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Introduction

Since Cuschieri et al. [1] reported the first series of 5 cas-
es of minimally invasive esophagectomy (MIE), MIE has
become an established and widely accepted approach for
treating esophageal malignancies over the past 2 decades.
It has been reported that when MIE is performed at
high-volume centers, it shows similar clinical outcomes in
terms of morbidity, mortality, and other oncologic out-
comes to those of open esophagectomy, with clear advan-
tages due to the minimally invasive approach [2]. Although
MIE is technically demanding and involves a definite
learning curve for surgeons, it is nonetheless an excellent
approach for esophagectomy. The advantages of the mini-
mally invasive approach include less postoperative pain
and blood loss, a reduced incidence of pulmonary compli-
cations, and shorter hospital stays [3-5]. MIE techniques
have been developed and evolved significantly from the
initially used hybrid approaches (thoracoscopy combined
with laparotomy or laparoscopy combined with thoracos-
copy) to the totally minimally invasive approaches (thora-
coscopy combined with laparoscopy, totally robotic) in
current use. The esophagogastric anastomosis can be
placed at cervical or intrathoracic location. The cervical
anastomosis has been reported to pose a higher risk of
anastomotic leakage, stricture, recurrent laryngeal nerve

The extracorporeal anastomosis technique for video-assisted thoracoscopic surgery (VATS)
intrathoracic esophagogastric anastomosis is a convenient, easy technique to use in VATS
esophagectomy. The surgeon can assess the viability and the status of the gastric conduit,
and the introduction of a circular stapler can be easily done under direct vision extracorpo-
really, enabling easy and simple VATS intrathoracic anastomosis between the esophagus
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injury, and swallowing dysfunction, but with less severe
morbidity from any leakage that does occur [6-8]. In con-
trast, transthoracic anastomosis has been reported to have
more morbid consequences when an anastomotic leakage
occurs [9]. When the 3-field MIE McKeown operation is
performed, every surgeon can assess the viability of the
gastric conduit under direct vision. However, when the
MIE Ivor Lewis operation is performed, direct visual as-
sessment of the gastric conduit is very difficult, as it relies
only on the quality of the thoracoscopic vision. Therefore,
some reports have described successfully assessing gastric
conduit viability by using fluorescence dyes such as indo-
cyanine green [10-12]. However, these novel techniques of
assessing gastric conduit viability by using novel imaging
systems are not always available at relatively small-volume
centers, and this discrepancy may explain why better clini-
cal outcomes have been reported from large-volume cen-
ters. We would like to introduce a hybrid Ivor Lewis MIE
technique (thoracoscopy combined with laparotomy) for
video-assisted thoracoscopic surgery (VATS) extracorpore-
al intrathoracic esophagogastric anastomosis that can be
easily performed and enables surgeons to assess the viabili-
ty of the gastric conduit under direct vision.
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Preoperative workup and planning

The preoperative workup is not different from that of
patients undergoing open esophagectomy. Esophagogastro-
duodenoscopy is always performed to confirm the precise
location of the tumor, its proximal and distal margins, the
presence of Barrett esophagus, and the status of the stom-
ach for the conduit. Computed tomography of the chest
and abdomen, endoscopic ultrasonography, positron emis-
sion tomography-computed tomography, pulmonary func-
tion testing, and a cardiac function evaluation are per-
formed. Patients with advanced clinical stages who have
undergone neoadjuvant treatments (chemotherapy or
chemoradiation) are also similarly prepared. Patients with
upper esophageal cancers undergo the McKeown operation
and are not candidates for this technique. Smoking cessa-
tion for 2 weeks or more is mandatory for every patient to
minimize postoperative pulmonary complications. Anti-
platelet agents such as aspirin or clopidogrel are stopped 5
days before surgery.

