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Abstract
Purpose: Minimally invasive oesophagectomy is a technically demanding procedure; thus, the learning
curve of this procedure should be explored. Then the relatively mature minimally invasive
oesophagectomy procedure should be contrasted with the open procedure. Methods: 214 consecutive
patients underwent minimally invasive oesophagectomy were retrospectively reviewed. To evaluate the
development of thoracoscopic-laparoscopic oesophagectomy and compare the mature minimally
invasive oesophagectomy and open oesophagectomy (OE), we comprehensively studied the clinical and
surgical parameters. The cumulative sum (CUSUM) plot was used to study the learning curve for
systemic lymphadenectomy. Cox proportional hazards regression analysis was performed to evaluate the
clinical factors affecting survival. Results: The bleeding volume, operation time, and postoperative
mortality within 3 months signi�cantly decreased after 20 patients. The rise point for the lymph nodes
dissection number was visually determined to be at patient 57 in the CUSUM plots. Patients who
underwent relatively mature thoracoscopic-laparoscopic oesophagectomy had better surgical data and
short-term bene�ts than patients who underwent an open procedure. Cox proportional hazards regression
analysis showed that the maximum diameter of the tumour cross-sectional area and the number of
positive nodes had a signi�cant in�uence on survival. Conclusions: The short-term bene�ts of
thoracoscopic-laparoscopic oesophagectomy were suggested. There was no evidence that it is
associated with a signi�cantly better prognosis for patients with oesophageal cancer.

Introduction
The incidence of oesophageal carcinoma has increased signi�cantly over the past twenty years, and it is
currently the sixth leading cause of cancer death[1–2]. Radical surgical resection remains the main
treatment of early and locally advanced lesions [3] but has a high rate of morbidity and mortality[4], which
may be attributed to the level of lymph node dissection[5]. During the 1990s, several doctors explored the
safety and effectiveness of minimally invasive oesophagectomy (MIE) [6–10] due to the high rate of
cardiopulmonary complications with transthoracic oesophagectomy[11]. MIE was reported to result in low
morbidity and mortality rates with equal mid- and long-term oncological outcomes [12–16].

The minimally invasive approach is performed via a distinct view of the surgical anatomy, and
specialized surgical schemes and skills are required. Although learning curves and other parameters for
lymph node dissection have been reported over the past few years [17–20], systematic analyses of these
learning curves, as well as the clinical indexes and survival outcomes, with more than 200 cases or long
monitoring times, are still limited. From July 2010 to August 2016, 214 patients underwent MIE for
oesophageal cancer and were followed up. The clinical parameters were analyzed to present the learning
curve and characteristics of MIE, a clinical comparative study of mature MIE versus open
oesophagectomy (OE) for oesophageal carcinoma was performed, and a Cox proportional hazards
regression analysis was implemented to determine clinical risk factors on overall survival.
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Patients And Methods

Patients
Between July 2010 and August 2016, 214 patients underwent MIE (thoracoscopic-laparoscopic
oesophagectomy) for oesophageal squamous cell carcinoma in the Thoracic Department, The Second
Hospital of Shandong University in our cohort study. Eight of these 214 patients were converted to
thoracotomy or laparotomy, one patient was unable to tolerate single-lung ventilation due to a history of
left upper lobectomy, and the other seven patients were due to bleeding controlling. Among the 214
patients enrolled, there were 182 males and 32 females in the MIE group. A total of 170 patients
underwent oesophagectomy by open thoracotomy from August 2014 to August 2016, and these patients
were de�ned as the open group. The data from the patients in the open group were compared with those
of the patients who underwent thoracoscopic-laparoscopic oesophagectomy during the same clinical
period. All patients were preoperatively diagnosed with oesophageal cancer by endoscopy and biopsy,
with routine thoracic and abdominal enhanced computed tomography (CT) scans and endoscopic
ultrasonography to evaluate the clinical TNM stage. The operations were performed by a single surgical
team. This study was approved by the ethics committee and Medical Administration Division of the
Second Hospital of Shandong University. Written informed consent was obtained from each of the
enrolled patients. All methods performed in our study were conducted in accordance with the relevant
guidelines and regulations.

Surgical techniques
All patients underwent curative thoracic oesophagectomy and lymphadenectomy. The MIE group
underwent surgery with thoracoscopic and laparoscopic approaches. We performed both cervical
anastomosis (McKeown oesophagectomy) and thoracic anastomosis (Ivor-Lewis oesophagectomy). The
incised margin was at least 5 cm from the superior border of the tumour. The MIE procedures were
performed by the same surgical team.

The extent of lymphadenectomy included the following regions: periesophageal lymph nodes; subcarinal
lymph nodes; left and right recurrent laryngeal nerve lymph nodes; hilar lymph nodes; the lesser omentum,
especially the left gastric vessel region; and the suspicious lymph nodes near the common hepatic artery.
The cervical lymph nodes were selectively dissected according to the location of the tumour and the
ultrasound examination.

