting. The mesentery is placed
to the left side of the patient, and during passage, one of
the surgeons ensures there is no twisting during delivery
through the tunnel. After the jejunum is tunneled, the
LIMA/LIMV are prepared for anastomosis. Alternatively,
they can be prepared just before passing the bowel
through the tunnel.
A modified, double-layered, handsewn, end-to-end

Sweet anastomosis of the end of the esophagus to the
end of the proximal jejunum is performed (Fig 7).
Redundant bowel is resected and discarded. It is impor-
tant to make sure the bowel is straight and not under
tension. The area around the anastomosis is reinforced
with 3-0 silk suture. A nasogastric tube is not needed.



Fig 6. Unfurling the small bowel. (A)
Mesentery splayed on the abdomen
and marked. (B) Preparing to divide
the second jejunal artery. (C) Bowel
mesentery that does not require divi-
sion of the mesentery to the bowel
edge. (D) Redundant bowel before
mesentery division. (E) Straight
bowel after division of the mesentery
to the bowel wall.
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Supercharging
For the supercharging—adding a free anastomosis to
augment the blood supply to a partially pedicled flap—
an interrupted arterial anastomosis of the mesenteric
artery to the LIMA is performed under the operating
microscope, using 10-0 Ethilon suture (2870G; Ethicon)
and stabilizing with Acland double-clamp approximators
Fig 7. Microvascular anastomosis. (A) Arterial anastomosis. (B) Arterial and
(C) Venous coupler with vein being loaded. (D) Joining of the coupler devi
(BD, Franklin Lakes, NJ) (Fig 7). Typically, the LIMV is
exceedingly small and a poor match for the jejunal vein.
Therefore, a 3.5-mm or 4.0-mm GEM microvascular
anastomotic coupler system (Synovis Life Technologies,
St. Paul, MN) (Fig 7C–7E) is used for anastomosis of the
LEJV to the mesenteric vein under the operating mi-
croscope. Vessels are positioned to prevent kinking.
venous anastomosis finalized with internal Doppler ultrasonography.
ces for venous anastomosis. (E) Final venous anastomosis.



Fig 8. Neck wound closure and exit sites of the drains and internal
Doppler probe.
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Once the vascular anastomoses are complete, the venous
clamps are removed first to prevent congestion, and then
the arterial clamps are removed. Peristalsis should
restart at this point. In the event the patient has had a
LIMA bypass, the right-sided vessels can and have been
used.

Placement of Internal Doppler Probe for Monitoring
An internal Cook-Swartz Doppler blood-flow monitor
probe (Cook Medical, Bloomington, IN) is inserted and
attached to the vessels for separately monitoring the ar-
tery and the vein. It is delivered onto the external surface
of the skin and secured to the anterior chest wall with
staples (Fig 8).

Placement of Drains
Several (typically three or four) 7-mm to 10-mm flat
perforated drains are placed on the far left side of the
neck and in the right pectoralis flap tunnel to drain the
neck area without excessive pressure, suction, or direct
contact with the anastomosis. These are brought out of
the skin and sutured into place.

Neck Closure
The redundant mesentery from the small bowel is tacked
over the area of the anastomosis. Fibrin sealant (Tisseel;
Baxter Healthcare, Deerfield, IL) is applied to the vessels
around the anastomosis to buttress and protect the ves-
sels. The subcutaneous tissue is closed with 3-0 Vicryl
(Ethicon) or polydioxanone (PDS) suture. The pectoralis
advancement flap is then repositioned, and 4-0 Monocryl
(Ethicon) suture is used to close the skin in a subcuticular
fashion; vertical mattress sutures of 3-0 Monocryl are
then placed throughout to close the skin of the neck and
upper chest in other selected areas. A small monitoring
window is left in place to check the underlying bowel and
mesentery (Fig 8).

Feeding Tube Placement
The feeding gastrostomy tube is left in place if the jejunum
is not used as a feeding tube. Alternatively, a new jejunal
feeding tube is createdwith a pursestring and tacked to the
anterior abdominal wall. Mesenteric Petersen defects are
closed to prevent later internal herniation. These include
the edge of themesentery along the antecolic transposition
of the proximal Roux limb, as well as the edge of the
mesentery along the jejunojejunostomy. The defect of the
diaphragm is also closed along the bowel, with care not to
damage the underlying vessels.

Abdominal Wound Closure
Just before performing the neck microvascular work, the
abdomen is closed with a 0-looped PDS suture in a
running fashion. No drains are left in the peritoneal
cavity.

Postoperative Care
A piece of nonadhering dressing (Adaptic; Acelity, San
Antonio, TX) is sutured along one side to act as a window
to cover and protect the serosa. Petrolatum wound dres-
sing (Xeroform; DeRoyal, Knoxville, TN) and bacitracin
are applied to the neck and chest incisions. The patient is
awakened from general endotracheal anesthesia and
transferred to an intensive care unit bed. Great care is
taken to prevent any dislodging of the Cook-Swartz
Doppler probe. Immediately after the surgery, rectal
aspirin is administered. The patient is then transferred to
the postanesthesia care unit when in stable condition.
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