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Abstract

Background and objective: Transcervical inflatable mediastinoscopic esopha-

gectomy (TIME) is a novel method of minimally invasive esophagectomy (MIE) for

esophageal cancer. However, whether TIME is effective and feasible as conventional

MIE remains unclear. This study aimed to evaluate the efficacy of TIME by com-

paring it with thoracoscopic esophagectomy (TE).

Methods: Surgical outcomes and relapse‐free survival (RFS) rates of patients with

local early‐ or intermediate‐stage thoracic esophageal squamous cell carcinoma that

underwent TIME or TE from January 2017 to December 2019 were analyzed in this

retrospective study. Propensity score matching was used to control the confounding

factors.

Results: The mean operation time in TIME was shorter than that in TE (p < 0.05).

Patients in the TIME group achieved postoperative ambulation earlier than those in

theTE group (p < 0.05). The rate of pulmonary complications was lower inTIME than

in TE (p < 0.05). The number of lymph nodes harvested during surgery and the RFS

rates of two groups did not have significant differences.

Conclusion: TIME may be a feasible and safe method to treat local early‐ and

intermediate‐stage thoracic esophageal squamous cell carcinoma effectively and it

could be a supplementary surgical method of TE for patients with poor pulmonary

function or cannot undergo TE.
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1 | INTRODUCTION

Esophageal cancer, one of the most common malignant tumors, has

high morbidity and a poor prognosis.1 Surgical resection remains the

primary treatment for this digestive system cancer.2 Although radical

esophagectomy with a three‐field approach is the standard and

classic method for treating esophageal cancer, this method also has

been considered to be one of the most invasive surgeries.3,4 In 1992,

the world's first thoracoscopic esophagectomy (TE) was successfully

performed.5 Then, minimally invasive surgery of esophageal cancer

had a great progress. Hitherto, minimally invasive esophagectomy

(MIE) mainly included TE, robot‐assisted MIE (RAMIE), and trans-

cervical inflatable mediastinoscopic esophagectomy (TIME). Some

studies have reported that TE is equally or more effective than open

surgery via thoracotomy, with added advantages of a low respiratory

complication rate, less postoperative pain, and better quality of life

with comparable oncologic results.6–8 Nowadays, TE has been the

most popular minimally invasive method for treating esophageal

cancer. It is also reported that RAMIE displayed similar effects and

safety as TE and less pulmonary complications than conventional

thoracotomy in the treatment of esophageal cancer.9,10 As an option

to MIE, mediastinoscopic esophagectomy was first described in 2001

and Professor Fujiwara first proposed TIME as a novel surgical

method in 2015; however, it seems to be utilized mainly in Asia.11–15

Whether TIME is effective and feasible as conventional MIE remains

unclear and TIME is not yet recognized by many thoracic surgeons.

Since 2008, we have been vigorously performing MIE and more

than 380 cases were managed with the procedure by 2019, and in

2016 we introduced TIME. Thus, we started the present study aimed

to compare TIME with TE for the treatment of local early‐ and

intermediate‐stage thoracic esophageal squamous cell carcinoma.

Surgical and postoperative outcomes in patients who underwent

TIME or TE from January 2017 in our center were retrospectively

analyzed and propensity score matching was used to minimize po-

tential bias.

2 | MATERIALS AND METHODS

2.1 | Patients

We retrospectively reviewed the records of 154 consecutive patients

who underwent MIE at Shanghai Changzheng Hospital between

January 2017 and December 2019. Before operation, each patient

underwent enhanced computed tomography (CT), positron emission

tomography/CT scan, esophagogastroduodenoscopy, cardiac doppler

scan, cervical and supraclavicular lymph nodes ultrasound, and

abdominal ultrasound for preoperative evaluation. All patients were

confirmed with a malignant tumor of the esophagus by tumor biopsy,

as assessed by esophagogastroduodenoscopy before the operation.

Patients who underwent neoadjuvant chemotherapy, converted to

open thoracotomy during operation, suspected lymph nodes around

right recurrent laryngeal nerve (RLN) metastasis after preoperative

evaluation, and diagnosed as pathological stage T4 or underwent

palliative esophagectomy were excluded. All patients were categor-

ized according to the eighth edition TNM classification of malignant

tumors.16 Preoperative risk assessment was performed according to

the American Society of Anesthesiologists (ASA) risk classification.17

Esophageal cancer of all patients was considered respectable and

surgery was considered safe after preoperative evaluation. This study

was approved by the institutional ethics committee.