The development process for the MIE group could be divided into four stages: the �rst stage was from
July 2010 to April 2011 and included 20 patients with relatively high mortality. The second stage was
from June 2011 to July 2014 and included 37 patients. A hybrid procedure, which was not included in the
analysis, was performed to determine the maturation process. The third stage was from August 2014 to
May 2015 and included 50 patients who underwent the mature procedure, not the hybrid procedure. The
fourth stage was from June 2015 to August 2016 and included 117 patients. The work has been reported
in line with the STROCSS criteria [21].
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Statistical analysis
The bleeding volume, operation time, and number of lymph nodes dissected were analysed within the MIE
group; these values are presented as the means ± SD. The P values were calculated using one-way
analysis of variance (ANOVA) with tests for equal variances. If heterogeneity of variance existed, one-way
ANOVA was used after the data were ranked with a nonparametric test. The CUSUM plot was used to
study the learning curve for systemic lymphadenectomy. The lymphadenectomy completion and
complication rates were compared using the chi-square test. The survival rate was calculated, with the
survival curves drawn according to the Kaplan-Meier method.

T-tests were used to compare the bleeding volume, operation time, number of lymph nodes dissected and
number of lymph node dissection sites between the MIE group and the open group. The Pearson chi-
square test was used for all the theoretical frequencies T ≥ 5; the chi-square test or Fisher’s exact test was
used to calibrate the four-grid data when 1 ≤ T < 5, and Fisher’s exact test was used when T < 1. The
Kaplan-Meier method was used to draw the survival curve. The clinical factors were evaluated for their
impact on survival through Cox proportional hazards regression analysis.

P < 0.05 indicated statistical signi�cance. All analyses were performed using Stata 12.0 (StataCorp LP,
College Station, TX, USA).

Results

1. Clinical data of the MIE group
The clinical and pathological features of these 214 patients are shown in Table 1. A minority of the
patients received neoadjuvant chemoradiation or neoadjuvant chemotherapy, which was based on the
patients’ informed consent status or economic conditions. Most patients were male with a history of
smoking, and four patients died within 3 months due to severe complications. Postoperative adjuvant
therapy was performed according to the T stage and N stage.
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Table 1
The clinical and pathological features of patients in MIE team

1st stage 2nd stage 3rd stage 4th stage P value

Cases 20 37 50 107
Proportion of males (%) 95 89 88 81 0.340
Age mean(SD) 58.2 10.6  63.1 10.8  60.9 8.9  64.7 10.4  0.351
Proportion of smoking (%) 83 87 80 80 0.637
Neoadjuvant therapy (%) 15 16.2 22 13 0.479

Histology type Squamous Cell
Carcinoma  20 37 49  106
Adenocarcinoma   0 0 1 0
Small Cell Carcinoma 0 0 0 1 0.543

Differentiation
grade  Middle or high
differentiated 16 16 17 42
 Poorly differentiated 4 21 33 65 0.004

Pathological stage
 0 0 0 6
 13 23 28 52
 7 14 22 49 0.103

Negative margin 100% 100% 100% 98.13%

2. Surgical characteristics of the MIE group
The data are shown in Table 2. There was a signi�cant difference in the bleeding volume between the
four stages (P = 0.0092) (Fig. 1a). There was a statistically signi�cant difference between the 1st and the
2nd stages (P = 0.0263), and no signi�cant difference was found among the latter three stages (P = 
0.4625). These �ndings were similar for the operation time (Fig. 1b), with a P value of 0.0000. The P
value between the 1st stage and the 2nd stage was 0.0000, and the P value among the latter three stages
was 0.1107. In the subgroup analysis, there were no signi�cant differences in the complication rates
among the four stages (P = 0.105) (Fig. 1c) or in the incidence of cervical anastomotic �stula, chest
anastomotic �stula, and recurrent laryngeal nerve injury (P values of 0.759, 0.632, and 0.813
respectively). The postoperative mortality within 3 months differed signi�cantly among the four stages
(P = 0.0092) (Fig. 1d); the postoperative mortality was not signi�cantly different between the 1st and 2nd
stages (P = 0.607); however, this parameter was different among the 1st, 2nd and 3rd stages (P = 0.005).
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Table 2
Surgical characteristics of MIE team

1st stage 2nd stage 3rd stage 4th stage P value

Cases 20 37 50 107
Bleeding volume(ml) 265.5 ± 107.2 199.4 ± 102.8 189.1 ± 90.7 185.9 ± 86.1  0.0092
Operation time(mins)  420.2 ± 64.3 263.5 ± 47.6 244.9 ± 60.2 248.1 ± 51.2 0.0000
Complication rate(%) 50.0 29.7 26.1 23.5 0.105
Cervical anastomotic �stula(%) 16.7(3/18) 14.8 4/27  8.7 3/34  9.8 6/61  0.759
Chest anastomotic �stula(%) 0 0 0 4.3(2/46) 0.632
laryngeal nerve injury(%) 5 5.4 4 3.7   0.813
Mortality within 3 months(%) 10.0 5.4 0 0 0.0024
Lymph node dissection 12.65 ± 4.13 15.91 ± 3.36 20.16 ± 7.71 22.67 ± 7.39  0.0000
Node dissection ≥ 12    14 36   50 101   0.0000
Node dissection ≥ 18 1 12 29 71 0.0000

