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Background: Video-assisted thoracoscopic surgery has been identified as priori choice compared with
open approaches in esophageal cancer surgery. With the developments in the Da Vinci robotic system, the
robot-assisted minimally invasive esophagectomy (RAMIE) has been increasingly popular. However, whether
RAMIE could be a better choice over thoraco-laparoscopic minimally invasive esophagectomy (TLMIE) is
unclear.

Methods: The clinicopathological characteristics of patients who received RAMIE or TLMIE with modern
two-field lymph node dissection in Sun Yat-sen University Cancer Center between Jan 2016 to Jan 2018
were retrospectively retrieved. The 1:1 propensity score match analysis was performed to compare the short-
term effectiveness and safety between the two groups.

Results: Two hundred and fifteen esophageal squamous cell carcinoma (ESCC) patients received RAMIE
(101 patients) or TLMIE (114 patients) were included in the analysis. After a 1:1 propensity score matching,
108 patients (54 pairs) who received RAMIE or TLMIE displayed no significant variance in baseline
clinicopathological characteristics. No significant difference in operative time, intraoperative blood loss,
number of resected lymph nodes, and RO resection rates were observed between the matched groups.
However, the recurrent laryngeal nerve protection was better in RAMIE group (P=0.021). Nevertheless,
both the incidences of common postoperative complications and length of ICU (hospital) stay were similar
in two groups. The average total (P=0.009) and daily (P=0.028) expenses of RAMIE were higher.
Conclusions: In general, RAMIE could benefit patients by providing better recurrent laryngeal nerve
protection. In order to promote the applications of RAMIE, more efforts should be made to reduce the costs

by the social and medical insurance agencies.
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Introduction

Esophagectomy with extended lymphadenectomy remains
a mainstay of curative treatment for patients with localized
esophageal squamous cell carcinoma (ESCC). The
traditional open transthoracic procedure is the standard
surgery for esophageal cancer (1-4). However, the video-
assisted thoracoscopic surgery, with less surgical trauma,
blood loss, postoperative complications, and shorter hospital
stay, has been gradually recognized as a more feasible
surgical procedure for esophageal cancer (3,5-7). Also, the
long-term oncologic outcomes of thoraco-laparoscopic
minimally invasive esophagectomy (TLMIE) were found
to be equivalent to standard open surgery (4,8,9). However,
the TLMIE is limited by a two-dimensional view and the
reduced freedom of movements, which may disable delicate
dissections of the esophagus and lymph nodes, especially
in salvage surgery after definitive chemoradiotherapy or
surgery following neo-adjuvant therapies.

With the recent developments in surgical instruments,
robot-assisted minimally invasive esophagectomy (RAMIE)
performing with the Da Vinci Si robotic system has an
increasing usage throughout the world (10-15). Comparing
with TLMIE, RAMIE offers advantages including tremor
filtration, three-dimensional visualization, ten-times-
enlarged image and seven-degree freedom of its dexterity
endowrists, all of which provide a stable and comfortable
environment for the surgeon to operate. van Hillegersberg
et al. reported a 90% RO resection rate in ten downstaged
c¢T4b ESCC patients with RAMIE, due to the enlarged 3D
image allowing for very precise dissection of the irradiated
tumor tissue from the trachea, bronchi, and aorta (16).

Nonetheless, whether RAMIE has comparable impacts
with TLMIE on the short-term surgical outcomes of ESCC
is unclear. Therefore, we performed a propensity score
matched (PSM) study to objectively compare the surgical
results between TLMIE and RAMIE.

Methods
Patients

This study was approved by the institutional review board
of Sun Yat-sen University Cancer Center, and the patients’
consent was waived. From January 2016 to Jan 2018, a total
of 215 patients received minimal invasive esophagectomy
and lymphadenectomy by the same surgical team in the
thoracic surgery department of Sun Yat-sen University
Cancer Center, Guangzhou, China. The inclusion criteria
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are: (I) patients had primary and histologically identified
squamous cell carcinoma; (II) patients received RAMIE or
TLMIE with gastric pull-up and cervical anastomosis; (I1I)
patients received extend two-field lymphadenectomies.

The exclusion criteria are: (I) patient had a history
of other malignant diseases; (II) patient records lacked
sufficient general, pathological, and neo-adjuvant
therapeutic information for analysis, i.e., age, gender, tumor
locations, pathological stages, regimens of neo-adjuvant
treatments.

