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Robotic assisted minimally
invasive esophagectomy
versus minimally
invasive esophagectomy
Mengchao Xue, Junjie Liu, Ming Lu, Huiying Zhang,
Wen Liu and Hui Tian*

Department of Thoracic Surgery, Qilu Hospital of Shandong University, Jinan, China
Background: Esophagectomy is the gold standard treatment for resectable

esophageal cancer; however, there is insufficient evidence to indicate potential

advantages over standard minimally invasive esophagectomy (MIE) in treating

thoracic esophageal cancer. Robot-assisted minimally invasive esophagectomy

(RAMIE) bridges the gap between open and minimally invasive surgery. In this

single-center retrospective review, we compare the clinical outcomes of EC

patients treated with MIE and RAMIE.

Method: We retrospectively reviewed the clinical data of patients with

esophageal cancer who underwent surgery at Qilu Hospital between August

2020 and August 2022, including 159 patients who underwent MIE and 35

patients who received RAMIE. The intraoperative, postoperative, and

preoperative patient characteristics in both groups were evaluated.

Results: Except for height, the MIE and RAMIE groups showed no significant

differences in preoperative features (P>0.05). Further, there were no significant

differences in intraoperative indices, including TNM stage of the resected tumor,

tumor tissue type, or ASA score, between the two groups. However, statistically

significant differences were found in some factors; the RAMIE group had a shorter

operative time, less intraoperative bleeding, and more lymph nodes removed

compared to the MIE group. Patients in the RAMIE group reported less discomfort

and greater chest drainage on the first postoperative day than patients in the MIE

group; however, therewere nodifferences in other features between the twodatasets.

Conclusion: By comparing the clinical characteristics and outcomes of RAMIE

with MIE, this study verified the feasibility and safety of RAMIE for esophageal

cancer. Overall, RAMIE resulted in more complete lymph node clearance, shorter

operating time, reduced surgical hemorrhage, reduced postoperative discomfort,

and chest drainage alleviation in patients. To investigate the function of RAMIE in

esophageal cancer, we propose undertaking a future clinical trial with long-term

follow-up to analyze tumor clearance, recurrence, and survival after RAMIE.
KEYWORDS

da Vinci robot, robotic assisted minimally invasive esophagectomy, esophageal cancer,
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Introduction

Esophageal cancer (EC) is the sixth most common cause of

cancer-related deaths worldwide, and the eighth most frequently

diagnosed cancer (1, 2). China accounts for more than half of the

global EC burden, with squamous cell carcinoma being the most

common histological subtype (3). Esophageal cancer is highly

malignant and has a poor prognosis. Currently, the majority of

EC cases in China are middle- and late-stage ECs, which are treated

with a comprehensive treatment strategy based on surgery with

preoperative neoadjuvant therapy (such as chemotherapy,

radiotherapy, and chemotherapy plus immunotherapy),

minimally invasive or open-heart radical surgical resection plus

lymph node dissection in the second field of the chest and abdomen

or the third field of the neck, chest, and abdomen, followed by

adjuvant chemotherapy, radiotherapy, radiotherapy, or

immunotherapy depending on the postoperative pathological

results (3).

The standard therapy for EC is surgical resection to achieve full

primary tumor resection with radical lymph node dissection. In

prior studies, the highest rates of full tumor eradication and long-

term survival were achieved with transthoracic resection by

esophagectomy (4, 5). However, esophagectomy is an invasive

and difficult treatment that requires numerous entry points in the

abdomen, chest, and neck, as well as significant technical surgical

abilities. Furthermore, the invasive nature of treatments involving

the chest and abdomen and the relatively high prevalence of

postoperative complications are significant issues with

esophagectomy (5, 6). The use of thoracoscopy or laparoscopy in

minimally invasive esophagectomy (MIE) reduces surgical damage

to the chest or abdominal wall (7). Indeed, several randomized

controlled studies and meta-analyses have shown that MIE lowers

postoperative complications, especially pulmonary problems, and

has long-term survival results equivalent to open esophagectomy

(8–10). However, MIE is a technically difficult treatment that can

only be performed by highly competent surgeons.

Transthoracic robot-assisted minimally invasive esophagectomy

(RAMIE) has recently arisen as an additional surgical option for MIE

due to new advances in robotics (11, 12). Robotic procedures have

various technological benefits over thoracoscopic procedures,

including increased surgical accuracy and mobility in the limited

environment of the mediastinum allowed by the flexibility of the four

arms used in RAMIE. Further, superior image quality, including

three-dimensional vision, can be achieved. Because of these benefits,

RAMIE is regarded as the best technique for aggressive tumor surgery

(12–16). However, the benefits of RAMIE over minimally invasive

esophagectomy (MIE) have not been well characterized; as a result,

RAMIE has not been extensively employed in the treatment of EC.

