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Background: For cervical and higher-level esophageal tumors, the choice of cervical anastomosis or 
thoracic anastomosis is still controversial. The goal of this study was to explore the optimal surgical approach 
for cervicothoracic esophageal squamous tumors.
Methods: We retrospectively analyzed 3,802 consecutive patients with esophageal squamous cell tumors in 
Nanjing Drum Tower Hospital from Jan 2001 to Jan 2017. Twenty-six patients with cervical anastomosis and 
twenty-eight patients with thoracic anastomosis were evaluated. 
Results: The cervical anastomosis group exhibited a greater number of resected lymph nodes (36.5±7.3 
vs. 19.9±5.7, P<0.001). In addition, the cervical anastomosis group exhibited a higher recurrence rate 
(71.4% vs. 41.7%, P=0.047) and increased locoregional recurrence (P=0.040). Overall survival was not 
significantly different between groups (P=0.331). Moreover, multivariate Cox regression analysis revealed 
that postoperative locoregional recurrence is an independent risk factor for survival (P=0.031, 95% CI: 
1.114–8.952). 
Conclusions: Thoracic anastomosis led to satisfactory results in patients with cervicothoracic esophageal 
squamous tumors.
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Introduction

Esophageal cancer is a type of malignant tumor and 
has one of the highest mortality rates. Approximately  
455,800 patients are newly diagnosed each year, and 
approximately 400,200 patients die of esophageal cancer 
each year (1). East Asia has the highest incidence of 
esophageal cancer worldwide, which is 21-times higher 
than that in West Africa, which has the lowest incidence. 
Moreover, more than 90% of patients in East Asia have 
esophageal squamous cell carcinoma. Surgery is the 
most effective treatment for esophageal cancer. A variety 

of surgical procedures are currently used in clinical 
practice, including the Ivor-Lewis, McKeown and Sweet 
procedures (2). The advantages and disadvantages of the 
various procedures are still contentious. However, right 
thoracic approaches, including the Ivor-Lewis procedure 
and the McKeown procedure, are considered to be more 
advantageous for the clearance of chest and abdominal 
lymph nodes, especially for the direct resection of bilateral 
recurrent laryngeal nerve (RLN) lymph nodes. Therefore, 
a right thoracic approach is considered to be a superior 
method (3).

Recently,  the 8th edit ion of  the TNM staging 
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classification recommended the classification of esophageal 
tumors based on the length measured from the incisors 
to the epicenter of the esophageal tumor using an  
endoscope (4). According to this system, esophageal 
tumors can be classified as cervical (15–20 cm), upper 
thoracic (20–25 cm), middle thoracic (25–30 cm), lower 
thoracic (30–40 cm) and at the esophagogastric junction  
(40–42 cm). The upper edge of the sternal notch is 
considered an anatomical landmark of cervical and upper 
thoracic tumors, because the sternal notch represents the 
top of the thorax from the side view and is flush with T2 
or T3. Therefore, the part of the cervical esophagus that is 
flush with T1–T3 is located in the thorax. If an esophageal 
tumor is flush with the upper edge of the sternal notch, a 
sufficient amount of cervical esophagus remains present in 
the thorax to enable an R0 resection and esophagogastric 
anastomosis without a neck incision; however, cervical 
lymph node resection is not possible (5). Therefore, we 
defined tumors that are flush with the sternal notch at  
18–22 cm from the incisors as cervicothoracic tumors.

Japan is known to employ one of the most effective 
esophageal surgical techniques. Since 1983, Japanese 
surgeons have suggested that three-f﻿ield (3FL) lymph node 
resection is the most effective treatment for esophageal 
tumors and can improve the prognosis of affected patients 
(6,7). However, the three-incision procedure is associated 
with extensive trauma, a longer operation time and 
higher mortality. Furthermore, the rate of postoperative 
complications, including anastomotic leakage, anastomotic 
stenosis, and RLN injury, is higher in cervical operations 
than in two-incision procedures (8-11). Shim et al. reported 
that among patients with thoracic esophageal tumors 
without cervical metastasis (radiological evaluations showing 
no cervical lymph nodes >1 cm), long-term survival between 
patients who underwent two-field (2FL) and 3FL resection 
was not significantly different (10). However, a lack of 
relevant research regarding cervicothoracic esophageal 
tumors has prevented verification of the long-term effects 
of thoracic anastomosis and cervical anastomosis. We 
conducted a single-center retrospective study to determine 
whether anastomosis in the neck or the thorax produced 
different perioperative results and long-term postoperative 
survival rates. 