Operative techniques
Anesthesia

All anesthetic procedures are performed or supervised
by anesthesiologists who have experienced 100 or more
esophagectomy cases. For all patients, endotracheal intuba-
tion for single-lung ventilation is performed with a left-sid-
ed double-lumen endotracheal tube (Shiley endotracheal
tube; Medtronic, Minneapolis, MN, USA). The diameter of
the double-lumen tube is determined according to the in-
ner diameter of the left main bronchus of the patient on
preoperative computed tomography. Patients are moni-
tored with pulse oximetry, electrocardiography, and inva-
sive and non-invasive measurements of arterial blood pres-
sure. Central venous catheter insertion is not mandatory,
and is mostly performed only in patients with advanced
tumor stages or patients who have undergone neoadjuvant
chemoradiation. A nasogastric Levin tube is always placed
before surgery.

Abdominal phase: gastric mobilization

The patient is placed in the supine position. The arms
can be abducted or not. The surgeon operates on the right
side of the patient.

The abdomen is mapped, and a midline laparotomy inci-
sion is made from below the xiphoid process to the umbili-

cus. The abdomen is thoroughly staged by inspecting and
palpating the liver, peritoneum, and omentum to rule out
any metastatic disease. A large wound protector with an
OmniFlex retractor (Gadelius Medical K.K., Tokyo, Japan)
affords an excellent surgical field (Fig. 1).

After identifying the gastrocolic omentum, the lesser sac
is entered by creating a window at the greater omentum.
Division of the omental branches of the gastroepiploic ar-
tery is performed. The right gastroepiploic arcade can be
identified clearly by inspection and palpation, and must be
protected securely during this procedure.

Dissection is continued along the greater curve of the
stomach until the gastroepiploic arcade ends, and then di-
vision of the short gastric vessels is performed using energy
devices: ultrasonic shears (Harmonic HD 1000i; Ethicon,
Raritan, NJ, USA) or bipolar devices (LigaSure; Medtron-
ic). Especially when dividing the short gastric vessels by
these energy devices, making the division closer right next
to the gastric conduit is helpful for minimizing unsuspect-
ed bleeding after division with an energy device. Retrogas-
tric attachments are divided after completing the division
of the short gastric vessels.

Dissection of the pyloroantral region must be carefully
and meticulously done because any injury to the proximal
right gastroepiploic artery can result in a very frustrating
situation. A partial or complete Kocher maneuver is some-
times needed for adequate mobilization.

The gastrohepatic ligament is opened. Triangular resec-
tion of the gastrohepatic ligament is helpful, affording ade-

Fig. 1. Surgical view of midline laparotomy and gastric tube for-
mation. Note that the 4-cm length of the uppermost fundus is left
intact, not fully divided.
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quate access for sweeping the lymph nodes (LNs) and fatty
tissue, including the celiac LN, left gastric LNs, and LNs
along the splenic artery and the superior border of the pan-
creas. The left gastric artery and vein can be easily identi-
tied and dissected after this LN dissection. The left gastric
artery and vein are divided after proximal double-ligation
or double clipping using Weck Hem-o-Lok clips (Teleflex,
Morrisville, NC, USA).

Dissection of the crus and mobilization of the distal ab-
dominal esophagus are performed. The distal esophagus is
retracted anteriorly, posteriorly, and bilaterally, and it then
can be easily mobilized. Division of the crus is helpful for
subsequent passage of the gastric conduit. A width of 3 fin-
gerbreadths is adequate for most of the gastric conduit pas-
sage. At this point, the distal esophagus, gastric fundus,
and antrum should be completely freely mobilized.

Abdominal phase: gastric tube formation

The Levin tube is requested to be withdrawn until 20 cm
at the nasal orifice. The gastric tubing is performed before
the pyloric drainage procedure (pyloromyotomy/pyloro-
plasty) and feeding jejunostomy, providing time to assess
the viability of the gastric conduit.