Preoperative workup

Preoperative tumor stage evaluations included history
taking, physical examination, chest and upper abdominal
contrast computed tomography (CT) and ultrasonography
or CT of the neck, endoscopic ultrasonography of
upper gastrointestinal tract and pathological biopsy.
Endobronchial ultrasonography was routinely taken in
patients with middle thoracic esophageal lesions.

Surgical approaches

In RAMIE, three-arm technique is used in both thoracic
and abdominal procedures of McKeown esophagectomy.
The detail techniques were described elsewhere (17). The
enteral tube is placed through a percutaneous jejunostomy.
We did the esophagogastric stapled anastomosis in the neck.
A drain is placed 3 cm below the neck wound with inner tip
beside the anastomosis, and all incisions are closed.

In TLMIE, the McKeown procedures are applied, as
well. The patient position and procedure steps inside the
thoracic, abdominal cavity and the neck anastomosis are

same in RAMIE and TLMIE.

Postoperative management

Patients are extubated approximately one hour after
surgery, before transferred from the resuscitation room
to the intensive care unit. On postoperative day one, the
nasogastric tubes are routinely removed if the drainage
is less than 100 mL and the color does not indicate
hemorrhage. Then, the patients will be transferred to the
general surgical ward on postoperative day two, if their vital
signs are stable. All patients are fed through the enteral tube
during the postoperative day two to seven. On day seven,
the x-ray barium radiography is performed routinely to
check for anastomosis leakage. Patients will be able to start
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with sips of water without signs of anastomotic dehiscence,
and the oral intake is gradually return to normal solid food
within 14 days after the operation.

Statistical analysis

The pathological stages were identified according to the 7th
edition of the American Foint Committee on Cancer Staging
Manual. The clinicopathological characteristics between the
two groups were compared using Student’s #-test and the
Chi-square tests. Statistical analysis performed using SPSS
23.0 (SPSS Corporation, Chicago, IL, USA). Significance
was set to P<0.05.

The 1:1 PSM was performed using characteristics
including age, gender, BMI, history of smoking or
alcohol consumption, hypertension, diabetes, arrhythmia,
coronary heart disease, clinical T, N stage and neo-
adjuvant chemoradiotherapy. The regression model used
for calculating propensity score was k-Nearest neighbors
matching. The standardized difference in means were
compared before and after matching to evaluate covariate
balance between two groups (18). The PSM was performed
by the “psmatch2” command in STATA 12.0 software.

Results
Patient characteristics

A total of 215 patients undertook minimal invasive
esophagectomy and lymphadenectomy by the same
surgical team between January 2016 and January 2018.
According to the inclusion and exclusion criteria, 68
patients were excluded because they had adenocarcinoma
of esophagogastric junction; four patients were excluded
for synchronous multiple primary cancers; and one patient
was excluded because of having intrathoracic anastomosis.
Therefore, a total of 142 patients (68 and 74 in the RAMIE
and TLMIE group, respectively) were enrolled in the study.

In the study cohort, the majority were male (112/142,
78.9%) patients. The median age of the cohort was
62 years (range, 43-84 year). Seventy-four patients (52.1%)
had the history of smoking (>20 pack-years), and 30 (21.1%)
had alcohol assumption history. Postoperative pathological
staging revealed that 31 (21.8%) cases were in stage I,
51 35.9%) in stage II, 40 (28.2%) in stage III. Forty-
five (31.7%) patients in the cohort received neoadjuvant
chemoradiotherapy, and the pathological complete response
rate was 44.4% (20/45). The demographic characteristics of
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the study cohort are displayed in Tizble 1.

The 1:1 PSM was performed to balance the confounding
factors between two groups. For the continuous variables,
the standardized difference in means were calculated
to evaluate the matching balance. Before matching, the
standardized difference in mean age and BMI were -0.008
and 0.003. Whereas the data were 0 and 0.007 respectively
for age and BMI after matching. Additionally, the P values
did not reveal statistical difference in both the independent
t-test of continuous variables and the Chi-square test of

binary variables after matching (7able 1).

