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Background: Studies in larger populations and long-term outcomes of Mediastinoscopic esophagectomy
(ME) were needed. The aim of this study was to report the long-term survival and surgical process for
reducing the postoperative complications after ME.
Methods: From December 2005 to March 2018, 269 patients diagnosed with esophageal squamous cell
carcinoma were participated for ME in our center, while we improved the surgical process in November 1st
2014, clinical data was collected and analyzed.
Results: The overall survival rate after ME was 60.3% at 10-year and 69.2% at 5-year, and the survival
curve was markedly associated with T and N stages. N2–3 stage resulted in lower survival time, while the
median survival was 36 months. After Nov. 2014, the positive rate of lymph nodes around left recurrent
laryngeal nerve (LRLN) was increased from 6.7% to 14.5% (P<0.05), and the morbidity of vocal cord
paralysis decreased from 9.8% to 3.9% (P<0.05), while the incidence of anastomotic fistula decreased from
15% to 5.3% in ME (P<0.05), compared with the data before Nov. 2014.
Conclusions: ME was an effective surgical method for esophageal cancer. The processes of isolating and
marking the LRLN and reinforcing the posterior wall of anastomosis were proved valuable for improvement
of postoperative complications.
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Introduction
The morbidity of esophageal cancer is eighth in the world
among cancer spectrum, the old populations are in higher
risk. Even now this disease can be treated by multifarious
approaches in every stage, such as operative treatment,
radiotherapy, chemotherapy and immunization therapy.
The prognosis is still poor, the 5-year survival rate is 16.9%
(total) and 40% (after complete tumor resection) (1).
Commonly esophageal cancer has two histological types
including squamous cell carcinoma and adenocarcinoma.
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Esophageal squamous cell carcinoma is the major
pathological pattern in East Asia, and about 53% (307,359
new cases) of all new cases of the world occurs in China,
according to the Global Cancer Observatory (gco.iarc.fr) (2).
National Comprehensive Cancer Network (NCCN)
and National Institute for Health and Care Excellence
(NICE) published the treatment guidelines for esophageal
squamous cell carcinoma in 2018. Upfront esophagectomy
was referred for early stage (T 1/2 , less than 2 cm and
well differentiated and no lymphatic metastasis) by
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NCCN/NICE. Two-phase, three-phase and transhiatal
esophagectomy (THE) with standard or en-bloc
lymphadenectomy are all acceptable in NCCN guideline (3).
For the past few years, minimally invasive esophagectomy
(MIE) was widely available. MIE might shorten the
inpatient days, decrease the perioperative mortality and
improve patient satisfaction (4). In a large data from
the United States, MIE got similar 3-year survival rate
compared with open esophagectomy (OE) (5).
Years ago, we reported mediastinoscopic esophagectomy
(ME) can both maintain the integrity of the pleural cavity
and enable mediastinal lymphadenectomy with lower
requirements on the patients’ cardiopulmonary functions (6).
However, this surgical approach was disputed, performed
in a limited number of centers, it needed larger populations
and long-term follow-up outcomes.
In November 2014, we improved the surgical process
for resolving anastomotic fistula and recurrent nerve injury.
The aim of this study was to report the postoperative
complications and the long-term survival after ME for
esophageal squamous cell carcinoma.
Methods
Patients
Ethics Committee of the Third Affiliated Hospital of
Soochow University approved this study. A total of 269
patients underwent ME from December 2005 to March
2018, which were pathologically diagnosed with esophageal
cancer by endoscopy in our center. Patients who were
in stages cT 1–2N 0M 0, primarily diagnosed by chest and
abdominal computed tomography (CT) and endoscopic
ultrasonography, were participated.
The patients were divided in two groups with the time
line November 1st 2014 that we improved the surgical
process at the cervical approach. The clinicopathological
features of the patients in both groups, such as ME before
or after Nov. 2014 were shown in Table 1. Differences in the
clinicopathological features, postoperative complication and
mortality, and the long-term clinical outcome after surgery
were compared between the two groups.
Surgical procedures
The operation requested a supine position, with the
patients’ back padded and heads tilted. During general
anesthesia a corrugated tube was used for endotracheal

© Mediastinum. All rights reserved.