Therefore, the study aimed to evaluate the results of RAMIE andMIE

and to identify any clinical or oncological advantage of RAMIE

against MIE in EC, as well as to investigate the feasibility and safety of

MIE using the da Vinci robotic system in EC patients.
Abbreviations: RAMIE, robotic assisted minimally invasive esophagectomy;

MIE, minimally invasive esophagectomy; EC, Esophageal cancer; BMI, body

mass index; SD, standard deviation; IQR, interquartile range.
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Patients and methods

Prior to surgery, all patients completed an informed consent

form for the use of their clinical information, which was authorized

by the Ethics Committee of Qilu Hospital, Shandong University

(registration number: KYLL-202008-023-1).
Patient selection

This study reviewed a prospectively collected database of patients

with esophageal cancer who underwent surgery at Qilu Hospital

between August 2020 and August 2022. The inclusion criteria for this

study were: (1) EC confirmed by preoperative imaging and

histopathological findings, (2) treatment with MIE or RAMIE, and

(3) complete available clinical and pathological data. The exclusion

criteria were (1) age ≥80 years, (2) presence of distant metastases, and

(3) presence of significant pulmonary comorbidities.
Data collection and variable definitions

The following data was collected from eligible patients

registered in the Qilu Hospital database: (1) General clinical data:

age, sex, preoperative comorbidities (hypertension, diabetes,

chronic obstructive pulmonary disease [COPD]), history of

smoking, history of alcohol consumption, ASA score, and body

mass index (BMI). (2) Preoperative assessment data, including the

presence or absence of preoperative symptoms, tumor location, and

PS score. (3) Intraoperative related data: operative time and

intraoperative bleeding volume. (4) Postoperative assessment

data: pain score on the first postoperative day, gastric and chest

tube drainage flow on the third postoperative day, transfer to the

ICU, removal of chest and gastric tubes on the first postoperative

day, length of hospital stay, postoperative drinking and eating time,

and postoperative complications. (5) Postoperative pathological

results: TNM stage, tumor histological type, number of cleared

lymph nodes, and number of positive results.

All minimally invasive portions of the surgical procedures were

performed by the same experienced laparoscopic surgeon with two

surgical assistants. General anesthesia was combined with thoracic

epidural anesthesia to minimize pain intra-and post-operatively.
Surgical procedure for MIE

(1) First, the patient’s esophagus was freed with thoracoscopic

assistance, and mediastinal lymph node dissection was performed.

After tracheal intubation, the patient was adjusted to the left

lateral recumbent position with a slight forward tilt to facilitate

exposure of the esophageal bed, and an axillary cushion placed

under the patient’s armpit to facilitate abdominal breathing. Four

thoracoscopic incisions were made. A 1.5-cm incision was made in

the patient’s seventh intercostal space in the axillary midline,

through which a 12-mm trocar was placed as an observation hole,

while a the thoracoscopic optic was inserted into the observation
frontiersin.org
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hole to observe the thoracic cavity for adhesions. Subsequently, a

1.5-cm incision was made in the patient’s ninth intercostal space

along the scapular line, and a 12-mm trocar was placed as an

auxiliary operative hole. A 5-mm trocar was placed in the fourth

intercostal space in the axillary midline as the first operative hole.

Another 5-mm trocar was placed between the sixth intercostal

space in the scapular line as the second operative site. The locations

of the above four incisions are shown in Figure 1A, B. The

electrocoagulation hook, ultrasonic knife, and other instruments

were accessed to separate the adhesions and free the esophagus. The

assistant applied an auxiliary manipulation card to assist in freeing

the esophagus by pressing the right lung anteriorly to fully expose

the esophageal bed using a trephine clamp. During freeing of the

esophagus, the azygos vein was bluntly freed to separate it from the

surrounding tissues and closed using a cutting occluder. The scope

of surgical resection included the thoracic esophagus and

esophageal tumor, paraesophageal lymph nodes, adipose tissue of

the esophageal bed, and subcarinal nodes in their entirety. After

resection, the para-recurrent laryngeal nerve nodes were further

cleared, and the cleared lymph nodes were removed and placed in a

specimen bag, and the rubber gloves were replaced. After adequate

rinsing with saline and electrocoagulation, the hemorrhage stopped.

The incision was closed by ventilating both lungs, placing a chest

drain in the observation hole, and suturing the incision with an

external Waterseal bottle.

(2) Next, the stomach was freed, and the associated lymph

nodes were cleared under laparoscopic assistance.
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After completion of the chest maneuver, the patient position

was changed from supine to the reverse Trendelenburg position.