2.2 | Surgical procedure

For TE, the patient was placed in a left lateral to semiprone position

after general anesthesia was administered in the supine position via a

single‐lumen endotracheal tube. The artificial pneumothorax of the

right thoracic cavity was facilitated by insufflating with carbon di-

oxide at 12–13mmHg, which collapsed the right lung. Four access

ports were inserted at the posterior axillary line in the fourth and

seventh, and at the lower scapular line in the seventh and ninth

intercostal spaces. The azygos vein was cut off and the thoracic

esophagus was mobilized in the thoracic procedure. Concurrently,

the thoracic paraesophageal lymph nodes and lymph nodes along

RLN were exposed and dissected.

For TIME, as soon as general anesthesia was initiated with single‐

lumen endotracheal intubation, the patient was placed in a supine

position with the neck extended slightly. A 7 cm incision was made at

the left cervical collar. Then, the cervical esophagus was mobi-

lized and the cervical lymph nodes along the left RLN were dissected.

A protective sleeve of 3.5 cm diameter (FF07; Hakko) and a specific

protective cover (EZ Access; Hakko) that prevents gas leakage were

placed in the cervical wound; subsequently, trocars were inserted

into the wound through the cover. The procedure of mobilization of

thoracic esophagus and lymph node dissection was started after

mediastinal space was inflated with carbon dioxide (pressure of

12–14mmHg).12,14 Mediastinal retractors (Suzhou Sagemed Medical

Technology Co., Ltd.) were used to fully expose the surgical field

when mobilizing the esophagus and peripheral lymph nodes were

dissected with the esophagus; lymph nodes around the sub-

carinal and inferior pulmonary vein could be double confirmed and

resected during laparoscopic operation if not cleaned up completely

during mediastinal procedure.15
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After the thoracic part, the abdominal procedure was initiated in

the supine position, which was similar to two methods. The stomach

was mobilized under laparoscopic surgery, as described previously.18

The esophagus was cut off via the neck wound and the circumfer-

ential mobilized esophagus was exposed from the 5 cm wound in the

upper medial abdomen. The gastric tube was pulled up to the cervical

wound through the esophageal bed and the reconstruction of the

digestive tract was completed via the neck wound.19

All cases of esophagectomy were performed by seven surgeons,

who were experienced in open esophagectomy and minimally in-

vasive surgery of radical esophagectomy. All cases were supervised

by three experienced surgeons.

2.3 | Postoperative treatment

Patients were admitted to the intensive care unit after the operation

and discharged when the vital signs of the patients were stable for

>24 h. Antibiotics were administered 30min before and 2 days after

the operation for all patients. Patients with pneumonia were given

antibiotics for an extended period. A bedside chest X‐ray was taken

of the patient on the second day after the operation, to initially ob-

serve the patient's postoperative lung conditions, including the ex-

clusion of pulmonary atelectasis. The standard for removing the chest

tube was that the drainage volume in 24 h was <200ml and the lungs

expanded well. The removal of chest tube would be delayed if the

amount of pleural drainage in 24 h was more than 200ml or there

was atelectasis. Typically, the chest tube removal of patients who

underwent thoracoscopy was performed on postoperative day (POD)

2 or 3, and patients who underwent mediastinoscopy do not need to

remove any chest tube, because there was no chest tube. Oral food

intake was resumed around POD 7. Mortality was defined as the

operation‐related or disease‐related death during hospitalization. All

patients underwent a chest CT exam on POD 4 or when necessary.

Patients suspected with anastomotic fistula were asked to drink a

half cup of iodine water for an exact diagnosis. The recurrence of the

disease was assessed by CT every 6 months and by electronic gas-

troscope annually postsurgery. The patients received enteral nutri-

tion support via a jejunostomy tube on POD 3. If patients had no

related complications after receiving oral feeding, the jejunostomy

tube would be removed after 30 days. Patients diagnosed with pa-

thological stage II–IV disease after the surgery underwent adjuvant

chemotherapy (four courses of docetaxel and cisplatin).

