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Background: We describe a modified method to facilitate gastric mobilization in robotic esophagectomy.
Furthermore, we performed a prospective comparative analysis of surgical outcomes between the
conventional method and described technique.

Methods: From April 1st, 2016 to December 31st, 2016, 59 consecutive patients were included who
underwent robot-assisted McKeown esophagectomy for esophageal squamous cell carcinoma in our
institution. They were subdivided into two groups based on the method of gastric exposure: a grasper
retraction (GR) group (n=27) and a thread retraction (TR) group (n=32). For the GR patients, robotic
instruments were directly used to expose the surgical field for gastric mobilization. However, for TR patients,
the right gastroepiploic arcade and the short gastric vessels were fully exposed via a polyester tape combined
with a thread loop.

Results: There was no incidence of postoperative 30-day mortality. The median gastric mobilization time
was 53 min (range, 38-77 min). It took significantly less time in the TR group compared to the GR group
(P=0.005). The median amount of blood loss was 8 mL (range, 5-14 mL), and no significant difference was
found between the two groups (P=0.573). The median number of dissected lymph nodes was 10 (range, 7-16),
and there was no significant difference between groups (P=0.386). Similarly, the postoperative morbidity
rates did not statistically differ between the two groups (P=0.942).

Conclusions: The robot-assisted McKeown procedure presented is a safe and easy to perform technique
for stomach retraction during gastric mobilization. Compared with the conventional GR method of gastric
mobilization, TR requires less operating time and allows for an excellent operative field. The technique
could, therefore, help surgeons to overcome some of the defects of robotic esophagectomy during gastric
mobilization.
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Introduction Nevertheless, some limitations have been met when
performing minimally-invasive esophagectomy (1-3). For
instance, rigid instruments decrease the amplitudes of
increasingly applied as a method of minimally-invasive maneuvers when operating in the posterior mediastinum,

esophagectomy to reduce morbidity and mortality. especially if the esophagus deviates to the left. Robotic

During the last ten years, thoracolaparoscopy has been
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surgical systems potentially provide a way to overcome
these limitations by offering the use of 3-dimensional
cameras and wristed instruments (1,4). However, stomach
mobilization is usually a technically challenging procedure
in the early stages of the learning curve associated with
robot-assisted esophagectomy (5). As stomach retraction
is hard to perform using robotic instruments (which lack
tactile feedback), the conventional exposure method which
employs a grasper fails to provide an adequate operative
field. Thus, it has the potential to hurt the stomach and
its important blood vessels (6). As a matter of fact, some
surgeons prefer to perform a hybrid esophagectomy
procedure, using a robotic system in the thoracic phase and
laparoscopy or laparotomy in the abdominal phase (7-9).

When dissecting the gastrocolic ligament, it is crucial to
keep the right gastroepiploic arcade adequately exposed in
order to preserve it. The incidence of ischemia and necrosis of
the gastric conduit has been extensively reported in minimally-
invasive esophagectomy due to technical factors (10).
Usually, dissection of the gastrocolic ligament is performed
by traction of the stomach with a grasper during
laparoscopic gastric mobilization. However, this may not
be an easy task to accomplish in a robot-assisted procedure.
Lack of tactile feedback and excessive force may lead to
trauma caused by the handling of the stomach with the
grasper (11). Moreover, numerous instruments inevitably
interfere with each other. Similarly, the short gastric vessels
are also difficult to expose because of the complexity of its
anatomical location (12). To overcome these problems, we
have developed a modified gastric mobilization technique
which focuses on exposure methods.

Methods
Patients and analysis

A total of 59 consecutive patients, who underwent robot-
assisted McKeown esophagectomy for esophageal squamous
cancer at the West China Hospital from April Ist to
December 31st, 2016, were enrolled in our prospective
cohort. Preoperative diagnosis was based on gastroscopy
and concomitant biopsy results. Tumors were evaluated to
be resectable according to contrast-computed tomographic
images of the chest and abdomen. The study protocol was
approved by the appropriate institutional review board
(number: 2017-239). Written informed consent was obtained
from all patients. Descriptive statistics were used to describe
the patients’ baseline. Univariate analysis was performed
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using nonparametric and chi-squared tests (SPSS 22;
SPSS Inc., Chicago, IL, USA).