The stomach is well stretched by the hands of the sur-
geon and the first assistant, and then the stomach is first
divided across the antrum with an endoscopic purple sta-
pler (Endo-GIA 60 mm Reload with Tri-staple Technology;
Medtronic) or an endoscopic green stapler (Ethicon+Stapler
with GST Reloads; Ethicon). When using the Ethicon sta-
pler, we always hold the jaws in place for 15 seconds prior
to firing for better compression and staple formation.

The subsequent stapling continues toward the fundus,
maintaining a conduit width of 4-5 cm, parallel to the
greater curvature. The stapling finishes with 4 cm of the
fundus left intact, which later becomes an extracorporeal
passage route for an EEA Circular Stapler (Medtronic).
This site eventually needs to be stapled intrathoracically in
the thoracic phase, so this area is marked with a surgical
marker pen anteriorly and posteriorly (Fig. 1).

Reinforcing seromuscular sutures can be made along the
stapler line, according to the surgeon’s preference. We pre-
fer to make seromuscular sutures at least at every junction
of the stapler lines.

Abdominal phase: pyloric drainage procedures
and feeding jejunostomy

Any pyloric drainage procedure—pyloromyotomy, pylo-
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roplasty, or botulinum toxin injection—can be performed
following the surgeon’s preference. We usually perform a
pyloromyotomy with an electrocautery amplitude of 5-10.
The innermost layer of the pyloric muscle is divided by
carefully removing the muscle fibers with a mosquito
clamp, rather than by dividing the muscle through electro-
cautery.

Feeding jejunostomy tube insertion can be also per-
formed according to the surgeon’s preference. We usually
perform feeding jejunostomy tube insertion in a Witzel
fashion.

The laparotomy wound closure is performed layer-by-
layer. We usually do not place any intraabdominal drains
such as a Jackson-Pratt drain.

Thoracoscopic phase (VATS phase): positioning
and port placement

The patient is repositioned into the left lateral decubitus
position for the thoracoscopic phase. The location of the
double-lumen tube is reconfirmed by the anesthesiologist.
The operating surgeon stands on the right side of the pa-
tient, while the assistant stands on the left side of the table.

Four thoracoscopic ports are used. The right scapula and
the locations for the ports are shown in Fig. 2A. A 5-cm
utility incision is made on the fifth rib on the anterior axil-
lary line, and then a 4-cm segment of the fifth rib is resect-
ed using a periosteal elevator and a rib cutter (Fig. 2B).
Sharp resection margins of the ribs are made blunt by us-
ing a rongeur. A 14-mm incision is made on the seventh
intercostal space, along the midaxillary line, for a 12-mm

Fig. 2. (A) The location of the ports to be placed is shown by a
marker pen. (B) A 4-cm segment of the fifth rib is resected for sub-
sequent easy passage of the extracorporeal procedures. (C) Image
after the port placement.
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trocar. A 7-mm incision is made on the sixth intercostal
space, anterior to the scapular tip, for a 5-mm trocar. Fi-
nally, a 12-mm incision is made on the third intercostal
space, along the anterior axillary line, for a 10-mm trocar,
which is used as an assistant port. The completed port
placement is shown in Fig. 2C.

Thoracoscopic phase (VATS phase):
esophagectomy and LN dissection

The mediastinal pleura is vertically opened along the
course of the esophagus. The azygous vein is divided using
a vascular endoscopic stapler. The posterior stump of the
divided azygous vein is sutured to the posterior mediasti-
nal pleura with a 3-0 silk suture, and the suture is then
tacked and clipped with a 5-mm Weck Hem-o-Lok. This
affords a better surgical view of the esophagus. This tack-
ing suture is later removed before wound closure.

Esophagectomy using an energy device is performed.
Whether or not to remove the entire mesoesophagus, in-
cluding the thoracic duct, relies on the surgeon’s prefer-
ence. We usually keep the thoracic duct intact. After fin-
ishing esophagectomy, complete total 2-field LN dissection
is performed. The bilateral paraesophageal, bilateral recur-
rent laryngeal, subcarinal, hilar, and aortopulmonary win-
dow LNs are completely removed.