intubation. The neck process was operated along the left
anterior sternocleidomastoid edge (up to the midpoint of
the sternocleidomastoid and down to the jugular notch,
about 6 cm long). Before Nov. 2014 we only isolated the
part of the cervical esophagus under direct vision. After the
time line we isolated both the followed cervical esophagus
and the left recurrent laryngeal nerve (LRLN) under direct
vision, and signed the LRLN with rubber rings for reducing
the rates of vocal cord paralysis. The next step was the
dissection of lymph nodes along the LRLN, the insertion
of mediastinoscope and isolation of thoracic esophagus.
The esophagus was then dissociated forwards, backwards,
leftwards, and rightwards. The meche with pulling ropes
was placed in four mediastinal positions as a marker, so as to
ensure the esophagus was completely isolated. The trophic
branch from the aorta for the esophagus was clipped using a
titanium clip (or other hemostasis devices such as Harmonic
and Ligasure) down to the level of the pulmonary veins. At
the same time, the paraesophageal mediastinal lymph nodes
were dissected. The tumid subcarinal lymph nodes were
sampled with lymph node forceps for rapid intraoperative
pathology. The stomach was dissociated via laparoscope
or an anteromedian abdominal incision. Also, the lower
esophagus was isolated through the diaphragmatic hiatus
till the level of inferior pulmonary vein. After the complete
isolation of the esophagus and stomach, we switched off the
cardia with staples and then pulled out the esophagus from
the cervical incision. After enlarging the esophageal hiatus,
we sent the tubulous gastric body to the neck along the
esophageal bed for cervical gastroesophageal anastomosis. A
side-to-side stapled technique was improved by reinforcing
the posterior wall of anastomosis with three stitches using
3-0 Vicryl Rapide suture. After the operation, every patient
was sent to the intensive care unit of cardiothoracic surgery
department for further monitoring and treatment (Figure 1).
Clinical outcome after treatment
In the first post-operative year, the patients were required to
receive follow-up visit at the outpatient departments every
three months, then every six months for follow-up visit.
Chest and abdominal CT, neck/abdominal ultrasonography,
and tumor markers were performed to check for any tumor
recurrence/metastasis. If the patients did not visit the
outpatient department timely, the doctor-in-charge would
remind the patients for receiving follow-up visit. All data
from follow-up results were entered into a medical record
database. The follow-up data were retrieved to calculate the
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Table 1 Patient features and postoperative complications
Variables

Total population (n=269)

ME (before Nov. 2014)
(n=193)

ME (after Nov. 2014)
(n=76)

Sex

0.742

Male

180

128

52

Female

89

65

24

63.5±8.04

62.7±7.82

65.4±8.32

Age (years, mean ± SEM)
Macroscopic tumor type

147

99

48

Protruding

46

41

5

Ulcerative

76

53

23

Histological type

Others
Tumor size (mm, mean ± SEM)

0.351
0.078

Superficial

Squamous cell carcinoma

P value

0.976
263

188

76

6

5

0

22±10

22±10

22±11

Depth of tumor invasion

0.500
<0.05

T1

193

147

46

T2

57

41

16

T3

19

5

14

3.18±1.60

3.11±1.68

3.26±1.40

0.182

Dissected lymph node stations (mean ± SEM)
Dissected lymph nodes (mean ± SEM)
Positive rate of LRLN lymph nodes
Dissected efficiency of LRLN lymph nodes

10±7

10±7

12±6

<0.01

28/339 (8.3%)

18/270 (6.7%)

10/69 (14.5%)

<0.05

128/269 (47.6%)

96/193 (49.7%)

32/76 (42.1%)

0.129

Nodal metastasis

0.527

N0

223

162

61

N1

34

23

11

N2

10

6

4

N3

2

2

0

TNM stage

<0.05

I

212

159

53

II

29

19

10

III

26

13

13

IV

2

2

0

Complications

64 (23.8%)

55 (28.5%)

9 (11.8%)

<0.05

Anastomotic fistula

33 (12.3%)

29 (15%)

4 (5.3%)

<0.05

Vocal cord paralysis

22 (8.2%)

19 (9.8%)

3 (3.9%)

<0.05

Atelectasis

1 (0.4%)

1 (0.5%)

0

0.265

Atrial fibrillation

3 (1.1%)

2 (1%)

1 (1.3%)

0.578

Pneumonia

5 (1.9%)

4 (2.1%)

1 (1.3%)