According to the technique for gastric retraction, we
classified all patients into two groups: a grasper retraction
(GR) group (n=27) and thread retraction (TR) group (n=32).
To minimize the effects of the learning curve, the surgeon
undertook months of training and worked with the robotic
system in an esophagectomy context for three months
before the study began. Moreover, we employed a two-step
method to carry out GR/TR selection. First, we selected
one of the two methods randomly. Then, after sufficient
mutual preoperative communication with the patient about
the surgical plan had taken place, the patient was given the
right to decide which technique would be performed. The
‘gastric mobilization time’ was defined as the time interval
between creating the first abdominal port to finishing the
gastric mobilization. Postoperative morbidity events (minor
or major) were graded according to CTCAT v4.0.

Surgical techniques

McKeown esophagectomy was performed in three phases
using the da Vinci surgical system (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA), that is to say, thoracic, abdominal,
and cervical phases (13). Gastric mobilization is performed
following the thoracic phase. First, the retraction of the
liver, mobilization of the gastroesophageal junction, and
dissection of the lesser curvature were performed as usual.
Then, the left gastric artery and vein were transected with
concomitant resection of local lymph nodes. Secondly, the
right gastroepiploic arcade was exposed by retracting the
stomach using a polyester tape combined with a thread
loop. Finally, the mobilization was finished by dividing
the gastrocolic ligament and transecting the short gastric
vessels.

Five abdominal ports were first created in an identical
way in all patients (Figure 1). A 12-mm viewing port was
placed just below the umbilicus. Two 8-mm ports for robot-
arms 1 and 3 were used below the left and right subcostal
space, respectively. Another 8-mm port for arm 2 was placed
at the umbilicus level in the right midclavicular line. Finally,
a 12-mm accessory port was placed at the umbilicus level
of the left midclavicular line. The robotic cart resides over
the patient’s head. After retracting the left lobe of the liver
and dissecting the lesser curvature, the left gastric vessels
could be well exposed by grasping and lifting upwards the
lesser curvature of the stomach using Cadiere Forceps
(Intuitive Surgical, Inc., Sunnyvale, CA, USA) on arm 3.
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Figure 1 Trocars placement on the abdomen. Ist, arm 1; 2nd,

arm 2; 3rd, arm 3; cp, camera port; ap, accessory port.

Figure 2 Liver retraction via a Prolene suture fixed at two ends of the

pars condensa (triangle—Prolene suture; arrow—Hem-o-lok clip).

The abdominal lymph nodes around the left gastric artery
were dissected en bloc using Fenestrated bipolar forceps
(Intuitive Surgical, Inc.) on arm 2 and Harmonic scalpel
(Ethicon, San Angelo, TX, USA) on arm 1. The left gastric
vessels were then clipped using Hem-o-loks by an assistant
surgeon and divided with the Harmonic scalpel. Division
of the pancreaticogastric attachments was then performed
using the Harmonic scalpel, leftwards to the splenic hilum.
The above mentioned method of retracting the left lobe of
the liver needs to be described further. As shown in Figure 2,
the liver’s left lobe was lifted up using 2 slings of Prolene
suture. First, a 70 mm straight needle with a polypropylene
monofilament was introduced into the abdomen (4 cm
below the xiphoid process, and slightly to the right). It
then passed through the abdominal wall to the right of the
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Figure 3 Schematic diagram showing the extra-abdominal vertical-
overhang approach for stomach mobilization [(A) thread loop;

(B) polyester tape)].

round ligament of the liver. After the pars placcida of the
hepatogastric ligament was divided, an intraperitoneal part
of the Prolene was fixed at two ends of the pars condensa
with Hem-o-lok clips. The Prolene was then tied outside of
the abdomen (4 cm below xiphoid process, and slightly to
the left) so that the left lobe of the liver was left hanging by
the two slings.