Comparisons of short-term outcomes in RAMIE and
TLMIE group

The incidence of surgical complications in the entire
cohort included cervical anastomotic leakage (8/142, 5.6%),
recurrent laryngeal nerve injury (31/142, 21.8%), and
chylothorax (5/142, 3.5%). All anastomotic leaks of patients
were minor leakages that restricted around the cervical
anastomosis, without septicemia. The treatment was a
prolongation of enteral feeding (up to 36 days after surgery)
until no leakage could be identified in gastroscopy. The
chylothorax was also treated conservatively, indicating that
the low-volume leakage might be from side branches of the
thoracic duct; and the vocal cord paralysis was temporary
and was able to recover within six months after surgery.

Non-surgical complications included pneumonia
(29/142, 20.4%), ARDS (5/142, 3.5%), and cardiac events
(2/142, 1.4%). The pneumonia was diagnosed and treated
with sensitive antibiotics; ARDS were all cured by extended
ventilation in the ICU, and the two patients with cardiac
events had temporary supraventricular tachycardia and
acute right-sided heart failure, respectively.

The radical resection (R0) was achieved in 141 (99.3%)
patients. The patient who did not receive RO resection
had ESCC located between 28 to 33 cm from incisors.
The esophagus is cut in the thoracic inlet routinely, which
should be qualified to have adequate margin in this case.
However, the postoperative pathological examination found
squamous carcinoma cells in the upper margin. It is possible
that the patient had multiple ESCCs in the esophagus, but
the second tumor site was too early in stage to be identified
by NBI endoscopy.

The mean number of dissected lymph nodes was 26.2,
ranging from 8 to 68. No reoperation or postoperative
death happened within 30 days after an esophagectomy.
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Table 1 Patient characteristics in RAMIE and TLMIE groups before and after matching
Unmatched cases Matched cases
Variables
TLMIE (N=74) RAMIE (N=68) P value TLMIE (N=54) RAMIE (N=54) P value

Age 61.3+8.2 61.9+8.5 0.935 61.8+8.3 61.8+9.4 0.991
Gender (M/F) 59/15 53/15 0.794 43/11 41/13 0.643
Smoking (Y/N) 35/39 37/37 0.397 27/27 25/29 0.700
Alcohol (Y/N) 15/59 15/53 0.533 12/42 11/43 0.814
BMI 23.0+3.1 22.8+2.8 0.657 23.0+2.7 22.7+2.9 0.548
Hypertension (%) 12 (16.2) 9(13.2) 0.695 7 (13.0) 8(14.8) 0.781
Diabetes (%) 1(1.4) 2 (2.9 0.595 1(1.9) 1(1.9 1.000
Arrhythmia (%) 2(2.7) 1(1.5) 1.000 2(3.7) 1(1.9 1.000
CHD (%) 1(1.4) 0(0.0) 1.000 1(1.9 0 (0.0 1.000
nCRT (%) 17 (23.0) 28 (41.2) 0.020 17 (31.5) 14 (25.9) 0.523
cT stage (T1/2/3/4a) 23/9/41/1 16/8/44/0 0.570 15/7/31/1 14/7/33/0 0.778
cN stage (N0/1/2/3) 37/19/16/2 36/19/11/2 0.903 22/14/16/2 30/11/11/2 0.472

RAIME, robot-assisted minimally invasive esophagectomy; TLMIE, thoraco-laparoscopic minimally invasive esophagectomy; BMI, body
mass index; CHD, coronary heart disease; nCRT, neo-adjuvant chemoradiotherapy.

The median length of intensive care unit stay was one day
(range, 1-36 days), and median postoperative hospital stay
was 13 days (range, 3-72 days).

Before matching, more patients in the RAMIE group
received nCRT (Table 1, P=0.020). The incidences of
postoperative complications, such as hoarseness, respiratory
complications and anastomosis leakages were higher in
TLMIE group, but without any statistical difference;
however, the average costs for patients received RAMIE
were significantly increased (1able 2, P=0.002).

After the matching process, 108 patients were included in
the analysis. Nevertheless, in the matched comparisons, the
incidence of vocal cord paralysis was prominently higher
in the TLMIE group (P=0.021), suggesting the benefit of
recurrent laryngeal nerve protection comes with RAMIE.
Both the total expenses and daily expenses of RAMIE
was higher than TLMIE, though the difference was less
significant after matching (7able 2).

