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Introduction

Esophagectomy is used for the treatment of esophageal 
cancer as well as benign disease. Transhiatal esophagectomy 
with a cervical anastomosis was reported by Orringer  
et al. in 1978 (1) and developed into a safe, reproducible, 
oncologically sound procedure (2,3). The advantages 
compared to other types of esophagectomies are the 
avoidance of thoracic incisions, which decreases respiratory 
complications; and a cervical anastomosis, which is less 
morbid if it leaks. The main criticism is an incomplete 
thoracic lymph node dissection, since the mediastinal 
dissection is performed bluntly. There is no clear difference 
in oncologic outcomes when comparing the transhiatal 
esophagectomy to other types.

The first robotic transhiatal esophagectomy was 

reported by Horgan et al. in 2003, with a robot-assisted 
abdominal portion and an open cervical portion (4). Initial 
case series from several institutions showed good surgical 
and oncologic outcomes using similar approaches (5-7). 
The video-assisted cervical approach was first described by 
Bumm et al. in 1993 and allowed a more complete thoracic 
lymph node dissection. The techniques have been refined 
using smaller scopes and insufflation (8,9). Transhiatal 
esophagectomy using combinations of video- and robot-
assisted abdominal and cervical approaches (10,11), as 
well as robot-assisted approaches for both the abdominal 
and cervical portions, have been described (12,13). Most 
surgeons favor a small laparotomy to extract the specimen.

In this article, one of the authors (DS Demos) shares his 
technique in performing a minimally invasive transhiatal 
esophagectomy, with a robot-assisted abdominal and 
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video-assisted cervical approach. The main advantage of 
the robot-assisted abdominal approach is the magnified, 
stereotactic view provided by the camera and the increased 
dexterity provided by the instruments. Using a camera in 
both the abdominal and cervical portions of the procedure 
allows a complete thoracic lymph node dissection.

Preoperative planning

Patients undergo extensive preoperative evaluation with 
upper endoscopy; computed tomography (CT) scan of the 
chest, abdomen, and pelvis with intravenous (IV) contrast; 
fluorodeoxyglucose-positron-emission tomography/CT 
(FDG-PET/CT) evaluation; endoscopic ultrasound if 
endoscopic or surgical resection alone may be potential 
treatment; and bronchoscopy if the tumor is near the 
airway. Patients who have had preoperative chemoradiation 
should undergo restaging FDG-PET/CT to ensure that 
their disease is still resectable. Patients with malnutrition 
may undergo feeding jejunostomy before neoadjuvant 
therapy.

Anesthesia and positioning

General anesthesia is induced with single-lumen orotracheal 
intubation. Only peripheral IV access is needed. Central 
access, if necessary for any reason, can be established in 
the right internal jugular vein or either groin. Arterial line 
placement is not routinely necessary. Upper endoscopy 
is performed to confirm the location of the tumor. The 
patient is placed supine with both arms tucked. The neck is 
extended and rotated to the right to provide access to the 
left neck.

General conduct

Both the abdominal and cervical portions of this procedure 
can be performed simultaneously. Operative time is reduced 
substantially and anesthetic delivery is minimized. This 
provides for a less-eventful initial postoperative period 
when perfusion of the conduit and anastomosis is critical.

Robot-assisted abdominal portion

Port placement and docking

Port placement for this portion of the procedure is generally 
acceptable for all foregut operations. It utilizes all 8-mm 

ports, essentially in the same transverse plane. We prefer 
blunt needle abdominal insufflation just below the left costal 
margin. A camera port is placed two fingerbreadths superior 
and left of the umbilicus. This can be adjusted for patients 
with very long torsos. Next, the right subcostal retraction 
arm port is placed in the same transverse plane as far 
laterally as is safe. An additional working arm port is placed 
splitting the difference between the first two. The camera 
is then placed in one of the right-sided ports to allow clear 
visualization of the left side. A left subcostal port is placed 
as far laterally as is safe, again in the same transverse plane 
as the prior three ports. An 11-mm assistant port is then 
placed, again splitting the difference between the camera 
and left subcostal port. Finally, a Nathanson retractor is 
placed just below the xyphoid process.

