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Background: Esophageal cancer is one of the most prevalent malignancies with a high incidence and 
mortality in China, the main treatment for esophageal cancer at present is still surgery-based multimodality 
treatment, and surgery is still the most effective measure. However, the modes of surgical treatment for 
esophageal cancer have been diverse. The surgical approaches can be mainly divided into the left thoracic 
approach and right thoracic approach in China. The long-term survival of the patients treated through 
right approach was reported better than that through left thoracic approach, but until now no statistically 
significant difference was found between two approaches, especially, for those with middle and lower thoracic 
esophageal cancer without suspected upper mediastinal lymph node metastasis in preoperative examinations, 
no definite conclusion have been made on selection of the approach, therefore, this studies try to compare 
the long-term survival between two approaches .
Methods: The data of 402 cases with complete resection and two-field lymph node dissection from January, 
2011 to December, 2011 in the Cancer Hospital, Chinese Academy of Medical Sciences was retrospectively 
reviewed and analyzed. Propensity score matching (PSM) analysis and life-table in SPSS 22.0 and Stata 14.0 
were used to analyze the survival. 
Results: Totally, 402 cases were surgically treated either via left or right thoracic approach. The overall 
5-year survival rate of this series was 38%, it was 37% in 281 cases surgically treated through left approach, 
and 39% in 121 cases through right approach (P=0.908). The 5-year survival of 256 patients without 
suspected lymph node metastasis in the upper mediastinum based on the preoperative examinations 
surgically treated through left approach was 38% versus 43% of 88 cases through right approach (P=0.404). 
After PSM, the 5-year survival of 110 cases surgically treated through left approach was 32% versus 40% of 
another matched 110 cases through right approach (P=0.146). for the patients without suspected lymph node 
metastasis in the upper mediastinum based on preoperative examinations, the 5-year survival of 88 surgically 
treated through left approach was 33% versus 44% of another matched 88 cases through right approach 
(P=0.239).
Conclusions: For the middle and lower thoracic esophageal cancer patients, whether or not who has 
suspected lymph node metastasis in the upper mediastinum based on preoperative CT and EUS, the surgical 
treatment through right thoracic approach can achieve better but not significantly better overall survival than 
that through left thoracic approach. Further prospective randomized clinical trials are still needed to verify 
this disputed issue on approach selection.
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Introduction

Esophageal cancer is one of the most prevalent cancers in 
China. The incidence of esophageal cancer in 2012 was 
21.17/100 thousand in China reported in 2015 by Chen et al.  
which ranked the fifth position, and the mortality rate 
was 15.58/100 thousand, ranked at the fourth position 
among all malignant tumors in China (1,2). Currently, the 
major treatment mode for esophageal carcinoma is still the 
surgery-based multimodality treatment, and surgery is still 
one of the most effective treatment measures at present. 
However, the operation modes for esophageal carcinoma 
have been complex and diverse in China. The most applied 
surgical approach for esophageal cancer was left thoracic 
approach and the right thoracic approach was rarely used 
only for the patients with upper thoracic esophageal cancer 
during the past several decades (3). 

It was reported that the extent of lymph node dissection 
significantly affects the long-term survival of esophageal 
cancer patients and the number of lymph node metastasis 
and the lesion location were independent prognostic 
factors (4-7). Therefore, standardized complete lymph 
node dissection is critical for the prognosis of esophageal 
carcinoma. And the key to complete lymph node dissection 
lies in the choice of surgical approach. It is much easier to 
remove all chest lymph nodes along the esophageal drainage 
area through the right thoracic approach than through the 
left thoracic approach due to anatomic difference in the two 
chest cavities, therefore, theoretically, the patients surgically 
treated through right chest should have better long-term 
survival than that through left thoracic chest. However, 
several retrospective studies reported that no statistically 
significant difference existed between the two approaches in 
the long-term survival, and the left transthoracic approach 
is even superior in some aspects in the treatment of lymph 
node negative ESCC (8,9). Compared with the left thoracic 
approach, right thoracic approach do has some advantages 
in clearing the chest lymph nodes, however, it has some 
disadvantage such as more complicated operation procedure 
and longer operation time, more bleeding, higher incidence 
of postoperative complications and slower recovery, etc., 
especially when the lymph nodes along both recurrent 

laryngeal nerve are dissected completely, it frequently 
results in palsy of recurrent laryngeal nerves, hoarseness and 
week coughing, which affect the postoperative rehabilitation 
of the patient severely. Therefore, for the patients with 
middle and lower thoracic esophageal carcinoma without 
suspected lymph nodes metastasis in the upper mediastinum 
by preoperative examinations, which approach is more 
beneficial, more evidences are still needed to prove it.