The patient’s head was tilted slightly to the right to allow for

subsequent neck manipulation and to maintain a small tidal

volume of ventilation in both lungs. An incision was made at the

patient’s lower umbilical margin, a CO2 pneumoperitoneum of 8

mmHg was created while a 12-mm trocar was simultaneously

placed and a 30° optic was placed in this hole as an observation

hole. Two cm above the level of the umbilicus in the midclavicular

line on the left side of the patient and 2 cm below the rib margin, 12-

and 5-mm trocars were placed as the first and second operative

holes, respectively. Further, a 5-mm trocar was placed 2 cm below

the rib margin in the right midclavicular line as an auxiliary surgical

hole. A 5-mm trocar was also placed subxiphoidally as an auxiliary

surgical hole. The locations of the above five incisions are shown in

Figure 1C. Subsequently, a subxiphoid hepatic round ligament

suspension was performed, and the lesser curvature of the

stomach was exposed. The greater and lesser curvatures of the

stomach were freed, the associated lymph nodes were cleared, the

left gastric vessel was exposed, and the left gastric artery was closed

using a cutting closure. The esophagus was then pulled down

through the esophageal hiatus, and the patient’s subxiphoid

incision was extended to 5 cm, thus pulling the patient’s stomach

out of the body. Subsequently, the length of the preserved stomach

was determined, and a tubular stomach with a width of 3 cm was

created using linear cutting closure.

(3) Finally, a routine neck anastomosis was performed.
A B

C

FIGURE 1

(A) Schematic diagram of the chest incision for MIE. (B) Picture of chest incision during surgery. (C) Schematic diagram of the abdominal incision
for MIE.
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Surgical procedure for RAMIE

(1) First, the patient’s thoracic segmental esophagus was freed

using a da Vinci robot and mediastinal lymph node dissection

was performed.

After completion of tracheal intubation, the patient was placed

in the left lateral position; if this did not ensure sufficient exposure

of the esophagus, an anteriorly tilted position was applied. A 10-

mm incision was made in the patient’s mid-axillary line between the

5th intercostal ribs to allow placement of a da Vinci robotic

lumenscope, and thoracic exploration was performed to

determine the presence or absence of thoracic adhesions.

Subsequently, two 8-mm incisions were made in the anterior

axillary line at the 3rd intercostal space and in the posterior

axillary line at the 7th intercostal space, and sheath cards were

placed on the right and left arms, respectively. The esophagus was

then separated by placing an ultrasonic knife on the right arm and

grasping forceps on the left arm. At the same time, a 10-mm

incision was made in the anterior axillary line at the 7th intercostal

space, which served as an assistant’s hole through which the

assistant placed luminal grasping forceps to pull the right lung

anteriorly to further expose the esophageal bed and assist in freeing

the esophagus. Dissection of the mediastinal pleura was performed

based on the patient’s esophageal alignment. After a thorough

examination of the tumor to ensure that there was no obvious

extravasation, the esophagus was detached at the lower end of the

normal esophagus. After separation, robotic grasping forceps were

applied in conjunction with an ultrasonic knife to free the arch of

the azygos vein to separate it from the surrounding tissue, and the

azygos vein was cut using a cutting occluder. The esophagus was

fully freed upward to the top of the chest and downward to the

diaphragmatic hiatus, and the diaphragmatic hiatus was fully

opened to facilitate esophageal pull-down during laparotomy.

After completion of esophageal freeing, the thoracic lymph nodes,

including the bilateral para-recurrent laryngeal nerve nodes,

paraesophageal nodes, and subcarinal nodes, were cleared, and

complete resection was performed. The cleared lymph nodes were

removed and placed in a specimen bag, and the rubber gloves were

replaced. The patient was examined, and after adequate saline

rinsing, electrocoagulation was performed to halt the bleeding.

Bipulmonary ventilation was performed, a chest drain was placed

in the caval orifice, an external water-sealed bottle was attached, and

the remainder of the incision was sutured.

(2) Second, the stomach was freed.

After completion of the chest maneuver, small tidal volume

ventilation of both lungs was performed in a flat position, with the

patient in the reverse Trendelenburg position, with the head tilted

slightly to the right side to facilitate the neck maneuver. Incisions

were made 1 cm below the patient’s umbilicus on the left side, 2 cm

below the rib arch in the left anterior axillary line, flat umbilicus in

the left midclavicular line, flat umbilicus in the right midclavicular

line, and below the rib arch in the right anterior axillary line. These

incisions were used as the entrance to the luminal scotomical sheath

card for the da Vinci robot, right robotic arm scotomical incision,

assistant scotomical incision, left robotic arm scotomical incision,
Frontiers in Oncology 04
and third robotic arm scotomical incision, respectively. An artificial

pneumoperitoneum was established, with pressure maintained at

10–12 cm H2O. The greater and lesser curvatures of the stomach

were freed using an ultrasonic knife, the right vascular arch of the

gastric omentum was preserved, the associated lymph nodes were

cleared, the left gastric vessels were exposed, and the left gastric

artery was cut and closed with a cutting occluder. The lower

esophagus was then adequately freed from the diaphragm. The

patient’s abdominal cavity was checked for bleeding, adequate

hemostasis was achieved using an ultrasonic scalpel, and

operation of the da Vinci robotic system was completed. A

longitudinal incision was made 5 cm below the patient’s xiphoid

process, the patient’s stomach was pulled out of the body, the length

of the stomach to be preserved was determined, and the stomach

was cut 3 cm below the cardia. Creation of a tubular stomach was

initiated using a linear cutting obturator with a width of 3 cm.