2.4 | Statistical analysis

Statistical analysis was performed using IBM SPSS version 23 (SPSS

Statistics v23, IBM Co.). To improve the evidence level of the test and

reduce the selection bias, a 1:1 nearest‐neighbor algorithm was applied

using propensity score matching. The propensity scores were calculated

using logistic regression. We used mediastinoscopy or thoracoscopy

procedure as the dependent variable and five variables, such as age, sex,

ASA score, tumor location, and pathological stage as the covariates. A

t‐test, χ2 test, or Fisher's exact test was used to compare the differences

between two groups. The relapse‐free survival (RFS) rate was used to

evaluate postoperative short‐term outcomes of the two groups. RFS

was assessed using the Kaplan–Meier method and compared using the

log‐rank test. p < 0.05 indicated statistical significance.

3 | RESULTS

In total, 154 patients underwent MIE between January 2017 and

December 2019. Of these, 129 patients diagnosed with squamous

cell carcinoma in the thoracic esophagus, with pathological T1–3,

N0–3, and M0 disease, were included in the analysis after excluding

patients who underwent neoadjuvant chemotherapy (n = 9), con-

verted to open thoracotomy during operation (n = 3), suspected

lymph nodes around right RLN metastasis after preoperative eva-

luation (n = 4), diagnosed as pathological stage T4 (n = 5) or non‐

squamous cell carcinoma (n = 3, one thyroid cancer esophageal me-

tastasis; two small cell neuroendocrine carcinoma), and underwent

palliative esophagectomy (n = 1). Of these 129 patients, 70 patients

underwent thoracoscopy with laparoscopy (TE group) and 59 pa-

tients underwent transcervical inflatable mediastinoscopy combined

with laparoscopy (TIME group). The confounding factors (age, sex,

ASA score, tumor location, and pathological stage) in the two groups

were adjusted by propensity score matching and 51 pairs of patients

were identified after matching (Figure 1). In these 129 cases, the main

part of all tumors was located in the thoracic esophagus and all tu-

mors were squamous cell carcinomas. The distant of the highest

upper thoracic esophageal cancer was 24 cm away from the incisor

teeth. Meanwhile, the tumors in three cases extended to the gas-

troesophageal (GE) junction, of which the tumors in two cases just

extended to the cardia and the tumor in one case crossed the GE

junction 0.5 cm. All patients in this study received R0 resection.

Tables 1 and 2 show the demographic and tumor‐related para-

meters of the two groups before and after propensity score match-

ing. No significant differences were detected in age, sex, ASA score,

tumor location, clinical T‐N status, pathological T‐N status, and pa-

thological stage after matching.

Table 3 shows the surgical outcomes of the two groups before and

after matching. The mean operative time in theTIME group was shorter

than that in the TE group after matching (TE group vs. TIME group:

275.1min vs. 240.8min; p < 0.05). Similarly, the mechanical ventilation

time in TIME group was also shorter than that in TE group after

matching (TE group vs. TIME group: 291.1min vs. 257.5min; p < 0.05),

although the mean number of lymph nodes harvested during surgery

was not significantly different between the two groups after matching

(p = 0.07) and the ratio of positive/total lymph nodes was also not sig-

nificantly different between the two groups after matching (p= 0.10).

Moreover, the time of patients to postoperative ambulation in the

mediastinoscope group was significantly lesser than that in the thor-

acoscope group after matching (1.9 days vs. 1.4 days; p < 0.05). The rate

of postoperative pulmonary complication (pneumonia and atelectasis)
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was higher in the thoracoscope group than in the mediastinoscope

group after matching (27.5% vs. 7.8%; p < 0.05). The rate of anastomosis

fistula and hoarseness caused by RLN palsy did not show any significant

difference in the two groups. Most of the cases with hoarseness in this

study returned to normal within 1–4 months after operation. Only one

patient in the TIME group had permanent hoarseness, while the

symptom was relieved 6 months after the operation. The rate of other

complications also was not significantly different between the two

groups. Also, the rate of mortality and reoperation were similar in the

two groups. The patient in TE group died of pneumonia and respiratory

failure caused by postoperative anastomotic leakage. One patient in the

mediastinoscope group died due to a sudden heart attack and the other

died of postoperative pneumonia and respiratory failure. These

three cases represented the entirety deaths within 30 days after

operation in this study. The patient in the thoracoscope group under-

went reoperation because of shock caused by thoracic hemorrhage and

the patient in the mediastinoscope group underwent reoperation be-

cause of bleeding in the cervical incision.

Figures 2 and 3 show the RFS before and after matching. The

RFS of the two groups were similar after matching (thoracoscope

group vs. mediastinoscope group: 82.4% vs. 86.3%; p = 0.63).