Location

Upper or mid to upper 1 8 9 15

Mid or lower to mid 18 23 30 65

Lower  1 6 11   27 0.367

Procedure

Ivor-Lewis 2 10 16  46

McKeown 18  27    34   61 0.021

The lymphadenectomy parameters were signi�cantly different among the 4 stages (P = 0.0000) (Fig. 2a).
The rise point for the number of lymph nodes dissected was visually assessed to be at the 57th operation
(Fig. 2b), which means that the number of lymph nodes dissected increased from the 3rd stage. A
comparison of stage 1 and stage 2 yielded a P value of 0.677, and a comparison of stage 3 and stage 4
yielded a P value of 0.0523; for stages 1 combining stage 2, stages 3 combining stage 4, the numbers of
lymph nodes dissected were 13.51 ± 3.25 and 21.26 ± 7.72 (P = 0.0000), respectively.

There were no signi�cant differences in the tumour location among the four stages (P = 0.367);
nonetheless, a statistically signi�cant difference was found in the proportion of Ivor-Lewis procedures
performed (P = 0.021). Speci�cally, the proportion of Ivor-Lewis procedures in the 3rd stage did not differ
signi�cantly from that in the former two stages (P = 0.271); however, the proportion of Ivor-Lewis
procedures in the 4th stage was signi�cantly greater (P = 0.010).

3. Survival analysis of the MIE group
The 2-year overall survival curve and disease-free survival curve of the �rst three stages are shown in
Fig. 3a and Fig. 3b. There were no signi�cant differences in the 2-year overall survival or disease-free
survival among the three stages (72.2%, 67.7%, 68.01%, P = 0.9284) (66.7%, 58.06%, 59.6%, P = 0.7912).
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4. Comparison between the MIE group and the open group
As seen in the analysis above, the number of lymph nodes dissected increased from the 3rd stage, which
indicated that the oncological effect of MIE reached a relatively high level in the 3rd stage with low
complication rate and mortality rate. The 3rd stage and 4th stage was regarded as mature MIE
procedures. the A total of 157 patients of the 3rd stage and 4th stage who underwent the MIE procedure
and 170 patients who underwent the open procedure were enrolled. The patient characteristics are shown
in Table 3, and the pathological characteristics are shown in Table 4.

Table 3
Patient characteristics of MIE team and open

team

MIE team Open team P value

Cases 157 170
Proportion of males (%) 83 82 0.794
Age mean(SD) 63 4 9 2  62 0 7 6  0.933
Proportion of smoking (%) 79 76 0.503
Neoadjuvant therapy (%) 16 10 0.110

Table 4
Pathological characteristics of MIE team

and open team

MIE team Open team P value

Cases 157   170
Histology type Squamous Cell
Carcinoma 155   163
Adenocarcinoma 1  5
Small Cell Carcinoma 1   2 0.638
Differentiation
grade
Middle or high
differentiated 59   63
Poorly differentiated 98  107 0.922
Pathological stage
 6 18
 80 82
 71 70 0.063

Negative margin  98.73% 100% 0.230

The surgical characteristics of the MIE group and open group are shown in Table 5. There was a
signi�cant difference in the bleeding volume between the MIE group and the open group (187.2 ± 88.6 ml
vs. 241.8 ± 127.4 ml, P = 0.0000). There was a statistically signi�cant difference in the operation time
between the MIE group and the open group (246.1 ± 53.9 min vs. 262.7 ± 65.4 min, P = 0.0132). The
difference in the incidence of postoperative pulmonary in�ammation between the MIE group and the
open group yielded a P value of 0.0000 (24.2% vs. 40%). There were statistically signi�cant differences in
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the lymph node dissection parameters between the MIE group and the open group (number of lymph
nodes dissected: 21.26 ± 7.72 vs. 23.99 ± 10.15, P = 0.0069 and number of dissection sites: 4.87 ± 1.43 vs.
4.16 ± 1.26, P = 0.0000). For dissecting the No.106rec and No.106tbL lymph nodes, the MIE group had a
statistical advantage; however, the open group had a statistical advantage for dissecting the left gastric
artery lymph nodes.

Table 5
Surgical characteristics of MIE team and open team

MIE team Open team P value

Cases 157 170
Bleeding volume(ml) 187.2 ± 88.6  241.8 ± 127.4 0.0000
Operation time(mins) 246.1 ± 53.9 262.7 ± 65.4 0.0132
Complication rate(%) 24.2 40 0.359
Cervical anastomotic �stula(%) 9.5(9/95) 5.5 2/36  0.726
Chest anastomotic �stula(%) 3.2(2/62) 0.75 1/134  0.236
laryngeal nerve injury(%) 3.8 2.4 0.527
pulmonary in�ammation 12.1(19/157) 29.4 50/170   0.0000
Mortality within 3 months(%)  0 0
Lymph nodes dissection 21.26 ± 7.72 23.99 ± 10.15  0.0069
Node station 4.87 ± 1.43 4.16 ± 1.26 0.0000
No.106rec (right or left)(%) 78.4 (123/157) 23.5 (40/170) 0.0000
No.106rec (right and left)(%) 64.7 (102/157)  7.1(12/170) 0.0000
No.106tbL nodes dissection(%) 31.8(50/157) 16.5(28/170)  0.001
Left gastric artery lymph nodes(%) 12.1 (19/157)  47.1 (80/170)  0.0000
No.107 nodes dissection(%) 80.4 (126/157) 80.0 (136/170) 0.937
Paraesophageal lymph nodes (including No.105, No.108, No.110)
dissection(%) 90.4 (142/157) 92.9 (158/170)   0.413
Paracardia lymph nodes
dissection(%) 41.4 (65/157) 42.4 (72/170) 0.862
Paragastric lymph nodes
dissection(%) 47.1 (74/157) 47.1 (80/170) 0.278