Discussion

As RAMIE becoming more popular, it is significant to
explore the procedure-related safety and applicability issues.
In our study, TLMIE and RAMIE had similar short-term
outcomes; besides, RAMIE benefits patients by providing
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better recurrent laryngeal nerve protection, which suggests
RAMIE as a secure and reliable therapeutic choice.

The robotic surgical system offers three-dimensional
imaging, up to 10-fold magnification, tremor control, and
ambidexterity, which indeed enable a precise dissection
of the esophagus and regional lymph node, and a good
protection the adjacent structures that need to be preserved.
In this way, we can better visualize the correct dissection
planes. Therefore, we attributed the better laryngeal nerve
protection to the use of RAMIE. To our own experience,
the chief surgeon has to keep the arms and body in
certain sweatful position for a period of time to finish
some procedures in TLMIE. In addition, a recent report
showed that 86.9% surgeons reported symptom or physical
discomfort that was attributed to performing TLMIE (19).
However, RAMIE allows surgeons to sit comfortably while
performing complex procedures during the operation.

Additionally, the robot-assisted technique enables
surgeons to perform procedures in tight space. The upper
mediastinum and particularly the upper thoracic inlet
could be explored with much more ease in RAMIE than
the traditional thoracoscopic approach. In contrast, when
the instruments of TLMIE reach deep in the thorax, it
often causes difficulties because of the fulcrum effect of the
ribs. Sometimes, instruments of TLMIE have to approach
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Table 2 Postoperative characteristics compared in matched or unmatched cohorts

Unmatched cases

Matched cases

Variables

TLMIE (N=74)  RAMIE (N=68) P value TLMIE (N=54)  RAMIE (N=54) P value
Pneumonia (%) 17 (23.0) 12 (17.6) 0.432 13 (24.1) 8 (14.8) 0.224
ARDS (%) 2(2.7) 3(4.4) 0.670 23.7) 2(3.7) 1.000
Chylothorax (%) 3(4.1) 2 (2.9 1.000 23.7) 1(1.9 1.000
Hoarseness (%) 21 (28.4) 10 (14.7) 0.049 17 (31.5) 7 (13.0) 0.021
Cardiac (%) 0(0.0) 2(2.9) 0.228 0(0.0) 23.7) 0.495
Leakage (%) 2(2.7) 6 (8.8) 0.153 2(3.7) 5(9.3) 0.437
Number of LN 27.4£12.8 24.7£7.5 0.143 24.7£11.2 25.4+7.5 0.719
Hemorrhage (mL) 119.7+90.3 115.7+73.5 0.774 116.5+85.9 118.9+77.4 0.879
Duration (min) 195.7+26.1 187.5+32.6 0.100 193.4+27.1 187.2+34.0 0.302
RO resection (%) 73 (98.6) 68 (100.0) 1.000 54 (100.0) 54 (100.0) 1.000
Mortality (%) 0 (0.0 0 (0.0 1.000 0 (0.0 0 (0.0 1.000
ICU stay (Day) 2.6+3.8 3.8+5.8 0.175 2.5+3.7 4.0+6.3 0.138
Hospital stay (Day) 15.1+9.5 16.7+9.3 0.343 15.2+9.8 17.1+10.1 0.335
Total expenses (KUSD) 20.2+9.2 24.9+8.3 0.002 20.8+9.0 25.3+9.0 0.009
Expenses per day (KUSD) 1.4+0.3 1.7£0.7 0.002 1.5+0.4 1.7+0.7 0.028

RAIME, robot-assisted minimally invasive esophagectomy; TLMIE, thoraco-laparoscopic minimally invasive esophagectomy; Cardiac,
cardiac complications; Leakage, anastomotic leakage; KUSD, thousand US dollars.

the operative field in a parallel way, which gave rise to
difficulties in manoeuvrability, however, the robotic system
eliminates these difficulties in manipulation and enable
surgeons to do a precise dissection in the thorax cavity (20).