Thoracoscopic phase (VATS phase):
extracorporeal introduction of the circular stapler

A purse-string suture is made at the upper thoracic
esophagus over the azygous vein level with a 2-0 polyester
suture (Ethibond EXCEL; Ethicon). Then, a vertical
esophagotomy incision is made 5-10 mm below the purse-
string suture. The anvil for a 28-mm or 25-mm circular
stapler (EEA Circular Stapler; Medtronic) is vertically in-
serted into the esophagotomy. The anvil is then introduced

into the upper thoracic esophagus through the purse-string
suture. When introducing the anvil upward, keeping the
anvil vertically while pushing the anvil upward enables us
to pass the anvil through the purse-string suture more eas-
ily (Fig. 3). After the anvil passes the purse-string suture,
the anvil is rotated, and then the suture is tied down.

The proximal esophagus is divided right below the pre-
viously tied-down purse-string suture, then is brought out
extracorporeally through the utility incision and tied down
with a 2-0 silk ligature.

The gastric conduit is pulled up into the thoracic cavity
under thoracoscopic vision, and is then brought out extra-
corporeally through the utility incision. At this stage, the
surgeon can assess the viability of the gastric conduit un-
der direct vision. The surgeon can identify the line that
was previously marked during the abdominal phase. This
line later will become the final stapler line after finishing
the EEA stapling. The EEA stapler puncture site is shown
by a yellow arrow in Fig. 4A. We keep at least a 4-cm dis-
tance between this puncture site and the final stapling line
in order to maximize the submucosal blood flow around

Fig. 3. Intrathoracic anvil insertion is shown. Gentle vertical up-
ward introduction of the anvil, not rotating below the purse-string
suture, is important for easier passage of the anvil through the
purse-string suture.

Fig. 4. The gastric conduit is extracted through the utility incision, followed by (A) extracorporeal assessment of the conduit and (B)
gastrotomy with tacking sutures for introducing the EEA stapler (Medtronic, Minneapolis, MN, USA). Note the 4-cm distance between
the yellow and blue arrows in Fig. 4A. Keeping this distance between the circular stapler line and the linear stapler line is important for

preventing anastomosis site ischemia and leakage.
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the circular stapling site to prevent anastomotic leakage
(Fig. 4A). A 4-cm gastrotomy incision is made right next to
the stapler line at the remnant fundus. The gastric and
esophageal blood and contents are removed by a sucker,
and each opened side of the fundus is then tacked with a
2-0 silk suture (Fig. 4B).

An EEA stapler is introduced through the gastrotomy,
and the fundus is then punctured (Fig. 5A). The punctured
gastric conduit and the EEA can be easily and smoothly
reintroduced into the thoracic cavity through the utility
incision. The previous segmental resection of the fifth rib
affords adequate space for these extracorporeal procedures.
It is important to gently pull the previously placed 2 silk
tacking sutures to maintain the EEA at the proper position
inside the conduit (Fig. 5B).

Thoracoscopic phase (VATS phase): intrathoracic
anastomosis

With the reintroduction of the conduit intrathoracically,
the VATS camera affords an excellent view of the previous-
ly placed anvil and the introduction of the EEA and the
conduit (Fig. 6A). Once the sharp end of the EEA tip enters
the anvil, the cervical vertebra and the thoracic inlet serve
as a supporting wall; therefore, docking between the main
EEA body and the anvil can be easily performed (Fig. 6B).
After stapling is finished, the EEA and the anvil are gently
retrieved and the donut-shaped margins of the cross-sec-
tion at the removed anvil are inspected for completeness
and sent to the pathologist for a frozen section.

The surgeon can check the completeness of the anasto-

mosis by entering the thoracoscope through the gastroto-
my site where the EEA entered, but this is not routinely
performed. The previously marked linear line on the con-
duit is stapled with the same endoscopic stapler loads that
were used for conduit formation.