Methods

A total of 402 surgically treated patients with middle 
and lower thoracic esophageal carcinoma in Cancer 
Hospital, Chinese Academy of Medical Sciences from 
January 1, 2011 to December 31, 2011 were enrolled 
into this retrospective study on the following criterion: 
squamous cell carcinoma of the middle and lower thoracic 
esophagus confirmed by postoperative pathology; radical 
resection with chest and abdominal 2-field lymph node 
dissection; no preoperative adjuvant therapy; no history of 
other malignancies; no distant metastasis detected before 
operation. Of the 402 cases, 59 were assessed as having 
suspected superior mediastinal lymph node metastasis 
by preoperative enhanced high resolution and thin CT 
and EUS; and 344 as negative. All patients’ lesions were 
resectable and staged by TNM staging system of AJCC 
eighth edition by preoperative examinations. All patients 
underwent a radical resection of esophageal carcinoma 
with thoracic and abdominal 2-field lymph node dissection, 
and had esophagogastric anastomosis in the chest or neck. 
The patients with only exploratory or palliative resection 
were excluded. Of these 402 cases, 281 were treated by left 
thoracotomy, including left posterolateral incision in 273 
cases and left posterolateral thoracotomy + left neck incision 
in 9 cases, and the other 121 by right thoracic approach, 
including Ivor-Lewis in 18 cases, McKeown in 80 cases and 
thoracoscopic/laparoscopic minimally invasive resection in 
23 cases. 

The postoperative survival status was confirmed by 
outpatient review records and telephone follow-up and 
census registration. The longest observation period was 
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60 months. The final follow-up was completed on April 1, 
2017, and the follow-up rate was 93%. 

The survival of the patients treated by different 
approaches was analyzed by SPSS 22, and survival was 
calculated by the life-table method, the survival among 
the groups was compared by Wilcoxon method, P<0.05 
was considered as statistically significant. In order to 
eliminate bias between the left and right approach groups, 
propensity score matching (PSM) was used to match two 
approach groups and the survival analysis was compared 
again after PSM. The Stata 14 software was used to assess 
propensity score on gender, age, and preoperative T, and 
N stage, postoperative complications, and 1:1 pairing was 
made based on similar propensity values. The caliper value 
was set to 0.05, matching according to propensity score, 
respectively, the patients by left/right thoracic approach 
were paired first, and then the patients without upper 
mediastinal lymph node metastasis were paired.

This retrospective study was approved by Ethics 
Committee of National Cancer Center/Cancer Hospital 

(NCC201802006).

Results

In total, 281 patients treated by left thoracic approach 
including 239 males and 42 females; 121 patients treated 
by right thoracic approach consisting of 100 males and 21 
females. The patients’ characteristics of two approaches 
were summarized in the Table 1, the average operative time, 
intraoperative bleeding, length of hospital stay, number 
of resected lymph node and postoperative complication 
rate in the left thoracic approach group was 210 min, 
280 mL, 21 days, 23, 11% versus 348 min, 358 mL,  
23 days, 27, and 29% in the right thoracic approach group, 
respectively. There was statistically significant difference in 
average operative time (P<0.0001), average intraoperative 
bleeding (P=0.002), average number of resected lymph 
node (P<0.008) and postoperative complications (P<0.0001). 
Twenty-four of 33 cases in the right approach group with 
suspicious metastasis of right superior mediastinal lymph 

Table 1 Characteristics of the patients treated by left and right thoracic approach

Clinical features Cases Left approach Right approach χ2 value P value

Gender 0.371 0.541

Male 339 239 100

Female 63 42 21

Age 0.917 0.338

<60 198 134 64

≥60 204 147 57

TNM stage 7.414 0.284

IA 12 8 4

IB 42 33 9

IIA 51 42 9

IIB 71 50 21

IIIA 41 27 14

IIIB 124 83 41

IVA 60 38 22

Average operative time (min) 210 348 17.970 0.000

Average intraoperative bleeding (mL) 280 358 3.110 0.002

Average length of stay (day) 21 23 0.570 0.566

Average number of lymph node 23 27 2.680 0.008

Postoperative complication rate 11% 29% 3.850 0.000
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nodes by preoperative examinations, were confirmed to have 
metastasis by postoperative pathology, with an accuracy rate 
of 72%. The postoperative death rate within 30 days was 
1.11% in the left approach group and 1.17% in the right 
approach group without statistically significant difference 
between two groups (P=0.334).