5. Survival analysis and Cox proportional hazards
regression analysis
Patients with a follow-up time reaching 2 years were selected for the survival analysis. In total, 120
patients were eligible, with a mean age of 63.0 ± 7.4 years, and 82% of these patients were male. 50
patients were from the MIE group, and 70 patients were from the open group. There were 13 patients in
stage I, 61 patients in stage II, and 46 patients in stage III. The overall survival curves are shown in Fig. 4,
and there was a statistically signi�cant difference in 2-year overall survival (MIE group 68% vs. open
group 43%, P = 0.0321). However, there was a signi�cant difference in the proportion of stage III patients
between the MIE group and the open group (14/50 vs. 23/70,P = 0.049). Consequently, a Cox proportion
hazards regression was used to evaluate the impact of the clinical factors on overall survival. The
following six parameters were screened: age, surgical procedure (MIE or open), differentiation degree
(poor or middle- high), tumour excision area (≥ 5 cm or < 5 cm), in�ltration depth (T1, T2, T3), and the
number of positive lymph nodes; the results are shown in Table 6. The tumour excision area and the
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number of positive lymph nodes had signi�cant impacts on overall survival. The Cox proportion hazards
model was used; the hazard ratios (HRs) were calculated, and these values are presented in Table 7.

Table 6
The screening of the six clinical parameters

Statistic P value

Age chi2(23) = 23.61 0.4258
Surgical procedure  chi2(1) = 2.93  0.0869
Differentiation degree chi2(1) = 1.93   0.1645
Tumor cutting area chi2(1) = 4.54   0.0332
In�ltration depth chi2(2) = 1.26   0.5332
Positive lymph nodes chi2(8) = 22.75 0.0037

Table 7
HR value

Haz.Ratio Std.Err  Z  P>|z| [95Conf. Interval]

Size 2.632207 1.038634 2.45 0.014  1.21464–5.704174
node 1.286079 0.0842952 3.84 0.000 1.131035–1.462376

Discussion
Minimally invasive oesophagectomy (MIE) is de�ned as a thoracoscopic-laparoscopic procedure for
oesophageal cancer. MIE is considered to reduce postoperative pain, drainage volume and in�ammation
reactions, while shortening the hospital stay. However, MIE requires surgeons to have a deeper
understanding of the endoscopic anatomy, surgical procedure, accidental bleeding, and lymph node
dissection process, all of which may contribute to the operation quality. MIE has been performed since
July 2010 in our department, and the improvements are clear based on bleeding volume, operation time,
mortality within 3 months, and lymphadenectomy parameters. Our dataset showed that surgical process
pro�ciency could be achieved through at least 57 surgeries with adequate lymph node dissection and
favourable safety outcomes.

Ankit Dhamija[17] reported the learning curve for lymph node resection in MIE for oesophageal cancer and
suggested that the ability to dissect lymph nodes completely during MIE was affected by the surgeons’
experience, which might accumulate over time; a signi�cant increase in experience could be achieved
after the �rst 25 cases. The number of dissections was regarded as an important measurement of
lymphadenectomy, and different lymphadenectomy thresholds were proposed based on various scholars’
�ndings. Dutkowski[22] found that the diagnostic sensitivity of lymph node metastasis increased with an
increasing number of dissections. When the dissection number reached 12, the sensitivity could reach at
least 90%; at this point, more lymph node dissections only increased the complication rate since the
diagnostic sensitivity reached a plateau. Rize[23] believed that the ideal number of lymph node
dissections should be no less than 18. There was no signi�cant difference in the pathological
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characteristics between the 4 stages except for differentiation. Nonetheless, the numbers of lymph nodes
dissected in each stage were 12.65 ± 4.13, 15.91 ± 3.36, 20.16 ± 7.71, and 22.67 ± 7.39, respectively, with a
signi�cant difference among the stages. To intuitively observe the upward trend, scatter plots were drawn,
and the cumulative sum was calculated. In the present series, the in�ection point was observed at the
57th case, which suggests that pro�ciency in lymphadenectomy during MIE was gained after 57 patients
underwent the procedure. Signi�cant increases were also discerned at both dissection numbers 12 and
18 during the 4 stages. Oncologic bene�ts were implied with this progress. These bene�ts were due to the
actions implemented during the 2nd stage, including performing hybrid operations and attending
academic communications.

