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Abstract
Background: This study investigated the use of robotics
to perform extended esophageal resection in a series of
patients.
Methods: A total of 14 patients with a median age of 64
years underwent esophagectomy using the daVinci robot.
At presentation, there were 12 cases of cancer, staged at
T2N1 (n = 2), T3N0 (n = 2), T3N1 (n = 6), T4N1
(n = 1), and M1a (n = 1); 2 cases of high-grade dys-
plasia; 8 cases of adenocarcinoma; and 4 cases of squa-
mous cell cancer; as well as 2 middle third, 9 lower third,
and one gastroesophageal junction tumor. Nine patients
had undergone preoperative chemoradiotherapy, and six
had undergone prior abdominal surgery. The patients
were categorized into three chronological groups
according to the procedure performed. Group 1 consisted
of the first three patients in the series, whose surgery was
thoracic only (robotically assisted esophagectomy).
Group 2, the next three patients, had robotically assisted
thoracic esophagectomy plus thoracic duct ligation using
a laparoscopic gastric conduit. Group 3, the last eight
patients, underwent completely robotic esophagectomy.
Results: For Group 3, the total operating room time was
11.1 ± 0.8 h (range, 11.3–13.2 h), with a console time of
5.0 ± 0.5 h (range, 4.8–5.8 h). The estimated blood loss
was 400 ± 300 ml (range, 200–950 ml). One patient in
group 1 had a thoracic duct leak. In groups 2 and 3,
thoracic duct ligation resulted in no further leaks. Other
postoperative complications included severe pneumonia
(1 case), atrial fibrillation (5 cases), cervical anastomotic
leak (2 cases), wound infection (1 case), andbilateral vocal
cord paresis requiring tracheostomy (1 case). In seven of
the cases, no intensive care unit time was required. There
was one death from pneumonia 72 days after the proce-
dure. The rate of disease-free survival was 87%.

Conclusion: The robotic approach facilitates an extended
three-field esophagolymphadenectomy even after induc-
tion therapy and abdominal surgery. Larger scale trials
are needed to define the role of this technique.
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Esophagectomy is a palliative and potentially curative
treatment for esophageal cancer. As the sole means of
therapy, the cure rate of esophagectomy is 10% to 50%
[1–9]. A wider periesophageal resection may improve
long-term survival [10–13]. Additional chemoradiation
has failed to consistently demonstrate superior cure
rates. Given the relatively poor long-term survival with
surgery alone, chemoradiation without surgery is
appealing to some [14].

Minimally invasive esophagectomy has been per-
formed to lessen the biologic impact of surgery and
potentially reduce pain and encumbrance. It appears to
lower morbidity and mortality with a good outcome [15–
18]. To date, few centers have embraced this technique.

As an alternative, robotic engineering may provide
the minimally invasive option for a greater number of
surgeons and patients. A potentially less oncologic ap-
proach, robotic transhiatal esophagectomy has been
reported [19]. Mortality, length of hospital stay, mor-
bidity, and outcome are yet to be reported.

In this report, we investigate the use of robotics to
perform a two-stage, same-anesthesia esophageal resec-
tion with an en bloc three-field lymphadenectomy using
a previously described technique: the three-field esoph-
agolymphadenectomy [20]. The procedure consists of a
thoracic esophagectomy with a cervical, wide thoracic,
and adominal lymphadenectomy in addition to thoracic
duct resection and ligation, creation of a 4-cm-wideCorrespondence to: K. H. Kernstine
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gastric tube, and jejunostomy feeding tube placement
with esophagogastric anastomosis in the left neck. We
present our initial experience and the procedure modi-
fications performed in a consecutive series of patients.

Materials and methods

Patients

From November 2002 to November 2003, 14 patients underwent a
robotically assisted esophagectomy. In the first six cases, a robot was
used to mobilize the thoracic esophagus. In the remaining cases, the
procedure was completely robotic. Investigational review board ap-
proval was obtained.

All the patients underwent a preoperative computed tomogram
(CT) of the chest and upper abdomen, bronchoscopy for middle third
tumors, fluorodeoxyglucose positron emission tomography (PET),
esophagogastroduodenoscopy, endoscopic ultrasound with fine-needle
aspiration of suspicious adenopathy, and reexamination of any path-
ologic slides not previously examined by our pathologists.

Information concerning patient demographics is presented in
Table 1. The T4N1 patient had pleural involvement, and the M1a
patient had celiac axis disease.