The 5-year survival of 281 patients surgically treated by 
left thoracic approach was 37%, versus 39% in 121 patients 
by right thoracic approach (P>0.05, Figure 1, Table 2).

In the patients who had no suspected metastatic superior 
mediastinal lymph nodes based on preoperative CT, the 
5-year survival of 256 surgically treated by left thoracic 
approach was 38% versus 43% of 88 patients by right 
thoracic approach (P>0.05, Figure 2, Table 3).

In order to eliminate the bias between the left and 
right approach group, the patients in in these two groups 
underwent 1:1 matching based on age, gender, preoperative 
T staging, preoperative N staging, postoperative 
complications by PSM, eventually 110 cases in each thoracic 

approach group were matched, no statistically significant 
difference in the characteristics was revealed between two 
groups after matching (Table 4). The 5-year survival rate of 
the left thoracic approach group was 32% versus 40% in the 
right thoracic approach group (P>0.05), there was still no 
statistically significant difference between the two groups 
(Figure 3, Table 5).

Eighty-eight patients who had no suspected metastatic 
superior mediastinal lymph nodes by preoperative 
examinations in each approach group were finally matched 
(Table 6), the 5-year survival rate of the left thoracic 
approach group was 33% versus 44% in the right thoracic 
approach group (P>0.05), there was still no statistically 
significant difference between the two groups (Figure 4, 
Table 7).

Discussion

Esophageal carcinoma is one of the most prevalent 
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Figure 1 Survival curves of different approach groups. Figure 2 Survival curves of different approach groups with no 
suspected metastatic superior mediastinal lymph nodes.
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Table 2 Survival analysis result of different approach groups

Variables

Surgical approach

df P valueLeft thoracic 
approach

Right thoracic 
approach

5-year survival 
rate (%)

37 39 1 0.908

Overall survival 38

Table 3 Survival analysis result of different approach groups with 
no suspected metastatic superior mediastinal lymph nodes

Variables

Surgical approach

df P valueLeft thoracic 
approach

Right thoracic 
approach

5-year survival 
rate (%)

38 43 1 0.404

Overall survival 40
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Figure 3 Survival curves of left and right thoracic approach groups 
after PSM. PSM, propensity score matching

Table 4 PSM statistics of different approach groups

Variables
Mean %reduct t-test

V(T)/V(C)
Treated Control %bias |bias| t P>|t|

Age

U 1.4711 1.5231 −10.4 −0.96 0.339 1.00

M 1.5000 1.5000 0.0 100.0 0.00 1.000 1.00

Gender

U 1.1736 1.1495 6.5 0.61 0.540 1.13

M 1.1909 1.1182 19.7 −201.9 1.49 0.137 1.40 

T stage

U 2.7521 2.6263 13.6 1.24 0.216 0.89

M 2.7000 2.7091 −1.0 92.8 −0.07 0.941 0.98

N stage

U 1.0248 0.8399 18.8 1.75 0.081 1.12

M 0.9455 1.1545 −21.2 −13.1 −1.54 0.126 0.98

Postoperative complications

U 0.2893 0.1103 45.8 4.54 0.000

M 0.2273 0.2364 −2.3 94.9 −0.16 0.874

PSM, propensity score matching; U, unmatched; M, matched.
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malignant tumors in China. Currently the major treatment 
mode for esophageal carcinoma is still the surgery-based 
multimodality treatment (10). For the patients with a 
resectable lesion, if treated by surgery, complete resection of 
the lesion in the esophagus and all drainage lymphatic tissue 
are the basic requirements (11). The 5-year survival rate 
reported in the literatures was better through right thoracic 
approach than that through left thoracic approach (12-15), 

the possible reason might be that through right thoracic 
approach the lymph nodes in the upper mediastinum, 
especially the lymph nodes along the recurrent laryngeal 
nerves can be easily and completely dissected, which 
may reduce the possibility to develop recurrence in some 
patients. However, there was no statistically significant 
difference between two approaches in most retrospective 
studies, especially in those without suspected metastatic 
lymph nodes in the upper mediastinum, which is similar 
to the results of this series, 37% through left thoracic 
approach versus 39% through the right thoracic approach 
(P>0.05).