Before the cervical esophagectomy, we set a pull line and sutured the

finished tube stomach to the pull line. We applied a pull line to the

neck incision and pulled the tube stomach to the neck. We pulled

the tubular stomach out of the mediastinum through the esophageal

hiatus. A triple-stitched marking suture was made at the highest

point of the fundus of the stomach to tie it to the suture line of the

esophageal stump.

(3) Finally, routine neck anastomosis was performed.
Neck anastomosis surgical procedure

Currently, most neck anastomoses, including those performed

in our hospital, use the circular stapling technique (CS) for

tubular anastomoses.

CS was performed as follows: The broken end of the esophagus

was clamped with a bag clamp, and the broken end of the esophagus

was sutured with a bag line. The stapler thimble was then placed at

the cut end of the esophagus and fixed with a purse-string suture. A

2-cm incision was made at the top of the stomach tube. When the

stapler was inserted into the stomach tube, the proper position of

the greater curvature side of the stomach was selected, and

mechanical anastomosis was performed with the stapler thimble.

An incision was made at the top of the stomach and closed.
Statistical analysis

The data for this study were recorded and described using

Microsoft Excel (Microsoft Corporation, Redmond, WA, USA). All

statistical analyses were performed using SPSS 26.0 (SPSS Inc.,

Chicago, Illinois, USA) and R statistical software (Windows version

4.2.1, http://www.r-project.org/). Normally distributed continuous

variables are expressed as the mean ± standard deviation (SD) and

compared using the Student’s t-test. For non-normally distributed

continuous variables, data are expressed as the medians

(interquartile range [IQR]) and were compared between the two

groups using the Mann–Whitney U test. Categorical variables were

compared using Pearson’s chi-square test or Fisher’s exact test.
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Statistical significance was defined as a two-sided P-value of less

than 0.05.
Results

This study included 159 patients who underwent minimally

invasive esophagectomy and 35 who underwent robot-assisted

minimally invasive esophagectomy. The choice of surgical

approach was made based on the preferences of both the surgeon

and the patient. The results of this study are preliminary and

inconclusive. Future investigations are necessary to validate the

kinds of conclusions that can be drawn from this study.
Preoperative characteristics

Table 1 shows the preoperative characteristics of the two patient

groups. As shown in Table 1, EC was significantly more common in

males than females. The percentages of smokers and alcoholic

drinkers were high in both treatment groups. Regarding initial

symptoms, feelings of obstruction in eating and dysphagia were the

most common, while gastrointestinal symptoms such as acid reflux,

belching, and abdominal distension were less common, and a small

number of patients also displayed symptoms of laryngeal nerve

damage, such as choking and coughing with drinking water and

hoarseness. Tumors were most commonly located in the lower

thoracic esophagus, followed by the middle thoracic esophagus,

while the upper thoracic esophagus was the least common.

Preoperative neoadjuvant treatment was administrated in 19.1%

of the patients. A total of 91.2% of patients were classified as having

an ASA score of II or above. The median age of the patients was 64

years, and the median BMI was 23.43 kg/m2. The mean PS score

was 80. The median distances from the central incisors were 30.5

cm. Except for height, which might be attributed to identical

preoperative features in the two groups, all P values between the

MIE and RAMIE groups were >0.05.
Intraoperative index comparison

Table 2 provides detailed information on the comparisons

between the two treatment groups. There were no significant

differences between the two groups in terms of TNM stage of the

resected tumor, tumor tissue type, or ASA score. However, in terms

of operating time, intraoperative hemorrhage, total number of

lymph nodes removed, and the number of lymph nodes removed

from the chest and belly, statistically significant differences were

found between the MIE and RAMIE groups. The mean surgical

duration in the MIE group was 210 min, whereas the RAMIE group

required considerably less time (p=0.007) at 190 min. In terms of

intraoperative bleeding, the MIE group had a mean bleeding

volume of 120 mL compared with 100 mL in the RAMIE group

(p = 0.006). The mean number of lymph nodes removed in the MIE

group was 19, compared to 23 in the RAMIE group (p = 0.001). The

RAMIE group also exhibited a considerable increase in the number
Frontiers in Oncology 05
of lymph nodes removed from the chest and abdomen. However,

the two groups showed comparable results in terms of the number

of positive lymph nodes excised, with no statistically significant

differences. Figure 2 shows the operative time and blood loss in all

35 patients in the RAMIE group.
Comparison of postoperative indicators

Table 3 compares the postoperative characteristics of the two

groups. Our research found statistically significant differences in

pain levels and chest drainage on the first postoperative day, but no

changes in any other features between the two data groups. Patients

in the RAMIE group reported lower pain levels and required a

higher number of chest drains on the first postoperative day than

those in the MIE group. There were no statistically significant

differences in the postoperative hospital stay, postoperative feeding

time, or postoperative chest drain removal time between the groups.