To obtain a satisfactory operative exposure and prevent
stomach injury, gastric retraction was performed using
polyester surgical tape. To begin with, a 2-3 cm hole was
made in the great omentum. One end of the polyester tape
was passed behind the stomach toward the lesser sac. Then,
a thread loop was passed into the abdomen cavity in the
subxiphoid region using a suture passer. One end of the
polyester tape was passed through the loop, and then tied to
the other end of the tape using a Hem-o-lok (Figures 3,4).
In this way, the loop of polyester tape around the stomach
was linked to the thread loop, and so the stomach could be
lifted up by retracting the thread outside the abdomen. The
subsequent gastric retraction allows for easy identification
and preservation of the right gastroepiploic arcade (Figure 5)
and short gastric vessels (Figure 6). Also, the greater
curvature of the stomach is mobilized by dividing the
gastrocolic omentum, followed by division of the short
gastric vessels.

After gastric mobilization had finished, all subsequent
manipulations were performed without using the robotic
system. The stomach was pulled out of the abdominal cavity
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Figure 4 Performing gastric retraction with a tape plus an assisted
thread loop [(A) thread loop; (B) polyester tape].

Figure 5 Division of the gastrocolic omentum for mobilizing the

greater curvature [(A) right gastroepiploic arcade; (B) pancreas].

to create a gastric conduit with upper midline abdominal
incisions. A (5 cm wide) gastric conduit was made, as is usual.
Then, we sent back the gastric conduit to the abdominal
cavity and then delivered it from the abdomen into the
chest. Furthermore, an incision was made at the cervical
level. The upper end of the gastric conduit in the thorax
was delivered to the left neck. A purse-string was handsewn
through the muscular layer of the esophagus 5-8 cm
proximal to the esophageal cancer with one piece of
3-0 Prolene suture at the cervical level.
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Figure 6 Division of the gastrosplenic ligament and short gastric
vessels [(A) gastrosplenic ligament; (B) spleen].

Results

The demographic and preoperative data are summarized
in Table 1. A total of 59 patients (27 in GR group; 32 in
TR group), including 44 male and 15 female, with a mean
age of 619 years (range, 42-78 years) were enrolled in
this prospective cohort. There were no cases converted
to laparotomies. There was no incidence of postoperative
30-day mortality, and no obvious adverse injuries of the
stomach were noticed.

The surgical outcomes are shown in Tizble 2. The median
gastric mobilization time was 53 min (range, 38-77 min).
Significantly less time was used in the TR group compared
to the GR group (P=0.005), as shown in Figure 7. The
median amount of blood loss during gastric mobilization
was 8 mL (range, 5-14 mL), and no significant difference
was found between the two groups (P=0.573). The median
number of dissected lymph nodes was 10 (range, 7-16),
and there was no significant between-group difference
(P=0.386). Of the total 29 postoperative morbidity events,
16 occurred in 10 patients in the GR group, whereas
13 occurred in 9 patients in the TR group. These included
anastomotic leakage, pneumonia, wound infection, and
hoarseness. The postoperative morbidity rates did not differ
statistically between the two groups (P=0.942).

Discussion

The prospective comparative analysis shows that TR
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Table 1 Patient demographics and perioperative characteristics (N=59)

Zheng et al. Gastric mobilization in robotic esophagectomy

Variable Grasper retraction Thread retraction P value
Number of patients 27 32
Gender: male/female 20/7 24/8 1.000
Mean age at surgery + SD (years) 58.7+10.1 63.3+7.9 0.102
Mean BMI = SD (kg/m?) 22.3+3.1 22.8+£3.7 0.442
Site of carcinoma 0.383

Upper 7 (26%) 11 (34%)

Middle 18 (67%) 16 (50%)

Lower 2 (7%) 5 (16%)
Mean TNM stage + SD (years) 2.2+0.7 2.1+£0.7 0.729

I 5 (19%) 6 (19%)

I 12 (44%) 16 (50%)

I 10 (37%) 10 (31%)
Preoperative COPD 4 (15%) 5 (16%) 1.000
Overall preoperative comorbidity 14 (52%) 17 (53%) 1.000
SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
Table 2 Surgical outcomes (N=59)
Variable Grasper retraction Thread retraction P value
Number of patients 27 32
Gastric mobilization time (min), median [range] 56 [44-75] 50 [38-77] 0.005
Gastric mobilization blood loss (mL), median [range] 9 [5-14] 7 [5-12] 0.573
Dissected lymph nodes, median [range] 10 [7-16] 10 [7-16] 0.386
Postoperative complications 16 13 0.942

Anastomotic leakage 4 (15%) 3 (9%)

Pneumonia 4 (15%) 3 (9%)

Wound infection 0 1(3%)

Hoarseness 8 (30%) 6 (19%)

may be used to achieve a satisfactory operating space and
shorten the operation time for patients undergoing robotic
esophagectomy. The modified approach for overhanging
the stomach makes it easier to mobilize the stomach and
preserve important gastric vessels.