Neo-adjuvant chemoradiotherapy has been demonstrated
to be the best therapeutic approach for improving the long-
term survival of patients with locally advanced esophageal
squamous cell carcinoma (21-23). It is also recommended by
The NCCN guideline for esophageal and esophagogastric
junction cancers to treat locally advanced squamous
tumor (24). Actually, the clinical application of neo-adjuvant
chemoradiotherapy needs to take some extra characteristics,
such as age, KPS score, patient’s subjective intention
and tolerance, into considerations. In our study group,
a total of 70 patients with clinically stage T1-4N1MO or
T4NOMO received therapeutic suggestion of neo-adjuvant
chemoradiotherapy before treatment. However, only 45
out of the 70 patients eventually undertook neo-adjuvant
chemoradiotherapy, while others were quit for higher ages
(10 patients aged over 70-year-old), subjective rejection (24
patients) or low KPS score (1 patient). Patients refused to
take neo-adjuvant therapy for several reasons. For instance,
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the chemoradiotherapy had adverse effects, increased
expenses, extended the duration of treatment and finally,
not all patients would benefit from neo-adjuvant therapy.
Therefore, more efforts should be made to improve the
effectiveness and reduce the toxicity of neo-adjuvant
chemoradiotherapy.

Less hoarseness happened in RAMIE group both before
and after matching, which suggested that RAMIE presented
better laryngeal nerve protection. However, the incidences
of other common postoperative complications were similar
in RAMIE and TLMIE group. Weksler er al. reported
equivalent impacts of RAMIE and TLMIE on postoperative
complications in a retrospective study with 43 patients (14).
The inconsistent results on laryngeal nerve injury could
be caused by different sample size, which is smaller in the
Weksler’s study. Furthermore, differences in definitions of
complications, different surgical techniques, and the course
of neoadjuvant therapy are possible important factors
contributing to these discrepancies.

The regional lymph node dissection requires fine
splitting of left- and right-paratracheal, left- and right-
paraesophageal, and pretracheal lymph node from
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adjacent normal blood vessels, nerves, and organs in
the upper thoracic space. Nevertheless, the physiologic
course of recurrent laryngeal nerve locates quiet near
to the paratracheal and paraesophageal lymph nodes.
Therefore, the left- and right-recurrent laryngeal nerve
must be exposed and remain visible during the lymph node
dissection procedures. The robotic assisted technique
provides better laryngeal nerve protections because it has
better stereoscopic visions and flexible instruments, which
help surgeons to have more delicate dissections of the
lymph nodes from adjacent tissues. In contrast, when the
instruments of TLMIE reach deep in the upper thorax,
the operations could be affected. Thus, the incidence of
recurrent laryngeal nerve could be influent by different
surgical techniques.

Besides, the incidence of anastomotic leak was lower
(5.6%) and could be treated conservatively. Usually, the
anastomotic leak in the neck would require neck wound
reopening and routine sterilization. However, we left
a drain tube in neck wound with inner tip beside the
anastomosis and external tip connecting a vacuum sealing
plastic bottle. The drainage could continuously remove the
infectious liquid around the wound. And more importantly,
the patients with minor leakage were allowed to swallow
50 to 100 mL pure water every 3 hours, which helped clear
up the inner leakage wound. However, if the patient has
severe anastomosis leakage, the surgical treatments such as
debridement and suturing or two-stage operations would be
necessary.

In comparison with conventional TLMIE, the higher
cost is a minor point of RAMIE. Except for the total
costs, the cost per day was also calculated to reduce the
confounding effect of length of hospital stay. However,
both the total expenses and daily expense were significantly
higher in RAMIE group. The main reason for the issue
is the current monopoly of Intuitive Surgical. Secondly,
the social and medical insurance does not cover the cost
of RAMIE in China. The solution can be encouraging
new competitors to hit the market, which may trigger the
development of robotic instruments and help reduce the
costs. Additionally, we call for revisions of the Chinese
social and medical insurance policy, in order to let more
patients receive the benefits of RAMIE.

As a retrospective analysis, this study has its limitations.
One of the weaknesses is the existence of selection bias.
PSM was applied to balance most of the potential covariates
that could post negative effects on the comparisons, in order
to draw a more reliable conclusion. Despite the use of PSM,
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selection bias existed. And this is an early single institute
experience.

In conclusion, our study demonstrates the safety and
feasibility of RAMIE. The robotic surgical system enables a
precise dissection of the mediastinum, which results in good
recurrent laryngeal nerve protection. We look forward to a
randomized study on the topic, which will be a better way
to interpret the potential advantages of RAMIE.
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