4 | DISCUSSION

Based on the concept of minimally invasive surgery, TIME was re-

ported as a new MIE since 2015.12,14,20 However, whether TIME is

effective as conventional MIE is still controversial; thus, we designed

F IGURE 1 Flowchart of the propensity
score matching. ASA, American Society of
Anesthesiologists; RLN, recurrent laryngeal
nerve; TE, thoracoscopic esophagectomy;
TIME, transcervical inflatable
mediastinoscopic esophagectomy

TABLE 1 Comparison of thoracoscope and mediastinoscope group (TE and TIME): demographic parameters

Before matching After matching
TE group (n = 70) TIME group (n = 59) p value TE group (n = 51) TIME group (n = 51) p value

Agea, years 63.3 ± 7.6 66.2 ± 7.1 0.03 64.1 ± 7.0 65.5 ± 7.3 0.30

Sexa, male (n, %) 61 (87.1) 49 (83.1) 0.51 43 (84.3) 41 (80.4) 0.60

BMI, kg/m2 22.8 ± 3.3 23.5 ± 4.1 0.46 22.3 ± 3.1 22.9 ± 4.4 0.57

ASAa, score (n, %) 0.06 0.47

Ⅰ 49 (70.0) 30 (50.8) 34 (66.7) 29 (56.9)

Ⅱ 18 (25.7) 22 (37.3) 14 (27.5) 16 (31.4)

Ⅲ 3 (4.3) 7 (11.9) 3 (5.9) 6 (11.8)

Smoking history (n, %) 21 (30.0) 19 (32.2) 0.79 12 (23.5) 16 (31.4) 0.38

Drinking history (n, %) 18 (25.7) 14 (23.7) 0.80 9 (17.6) 13 (25.5) 0.34

Hypertension (n, %) 17 (24.3) 18 (30.5) 0.43 14 (27.5) 13 (25.5) 0.82

Diabetes (n, %) 5 (7.1) 7 (11.9) 0.36 5 (9.8) 5 (9.8) 1.00

Abbreviations: BMI, body mass index; TE, thoracoscopic esophagectomy; TIME, transcervical inflatable mediastinoscopic esophagectomy.
aCovariates used for propensity score matching analysis.
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this study to evaluate the safety, feasibility, and effectiveness of

TIME by comparing it with TE. Unlike previous research,21,22 pro-

pensity score match analysis was adopted to regulate the con-

founding factors for reducing the selection bias and the RFS rates

was used to evaluate the early and midterm effects of TIME in this

study.

In TIME, artificial pneumomediastinum maybe the most main-

frame procedure that is quite distinct from conventional non-

transthoracic esophagectomy.23–25 Compared with conventional

nontransthoracic procedure, the mediastinal space that inflated

with carbon dioxide enhanced visualization of the mediastinum

structures and suppressed venous flow and capillary oozing.26,27

All of these can effectively reduce the operation duration and

improve the safety and efficiency of the surgery. Undergoing TE,

patients needed to change the position after the thoracic proce-

dure, whereas in mediastinoscope group patients were performed

in the supine position, which attributed to the shortened operation

time and avoided single‐lung ventilation. Less operation time could

reduce the lung injury caused by mechanical ventilation under

anesthesia, whereas two‐lung ventilation could maintain oxyge-

nation and uniformly distributed lung perfusion during the opera-

tion, which contribute to less postoperative pulmonary

complications.28 Furthermore, the other reason why the rate of

pulmonary complications lower in TIME group maybe that the

unique nontransthoracic method could avoid the injury that was

caused by lung traction during the operation.22,29,30

TABLE 2 Comparison of thoracoscope and mediastinoscope group (TE and TIME): tumor‐related parameters

Before matching After matching
TE group (n = 70) TIME group (n = 59) p value TE group (n = 51) TIME group (n = 51) p value

Tumor locationa(n, %) 0.51 0.79

Upper thoracic 6 (8.6) 6 (10.2) 5 (9.8) 6 (11.8)

Middle thoracic 37 (52.9) 36 (61.0) 30 (58.8) 32 (62.7)

Lower thoracic 27 (38.6) 17 (28.8) 16 (31.4) 13 (25.5)

Clinical T‐status 0.22 0.19

T1 16 (22.9) 15 (25.4) 13 (25.5) 13 (25.5)

T2 25 (35.7) 28 (47.5) 15 (29.4) 23 (45.1)