Operative technique

The 14 patients underwent esophagectomy using the da Vinci com-
puter-assisted surgical system (Intuitive Surgical, Inc., Sunnyvale, CA,
USA). Refinements were made during the study period. Chronologi-
cally, there were three groups. Group 1 consisted of the first three

patients, who underwent the robotic thoracic-only portion of the
esophagectomy, which involved resection of the esophagus en bloc
with the associated nodes in the thorax and the neck and a laparotomy
for the abdominal portion of the procedure. Group 2, the next three
patients, underwent esophagectomy as did group 1, with the addition
of a thoracic duct ligation and a laparoscopic resection rather than a
laparotomy. Group 3, the last eight patients, underwent a completely
robotic esophagectomy.

The details and sequence of the ‘‘to-date’’ two-stage procedure
used for group 3 are as follows [20]. Figures 1 to 7 illustrate the major
steps. The goal of the procedure is wide en bloc resection of the
esophagus and periesophageal tissue.

After double-lumen endotracheal intubation and placement of a
measured length of nasogastric tube (the distance of the insertion is
important later in the procedure so the tube can be pulled back out of
the stomach before creation of the gastric conduit), the patients are
positioned laterally to slightly face down and strapped securely to the
operating table. The right arm is well padded and positioned over the
ear with the elbow below the horizontal plane of the right shoulder.
The operating table is tilted as far anteriorly as possible so that the
patient is 30� to 45� from prone (Fig. 1).

Five puncture wounds are made in the right midanterolateral
chest. (Figs. 1 and 4) A 12-mm trocar is placed in the fifth to the sixth
intercostal space in the anterior axillary line. A second port, an 8-mm
robotic and right arm port, is placed in the posterior axillary line just
anterior to the border of the scapula in the third to the fourth inter-
costal space. A third port, the second 8-mm robotic and left arm port,
is placed in the seventh to the eighth intercostal space in the posterior
axillary line.

The robot then is brought into position. The robotic arms are
placed through the 8-mm trocars, and the 0� videoscope is placed
through the 12-mm trocar. Two accessory trocars are placed, both at
the level of the anterior axillary line. The first, a 5-mm trocar, is placed
at the level of the third intercostal space, and the second, a 12-mm
trocar, is placed at the level of the sixth to the seventh intercostal space.
The upper trocar is used for suctioning and grasping instruments,
whereas the lower trocar is used for access to place a fan retractor for
the lung, the suctioning and grasping instruments, and the sutures used
for ligation of the thoracic duct. Carbon dioxide (CO2) is insufflated to
10 mmHg of pressure to evacuate cautery smoke and to compress the
lung away from the surgical site.

Over the course of the series, new details in the approach were
discovered to reduce bleeding and improve the efficiency of the pro-
cedure. The order and the details of the surgical resection follow.
Initially, the hook cautery and Caudier grasper (Intuitive Surgical) are
used to dissect along the anterior aspect of the esophagus just at the
pericardial bulge cephalad to the inferior pulmonary vein. The dis-
section is continued inferiorly to the esophageal hiatus, with the infe-
rior pulmonary ligament and adherent lung taken down as necessary
for access to the periesophageal nodes, completely cleaning the peri-
cardium, hiatus, and left pleura. Both hila are cleared of nodal tissue
and taken contiguously with the specimen. The periaortic–spinal–
azygous nodes and thoracic duct also are taken en bloc. The dissection
is continued along the azygous vein, which is preserved when the vein
is uninvolved, as determined by CT scan, endoscopic ultrasound, and
direct visual assessment. Small lymphatic tributaries seen under high
robotic magnification are endoclipped through the accessory port or
robotically.

The supra-azygous esophagus and periesophageal tissue are re-
sected into the thoracic apex, well into the neck. First, over the in-
tended resection area, the pleura is scored with the hook cautery. Then
the associated peritracheal nodes and the right vagus nerve are tran-
sected with the ultrasonic shears (SonoSurg; Olympus, Co., Melville,
NY, USA), reducing the potential of electrical transmission to the
recurrent laryngeal nerve. The posterior and rightward aspect of the
trachea and the thoracic peritracheal and cervical spaces are com-
pletely cleaned of periesophageal tissue, and the dissection is continued
into the thoracic inlet.