Further, no cases in either group required postoperative transfer to

the intensive care unit, and none of the patients experienced celiac

disease or laryngeal nerve damage. The risk group had a greater risk

of anastomotic fistula, while the MIE group had a higher rate of

respiratory problems. However, no statistically significant

differences in postoperative complications were observed between

the groups.
Discussion

EC is seventh most common malignancy, with the sixth highest

fatality rate worldwide (17). In China, males are more likely than

women to develop EC, and its prevalence is greater in rural than in

metropolitan regions (18). The two most common pathological

types of esophageal cancer are squamous carcinoma and

adenocarcinoma. In Asian countries with a high incidence of EC,

such as China, squamous carcinoma accounts for more than 90% of

cases; conversely, adenocarcinoma is the most common

pathological form in Western countries (19). As a very aggressive

malignant tumor, esophageal cancer is often associated with

widespread lymph node metastases, resulting in poor prognosis

(20, 21). Therefore, extensive esophageal cancer resection and

sufficient lymph node dissection reinforced by preoperative or

postoperative radiation are the most common therapeutic options.

Surgery is still the primary therapeutic option for patients with

resectable EC (8, 22–24). Various surgical techniques can be

used to perform radical esophageal cancer surgery (25–27).

Traditional open surgery is stressful and has a high incidence of

postoperative complications, morbidity, and death, all of which exert

a significant negative impact on patients’ quality of life (28–30). By

opening the chest and belly, thoracolaparoscopic radical esophageal

cancer surgery reduces the enormous stress on patients and enhances

their recovery (30–32). However, this surgical technique is also

limited by the two-dimensional field of view, requirement for long

and straight instruments, arm tremors, and other shortcomings of the

laparoscope, making it extremely difficult for primary surgeons to

operate in narrow spaces, such as clearing the upper mediastinal
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TABLE 1 Comparison of each preoperative characteristic between the two groups of patients.

Variables
Overall
(N=194)

MIE
(N=159)

RAMIE
(N=35) p

Gender, n (%) 0.636

Female 44 (22.7) 35 (22.0) 9 (25.7)

Male 150 (77.3) 124 (78.0) 26 (74.3)

Smoking history, n (%) 0.344

Non-smoker 75 (38.7) 59 (37.1) 16 (45.7)

Smoker 119 (61.3) 100 (62.9) 19 (54.3)

Drinking history, n (%) 0.236

Non-Drinker 77 (39.7) 60 (37.7) 17 (48.6)

Drinker 117 (60.3) 99 (62.3) 18 (51.4)

Hypertension, n (%) 0.056

No 141 (72.7) 111 (69.8) 30 (85.7)

Yes 53 (27.3) 48 (30.2) 5 (14.3)

Diabetes, n (%) 0.367

No 182 (93.8) 148 (93.1) 34 (97.1)

Yes 12 (6.2) 11 (6.9) 1 (2.9)

Coronary heart disease, n (%) 0.367

No 182 (93.8) 148 (93.1) 34 (97.1)

Yes 12 (6.2) 11 (6.9) 1 (2.9)

Other preoperative comorbidities,
n (%) 0.323

No 175 (90.2) 145 (91.2) 30 (85.7)

Yes 19 (9.8) 14 (8.8) 5 (14.3)

Feeling of obstruction in eating/
Difficulty in eating, n (%) 0.599

No 57 (29.4) 48 (30.2) 9 (25.7)

Yes 137 (70.6) 111 (69.8) 26 (74.3)

Acid reflux belching, n (%) 0.939

No 178 (91.8) 146 (91.8) 32 (91.4)

Yes 16 (8.2) 13 (8.2) 3 (8.6)

Abdominal pain/Eating pain/Rear
sternal pain, n (%) 0.814

No 141 (72.7) 115 (72.3) 26 (74.3)

Yes 53 (27.3) 44 (27.7) 9 (25.7)

Bloating, n (%) 0.128

No 184 (94.8) 149 (93.7) 35 (100.0)

Yes 10 (5.2) 10 (6.3) 0 (0.0)

Choking and coughing with wate/
Hoarseness, n (%) 0.243

No 188 (96.9) 153 (96.2) 35 (100.0)

Yes 6 (3.1) 6 (3.8) 0 (0.0)

(Continued)
F
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TABLE 1 Continued

Variables
Overall
(N=194)

MIE
(N=159)

RAMIE
(N=35) p

Tumor site, n (%) 0.926

Upper thoracic 19 (9.8) 15 (9.4) 4 (11.4)

Mid thoracic 60 (30.9) 49 (30.8) 11 (31.4)

Lower thoracic 115 (59.3) 95 (59.7) 20 (57.1)