T3 29 (41.4) 16 (27.1) 23 (45.1) 15 (29.4)

Clinical N‐status 0.01 0.58

N0 40 (57.1) 48 (81.4) 36 (70.6) 40 (78.4)

N1 22 (31.4) 9 (15.3) 11 (21.6) 9 (17.6)

N2 8 (11.4) 2 (3.4) 4 (7.8) 2 (3.9)

Pathological T‐status 0.27 0.82

T1 19 (27.1) 24 (40.7) 17 (33.3) 20 (39.2)

T1a/T1b 7/12 9/15 7/10 8/12

T2 24 (34.3) 16 (27.1) 16 (31.4) 14 (27.5)

T3 27 (38.6) 19 (32.2) 18 (35.3) 17 (33.3)

Pathological N‐status 0.00 0.07

N0 31(44.3) 46 (78.0) 29 (56.9) 38 (74.5)

N1 29(41.4) 7 (11.9) 17 (33.3) 7 (13.7)

N2 10(14.3) 6 (10.2) 5 (9.8) 6 (11.8)

Pathological stagea(n, %) 0.00 0.11

Ⅰ 12 (17.1) 27 (45.8) 12 (23.5) 21 (41.2)

Ⅱ 25 (35.7) 22 (37.3) 22 (43.1) 20 (39.2)

Ⅲ 33 (47.1) 10 (16.9) 17 (33.3) 10 (19.6)

Adjuvant chemotherapy
after operation (n, %)

58 (82.9) 32 (54.2) 0.00 39 (76.5) 30 (58.8) 0.06

Abbreviations: TE, thoracoscopic esophagectomy; TIME, transcervical inflatable mediastinoscopic esophagectomy.
aCovariates used for propensity score matching analysis.
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Meanwhile, compared to TE, TIME had three distinctive ad-

vantages. On one hand, it is a nontransthoracic procedure, which did

not need chest drainage after the operation. On the other hand, as

nontransthoracic operations for esophageal cancer, it possessed the

advantage of less chest pain after surgery. Furthermore, the less

postoperative pain made it easier for patients to achieve effective

cough and expectoration after operation, which contributed to the

low incidence of pulmonary complications.30 Therefore, without

postoperative pain caused by thoracic wounds, chest tube, and the

fear of chest tube falling off, patients who underwent TIME may

easier achieve effective cough and early ambulation. Early post-

operative mobilization has been advocated for patients undergoing

major surgery to improve functional capacity and to enhance re-

covery.31,32 The hospitalization in the two groups was similar, which

TABLE 3 Outcomes of MIE in the thoracoscope versus mediastinoscope group (TE vs. TIME)

Before matching After matching
TE group (n = 70) TIME group (n = 59) p value TE group (n = 51) TIME group (n = 51) p value

Operation time, min 277.3 ± 61.7 242.0 ± 65.8 0.00 275.1 ± 66.7 240.8 ± 69.2 0.01

Mechanical ventilation time, min 293.2 ± 60.8 258.6 ± 65.1 0.00 291.1 ± 65.7 257.5 ± 69.1 0.01

Blood loss, ml 243.6 ± 74.7 225.7 ± 50.3 0.12 244.7 ± 78.2 229.1 ± 47.5 0.23

Time to postoperative ambulation, days 1.9 ± 0.7 1.3 ± 0.5 0.00 1.9 ± 0.7 1.4 ± 0.5 0.00

Hospitalization after surgery, days 16.5 ± 10.8 16.0 ± 13.1 0.81 16.7 ± 10.5 16.9 ± 13.8 0.92

Number of harvested lymph nodes 23.1 ± 14.0 18.9 ± 6.0 0.03 22.7 ± 14.6 18.5 ± 6.2 0.07