Methods

From January 2001 to January 2017, 3,802 consecutive 
patients with esophageal tumors were admitted to the 

Department of Cardiothoracic Surgery at Nanjing Drum 
Tower Hospital and underwent surgical treatment. 
All patients received preoperative gastroscopy. In the 
patients with tumors 18–22 cm inferior to the incisors on 
endoscopy, the upper edge of the tumor was marked with 
a titanium clip. Then, a chest X-ray was used to confirm 
the positional relationship between the titanium clip and 
the upper edge of the sternal notch. If the titanium clip 
was not higher than the upper edge of the sternal notch, 
thoracic anastomosis was considered. Otherwise, neck 
anastomosis was performed. The exclusion criteria were 
preoperative chemotherapy or radiotherapy; lymph node 
or distant metastases upon preoperative examination; 
minimally invasive surgery; a left surgical approach; R1 or 
R2 resection; or non-squamous cell carcinoma diagnosis 
upon postoperative pathological analysis (Figure 1). A total 
of 54 patients were enrolled in this study, including 26 with 
cervical anastomosis and 28 with thoracic anastomosis. All 
surgeries were performed by three experienced surgeons, 
and the choice of surgical approach was based on tumor 
location and intraoperative conditions. All TNM staging 
was performed according to the AJCC/UICC staging 
method. The study was approved by the institutional ethics 
board of Nanjing Drum Tower Hospital (2017-175-01).

Operative procedures

Cervical anastomosis
We performed the McKeown procedure for cervical 
anastomosis. Each patient was initially placed in the lateral 
position. A right posterolateral thoracotomy was performed 
at the fifth interspace. After esophageal tumor resection, 
mediastinal lymph nodes were dissected, including but not 
limited to paraesophageal nodes, bilateral RLN nodes, 
tracheobronchial nodes, posterior mediastinal nodes and 
superior mediastinal nodes. The thorax was closed after 
drainage tube placement, and then, the patient was placed 
in the supine position. A midline abdominal incision was 
performed, and the greater and lesser omentum was isolated 
to the pylorus. The right gastric-epiploic arterial arch was 
retained, and the left gastric artery and short gastric artery 
were divided. Celiac nodes, nodes along the left gastric 
artery, paracardiac nodes and common hepatic artery nodes 
were dissected. A gastric tube was created, and the vascular 
supply was provided by the right gastric and right gastric-
epiploic arteries. The diaphragmatic hiatus was extended 
to pass the esophagus to the neck. Then, a jejunostomy 
was performed in all patients. A cervical incision was made 
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parallel to the left sternocleidomastoid muscle. The gastric 
tube and esophagus were then divided, and the anastomosis 
was sutured. The lymph nodes below the level of the 
cricoid cartilage were dissected, including but not limited 
to cervical RLN chain nodes, internal jugular nodes, deep 
cervical nodes and cervical paraesophageal nodes. All 
patients with cervical anastomosis underwent 3FL resection.

Thoracic anastomosis
We performed the Ivor-Lewis procedure for thoracic 
anastomosis. The patients underwent abdominal surgery 
to create a gastric tube, and then, the anastomosis was 
sutured in the thorax by using an end-to-end anastomosis 
stapler. The other steps were the same as those used in 
the McKeown procedure, but these patients underwent 
2FL resection. The gastric tube was placed in the original 
esophageal bed. During the operation, anesthesiologists 
adjusted the position of the nasogastric tube to maintain 

the end of the tube at 5 cm below the anastomosis. We 
routinely placed chest and mediastinal drainage tubes, but 
indwelling drainage tubes were not generally placed in the 
neck or abdomen.

Postoperative treatment
All patients were treated with intravenous and enteral 
nutrition for 6 days. After evaluating drainage fluid 
properties and performing X-rays using a swallowed 
contrast agent to ensure the absence of an anastomotic 
fistula, a liquid diet was initiated. After 1 day, the patients 
could ingest soft food. Finally, 10 days after surgery, the 
patients started a normal diet.

A postoperative anastomotic leak was determined 
when water-soluble contrast agent osmosis could be 
identified on X-ray or when clinical anastomotic fistula 
symptoms emerged. Postoperative anastomotic stenosis 
was determined when the contrast agent revealed stenosis 

3,802 esophageal cancer patients

3,551 were excluded

97 were excluded

64 were excluded

54 patients included

26 cervical anastomosis 28 thoracic anastomosis

251 patients

154 patients

90 patients

36 were excluded

7 developed metastasis

5 received minimally invasive surgery

20 received left thoracotomy surgery

3 were R1 resection

1 was adenocarcinoma

Preoperative gastroscope showed tumor 
located in 18–22 cm from mouth 

X-ray revealed titanium clip not higher than 
superior border of sternoclavicular joint

Without preoperative radiotherapy 
or chemotherapy

Figure 1 Patient selection.
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on X-ray or when dysphagia was observed. RLN injury was 
indicated by the appearance of hoarseness or the occurrence 
of bucking when drinking or when diagnosed by fiber 
laryngoscopy.