Preoperative neoadjuvant therapy,
n (%) 0.204

No 157 (80.9) 126 (79.2) 31 (88.6)

Yes 37 (19.1) 33 (20.8) 4 (11.4)

ASA Score, n (%) 0.129

I 3 (1.5) 3 (1.9) 0 (0.0)

II 177 (91.2) 142 (89.3) 35 (100.0)

III 14 (7.2) 14 (8.8) 0 (0.0)

Age (years), median (IQR) 64.00 (58.00, 69.00) 64.00 (58.00, 69.00) 64.00 (56.50, 69.50) 0.923

weight (kg), median (IQR) 65.00 (59.00, 73.75) 65.00 (59.00, 75.00) 64.00 (58.50, 70.00) 0.433

Height (m), median (IQR) 1.68 (1.60, 1.72) 1.70 (1.62, 1.72) 1.65 (1.60, 1.69) 0.038

BMI (kg/m2), median (IQR) 23.43 (21.46, 25.67) 23.45 (21.47, 25.66) 23.23 (21.50, 25.55) 0.854

Distance from the median incisor
(cm), median (IQR) 30.50 (27.50, 33.00) 30.50 (27.50, 33.00) 30.00 (27.50, 33.00) 0.728

PS Rating, median (IQR) 80.00 (80.00, 90.00) 80.00 (80.00, 90.00) 80.00 (80.00, 90.00) 0.683
F
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ASA, American Society of Anesthesiologists; BMI, body mass index; PS rating, performance status rating; MIE, minimally invasive esophagectomy; RAMIE, robot-assisted minimally
invasive esophagectomy.
TABLE 2 Comparison of various intraoperative characteristics between the two groups of patients.

Variables
Overall
(N=194)

MIE
(N=159)

RAMIE
(N=35) p

Pathologic T stages (%) 0.817

Tis 21 (10.8) 19 (11.9) 2 (5.7)

T1a 32 (16.5) 25 (15.7) 7 (20.0)

T1b 23 (11.9) 19 (11.9) 4 (11.4)

T2 42 (21.6) 35 (22.0) 7 (20.0)

T3 76 (39.2) 61 (38.4) 15 (42.9)

Pathologic N stages (%) 0.888

N0 121 (62.4) 99 (62.3) 22 (62.9)

N1 44 (22.7) 37 (23.3) 7 (20.0)

N2 26 (13.4) 21 (13.2) 5 (14.3)

N3 3 (1.5) 2 (1.3) 1 (2.9)

Pathologic M stages (%) NA

M0 194 (100.0) 159 (100.0) 35 (100.0)

M1 0(0.0) 0(0.0) 0(0.0)

Pathologic data (%) 0.69

(Continued)
frontiersin.org

https://doi.org/10.3389/fonc.2023.1293645
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xue et al. 10.3389/fonc.2023.1293645
lymph nodes. Further, this technique is associated with a long

learning curve and a high incidence of complications such as

laryngeal nerve injury (33–36). Consequently, several medical

institutes have developed and generally adopted da Vinci robot-

assisted minimally invasive esophageal cancer resection (37–39).

The da Vinci Surgical Robot System is one of the most

complicated and expensive surgical systems available in the market.

This system comprises an integrated surgeon’s workstation, a bedside

robotic arm system, and a high-definition imaging system. Robotic

surgery is highly sophisticated, involving the combination of cutting-

edge technology with clinical surgery (40, 41), and is widely used in

the field of surgical oncology treatment (42–44). In 2003, the da Vinci
Frontiers in Oncology 08
robot was first applied to esophageal cancer resection (45); thereafter,

the results of several studies, both domestic and international, showed

that the da Vinci robot-assisted minimally invasive esophageal cancer

resection is safe and feasible. Further, this system has been associated

with several significant advantages, including reduced intraoperative

bleeding, better protection of the laryngeal recurrent nerve, and more

thorough lymph node clearance compared to ordinary MIE (16, 39,

46–49). Following these results, an international consensus on the

utility of RAMIE resection was formed (50, 51).

Research on robot-assisted minimally invasive esophagectomy

has progressed rapidly since the first robot-assisted minimally

invasive esophagectomy was performed by Van Hillegersberg
TABLE 2 Continued

Variables
Overall
(N=194)

MIE
(N=159)

RAMIE
(N=35) p

Tis 21 (10.8) 19 (11.9) 2 (5.7)

IA 10 (5.2) 8 (5.0) 2 (5.7)

IB 37 (19.1) 31 (19.5) 6 (17.1)

IC 1 (0.5) 1 (0.6) 0 (0.0)

IIA 43 (22.2) 31 (19.5) 12 (34.3)

IIB 17 (8.8) 15 (9.4) 2 (5.7)

IIIA 14 (7.2) 11 (6.9) 3 (8.6)

IIIB 48 (24.7) 41 (25.8) 7 (20.0)

IVA 3 (1.5) 2 (1.3) 1 (2.9)