The nasogastric Levin tube is now reinserted and fixed
at 45 cm at the nasal orifice. This usually results in an ade-
quate location of the tip of the nasogastric tube, just above
the pylorus. Multiple interrupted seromuscular sutures (3-0
silk sutures) are made over the final linear stapled line.

Repair of the upper mediastinal pleura is always per-
formed using multiple interrupted 3-0 silk sutures (Fig. 7).
We consider this procedure very important, since this clo-
sure of the pleura—especially around the anastomosis
site—provides protection from viable tissue, and even if
there is a leakage postoperatively it can be successfully
treated by endoluminal vacuum-assisted closure therapy,
with the closed mediastinal pleura serving as a viable flap
layer. The previously tacked posterior azygous vein stump
is released.

The gastric conduit below the azygous vein is adequately
adjusted; if there is any redundancy, the redundant portion
is put back into the abdominal cavity. When an adequate
position of the conduit is confirmed, the conduit is fixed to
the posterior mediastinal pleura with 3 or 4 interrupted
3-0 silk sutures.

Irrigation of the thoracic cavity with warm distilled wa-
ter is done. A single 28F straight soft straight chest tube is
inserted, and wound closure is performed layer-by-layer.
The patient is extubated and transferred to the intensive
care unit.

Fig. 5. An EEA stapler (Medtronic,
Minneapolis, MN, USA) is inserted
extracorporeally through the gas-
trotomy (A), and then reintroduced
through the utility incision (B). With
the previous segmental fifth-rib re-
section, this procedure can be eas-
ily performed without any difficulty
in passage.
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Fig. 6. Video-assisted thoracoscop-
ic surgery intrathoracic anastomo-
sis is performed. With the cervical
vertebra and the small thoracic inlet
serving as a supporting table, dock-
ing between the anvil and the body
of the EEA stapler (Medtronic, Min-
neapolis, MN, USA) can be easily
done.
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Fig. 7. The upper portion of the mediastinal pleura over the azy-
gous vein level is suture-repaired with multiple interrupted 3-0
silk sutures. This closure of the upper pleura is an easy procedure
that takes only a couple of minutes, and serves as a viable tissue
barrier around the anastomosis site.

Discussion
Lateral decubitus versus prone position

Luketich et al. [13] reported a large series of total MIE
(thoracoscopy combined with laparoscopy) in 222 patients
with impressive clinical outcomes, including low mortality
and pulmonary complication rates of 1.4% and 7.7%, re-
spectively. In this series, all the cases were performed with
the patients in the lateral decubitus position, as was done
for most MIE procedures in this period [13]. However,
there were concerns regarding pulmonary complications,
as the lateral decubitus requires complete lung collapse and
therefore often causes serious pulmonary complications.
Palanivelu et al. [14] reported a large series of thoracoscop-
ic mobilization of the esophagus in the prone position with
excellent clinical outcomes, as shown by mortality and
pulmonary complication rates of 1.54% and 1.54%, respec-
tively. In their systematic review and pooled analysis,
Markar et al. [15] reported that prone MIE is superior to
the lateral decubitus position, with reduced pulmonary
complications, lower estimated blood loss, and increased
LN harvest. However, urgent conversion to lateral thora-
cotomy is difficult when the patient is in the prone posi-
tion. Therefore, a modified semiprone position was report-
ed and adopted by many surgeons [16]. In our technique,
we perform the procedure with the patient in the lateral
decubitus position, but we never grab or clamp the lung for
traction. We only add gentle pushing to the lung with an
endoscopic fan retractor or an endoscopic peanut.