Follow-up

All patients were followed up at 1, 3, 6 and 12 months 
postoperatively. All patients underwent computed 
tomography (CT) and/or gastroscopy to identify 
postoperative complications and tumor recurrence. 
Physicians then conducted follow-up evaluations by 
telephone or in clinics.

Locoregional recurrence was defined as recurrence at the 
site of the anastomosis or the site of any of the surgeries. 
Cervical lymph node recurrence was treated as locoregional 
recurrence in patients with thoracic anastomosis. Distant 
recurrence was defined as tumor metastasis to distant organs 
or to any tissues that were not involved in surgery.

Statistical analysis

Descriptive statistics were used to describe patient 
characteristics and outcomes. The Shapiro-Wilk test was 
used to examine the normality of the data. All normally 
distributed data were analyzed for heterogeneity using one-

way ANOVA with a multiple comparison post hoc test, and 
chi-squared tests were used for continuous and categorical 
variables. Non-normally distributed variables were analyzed 
using the Kruskal-Wallis test with adjustments for multiple 
comparisons. The Kaplan-Meier method was used to 
analyze long-term survival, and significant differences 
between the groups were identified by the log-rank test. A 
Cox-proportional multivariate analysis was used to identify 
the most significant mortality predictors. After a univariate 
analysis of each risk factor, those with P values <0.1 were 
selected for the multivariate model. All statistical analyses 
were performed using GraphPad Prism 7.0a (GraphPad 
software, La Jolla, CA, USA) and SPSS 24.0 (IBM, Armonk, 
NY, USA). A P value <0.05 was considered statistically 
significant.

Results

Patient baseline data

A total of 54 patients were enrolled in the study, including 
26 with cervical anastomosis and 28 with thoracic 
anastomosis (Table 1). Significant differences were not 
observed in most baseline parameters, such as age and 
gender. The cervical anastomosis group had a lower mean 
body mass index (BMI) than the thoracic anastomosis group 
(20.4±3.3 vs. 22.3±3.4, P=0.046). Postoperative pathology 

Table 1 Patient baseline data

Characteristics Cervical (n=26) Thoracic (n=28) P

Males, n (%) 10 (38.5) 12 (42.9) 0.745

Age (years), mean ± SD 62.7±5.3 63.4±7.3 0.660

BMI (kg/m2), mean ± SD 20.4±3.3 22.3±3.4 0.046

Tumor stage (TNM), n (%) 0.003

I 1 (3.8) 13 (46.4)

II 15 (57.7) 12 (42.9)

III 8 (30.8) 3 (10.7)

IV 2 (7.7) 0 (0.0)

Lymph nodes, mean ± SD 36.5±7.3 19.9±5.7 <0.001

N stage, n (%) 0.251

N0 19 (73.1) 24 (85.7)

N1 5 (19.2) 3 (10.7)

N2 2 (7.7) 1 (3.6)

BMI, body mass index.
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suggested that the cervical anastomosis group included 
more stage III and IV patients (P=0.003) and that nearly 
half (46.4%) of the patients in the thoracic anastomosis 
group were classified as stage I. The patients in the cervical 
group also had a greater number of resected lymph nodes 
(36.5±7.3 vs. 19.9±5.7, P<0.001) and a higher positive lymph 
node rate than the thoracic group; however, the difference 
was not statistically significant (N1 + N2: 26.9% vs. 14.3%, 
P=0.251).

Postoperative results

Two patients in the thoracic anastomosis group died during 
hospitalization. One died because of a severe infection 
caused by a postoperative anastomotic leak, and the other 
died due to pulmonary complications and the inability to 
extubate. No deaths occurred during hospitalization in 
the cervical anastomosis group. Additionally, there were 
no significant differences in postoperative complications, 
including anastomotic leak, anastomotic stenosis, 
pulmonary complications and RLN injury, between the two 
groups (Table 2). A greater number of patients underwent 
postoperative adjuvant radiotherapy and chemotherapy 
in the cervical anastomosis group, but the difference was 
not statistically significant (81.0% vs. 58.3%, P=0.060). 