Tumor tissue type (%) 0.461

Squamous carcinoma 187 (96.4) 154 (96.9) 33 (94.3)

Adenocarcinoma 7 (3.6) 5 (3.1) 2 (5.7)

ASA Score (%) 0.129

1 3 (1.5) 3 (1.9) 0 (0.0)

2 177 (91.2) 142 (89.3) 35 (100.0)

3 14 (7.2) 14 (8.8) 0 (0.0)

Operation time (min, median (IQR)) 210.00 (180.00, 220.00) 210.00 (180.00, 227.50) 190.00 (170.00, 210.00) 0.007

Intraoperative blood loss (mL,
median (IQR)) 120.00 (100.00, 148.75) 120.00 (100.00, 150.00) 100.00 (95.00, 122.50) 0.006

Total number of lymph nodes
removed (median (IQR)) 20.00 (16.00, 25.00) 19.00 (15.00, 24.00) 23.00 (22.00, 26.50) <0.001

Total number of chest lymph nodes
removed (median (IQR)) 12.00 (9.00, 15.00) 11.00 (9.00, 14.50) 14.00 (12.00, 18.00) <0.001

Total number of abdominal lymph
nodes removed (median (IQR)) 8.00 (6.00, 10.75) 8.00 (5.00, 10.00) 10.00 (8.00, 11.00) 0.008

Total number of positive lymph
nodes excised (median (IQR)) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 2.00) 0.871

Total number of positive lymph
nodes removed from the chest
(median (IQR)) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.997

Total number of positive abdominal
lymph nodes excised (median (IQR)) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.459
MIE, minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive esophagectomy.
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et al. (52). In one study, Kim et al. reported the results of RAMIE

performed by oncologic surgeons in the prone position on 21

patients with esophageal cancer, finding that robotic-assisted

minimally invasive esophagectomy had shorter operative times,

less bleeding, and no pulmonary complications, and the number of

lymph nodes dissected was 38.0 ± 14.2 (13). Puntambekar et al.

performed the RAMIE procedure in 32 patients and reported

satisfactory results, as follows: mean operative time, 210 min;

mean total bleeding, 80 mL; postoperative pulmonary

complications, 6.2%; and postoperative hospitalization, 9 days

(14). Suda et al. further conducted a prospective study of 36

patients with squamous esophageal cancer who underwent robot-

assisted treatment with thoracoscopic radical esophagectomy,

finding a significantly lower frequency of recurrent nerve palsy

after robot-assisted surgery than after normal minimally invasive

esophagectomy (53). This is due to the enhanced surgical

ergonomics and anatomy as a result of 3D imaging of the robotic

arm and operative region. In another study, Cerfolio et al.

performed robotic Ivor Lewis esophagectomy with robotic-

assisted 2-layer hand-sewn esophagogastric anastomosis in 22

patients, concluding that robotic thoracic esophagectomy using

more than just ports is feasible and safe, allowing for complete R0

dissection with thoracic lymph node dissection and enabling early

suturing of the 2-layer thoracic anastomosis (54). In 2021,

Manigrasso et al. conducted a systematic evaluation and meta-

analysis of robotic esophagectomy, and concluded that robotic

surgery was superior to open and conventional laparoscopic

surgery because of the fewer postoperative complications, better

oncologic outcomes, less postoperative pneumonia, and greater

number of harvested lymph nodes (16). However, many studies

in this area of anastomotic leakage (AL) remain highly

controversial. Several studies have suggested that RAMIE may

increase the incidence of postoperative AL compared to MIE or

open surgery (33).
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Our data indicates that RAMIE is a viable and safe treatment for

patients with esophageal cancer. Comparison of intraoperative

indicators revealed that patients who underwent RAMIE had a

shorter surgical procedure time (average, 190 min) and less

intraoperative hemorrhage (average, 100 ml). Conversely, RAMIE

increased the operational time by 160 min in Yoshiaki Osaka’s trial;

however, the overall blood loss and bleeding from thoracic

manipulation greatly decreased (55). The increase in robot-

assisted surgery time is attributed to the extra time required for

preparation, such as rolling in and docking the da Vinci system and

performing the surgery while manipulating the microvasculature to

confirm the separation layer with the magnified visualization of the

da Vinci system. In contrast, because the surgeon in our institute is

highly skilled and experienced with this platform, our robot-assisted

surgery required very little time for the machine and

instrumentation setup, and the complexity of the process

considerably decreased with the aid of the robot, resulting in a

reduction in procedure time. Our study also found that robot-

assisted esophagectomy resulted in the removal of an average of 23

lymph nodes, including those in the chest and belly. Second, when

postoperative parameters were compared, robot-assisted

esophagectomy performed better. For example, patients in the

RAMIE group showed fewer pain ratings with a mean score of 6

on the first postoperative day. This is probably due to the fact that

RAMIE is less invasive for the patients, resulting in less

postoperative pain. However, several elements were inferior to

those of the MIE. On the first postoperative day, we noted

increased chest drainage, with an average volume of 360 mL. This

may be due to the more complete lymph node dissection. Moreover,

our study did not achieve statistically significant outcomes in terms

of postoperative length of stay and postoperative complications,

which were probably due to the limited sample size.