The patient is placed in slight reverse Trendelenburg 
and the robot is then brought into place for docking. Once 
all ports are docked, the robot arms are separated such that 
arms 1 and 2 are swung out to the patient’s right, and arms 
3 and 4 are swung out to the patient’s left. This is critically 
important to allow enough space for the surgeon at the neck 
to proceed with the mediastinal portion of the procedure. 
The instruments are inserted under direct vision (Table 1).

Technique

The Nathanson retractor is already positioned to elevate the 
liver from the hiatus. The small grasping retractor is used 
to elevate the stomach (Figure 1). The vessel sealer is then 
used to divide the omentum and enter the lesser sac away 
from the gastroepiploic artery (Figure 2). This dissection is 
continued up to the hiatus through the short gastric vessels 
(Figure 3). The stomach is now elevated further anteriorly 
and any retrogastric adhesions are divided. The left gastric 
vascular pedicle is identified for later division (Figure 4).  
Next, an aggressive Kocher maneuver is performed 
to ensure excellent mobility and reach of the conduit  
(Figure 5). We generally use the long bipolar forceps in 
the right hand for this purpose. Upon completion, the 
pylorus should reach the hiatus without any tension. The 
gastrohepatic ligament is then opened and dissection is 
carried through the hiatus into the mediastinum. A Penrose 
drain is passed around the gastroesophageal junction to 
allow the bedside assistant to help facilitate this dissection 
(Figures 6,7). This should connect circumferentially with 
the dissection performed from the neck. The left gastric 
artery should be divided at this point. This can also be 
accomplished before proceeding into the mediastinum. It 
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can be divided either with the vessel sealer or a vascular load 
on a handheld laparoscopic stapler by the bedside assistant. 
At this point, the stomach should be completely mobile and 
this can be tested by observing the stomach while placing 
traction on the esophagus from the neck.

Video-assisted cervical portion

Cervical dissection

A low cervical incision of surgeon preference is created. 
This can be transverse, one fingerbreadth above the 

Table 1 Ports and instruments for the robot-assisted transabdominal portion of a minimally invasive transhiatal esophagectomy

Port Size (mm) Location Hand Instrument

Arm 1 8 Right subcostal Left Small grasping retractor

Arm 2 8 Right side between arms 1 and 3 Left Cadiere

Arm 3 8 Two fingerbreadths superior and left of umbilicus – Camera

Arm 4 8 Left subcostal Right Vessel sealer or long bipolar forceps

Assistant port 11 Left side between arms 3 and 4 Assistant Suction or laparoscopic grasper

– (no port is used for the 
Nathanson retractor)

– Xiphoid – Liver retractor

Figure 1 The robot is docked with all instruments and the 
Nathanson retractor in view exposing the hiatus.

Figure 2 The omentum is separated from the stomach using the 
vessel sealer, staying well clear of the gastroepiploic artery.

Figure 4 The left gastric vascular pedicle is exposed.

Stomach

Short gastric vessels

Spleen

Vessel sealer

Gastroepiploic artery

Omental edge

Subxyphoid Nathanson retractor

Vessel Sealer-Arm 4

Hiatus

Small Grasping Retractor-Arm 1

Cadiere Forceps-Arm 2

Figure 3 The short gastric vessels are divided with the vessel 
sealer.