Moreover, the cervical anastomosis group exhibited a 
higher recurrence rate (71.4% vs. 41.7%, P=0.047) and 
greater locoregional recurrence (P=0.040) than the thoracic 
anastomosis group (Table 3).

Long-term survival

A total of 24 thoracic anastomosis and 21 cervical 
anastomosis patients were followed up. The follow-up 
period was between 3 and 148 months, and the mean 
follow-up time was 48.1 months. Although the thoracic 
anastomosis group had a longer median survival time (74 
vs. 51 months), no significant difference in survival was 
observed between the two groups in either overall survival 
(P=0.331) or tumor-specific survival (P=0.412) (Figure 2). 
Cox regression analysis also confirmed that the surgical 
approach was not an independent risk factor for survival 
time (Table 4). However, postoperative recurrence (P=0.031, 
95% CI: 1.114–8.952) was an independent risk factor for 
survival time, and distant recurrence (P=0.050, 95% CI: 
0.999–11.770) may also affect survival time. 

Discussion

The esophageal cancer segmentation criteria was revised 

Table 2 Postoperative complications

Characteristics Cervical (n=26), n (%) Thoracic (n=28), n (%) P

Anastomotic leak 8 (30.8) 4 (14.3) 0.145

Anastomotic stenosis 6 (23.1) 7 (25.0) 0.869

Airway complications 4 (15.4) 3 (10.7) 0.267

RLN injury 8 (30.8) 5 (17.9) 0.379

Hospital mortality 0 (0.0) 2 (7.1) 0.169

RLN, recurrent laryngeal nerve.

Table 3 Summary of the postoperative recurrence sites

Characteristics Cervical (n=21), n (%) Thoracic (n=24), n (%) P

Postoperative adjuvant treatment 17 (81.0) 14 (58.3) 0.060

Overall recurrence 15 (71.4) 10 (41.7) 0.047

Locoregional 9 (42.9) 7 (29.2) 0.040

Distant 5 (23.8) 3 (12.5) –

L + D 1 (4.8) 0 (0.0) –

L + D, locoregional + distant. 
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in the most recent 8th edition of the AJCC/UICC TNM 
staging classification (4). The length of a tumor is now 
measured from the tumor epicenter to the incisors rather 
than to the upper edge of the tumor. The upper edge of 
the sternal notch is the anatomical landmark for cervical 
and upper thoracic tumors. Currently, the determination of 
tumor location and surgical approach relies on gastroscopy. 
Although the distance between a tumor and the incisors 
can be determined by gastroscopy, the relationship between 
tumor location and the sternal notch is not clear due to 
varying heights and chest wall configurations. Due to the 
shape of the thorax, the cervical esophagus segment in the 
chest is relatively long, which explains the anatomic basis 
of thoracic anastomosis for higher thoracic esophageal 
tumors. Therefore, for tumors located 18–22 cm from 
the incisors, thoracic anastomosis could be performed to 
reduce the risk of postoperative complications associated 
with cervical anastomosis. Minimally invasive surgery 
can also be considered (12). As squamous cell carcinoma 
is predominantly observed in Asian populations (1,6), we 
selected only these patients as the target screening group.

The national comprehensive cancer network (NCCN) 
requires at least 15 lymph nodes to be dissected during 
surgery, but it is not clear which regions should be  
scanned (13). Several studies have proposed that at least 
23 lymph nodes should be dissected (14). Other reports 
(15,16) have also evaluated the number of dissected lymph 
nodes and found that the number of dissected lymph nodes 
is probably not associated with long-term survival. van der 
Schaaf et al. (17) reported that thoracic anastomosis patients 
with <7 dissected lymph nodes, 7–15 dissected lymph nodes 
and 16–114 dissected lymph nodes exhibited no significant 
differences in long-term survival. Lagergren et al. (3) 
distributed patients into four groups based on the number 
of dissected lymph nodes: 0–10, 11–14, 15–20 and 21–25. 
However, long-term follow-up revealed no significant 
differences among the groups regarding all-cause death or 
tumor-specific death. However, patients with more positive 
lymph nodes and a higher positive/negative rate were 
associated with a higher death rate. Both studies mentioned 
previous reports that showed that more extensive lymph 
node resection could improve prognosis, but this is likely 
due to the improved accuracy of positive lymph node 
detection, which can lead to a higher histological tumor 
stage. Our results agreed with this rationale, with cervical 
anastomosis patients exhibiting higher positive lymph nodes 
rates, although the difference was not statistically significant 
(26.9% vs. 14.3%, P=0.251). This lack of correlation 
between lymph node dissection and long-term survival is 
not unique to esophageal cancer. In breast, endometrial, 
pancreatic, gastric and rectal cancer, increased lymph node 
dissection did not correlate with greater benefit (3,18-20).