In groups 2 and 3, at the level of the diaphragm, the thoracic duct
is triply ligated, encompassing all the tissue beneath the remaining
intact pleura between the azygous vein and the aorta with 2-0 Ethi-
bond (Ethicon, Inc., Cincinnati, OH, USA) on an SH needle. At the
conclusion of the chest phase, two drains are placed: a 19-Fr round
multiholed silastic drain through the lower accessory trocar along the
diaphragm and a 15-Fr drain to the superior aspect of the thoracic

Table 1. Patient demographics

Age (years) Mean 67 ± 12
Median 64
Range 50–88

Gender (M/F) 11/3
Weight (kg) Mean 85.9 ± 19.9

Median 93
Range 54.3–109.8

BMI Mean 28.6 ± 5.2
Median 30
Range 19.6–35.3

Histology (n) Adenocarcinoma 8
Squamous cell 4

Cancer location (n) Middle third 2
Distal third 9
Gastroesophageal 1

Cancer stage (n) High-grade dysplasia 2
T3 N0 2
T2 N1 2
T3 N1 6
T4 N1 1
T3 N1 M1a 1

Preoperative
morbidity (n)

Obesity (BMI > 30) 7
Moderate COPDa 6
Medically Rx anxiety 2
Bipolar 1
M1a with full ChemoRads 1
Diabetes 3
Preoperative ChemoRx 9
Preoperative radiation 9
‡45 Gy radiation 7
Surgery > 6 weeks from Rads 5
Prior abdominal surgery 6
Prior upper abdominal surgery 2

BMI, body mass index; COPD, chronic obstructive pulmonary disease;
Rx, prescription
a Forced expiratory volume in 1 s (FEV1) < 60% predicted



cavity, through the upper accessory trocar (Fig. 4). The robotic arms
then are removed, and the is robot moved away from the patient.

The patient next is positioned supinely and reintubated with a
single-lumen endotracheal tube. The head is turned upward and to the
patient�s right, exposing the left neck. The upper extremities are placed
by the side, and the legs are placed together. After skin preparation
and the placement of drapes, a 5-cm transverse incision is made in the
left neck 3 cm above the medial left clavicle. The dissection is con-
tinued deeply and medially toward the spine, transecting the omohyoid
muscle for exposure. The previously mobilized and dissected esopha-
gus is encircled with a Penrose drain, and the incision later is packed
with an antibiotic-soaked surgical sponge to prevent the later escape of
CO2 from the peritoneal cavity. This initial dissection allows manip-

ulation of the esophagus and unhindered withdrawal of the specimen
later in the procedure.

The abdominal phase is performed next. Six puncture wounds in
the abdomen are performed, for two 8-mm robotic arm trocars and the
12-mm robotic viewing trocar. A distance of 10 to 12 cm is maintained
from either of the robotic arms. Two 5-mm trocars are placed beneath
each costal margin in the anterior axillary line, and a 12-mm trocar is
placed in the left midclavicular line at the umbilicus level (Fig. 5). The
abdomen is inflated to 15 mmHg of CO2 pressure.

After these trocars have been positioned and before the gastric
dissection, a transcutaneous small bowel feeding tube (Ross Flexiflow
Lap J, 10-Fr; Ross Products Division, Abbott Laboratories, Colum-
bus, OH, USA) is placed 20 cm from the ligament of Treitz with ‘‘T-
fasteners.’’ A liver retractor exposing the esophageal hiatus is placed
through the right 5-mm accessory port. The robot then is brought into
position from the head of the operating table, and the two robotic
arms are placed through the 8-mm trocars located 8 cm subcostally in
the right and left midclavicular lines. The 0� videoscope is placed
through the supraumbilical 12-mm trocar.

Using the SonoSurg, the lesser omentum is transected from the
base of the liver up to the esophageal hiatus. The short gastric arteries
are taken, with preservation of the right gastroepiploic arcade along its
entirety, to the right gastroepiploic vein at the transverse mesentery.
The pyloric attachments are transected to free the pylorus, allowing
mobilization sufficient to reach toward the esophageal hiatus. No
Kocher maneuver is performed. Additional nodes are resected from
the splenic hilum along the splenic artery to the origin of the left gastric
artery and along the common hepatic artery up to the dissection plane
completed in the thoracic phase of the procedure.