MIE could be divided into a thoracoscopic-laparoscopic McKeown technique (cervical anastomosis) and
a thoracoscopic-laparoscopic Ivor-Lewis technique (chest anastomosis). The former is preferred by
surgeons because of the maturity of the surgical procedure[24], and the latter is not widely performed due
to its di�culty and the risk of the occurence of a thoracic �stula; the surgical position and anastomosis
type were also different in each clinical unit[25]. However, the thoracoscopic-laparoscopic Ivor-Lewis
method was suggested to be less invasive, with a shorter operation time, lower anastomotic leakage rate
and lower recurrent laryngeal nerve injury rate than the thoracoscopic-laparoscopic McKeown method[26].
In our series, an increase in the proportion of Ivor-Lewis procedures appeared during the 4th stage, which
is after when the lymphadenectomy pro�ciency reached a relatively high level.

The importance of the surgical procedure were for accurate staging of the disease and an improvement
in survival outcomes. The differences in 2-year overall survival and disease-free survival between the �rst
three stages were not signi�cant (72.2%, 67.7%, 68.01%, P = 0.9284) (66.7%, 58.06%, 59.6%, P = 0.7912),
which may be due to the inadequate follow-up time and su�cient lymph node dissection, even when
performed in the 1st stage (12.65 ± 4.13).

We retrospectively analysed 327 patients who underwent oesophagectomy for oesophageal cancer at our
institution. A total of 157 patients underwent MIE (from the 3rd stage), and 170 patients underwent open
oesophagectomy (OE). In our study, the MIE group had a smaller bleeding volume (P = 0.0000) and
shorter operation time (P = 0.0132) than the OE group. There was no signi�cant difference in the
complication rates between the two groups; nonetheless, the MIE group had a lower incidence of
postoperative pulmonary in�ammation (12.1% vs. 29.4%, P = 0.0000), which is very similar to the results
of the randomized controlled trial reported by Biere SS[27] (12% vs. 34%, P = 0.005). Additionally,
according to Parameswaran R[28] and Verhage RJ[29], the postoperative respiratory complication rate of
OE was higher than that of MIE. This result might be due to the large incision, rib fractures, respiratory
muscle detachment, injury and repair of the diaphragm, and retention of sputum; thus, MIE was superior
to OE in terms of protecting respiratory function.

The open group had more lymph nodes dissected than the MIE group (23.99 ± 10.15 vs. 21.26 ± 7.72, P = 
0.0069); however, the number of lymph nodes dissected in the MIE group was similar to the results
reported by another study[30]. Lymph nodes were dissected from more sites in the MIE group than in the
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OE group (4.87 ± 1.43 vs. 4.16 ± 1.26, P = 0.0000), which might be due to the comprehensive view
available with the thoracoscope. In the subgroup analysis, the dissection rate of the No.106rec (right or
left) lymph nodes in the MIE group reached 78.4%, while that of the open group was 23.5% (P = 0.0000).
The No.106rec (both right and left) lymph node dissection rate in the MIE group was 64.7%, which was
signi�cantly different from that of 7.1% in the open group (P = 0.0000). No.106tbL lymph node dissection
followed a similar trend, and the MIE group had a statistically signi�cant advantage over the OE group
(31.8% vs. 16.5%, P = 0.001). Nonetheless, the open group had a statistical advantage (47.1% vs. 12.1%,
P = 0.0000) in left gastric artery lymph node dissection, which re�ects the capability limitations of the
thoracic surgeon during laparoscopic abdominal lymphadenectomy.

Survival outcomes are crucial for the treatment of carcinoma. MIE is still not widely performed in medical
institutions, and reports on long-term survival are rare. The 1-year survival rates between MIE and OE were
demonstrated to have no signi�cant differences[31]. Jingpei Li[32] reported that the 1-year, 2-year, and 3-
year survival rates of patients who underwent MIE were not signi�cantly different from those of patients
who underwent the open procedure; however, the proportion of early-stage disease in the MIE group was
higher than that in the open procedure group. A systematic review[33] also provided information that the
proportion of early-stage disease in the MIE group exceeded that in the open procedure group, which
might be inevitable while the surgeons are still learning. Mitzman B[34] performed a propensity analysis
using data from the National Cancer Database of the United States, and equivalent oncological outcomes
and survival outcomes were found for the MIE and open procedure groups. No signi�cant differences in
long-term survival were found in patients who underwent robotic-assisted minimally invasive
oesophagectomy (RAMIE), MIE or OE; thus, surgeon expertise and experience might be considered the
most important aspects[35]. In our series, although the overall 2-year survival rate differed signi�cantly
between the groups (MIE group: 68%, open group: 43%, P = 0.0321), the proportion of stage III patients
who underwent OE was statistically greater than that of patients who underwent MIE. This study did not
provide evidence of improvements in the survival outcomes of patients who underwent MIE. As a result, a
Cox proportional hazards regression was used to evaluate the effects of clinical factors on survival for
patients who underwent radical surgery with curative intent. The clinical parameters included age,
surgical procedure (MIE or open), differentiation degree (poor or middle-high), tumour excision area (≥ 
5 cm or < 5 cm), in�ltration depth (T1, T2, T3), and the number of positive lymph nodes. The maximum
diameter of the tumour excision area and the number of positive lymph nodes had a signi�cant in�uence
on postoperative survival. There was no evidence that the surgical procedure (MIE or open) had a
signi�cant in�uence on the prognosis of patients with oesophageal cancer.