Why there was no statistically significant difference 
between the right and left thoracic approach in the most 
of retrospective studies, the possible explanation might 

Table 5 Survival analysis result of different approach groups after PSM

Variables

Surgical approach

df P valueLeft thoracic 
approach

Right thoracic 
approach

5-year survival 
rate (%)

32 40 1 0.146

Overall survival 36

PSM, propensity score matching.
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Table 6 PSM statistics of different approach groups with no suspected metastatic superior mediastinal lymph nodes

Variables
Mean %reduct t-test

V(T)/V(C)
Treated Control %bias |bias| t P>|t|

Age

U 1.4545 1.5156 −12.2 −0.99 0.324 1.00

M 1.4598 1.4943 −6.9 43.5 −0.45 0.651 0.99

Gender

U 1.1705 1.1602 2.8 0.23 0.822 1.06

M 1.1724 1.1609 3.1 −11.6 0.20 0.840 1.06

T stage

U 2.6818 2.6016 8.4 0.68 0.495 1.01

M 2.6667 2.7126 −4.8 42.7 −0.33 0.738 1.21

N stage

U 1.0114 0.8047 20.7 1.72 0.086 1.22

M 0.9885 1.0805 −9.2 55.5 −0.58 0.564 0.92

Postoperative complications

U 0.2727 0.1094 42.3 3.75 0.000

M 0.2644 0.2644 0.0 100.0 0.00 1.000

PSM, propensity score matching; U, unmatched; M, matched.

Figure 4 Survival curves of different approach groups with no 
suspected metastatic superior mediastinal lymph nodes after PSM.
PSM, propensity score matching.
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be that the patients underwent esophagectomies through 
right thoracic approach usually have more advanced 
preoperative N stage, especially the patients may have 
enlarged lymph nodes in the upper mediastinum in previous 
retrospective studies, and the other reasons might be that 
longer operative time, more intraoperative blood loss and 
more postoperative complications through right thoracic 
approach partially offset the survival benefit brought 
by more complete lymph node dissection through right 
thoracic approach. Therefore, in order to decrease the 

Table 7 Survival analysis result of two different approach groups 
with no suspected metastatic superior mediastinal lymph nodes after 
PSM

Variables

Surgical approach

df P valueLeft thoracic 
approach

Right thoracic 
approach

5-year survival 
rate (%)

33 44 1 0.239

Overall survival 38

PSM, propensity score matching.
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adverse effect of the above factors on long-term survival in 
the right thoracic approach group, PSM analysis was used, 
and the patients in the two approach groups were matched 
1:1 according to the propensity scores based on basic clinical 
characteristics such as age, gender, preoperative T stage, 
and N stage and postoperative complications. The 5-year 
survival rate of the patients treated by the left thoracic 
approach was 32% versus 40% by the right thoracic 
approach after PSM (P=0.146). Though the 5-year survival 
rate of the right thoracic approach group was much better 
than that of left thoracic approach group, there was still no 
statistically significant difference between two groups. In 
addition to the above factors, when suspicious lymph node 
metastasis in the upper mediastinum was added for PSM, 
the 5-year survival rate of the left thoracic approach group 
was 33% versus 44% of the right thoracic approach group, 
there was still no statistically significant difference between 
two approaches, which is similar to the results, 46.56% 
versus 48.35% (P=0.388), reported by Ma et al. (9). The 
authors suggested that the left thoracic approach is still an 
alternative options for the patients who has no suspected 
lymph nodes in the upper mediastinum due to similar 
long-term survival and local recurrence patterns either by 
the right or the left thoracic approach. However, in the 
reported series, more than 60% patients had stage I–II 
lesions who may have lower rate of lymph node metastasis 
in the upper mediastinum, while in this series, the majority 
of the patients had more advanced stage lesions, therefore, 
the results are not comparable to the results reported in 
the literatures and the prospective controlled randomized 
clinical trials are still required to prove the preservation of 
left thoracic approach for the patients who has no suspected 
lymph nodes in the upper mediastinum. 

Currently, radical resection of esophageal carcinoma and 
complete thoracic lymph nodes dissection through right 
thoracic approach has been gradually accepted and become 
more and more popular due to extensive application of VATS 
esophagectomies in China. less intraoperative bleeding, 
similar operation time and shorter hospital stay of VATS 
esophagectomies through right approach has overcome the 
disadvantages of the routine right thoracotomy in the past 
decades, with more complete lymph nodes dissection and 
less perioperative complications, therefore, the advantage 
of right thoracic approach will be more significant. 
However, further prospective randomized controlled 
studies are still required to verify whether or not the right 
thoracic approach has a statistically significant advantage in 
improving long-term survival.

In conclusion, for the patients with middle and lower 
thoracic esophageal cancer, whether or not who has 
suspected lymph node metastasis in the upper mediastinum 
based on preoperative CT and EUS, the surgical treatment 
through right thoracic approach can achieve better but 
not significantly better overall survival than that through 
left thoracic approach. Further prospective randomized 
clinical trials are still needed to verify this disputed issue on 
approach selection.
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