Right diaphragmatic crus

Liver

Left gastric artery

Left gastric vein



Annals of Esophagus, 2019Page 4 of 7

© Annals of Esophagus. All rights reserved. Ann Esophagus 2019;2:21 | http://dx.doi.org/10.21037/aoe.2019.12.02

sternal notch, or oblique along the anterior border of the 
sternocleidomastoid. The platysma is divided, and Lonestar 
hooks are placed for exposure. These are used specifically 
because of their low profile, mobility, and versatility. 
These are adjusted as needed during the exposure of the 
esophagus. The remainder of the dissection is typically 
performed bluntly to avoid injury to nerves, and especially 
the left recurrent laryngeal nerve. Division of the omohyoid 
muscle is not necessary. The strap muscles are located and 
followed posteriorly to the cervical spine. The esophagus is 
circumferentially freed with digital dissection and encircled 
with a Penrose drain.

Mediastinal dissection

Specific instruments allow the mediastinal dissection to 
be performed under video assistance (Table 2). The plane 
posterior to the esophagus is developed first. This prevents 
dependent collection of blood and fluid if this step was 
performed later. The Penrose drain is retracted to the 
patient’s right shoulder, slightly elevating the esophagus 
anteriorly. The vein scope is introduced posterior to the 
esophagus, with its longitudinal fibers visible at the top of 
the screen anteriorly. The LigaSure is then used to dissect 
the esophagus away from the posterior mediastinum. Great 
care is taken to cauterize all bridging vessels, as even slight 
bleeding can be a nuisance. The aorta and azygous vein are 
typically well-visualized (Figure 8). The thoracic duct can 
sometimes be seen, but this is not intentionally identified. 
Dissection is carried as far distally as possible, preferably 
to the level of the hiatus. At this point, instruments are 
withdrawn.

Next, the plane anterior to the esophagus is developed. 
The Penrose is retracted toward the left shoulder. The 
vein scope is introduced anterior to the esophagus, with 
its longitudinal fibers now at the bottom of the screen. 
The LigaSure is similarly used to carefully separate the 
esophagus from the anterior structures, including the 
airway and pericardium (Figure 9). This is again carried as 
far distally as possible. During this portion of the dissection, 
the scope can compress the airway and communication with 
the anesthesia team is important.

Finally, the anterior and posterior planes are connected 
by dividing the remaining bridging connective tissue 

Figure 7 The hiatus dissection progresses proximally on the 
esophagus. The light from the mediastinal dissection camera can 
be seen anteriorly.

Figure 5 A thorough Kocher maneuver is performed, often 
exposing the underlying right kidney.

Figure 6 A Penrose drain is wrapped around the gastroesophageal 
junction.
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on either side of the esophagus. This is typically best 
done starting proximal on the esophagus where the two 
planes are already joined, and continuing them distally  
(Figure 10).

Once the esophagus has been fully mobilized, a lymph 
node dissection is performed. Any visible station 8 lymph 
nodes that were not mobilized with the esophagus are 
removed. Occasionally station 3 lymph nodes can be 

identified and easily removed. A station 7 dissection with 
this approach is challenging, but can usually be thoroughly 
accomplished with careful attention to hemostasis. The 
carina can be located by identification of the apex of station 
7 lymph node tissue. The dissection is started in the apex 
and carried distally along both mainstem bronchi anteriorly 
to the pericardial surface. The lymph nodes in station 7 are 
then removed as a packet (Figure 11).

Table 2 Instruments for the video-assisted transcervical portion of a transhiatal minimally invasive esophagectomy

Sorin VascuClear Endoscopic Vein Harvesting Kit (LivaNova, London, UK)

5 mm, 30-degree thoracoscope

CO2 insufflation

LigaSure Maryland Jaw Laparoscopic Sealer (Medtronic, Minneapolis, MN)

Lonestar Retractor hooks (Cooper Surgical, Trumbull, CT)

Standard open-tip Yankauer suction, with suction pressure very low or controlled by an instrument

Figure 9 The vein harvesting scope is passed anterior to the 
esophagus. The trachea and left mainstem bronchus are clearly 
identified.

Figure 8 The vein harvesting scope is used to retract the 
esophagus anteriorly, at the top of the screen. The aorta and 
azygous vein can be appreciated clearly.

Figure 10 The anterior and posterior dissections are connected 
proceeding distally along the left of the esophagus.