Next, the gastric conduit is created. Approximately 4 to 5 cm
cephalad from the origin of the right gastric artery along the lesser
gastric curve, the gastric wall is cleared of perigastric tissue. A 4-cm-
wide (from the greater curvature) gastric tube is created with the
Ethicon 45 · 4.1-mm linear endostapler (Ethicon Endo-Surgery, Inc.,
Cincinnati, OH, a Johnson and Johnson Company, New Brunswick,
NJ, USA), requiring approximately 8 to 10 firings. No pyloroplasty is
performed. The most cephalad aspect of the gastric tube then is su-
tured to the most distal aspect of the specimen with two widely spaced
figure-of-eight sutures to avoid later twisting of the conduit when it is
pulled up in the posterior mediastinum. The suction of the ventilator
and chest drains is briefly discontinued, and the Penrose drain is used
as a handle to pull the specimen carefully up through the neck incision,
with the conduit watched closely as it is pulled to the neck.

Once the conduit has been pulled to reach the neck, at the
esophageal hiatus level, the anterior gastric conduit serosa is sutured to
each esophageal hiatus crus with two figure-of-eight 3-0 Ethibond
sutures to reduce the risk of later periconduit herniation. The
abdominal phase is now complete, and the robot is moved away from

Fig. 1. A, B, C Thoracic robotic
setup. The chest phase is
performed first. Patients are
intubated with a double-lumen
endotracheal tube, and the body is
positioned in the left lateral
decubitus position to slightly
forward. The right arm is padded
and draped over the right ear, and
the patient is secured to the
operating table. The table then is
tilted 30� to 45� from the prone
position. The ports are placed as
described in the text. Note the
position of the monitors, console,
instrument table, and console.

Fig. 2. Wide nodal resection performed en bloc with the esophagus
(posterior view). The shaded area represents the intended borders of
the resection. The surgical goal was wide and contiguous resection of
all of the periesophageal lymphatic tissue.



the patient to allow access to the left neck incision site. The abdominal
trocar sites are closed.

At the left neck incision, the specimen is transected, and a com-
pletely stapled esophagogastrostomy is performed, a triangular side-to-
side functional end-to-end stapled anastomosis with a 45 · 4.1-mm
linear endostapler and a 60 · 4.1-mm transverse stapler. Before com-
pletion of the 4 to 5 · 6-cm triangular anastomosis, a nasogastric tube
is placed through the anastomosis [21] (Fig. 6). Before neck fascia and
skin closure, a soft flat multiholed drain is placed in the neck beneath
the platysma, avoiding the perimeter of the anastomosis, and the
wound is closed with interrupted absorbable sutures.

The nasogastric tube is left in place for a minimum of 6 days, after
which an esophagram is performed. For the patients without a suspi-
cious defect or leak, the diet is advanced to five small feedings per day.
If there is any concern, the tube is left in place, and the study repeated
in 3 to 5 days. The next day, after reasonable certainty that no anas-
tomotic leak exists, the neck and chest drains are removed. The pa-
tients are encouraged to use acetaminophen rather than narcotics by
postoperative day 2.

Results

The results are presented in Table 2. There were no in-
traoperative or postoperative deaths over a 30-day
period. One patient, an 82-year-old smoker with chronic
obstructive pulmonary disease (COPD) in group 3, died
of pneumonia. Intubated 5 days after surgery, she had
remained on the ventilator until her death 72 days later.

Fig. 3. Cervical esophageal dissection from the right chest approach
and through the thoracic inlet. The esophagus and all the associated
periesophageal tissue is grasped and retracted, and the SonoSurg is
used to dissect vital structures away from the periesophageal tissues
(shaded area) and esophagus.

Fig. 4. Completion of the thoracic phase. Note the five puncture
wounds and the two chest drains through the accessory port incisions
at the conclusion of the chest phase. The patient still is in the nearly
prone position. The feet are toward the left, and the head is toward the
right of this view.

Fig. 5. Abdominal robotic setup. Six abdominal ports are placed.
Before the robot is brought into position, the esophagus is exposed
through the left neck incision and encircled with a Penrose drain. A
feeding tube is placed just below the level of the umbilicus and the
midclavicular line. The stomach is mobilized through the ports. Wide
nodal resection is performed, and a gastric tube is created.



For one patient with a body mass index (BMI) of 42 and
a large chest, the robotic procedure was aborted during
the chest phase. The robotic arms were not sufficiently

long for completion of the procedure. The esophagec-
tomy was completed by a modified McKeown technique
[22, 23]. Despite a negative preoperative CT and PET,
one T3N1 82-year-old noninduction patient in group 2
was found during the robotic neck exploration to have a
metastatic cervical lymph node.