This study had some limitations. First, the research group was

diverse, with only a limited number of patients in the cohort.
FIGURE 2

The operative time and blood loss in the RAMIE group.
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However, while it is true that the number of RAMIE groups

included in this study is small, considering the small number of

cases accumulated over the years, this cohort is nevertheless

valuable. The second drawback derives from the retrospective

study design; although the preoperative parameters in both

groups were equivalent, we cannot exclude the possibility of

unexplained, uncontrolled selection bias. Third, this was a non-

randomized comparative study with a significant bias in the surgical

technique selection for RAMIE or MIE. Finally, we did not follow-

up the patients sufficiently to investigate the postoperative

recurrence rates and survival in the short and long terms.
Conclusion

This prospective pilot study compared the clinical outcomes of

RAMIE vs MIE for EC to validate the feasibility and safety of

RAMIE as a valid treatment for EC. Our findings indicate
Frontiers in Oncology 10
that RAMIE resulted in more comprehensive lymph node

dissection, shorter operating time, reduced surgical hemorrhage,

and alleviation of postoperative pain and chest drainage in patients

compared to MIE. Although striking a balance between radicalism

and safety is an essential objective of minimally invasive surgery,

postoperative follow-up findings were not assessed in the present

study. To investigate the function of RAMIE in esophageal cancer,

we propose undertaking the next clinical trial with long-term

follow-up to analyze tumor clearance, recurrence, and survival

rates after receiving RAMIE.
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TABLE 3 Comparison of various postoperative characteristics between the two groups of patients.

Variables
Overall
(N=194)

MIE
(N=159)

RAMIE
(N=35) p

Pain score on the first postoperative day (day, median (IQR)) 6.00 (6.00, 6.00) 6.00 (6.00, 6.00) 6.00 (5.00, 6.00) <0.001

Chest tube drainage on the first postoperative day (day, median (IQR)) 300.00 (200.00, 400.00) 260.00 (200.00, 400.00) 360.00 (300.00, 430.00) 0.004

Gastric tube drainage on the first postoperative day (day, median (IQR)) 25.00 (15.00, 50.00) 25.00 (15.00, 50.00) 20.00 (20.00, 67.50) 0.463

Chest tube drainage on the second postoperative day (day, median (IQR)) 200.00 (132.50, 297.50) 200.00 (135.00, 300.00) 200.00 (135.00, 260.00) 0.822

Gastric tube drainage on the second postoperative day (day, median (IQR)) 52.50 (30.00, 120.00) 60.00 (30.00, 120.00) 50.00 (25.00, 100.00) 0.292

Chest tube drainage on the third postoperative day (day, median (IQR)) 140.00 (100.00, 200.00) 140.00 (100.00, 200.00) 120.00 (100.00, 200.00) 0.993

Gastric tube drainage on the third postoperative day (day, median (IQR)) 60.00 (30.00, 130.00) 65.00 (30.00, 140.00) 50.00 (17.50, 100.00) 0.205

Postoperative chest tube removal time (day, median (IQR)) 10.00 (8.00, 12.00) 10.00 (8.00, 12.00) 10.00 (9.00, 12.00) 0.55

Postoperative gastric tube removal time (day, median (IQR)) 7.00 (6.00, 8.00) 7.00 (6.00, 8.00) 7.00 (6.00, 8.00) 0.667

Postoperative feeding time (day, median (IQR)) 8.00 (7.00, 10.00) 8.00 (7.00, 10.00) 8.00 (7.00, 10.50) 0.405

Postoperative hospitalization time (day, median (IQR)) 11.00 (10.00, 13.00) 11.00 (10.00, 13.00) 11.00 (10.00, 13.00) 0.766

Postoperative complications (%) 0.336

Absence 154 (79.4) 126 (79.2) 28 (80.0)

Anastomotic fistula 18 (9.3) 12 (7.5) 6 (17.1)

Celiac disease 0 (0.0) 0 (0.0) 0 (0.0)

Recurrent laryngeal nerve injury 0 (0.0) 0 (0.0) 0 (0.0)

Respiratory complications 15 (7.7) 14 (8.8) 1 (2.9)

Digestive system complications 1 (0.5) 1 (0.6) 0 (0.0)

Incisional complications 3 (1.5) 3 (1.9) 0 (0.0)

Others 3 (1.5) 3 (1.9) 0 (0.0)

Whether to transfer to ICU (%) NA

No 194 (100.0) 159 (100.0) 35 (100.0)

Yes 0 (0.0) 0 (0.0) 0 (0.0)
frontie
MIE, minimally invasive esophagectomy; RAMIE, robotic-assisted minimally invasive esophagectomy.
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