Ratio of positive/total lymph nodes (%) 11.5 14.9 0.14 10.8 14.9 0.10

Pulmonary complications 16 (22.9) 5 (8.5) 0.03 14 (27.5) 4 (7.8) 0.01

Hoarseness 9 (12.9) 15 (25.4) 0.07 6 (11.8) 12 (23.5) 0.12

Anastomotic fistula 5 (7.1) 8 (13.6) 0.23 3 (5.9) 8 (15.7) 0.11

Atrial fibrillation 4 (5.7) 2 (3.4) 0.69 4 (7.8) 1 (2.0) 0.36

Fat liquefaction of incision 7 (10.0) 5 (8.5) 0.77 7 (13.7) 3 (5.9) 0.18

Chylothorax (n, %) 1 (1.4) 1 (1.7) 1.00 1 (2.0) 1 (2.0) 1.00

Reoperation 1 (1.4) 1 (1.7) 1.00 1 (2.0) 1 (2.0) 1.00

Mortality 1 (1.4) 2 (3.4) 0.59 0 2 (3.9) 0.50

Relapse‐free survival rates (%) 84.3 84.7 0.91 82.4 86.3 0.63

Abbreviations: MIE, minimally invasive esophagectomy; TE, thoracoscopic esophagectomy; TIME, transcervical inflatable mediastinoscopic
esophagectomy.

F IGURE 2 Kaplan–Meier relapse‐free survival (RFS) curves for
the transcervical inflatable mediastinoscopic esophagectomy (TIME)
and thoracoscopic esophagectomy (TE) before matching. The RFS
rate of the two groups were similar before matching. p = 0.91

F IGURE 3 Kaplan–Meier relapse‐free survival (RFS) curves for
the transcervical inflatable mediastinoscopic esophagectomy (TIME)
and thoracoscopic esophagectomy (TE) after matching. The RFS rate
of the two groups were also similar after matching. p = 0.63
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might be due to the oral feeding time of patients that was generally

on the POD 7, and patients were discharged from the hospital if no

related complications were observed after oral feeding. It was worth

mentioning that one patient was transferred from thoracoscope

procedure to mediastinoscope because of the severe thoracic ad-

hesion after probed under thoracoscope. This might inspire us that

mediastinoscope could be an alternative choice for patients with

severe thoracic adhesion or poor pulmonary function that could not

tolerate TE.

Although there are some advantages of TIME, the procedure

still has some limitations. The most controversial one is dissection

of lymph nodes along the right RLN. Recently, Koterazawa et al.33

reported that prophylactic cervical lymph node dissection increased

the postoperative complications, instead of improving the long‐

term survival of patients with esophageal cancer, which may sup-

port that the mediastinoscope method could be applied to patients

with early‐stage esophageal cancer or without lymph node metas-

tasis around RLN. However, comprehensive and systematic lymph

node dissection is the key for TIME to become an eligibly radical

operation of esophageal cancer. Fortunately, several surgeons have

already improved lymphadenectomy procedure, especially the dis-

section of lymph nodes along the right RLN, of this new MIE.13,34

The other limitation might be the poor surgical field of the med-

iastinoscope procedure. Although the mediastinal space was full of

carbon dioxide, the surgical field was still smaller in the mediasti-

num than that in the thorax when performing TE. A successful

surgical manipulation in the narrow space required skill. Although

Fujiwara et al.13 reported that the transcervical approach of med-

iastinoscope had advantages in the dissection of the subaortic arch

or tracheobronchial lymph nodes and lymph nodes along the left

RLN, we still found that the operation was challenging, and the lack

of experience in the first few cases might underlie the detection of

fewer lymph nodes in the mediastinoscope group. In the current

study, there was no significant difference in lymph node dissection

between the two groups and the result was similar to the study of

Liu et al.;21 however, there was still some differences between the

two studies. In our research, patients underwent neoadjuvant

chemotherapy or suspected lymph nodes around the right RLN

metastasis before operation were excluded from the study because

of the limitations of TIME. In addition, patients only with local early‐

or intermediate‐stage of esophageal cancer were included in the

study and propensity score match analysis was also adopted to

obtain a more credible result of the RFS. However, whether before

or after the propensity matching analysis, the percentage of pa-

tients with Ⅲ stage in theTE group was higher than that in theTIME

group. Although it was not statistically significant, it was still a

shortcoming of the study, which might be caused by the limitation

of the number of cases in the study or by accidental lymph node

metastasis after surgery in some cases that led to the escalation of

final pathological stage. Therefore, although the final RFS of the

two groups in this single‐center study were similar after matching,

this result only implied that TIME might have the potential to treat

local early‐ and intermediate‐stage esophageal squamous cell

carcinoma effectively. A further study and the long‐term outcomes

must be followed up.

5 | CONCLUSION

TIME may be a feasible and safe method to treat local early‐ and

intermediate‐stage thoracic esophageal squamous cell carcinoma

effectively and it could be a supplementary surgical method of TE for

patients with poor pulmonary function or cannot undergo TE.
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