There are also some limitations to this study; the management of chest drainage and nasogastric
drainage and in�ammatory factors were not taken into account, but there are also important indicators
for presenting a learning curve. Additionally, the number of lymph node was used as a re�ection of
lymphadenectomy completeness, and this number might be in�uenced by fracturing of the nodes or
pathological diligence. Moreover, our study was a retrospective analysis, and challenging cases were
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avoided in the early stage of the learning process; thus, selection bias was inevitable. Finally, only a few
patients received neoadjuvant therapy, which was recommended by the medical guidelines.

In conclusion, our �ndings provide evidence of the learning curve for MIE and its short-term bene�ts.
However, there is still no evidence that MIE and OE contribute differently to postoperative survival
outcomes.

Declarations
Con�ict of Interest Statement: All the authors had no con�ict of interest.

Ethics approval and consent to participate: This study was approved by the ethics committee and
Medical Administration Division of the Second Hospital of Shandong University.

Consent for publication: Written informed consent was obtained from each of the enrolled patients.

Availability of data and material: They are all on request.

Competing interests: No authors had competing interests.

Funding: No funding.

Authors' contributions: Yunpeng Zhao and Fanshuo Zeng: Formal analysis; Methodology; Roles/Writing -
original draft; Writing - review & editing. Zongbao Mou: Data curation. Xuefeng Liang: Data curation. Bo
Cong: Conceptualization. Chuanliang Peng: Resources. Xiaogang Zhao: Supervision; Funding acquisition.

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin.

2011;61:69–90.

2. Tew WP, Kelsen DP, Ilson DH. Targeted therapies for esophageal cancer. The oncologist.
2005;10(8):590-601.

3. Ruurda JP, van der Sluis PC, van der Horst S, van Hilllegersberg R. Robot-assisted minimally invasive
esophagectomy for esophageal cancer: A systematic review. Journal of surgical oncology.
2015;112(3):257-65.

4. Raymond DP, Seder CW, Wright CD, Magee MJ, Kosinski AS, Cassivi SD, et al. Predictors of Major
Morbidity or Mortality After Resection for Esophageal Cancer: A Society of Thoracic Surgeons
General Thoracic Surgery Database Risk Adjustment Model. The Annals of thoracic surgery.
2016;102(1):207-14.

5. Jamieson GG, Lamb PJ, Thompson SK. The role of lymphadenectomy in esophageal cancer. Ann
Surg. 2009;250:206–9.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferlay%20J%5bAuthor%5d&cauthor=true&cauthor_uid=21296855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ward%20E%5bAuthor%5d&cauthor=true&cauthor_uid=21296855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Forman%20D%5bAuthor%5d&cauthor=true&cauthor_uid=21296855


Page 13/18

�. Cuschieri A, Shimi S, Banting S. Endoscopic oesophagectomy through a right thoracoscopic
approach. J R Coll Surg. 1992;37:7–11.

7. Gossot D, Cattan P, Fritsch S Halimi B, Sarfati E, Celerier M. Can the morbidity of esophagectomy be
reduced by the thoracoscopic approach? Surg Endosc. 1995;9:1113–5.

�. Liu HP, Chang CH, Lin PJ Chang JP. Video-assisted endoscopic esophagectomy with stapled
intrathoracic esophagogastric anastomosis. World J Surg. 1995;19:745–7.

9. Robertson GSM, Lloyd DM, Wicks AC, Veitch PS. No obvious advantages for thoracoscopic two-stage
oesophagectomy. Br J Surg. 1996;83:675–8.

10. Dexter SPL, Martin IG, McMahon MJ. Radical thoracoscopic esophagectomy for cancer. Surg
Endosc. 1996;10:147–51.

11. Hulscher JB, van Sandick JW, de Boer AG, Wijnhoven BP, Tijssen JG, Fockens P, et al. Extended
transthoracic resection compared with limited transhiatal resection for adenocarcinoma of the
esophagus. N Engl J Med. 2002, 347:1662–1669

12. Osugi H, Takemura M, Higashino M, Takada N, Lee S, Kinoshita H. A comparison of video-assisted
thoracoscopic oesophagectomy and radical lymph node dissection for squamous cell cancer of the
oesophagus with open operation. Br J Surg. 2003;90:108–13.

13. Schoppmann SF, Prager G, Langer FB, Riegler FM, Kabon B, Fleischmann E, et al. Open versus
minimally invasive esophagectomy: a single-center case controlled study. Surg Endosc.
2010;24:3044–53.

14. Parameswaran R, Veeramootoo D, Krishnadas R, Cooper M, Berrisford R, Wajed S. Comparative
experience of open and minimally invasive esophagogastric resection. World J Surg. 2009;33:1868–
75.

15. Ben-David K, Sarosi GA, Cendan JC, Howard D, Rossidis G, Hochwald SN. Decreasing morbidity and
mortality in 100 consecutive minimally invasive esophagectomies. Surg Endosc. 2012;26:162–7.