An average of 18 ± 7 lymph nodes (range, 10–32
lymph nodes) were counted in each specimen, and the
averages were 14 in group 1, 18 in group 2, and 25 in
group 3. There were no statistical differences between
the groups. Although not formally studied, there ap-
peared to be less pain. Five of the eight group 3 patients
were taking acetaminophen by postoperative day 3. The
remaining three patients still were receiving narcotics.

The combined complications for groups 1, 2, and 3
are shown in Table 3. Major complications (defined as
potentially life threatening or involving a significant
change in the course of treatment) were experienced by 4
patients (29%), and 13 of the 14 patients (93%) experi-
enced minor complications. One patient in group 1 had
a thoracic duct leak. In groups 2 and 3, a thoracic duct
ligation resulted in no further leaks. However, one pa-
tient had a high chest tube output, with low triglyceride
effusion lasting longer than 7 days. Three patients had
anastomotic problems, one with a leak and stricture and
two with strictures requiring dilation. Three patients had
temporary aspiration. There were two vocal cord
paralyses. One case required a temporary protective
tracheostomy for bilateral vocal cord paresis. The other
case, a right recurrent laryngeal nerve paralysis in a
patient previously described as having a malignancy,
involved a node adjacent to the nerve. Although the
nerve was preserved, Gelfoam and later Teflon vocal
cord injections were required for medialization of the
right vocal cord. The patient with bilateral vocal cord
paresis required 3 days of ventilation and tracheostomy
placement early in the series, and subsequently required
3 months to recover with residual left vocal cord paresis.

Five patients had atrial fibrillation, and one patient
had preoperative heart failure requiring postoperative
cardioversion. In one patient who had received preop-
erative chemoradiotherapy, the right main stem bron-
chus was injured with the metal post of the SonoSurg
dissector. The injury was repaired robotically and healed
without incident.

Five of the eight patients in group 3 (four of whom
had received induction radiation therapy) experienced a
chronic cough, which was associated initially with sig-
nificant sputum production. The one patient who died
had sputum so voluminous that she was unable to clear
her airway, had to be reintubated, and later contracted
pneumonia. For the other patients, the cough lingered
without incident for several months. There were no cases
of gastric outlet obstruction.

All the patients underwent a complete resection, with
gross and microscopic examination showing no tumor at
the surgical margins. In three of the nine patients who
received induction therapy, no tumor was found in the
specimen.

At 17 months, the survival for the series was 87% (12/
14 alive). The median follow-up period was 9 months
(range, 3–17 months). Two patients in this series died: the

Fig. 6. Gastric tube creation.

Fig. 7. Completed procedure. The gastric tube is pulled into the pos-
terior mediastinum using the esophageal specimen as a guide. At the
left neck incision, the specimen is resected, and the remaining esoph-
agus is anastomosed to the gastric tube in a triangular side-to-side
functional end-to-end completely stapled fashion.



patient previously described as contracting postoperative
pneumonia and another patient who experienced a fatal
head injury 6 months after surgery. Three patients
experienced recurrence. The patient found to have an
involved cervical node at the time of surgery experienced
recurrence in his liver and is still alive 16 months since
surgery. He had refused pre- and postoperative chemo-
therapy. The patient who died of the head injury had
recurrent esophageal cancer in the cerebellum, which was
treated surgically. The remaining patient experienced
recurrent cancer in the right perilaryngeal area. Preop-
eratively, his cancer had been diagnosed as stage T3N0,
and he had received induction therapy without signifi-
cant response to the preoperative treatment.

Discussion

Esophagectomy is a technically demanding procedure
with relatively high morbidity and mortality rates. As a
sole means of cancer treatment, it does not appear to be
curative for the majority of patients. Minimally invasive
esophageal surgery potentially offers patients less
encumbrance than the more conventional open proce-
dures. However, there is controversy over whether there
is sufficiently wide periesophageal tissue resection via the
minimally invasive techniques to provide an adequate
cancer operation.

With the advent of robotics, the increased magnifi-
cation and three-dimensional visual clarity facilitate a
precise esophageal resection en bloc with the periesoph-
ageal tissue. In contrast to the open procedures, robotics
can improve visibility in the thoracic cavity, improving

the exposure to the hiatus and the thoracic apex through
the relatively unyielding chest wall incision. Robotic
dexterity and precision appear to be superior to those
achieved by the minimally invasive technique.