Figure 11 The station 7 lymph nodes are cleared from the 
subcarinal space.
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Anastomosis

The esophagus is divided at the neck, incorporating a very 
long 1-inch Penrose drain and ensuring 6 cm of esophagus 
can be brought out of the neck without tension for later 
anastomosis. The robot is undocked. A small upper midline 
laparotomy is created and a wound protector inserted. The 
specimen is delivered through the laparotomy. A gastric 
emptying procedure of choice may be completed at this 
point if desired. The conduit is then fashioned beginning 
on the lesser curve distal to the left gastric artery to include 
its lymph node supply. A series of heavy staple loads is 
used to create a 4-cm conduit parallel to the greater gastric 
curve, stretching the stomach appropriately with each staple 
load and finally separating the specimen from the conduit. 
The conduit is then transferred to the neck through the 
mediastinum in orthotopic position. 

We prefer a 2-layer linear stapled anastomosis using 
a 60-mm staple load and oversewing the staple line. To 
accomplish this, the ends of the esophagus and gastric 
conduit are carefully retracted out of the neck adjacent to 
each other. A small gastrotomy is created and three stay 
sutures are placed approximating the two openings. The 
stapler is then inserted with the anvil on the gastric side 
and cartridge on the side of the esophagus. When the 
proper alignment has been achieved, the stapler is closed. 
A series of interrupted silk sutures is then placed along 
both sides of the stapler from the tip of the stapler to the 
orifice of the stomach and esophagus, thereby creating an 
outer handsewn layer. The stapler is then fired, creating the 
common channel. A nasogastric tube is then passed distally 
prior to closing the common channel with a Proximate TX 
stapler (Ethicon, Cincinnati, OH, USA) using a 30-mm 
green load and oversewing this.

The robot is again docked. The midline laparotomy 
is closed by clamping the wound protector shut between 
wet laparotomy sponges to allow for reintroduction of 
CO2 insufflation. The conduit’s course through the hiatus 
is inspected to ensure it appears straight and unkinked. A 
nonabsorbable polyfilament suture is then used to secure 
the conduit to both crura. This is performed to prevent 
both excessive conduit herniation through the hiatus, as 
well as bowel. 

If a feeding tube is desired, the ligament of Trietz is 
identified and an ideal position for the jejunostomy tube 
is located for open jejunostomy insertion via the midline 
laparotomy. We do not routinely place feeding tubes in 
all esophagectomies as the complication rates from this 

procedure are low and the postoperative course is generally 
unremarkable.

Postoperative care

Patients are admitted to the stepdown floor postoperatively. 
They are maintained on IV fluids, and daily chest 
radiograph is obtained. The feeding tube, if in place, is used 
for medications. The nasogastric tube is placed to suction 
for 24 hours and is clamped on postoperative day 1 if 
drainage is low. If the conduit is not dilated and the patient 
experiences no nausea, the tube is removed on postoperative 
day 2. After evaluation by a certified speech language 
pathologist, a clear liquid diet is initiated on postoperative 
day 2 after nasogastric tube removal, and advanced to a 
soft diet as tolerated. All patients receive a speech therapy 
evaluation prior to initiating a diet due to higher risk of 
recurrent laryngeal nerve injury with a neck anastomosis. 
A contrast esophagram is not routinely obtained. Tube 
feedings are initiated on postoperative day 2 and advanced 
as clinically appropriate if a feeding tube was placed. 
Patients are typically discharged on postoperative day 5.

Conclusions

We describe a technique in performing a minimally invasive 
transhiatal esophagectomy, with a robot-assisted abdominal 
and video-assisted cervical approach. The main advantage 
of the robot-assisted abdominal approach is the magnified, 
stereotactic view provided by the camera and the increased 
dexterity provided by the instruments. Using a camera in 
both the abdominal and cervical portions of the procedure 
allows a complete thoracic lymph node dissection.
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