1�. Kinjo Y, Kurita N, Nakamura F,  Okabe H, Tanaka E, Kataoka Y, et al. Effectiveness of combined
thoracoscopic-laparoscopic esophagectomy: comparison of postoperative complications and
midterm oncological outcomes in patients with esophageal cancer. Surg Endosc. 2012;26:381–90.

17. Dhamija A, Rosen JE, Dhamija A, Gould Rothberg BE, Kim AW, Detterbeck FC, et a1 Learning Curve to
Lymph Node Resection in Minimally Invasive Esophagectomy for Cancer [J]. Innovations
2014;9:286Y291

1�. Xie X, Fu JH, Wang JY, Zhang X, Luo KJ, Yang F, et a1. Analysis of learning process of video-assisted
minimally invasive esophagectomy for thoracic esophageal carcinoma[J]. Zhonghua Wei Chang Wai
Ke Za Zhi. 2012 Sep;15(9):918-21.

19. Dhamija A1, Rosen JE, Dhamija A, Gould Rothberg BE, Kim AW, Detterbeck FC, et al. Learning curve
to lymph node resection in minimally invasive esophagectomy for cancer[J]. Innovations (Phila).
2014 Jul-Aug;9(4):286-91. doi: 10.1097/IMI.0000000000000082.

20. Zhao Y, Dong X, Cong B, Peng C, Sun Q, Hao Y, et al. Development Pattern on Lymph Node Resection
in Minimally Invasive Esophagectomy and 2-year Survival Analysis. Thorac Cardiovasc Surg. 2016

https://www.ncbi.nlm.nih.gov/pubmed/?term=Halimi%20B%5bAuthor%5d&cauthor=true&cauthor_uid=8553214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarfati%20E%5bAuthor%5d&cauthor=true&cauthor_uid=8553214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celerier%20M%5bAuthor%5d&cauthor=true&cauthor_uid=8553214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20JP%5bAuthor%5d&cauthor=true&cauthor_uid=7571674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veitch%20PS%5bAuthor%5d&cauthor=true&cauthor_uid=8689217
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takada%20N%5bAuthor%5d&cauthor=true&cauthor_uid=12520585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5bAuthor%5d&cauthor=true&cauthor_uid=12520585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinoshita%20H%5bAuthor%5d&cauthor=true&cauthor_uid=12520585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riegler%20FM%5bAuthor%5d&cauthor=true&cauthor_uid=20464423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kabon%20B%5bAuthor%5d&cauthor=true&cauthor_uid=20464423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fleischmann%20E%5bAuthor%5d&cauthor=true&cauthor_uid=20464423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20M%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berrisford%20R%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wajed%20S%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howard%20D%5bAuthor%5d&cauthor=true&cauthor_uid=21792712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossidis%20G%5bAuthor%5d&cauthor=true&cauthor_uid=21792712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hochwald%20SN%5bAuthor%5d&cauthor=true&cauthor_uid=21792712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okabe%20H%5bAuthor%5d&cauthor=true&cauthor_uid=21898014
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20E%5bAuthor%5d&cauthor=true&cauthor_uid=21898014
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kataoka%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=21898014
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhamija%20A%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosen%20JE%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhamija%20A%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gould%20Rothberg%20BE%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20AW%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detterbeck%20FC%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20X%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20JH%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20JY%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20KJ%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20F%5bAuthor%5d&cauthor=true&cauthor_uid=22990923
https://www.ncbi.nlm.nih.gov/pubmed/22990923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhamija%20A%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosen%20JE%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhamija%20A%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gould%20Rothberg%20BE%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20AW%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detterbeck%20FC%5bAuthor%5d&cauthor=true&cauthor_uid=25084251
https://www.ncbi.nlm.nih.gov/pubmed/25084251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20X%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cong%20B%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng%20C%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20Q%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=26765245
https://www.ncbi.nlm.nih.gov/pubmed/26765245


Page 14/18

Oct;64(7):606-610.

21.  Agha R, Abdall-Razak A, Crossley E, Dowlut N, Iosi�dis C and Mathew G, for the STROCSS  Group.
 The STROCSS 2019 Guideline: Strengthening the Reporting of Cohort Studies in Surgery.
 International Journal of Surgery 2019;72:156-165.

22. Dutkowski P, Hommel G, Bottger T, Schlick T, Junginger T. How many lymph nodes are needed for an
accurate pN classi�cation in esophageal cancer? Evidence for a new threshold value.
Hepatogastroenterol, 2002, 49: 176-180.

23. Rizk NP, Ishwaran H, Rice TW,  Chen LQ, Schipper PH, Kesler KA. Optimum lymphadenectomy for
esophageal cancer. Ann Surg. 2010;251: 46-50.