During the first 2 to 5 days after surgery, given the
extensive nodal resection, we initially noticed volumi-
nous chest drain output, sometimes in excess of 0.4 to
0.8 l per day. With ligation of the thoracic duct, we have
noticed a significant reduction in the drain output and
elimination of the thoracic duct leaks. However, the
drain output still seems excessive and prolonged. Nei-
ther careful intraoperative preventive cauterization nor
ultrasonic ligation has been adequate to prevent high
postoperative chest drainage. Additional multiple en-
doclip ligations of the visible lymphatic tributaries seem
to reduce the drainage further. Fibrin sealant or topical
fibrin glue has not been used for fear of the potential for
postoperative bowel adhesions and obstruction should
the material leak into the peritoneal cavity.

We did not perform a pyloroplasty or a pyloromy-
otomy. There is no evidence that either is necessary with
a gastric tube [24]. Furthermore, the ideal width of the
gastric tube has not been determined. The width we
chose (4 cm) was a result of our prior minimally invasive
experience, review of the literature, and discussions with
other minimally invasive surgeons. The esophagogastric
anastomotic leak rate, conduit clearance, and dysphagia
were not worsened.

When creating the stapled gastric tube, we allow 20
to 30 s to elapse after the stapler is clamped down on the

Table 2. Results in group 3 with completely robotic procedures (8
patients)

Intraoperative time
Operating room time (h) Mean 11.1 ± 1.1

Median 11.2
Range 9.5–13.0

Console timea (h) Mean 5.0 ± 0.5
Median 4.9
Range 4.2–5.9

Estimated blood loss (ml) Mean 400 ± 300
Median 275
Range 50–950

Intraoperative transfusion (n) No transfusion 5
Two 2
Three 1

Days in the intensive care unit No days 3
One 2
Three 1
Four 1
72 1

Hospital length of stay (days) 8–9 3
13–18 2
18–30 2
72 1

Pain medication on POD 3 (n) Acetaminophen 5
Hydromorphone 2
Codeine 1

POD, postoperative day
a Does not include time for neck incision and esophageal exposure,
esophagogastrostomy, or feeding tube placement

Table 3. Intra- and postoperative complications: groups 1, 2, and 3 (14
patients)a

Swallowing and laryngeal complications n (%)

Anastomotic leak 2 (14)
Anastomotic stricture 2 (14)
Impaired swallowing 1 (7)
Aspiration 3 (21)
Vocal cord paralysis 2 (14)
Tracheostomy 2 (14)
Cardiac
Atrial fibrillation 5 (36)
Heart failure exacerbation 1 (7)

Respiratory related
Right bronchial laceration 1 (7)
Chronic cough 5 (36)
Persistent lung air leak > 7 days 1 (7)
Respiratory failure requiring bronchoscopy 1 (7)
Bronchitis 2 (14)
Pneumonia 3 (21)
Pneumothorax 1 (7)
Lymphatic leak > 7 days 1 (7)

Other
Death before discharge 1 (7)
Thoracic duct leak 1 (7)
Neck wound infection 1 (7)
Innominate vein thrombosis 1 (7)
Hyperglycemia 3 (21)
Lithium-induced diabetes Insipidus 1 (7)
Hyponatremia 1 (7)

Azotemia 1 (7)
Severe postoperative/confusion 4 (29)
Mild increased liver function Tests 1 (7)

a Each patient is counted separately for each complication. Some
patients are counted multiple times among the complications



stomach before firing each staple cartridge along the line
of resection. This time delay enhances uniform tissue
compression and ensures a more precise staple line in the
relatively thick-walled stomach (by recommendation of
the Ethicon Surgical Corporation). Each stapler car-
tridge application to the tissue should precisely meet the
prior stapler transection site, leaving no unstapled tissue
along the gastric conduit staple line. With this accom-
plished, there should be no need to oversew the staple
line. We believe that oversewing does not enhance
healing, and may potentially reduce the ability of the
gastric conduit to reach the anastomotic site in the neck,
or may disrupt the submucosal blood supply. Unlike a
larger tube, a 4-cm tube brings the cut edges of the
stomach tube closer to the blood supply and may im-
prove healing. To improve the blood supply to the cut
edges, 4.1-mm staples rather than of 3.5-mm staples are
used. We have not experienced any conduit leak to date.