Based on these reports, studies have suggested that 
the dissection of high-value lymph nodes is much more 
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with thoracic anastomosis (n=24). (A) Overall survival; (B) tumor-specific survival.

Table 4 Multivariate analysis of the variables related to survival

Variable Hazard ratio (95% CI) P

Age 1.065 (0.980–1.1158) 0.137

Lymph nodes (+) 2.141 (0.743–6.186) 0.158

Surgery approach 1.239 (0.483–3.183) 0.656

Locoregional 3.158 (1.114–8.952) 0.031

Distance* 3.428 (0.999–11.770) 0.050

*, distance including locoregional + distant.
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important than the number of nodes dissected (21). Using 
the Japan Comprehensive Registry of Esophageal Cancer 
database (6), Tachimori et al. evaluated the efficacy of 
lymph node dissection by area. “Low efficacy index” lymph 
nodes showed limited predictive value for prognosis and 
staging, despite the dissection of more than 20 lymph 
nodes. In the efficacy index system, the mediastinal zone 
exhibited the greatest predictive value, especially bilateral 
RLN nodes. Other studies have proposed that RLN 
nodes can be predictors of cervical lymph node metastasis 
in squamous cell carcinoma (22-25). In our study, the 
low number of RLN+ patients prevented the analysis 
of differences between the two groups. However, no 
significant difference was observed in long-term survival 
when 2FL and 3FL RLN+ patients were compared (22). 
This may have occurred because the 3FL procedure cannot 
achieve the removal of all lymph nodes embedded along the 
tracheobronchial tree; therefore, it cannot reduce the lymph 
node recurrence rate, as micrometastasis occurs in 50% 
of N0 patients (26,27). To mitigate this limitation, greater 
radical lymph node dissection, such as complete mediastinal 
lymph node dissection via median sternotomy, may be 
required to reduce recurrence rates. However, current 
surgical technology cannot achieve this objective (27). Shim 
and colleagues (10) noted that many research studies have 
reported lower cervical lymph node metastasis rates than 
previous reports. Therefore, for patients in whom cervical 
metastasis was not detected in preoperative tests, 3FL 
dissection is not necessary.

Compared with 2FL dissection, another disadvantage 
of 3FL dissection is the increased rate of postoperative 
complications, including but not limited to pulmonary 
complications, anastomotic leak, anastomotic stenosis 
and RLN injury, which may affect quality of life (8,9). 
The highest reported incidence of RLN injury is  
69% (10). Bilateral RLN resection may lead to RLN injury 
but can enable surgeons to more clearly resect RLNs. 
RLN injury not only slows recovery but also impedes 
speaking, swallowing and breathing and reduces long-term 
quality of life. Anastomotic leak and stenosis significantly 
extended the length of hospital stay and caused long-
term pain in patients. In our study, cervical anastomosis 
patients exhibited a higher rate of complications than 
thoracic anastomosis patients, but this difference was not 
statistically significant, which was likely due to the small 
sample size. Additionally, cervical anastomosis patients 
suffered a higher rate of both locoregional and distant 
recurrence. This may due to the higher rate of stage III/V 

and positive lymph nodes.
Finally, our research has the following limitations. 

First, the limited patient number may have prevented 
the elucidation of differences between the two groups. 
Second, due to the retrospective nature of our study, we 
were not able to perform appropriate group baseline data 
matching, and thus, the higher number of advanced-stage 
patients in the cervical anastomosis group possibly reflects 
selection bias, which may affect the final conclusion. 
Third, neoadjuvant therapy is becoming increasingly more 
important for the comprehensive treatment of esophageal 
cancer. However, due to the extensive time span of included 
patients in our study, many different chemotherapy and 
radiotherapy strategies were employed; therefore, we 
excluded all patients who received chemotherapy or 
radiotherapy. Fourth, fewer lymph nodes were dissected in 
our study than in other studies, which could have affected 
the final outcomes. Lastly, we did not include thoracic 
shape in the statistical analysis, which may have affected the 
determination of tumor location in patients with esophageal 
cancer.

Conclusions

In this study, we retrospectively analyzed patients with 
cervicothoracic esophageal squamous cell carcinoma. 
Thoracic anastomosis with 2FL dissection achieved 
satisfactory outcomes compared with cervical anastomosis 
with 3FL dissection. No significant difference in long-term 
survival was observed between the two groups. 
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