24. Liu BX Li Y Qin JJ Zhang RX, Liu XB, Sun HB, et a1 Comparison of modi�ed McKeown minimally
invasive approach and the left chest-neck incision approach esophagectomy to treat cancer of mid—
to—distal thoracic esophagus[J] Chin J Thorac Cardiovasc Surg 2013 29(6) 342-345 doi 10 3760
cma j issn 1001-4497 2013 06 007

25. Ben-David K, Sarosi GA, Cendan JC, Hochwald SN. Technique of minimally invasive Ivor- Lewis
esophagogastrectomy with intrathoracic stapled side-to-side anastomosis[J]. J Gastrointest Surg,
2010, 14 10)  1613-1618

2�. Xie MR Liu CQ Guo MF Wu H, Xu M Short- term outcomes of minimally invasive ivor-lewis
esophagectomy for esophageal cancer[J] Ann Thorac Surg 2014 97(5) 1721- 1727 doi 10 1016 j
athoracsur 2014 01 054

27. Biere SS, vail Berge Henegouwen MI, Maas KW, Bonavina L, Rosman C, Garcia JR, et al Minimally
invasive versus open oesophagectomy for patients with oesophageal cancer a multicentre, open-
1abel, randomised controlled trial. Lancet 2012 379 1887-1892

2�. Parameswaran R, Veeramootoo D, Krishnadas R,  Cooper M, Berrisford R, Wajed S. Comparative
experience of open and minimally invasive esophagogastric resection[J]. World J Surg, 2009, 33(9):
1868-1875.

29. Verhage RJ, Hazebroek EJ, Boone J, Van Hillegersberg R. Minimally invasive surgery compared to
open procedures in esophagectomy for cancer: a systematic review of the literature[J]. Minerva Chir,
2009, 64(2): 135-146.

30. Luketich JD Pennathur A Awais O Levy RM, Keeley S, Shende M, et a1 Outcomes after minimally
invasive esophagectomy review of over 1000 patients Ann Surg 2012 256 95-103

31. Lazzarino AI, Nagpal K  Bottle A Faiz O, Moorthy K, Aylin P Open versus minimally invasive
esophagectomy trends of utilization and associated outcomes in England Arm Surg 2010 252 292-
298

32. Jingpei Li, Lijie Tan, Qun Wang, Hao Wang, Mingxiang Feng, Hong Fan, et al. A retrospective study
for Ivor-Lewis and McKeown esophagectomy: mininally invasive versus open esophagectomy.
Chinese Journal of Thoracic and Cardiovascular Surgery, 2013, 6: 339-341, 361.

33. Dantoc MM Cox MR Eslick GD. Does minimally invasive esophagectomy (MIE) provide for
comparable oncologic outcomes to open techniques? A systematic review J Gastreintest Surg

https://www.ncbi.nlm.nih.gov/pubmed/?term=Schlick%20T%5bAuthor%5d&cauthor=true&cauthor_uid=11941947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Junginger%20T%5bAuthor%5d&cauthor=true&cauthor_uid=11941947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20LQ%5bAuthor%5d&cauthor=true&cauthor_uid=20032718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schipper%20PH%5bAuthor%5d&cauthor=true&cauthor_uid=20032718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kesler%20KA%5bAuthor%5d&cauthor=true&cauthor_uid=20032718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hochwald%20SN%5bAuthor%5d&cauthor=true&cauthor_uid=20532663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20M%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berrisford%20R%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wajed%20S%5bAuthor%5d&cauthor=true&cauthor_uid=19609827
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Hillegersberg%20R%5bAuthor%5d&cauthor=true&cauthor_uid=19365314
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20RM%5bAuthor%5d&cauthor=true&cauthor_uid=22668811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keeley%20S%5bAuthor%5d&cauthor=true&cauthor_uid=22668811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shende%20M%5bAuthor%5d&cauthor=true&cauthor_uid=22668811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faiz%20O%5bAuthor%5d&cauthor=true&cauthor_uid=20622666
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moorthy%20K%5bAuthor%5d&cauthor=true&cauthor_uid=20622666
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aylin%20P%5bAuthor%5d&cauthor=true&cauthor_uid=20622666


Page 15/18

2012 16 486-494

34. Mitzman B, Lut� W, Wang CH, Krantz S, Howington JA, Kim KW. Minimally Invasive Esophagectomy
Provides Equivalent Survival to Open Esophagectomy: An Analysis of the National Cancer Database.
Semin Thorac Cardiovasc Surg. 2017 Summer;29(2):244-253

35. Weksler B, Sullivan JL. Survival After Esophagectomy: A Propensity-Matched Study of Different
Surgical Approaches. Semin Thorac Cardiovasc Surg. Ann Thorac Surg. 2017 Jul 28. pii: S0003-
4975(17)30669-0.

Figures

Figure 1

Comparisons of the basic clinical characteristics among the four stages. Figure 1a: bleeding volume.
Figure 1b: operation time. Figure 1c: complication rate. Figure 1d: postoperative mortality.
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Figure 2

Lymph node dissection. Figure 2a: scatter diagram of the lymphadenectomy procedure. Figure 2b:
CUSUM plots of the lymphadenectomy procedure.
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Figure 3

2-year overall survival curve and disease-free survival curve of the 1st, 2nd, and 3rd stages. Figure 3a: 2-
year overall survival curve of the former three stages. Figure 3b: 2-year disease-free survival curve of the
former three stages.
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Figure 4

2-year overall survival curve of the MIE group and the open group.