We do not resect the azygous vein unless it is in-
volved with the cancer. We do, however, remove all the
surrounding tissue with the esophageal specimen. We
believe that preservation of the azygous vein reduces the
potential of gastric conduit twisting during the ‘‘pull up’’
of the gastric tube and helps to maintain its orientation
in the mediastinum. To fix the conduit in the new
location, the nasogastric tube is left in place until the
esophagram is performed 5 to 6 days later.

Some surgeons advocate resecting the azygous vein
with the specimen. First, there may be an oncologic
purpose, reducing the likelihood of local recurrence.
Second, with healing and the physiologic adjustment of
the gastric tube to its new location, the azygous vein may
become a restrictive band, reducing blood flow to the tip
of the conduit, causing venous congestion, or potentially
narrowing the conduit. We respect those concerns, but
are not convinced because we have had patients whose
azygous vein was transected during the esophagectomy,
with the conduits migrating into the right chest over
time. In particularly one patient, the migration and
conduit dilation served to restrict pulmonary function.

In this initial series, the operating room time was
excessive. The console time or surgical robotic time of
4.9 h was similar to the transhiatal operative time of 4.2
h [10] and less than the operating time of 7 h for the
open three-field approach [25]. If we assume that the
robot docking, neck exposure, feeding tube placement,
and esophagogastric anastomosis requires 1.5 h, the
resultant true surgical time is estimated to be 6.4 h (4.9
+ 1.5 h), which leaves nearly 5 h of nonsurgical time. To
minimize the operating room time and improve effi-
ciency, we suggest the following:

1. Development of a focused robotic operating team.
An operating nurse and support nursing staff familiar
with the procedure, robotics, and equipment are
essential.

2. Use of an experienced surgical assistant. The
knowledge and manual dexterity necessary for pre-
cise and careful retraction as well as assistance in
mobilization and suctioning helps to maintain the
momentum of the procedure.

3. Use of an experienced anesthesiologist who can effi-
ciently intubate and manage single lung ventilation
and hemodynamically support of the patient during
the procedure.

4. Precise initial port placement and minimization of
the frequency of changing robotic instrumentation.

We believe that greater experience of the surgical team
and the surgeon will significantly reduce the total
operating time.

This operation is not intended to replicate ‘‘ex-
tended’’ esophageal resection for cancer, but rather to
skeletonize the remaining uninvolved mediastinal
structures [26]. With the robotically assisted surgical
procedure, the pericardium, the azygous vein, and the
opposing pleura are not resected with the specimen, nor
is a hiatus diaphragmatic cuff, because we believe that
there is no benefit (unless these structures are involved)
and that the resection of these structures may increase
morbidity. However, with the robotic three-dimensional
visibility and dexterity, resection of these structures
would not be difficult [27]. We do not perform a com-
plete neck dissection, but rather remove the deep cervi-
cal nodes only. The en bloc removal is appealing because
it may provide a potentially more oncologic resection,
but it may potentially leave metastatic cervical nodes
behind. We found one patient whose cancer recurred in
the perilaryngeal area [7].

The cohort demographics are not dissimilar from the
characteristics of other surgical series [23]. This two-
stage approach has some limitations: Patients who may
not be appropriate are those who cannot tolerate single
lung ventilation, those who possess severe pleural
adhesions or pleural symphysis, those who have a large
or invasive esophageal cancer (with a transverse diam-
eter exceeding 4 to 5 cm), and those who have severe
mediastinal scarring from prior surgery, infection, or
remote radiation therapy. We expect that greater sur-
gical experience will define the role for this operation.

This is the first reported series of a two-stage, three-
field robotic esophagectomy and en bloc three-field
lymphadenectomy. Larger scale trials are needed to
define the role of this technique. There have been a
number of refinements over the course of this series, and
we expect that there will be further improvements as
other surgeons perform robotic esophagectomies. We
are encouraged by the three-dimensional visibility,
instrument dexterity, and our ability to perform a
complex operation safely. It remains to be determined
whether there is short- or long-term benefit. With fur-
ther improvements in the robotic equipment and the
development of a robotics team, we expect that this
minimally invasive wide resection of the esophagus en
bloc with the periesophageal tissue in three separate
fields may provide a more oncologic operation, reducing
the encumbrance to the patient.
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