Hand-sewn versus side-to-side linear stapling
versus end-to-end circular stapling

In the days of open esophagectomy, the hand-sewn anas-
tomosis was preferred by many surgeons, with good results
[17]. There have been many reports describing favorable
clinical outcomes of hand-sewn MIE performed using a
robot, with the aid of the articulating robotic arms and the
3-dimensional imaging system [18]. However, there have
not been many reports of minimally invasive hand-sewn
anastomosis due to its technical difficulty with instru-
ments without articulation [19,20].

The linear stapling technique is a side-to-side anastomo-
sis between the esophagus and the conduit, which has been
reported to be functionally favorable with a larger diame-
ter of the anastomosis that offers easy passage of the intra-
luminal content and reduced circular pressure at the anas-
tomosis site. These factors might explain the low incidence
of anastomotic leakage and strictures [21-23].

Since Fain et al. [24] reported the first use of a circular
stapling apparatus in colorectal cancer surgery in 1975, the
device and the technique have evolved. Since this tech-
nique is the longest-known and best-developed, it is well-
standardized and relatively easy to learn. However, there
are still many technically important points, and the learn-
ing curve is steep for novice surgeons. For example, insert-
ing an EEA anvil thoracoscopically is very difficult if the
proximal esophagus is completely divided. Vertical esopha-
gotomy below the purse-string suture and an upward ver-
tical entrance of the EEA anvil is a technique that almost
always makes the insertion of a 28-mm anvil possible. It is
also very important to minimize the size of the tied esoph-
ageal stump of the anvil before docking of the EEA. If the
tied esophageal stump is large, it can be squeezed out later-
ally between the stapler lines when docking, which can re-
sult in an area of incomplete stapling.

Extracorporeal anastomosis versus intracorporeal
anastomosis

Extracorporeal anastomosis is a well-known and estab-
lished concept in the area of general surgery. For example,
right-side hemicolectomy for right colonic cancer is com-
monly performed [25], and laparoscopic-assisted right
hemicolectomy with an extracorporeal anastomosis is the
standard technique in most countries. The current stan-
dard procedure for laparoscopic extracorporeal anastomo-
sis requires adequate positioning of the utility incision,
mobilization of the colon, and mesenteric traction in order
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to extract the ileum and ascending colon; this can result in
surgical trauma, leading to postoperative morbidities such
as prolonged ileus, pain associated with pulmonary func-
tion, and wound infection with a prolonged length of stay
[25-27]. Furthermore, the extracorporeal anastomosis tech-
nique for laparoscopic-assisted right hemicolectomy re-
quires the location of the extraction wound to be in the
upper/mid-abdomen, which is known to result in increased
postoperative pain when compared with the wound located
in the lower abdomen [27]. Van Oostendorp et al. [28] re-
ported in their meta-analysis that intracorporeal anasto-
mosis was associated with less morbidity and a shorter
length of stay, suggesting that it enabled a faster recovery
than occurred after extracorporeal anastomosis.

Although extracorporeal anastomosis is reported to have
limitations compared with intracorporeal anastomosis in
right hemicolectomy, the extracorporeal anastomosis tech-
nique in VATS intrathoracic anastomosis after esophagec-
tomy is different. The location of the utility incision is not
different from that of the conventional VATS intracorpore-
al anastomosis technique. No additional mobilization of
the gastric conduit or Kocher maneuver is required to ex-
tract the conduit. The surgeon can thoroughly assess the
viability of the conduit under direct vision and palpation,
and the introduction of the EEA and final conduit design
can also be accurately planned extracorporeally. Kim et al.
[29] reported 66 patients with esophageal cancer who un-
derwent VATS Ivor Lewis operations using the extracorpo-
real anastomosis technique. They presented excellent clini-
cal outcomes without any anastomotic leakage or stricture.

Conclusion

Extracorporeal anastomosis for VATS intrathoracic eso-
phagogastric anastomosis is a convenient, easy technique
without any requirement for a robotic system, articulating
instruments, or any other novel devices or instruments;
therefore, this technique can be learned and adopted by
surgeons who are newly starting to perform MIE.
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