Even through robotic surgery is becoming increasingly
more popular for performing esophagectomy, some
limitations should be noticed. Most notably, it has been
reported that the abdominal phase is not well suited to a

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

robotic approach because large-amplitude maneuvers are
required for dissection of the entire greater curvature (2).
To achieve optimal surgical exposure and avoid injury to
the right gastroepiploic arcade, the present study describes
a modified procedure for gastric mobilization for use in
robot-assisted esophagectomy. This paper appears to be the
first report to focus on the exposure method in this respect.

Preservation of the right gastroepiploic arcade is
crucial when dividing the gastrocolic ligament during
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Figure 7 Gastric mobilization times (minutes). The times are
significantly shorter in the TR (thread retraction) group than in
the GR (grasper retraction) group.

gastric mobilization (14). Gastric tube complications, e.g.
ischemia and necrosis of the gastric tube, are not rare after
esophagectomy, the main technical factor being the arterial
supply (10,15). During laparoscopic gastric mobilization,
exposure of the right gastroepiploic vessels is usually
achieved via two manipulations. One, is the lifting up of
the stomach by grasping its anterior wall with atraumatic
forceps; the other, is inserting a retractor between the
stomach and pancreas and then holding the stomach up. In
our experience, both manipulations are difficult to perform
during robotic gastric mobilization. The lack of sensory
feedback may increase the risk of potential organ injury (16).
It is not uncommon for omental vessels to slip into the
gaps between the robotic wrists and be torn when using the
articulating instrument to elevate the stomach.

Another technical difficulty associated with gastric
mobilization is to achieve a good exposure of the
gastrosplenic ligament and short gastric vessels. Running
through the gastrosplenic ligament are small branches from
the short gastric and left gastroomental vessels. Due to their
complex anatomical locations, intraoperative hemorrhage
and spleen injury occasionally occur during robotic
gastric mobilization (12,17). In the modified method
presented, after using the thread loop to lift the stomach,
the gastrosplenic ligament and short gastric vessels can be
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clearly visualized and easily dissected using a Harmonic
scalpel.

In our opinion, most surgeons tend to slow down during
gastric mobilization with robotic instruments to avoid
unnecessary trauma to the arteries and organs. This may
help explain the non-significant difference in leak rate and
other complications between the two groups. However,
we believe, that for those new to robotic esophagectomy,
TR may be a more valuable procedure to reduce the risk of
unexpected trauma.

We also calculated the sample size necessary for the
observed leak difference to be statistically significant based
on the present study. We found that, in total, more than one
thousand cases would be required. Notably, this result may
be strongly related to the surgeon’s experience.

Stomach mobilization is usually a technically challenging
procedure in the early stages of the learning curve for robot-
assisted esophagectomy. To the best of our knowledge,
there nothing available in the literature that deals with
this issue, so far. In fact, some surgeons prefer to perform
a hybrid esophagectomy procedure, using robotic systems
in the thoracic phase and laparoscopy or laparotomy in
abdominal phase (7-9). In the technique presented here,
we use polyester tape to retract the stomach atraumatically,
which makes the omentum hang down curtain-like due to
gravity. This method fulfills the requirement for adequate
exposure of the right gastroepiploic arcade and short gastric
vessels. It also provides a wide operative space far from the
pancreas, spleen, and colon.

In conclusion, we have developed a modified exposure
method for gastric mobilization for use in robot-assisted
esophagectomy. The method may play an important role in
preserving the right gastroepiploic arcade and short gastric
vessels. Based on our initial experience with 59 patients, the
method appears to be safe, easy, inexpensive, and effective.
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