0.340

ME, mediastinoscopic esophagectomy; LRLN, left recurrent laryngeal nerve.
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Figure 1 The photos of a side-to-side stapled technique and the left recurrent laryngeal nerve (LRLN) under direct vision. (A) The side-toside esophagogastric anastomosis with Endo-GIA stapler; (B) the posterior wall of anastomosis; (C) interrupted suture (white arrowhead) for
reinforcing the posterior wall of anastomosis; (D) the anterior wall of anastomosis by hand suture; (E) the lymph nodes along the LRLN; (F)
the isolated LRLN exposed in mediastinoscope.

cumulative survival rate.
Statistical analysis
Differences between groups were studied by Chi-squared
test, Mann-Whitney U test or t-test as appropriate. Survival
was studied using the Kaplan-Maier method and the curve
and trend was conducted by Log-rank (Mantel-Cox) test.
Results were given as the mean ± SEM, median, percentage.
A P value <0.05 was considered statistically significant.
Analyses were conducted using GraphPad Prism 5.0
software or SPSS software 14.0 version (SPSS, Cary, NC,
USA).
Results
The patients’ age, sex, macroscopic tumor type, histological
type, tumor size, depth of tumor invasion, nodal metastasis,
TNM stage were shown in Table 1. There were no
differences between ME before or after Nov. 2014 groups.
The dissected lymph node stations were 3.11±1.68 before
Nov. 2014 and 3.26±1.40 after Nov. 2014. The averages
of dissected lymph nodes were 10±7 before Nov. 2014 and
12±6 after Nov. 2014, while no differences were found
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between two groups. However, the positive rate of lymph
nodes around LRLN after Nov. 2014 was more than the
rate before Nov. 2014, 14.5% vs. 6.7% (P<0.05), and the
ratio of LRLN lymph nodes in total dissected lymph nodes
was 42.1% lower after Nov. 2014 compared to 49.7% before
Nov. 2014 (P>0.05).
One-year survival
In this study, the overall 1-year survival was 95.5% in total
patients, while the survival of ME after Nov. 2014 was
97.3% higher than 95.3% before Nov. 2014, Log-rank P
value was 0.64 (Figure 2). The survival curve significantly
differed among different T stages, T1 stage was better than
T2 and T3 stage (Figure 3), more specifically, the 1-year
survival was 95.9% at T1 stage, 93.0% at T2 stage, 94.7%
at T3 stage. The survival curve significantly differed among
different N stages, N0 stage was better than N1 and N2+3
stage (Figure 4), the 1-year survival was 97.3% at N0 stage,
85.3% at N1 stage, 83.3% at N2+3 stage.
Three-year survival
In this study, the overall 3-year survival was 82.0% in total
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Figure 2 Cumulative survival of patients treated with

Figure 4 Cumulative survival among patients undergoing

mediastinoscopic esophagectomy (ME) in total population, ME

mediastinoscopic esophagectomy (ME) in N0, N1 and N2+3 stage.

before Nov. 2014 and ME after Nov. 2014. There is no difference

The difference is significantly in Log-rank (Mantel-Cox) test and

between three groups, P=0.64 (Log-rank test).

Log-rank test for trend, P<0.01.

T1 stage

1.0

Cumulative survival

before Nov. 2014 and after Nov. 2014, P=0.64 (Figure 2).
The survival curve significantly differed among different T
stages (Figure 3), more specifically, the 5-year survival was
76.3% at T1 stage, 45.7% at T2 stage, 33.3% at T3 stage. In
addition, the survival curve also significantly differed among
different N stages (Figure 4), the 5-year survival was 79.1%
at N0 stage, 53.8% at N1 stage, 66.7% at N2+3 stage.

T2 stage
T3 stage

0.8
0.6
0.4
0.2
0.0
0
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150

200

Follow-up (months)

Ten-year survival
The overall 10-year survival was 60.3% in total patients.

Figure 3 Cumulative survival among patients undergoing
mediastinoscopic esophagectomy (ME) in T1, T2 and T3 stage. The
difference is significantly in Log-rank (Mantel-Cox) test and Logrank test for trend, P<0.01.

patients, while the survival curve and trend were similar
between ME before Nov. 2014 and after Nov. 2014, P=0.64
(Figure 2). The T1 stage survival curve significantly better
than T2 and T3 stage (Figure 3), more specifically, the 3-year
survival was 77.2% at T1 stage, 59.6% at T2 stage, 42.1%
at T3 stage. The N0 stage survival curve significantly better
than N1 and N2+3 stage (Figure 4), the 3-year survival was
75.3% at N0 stage, 50% at N1 stage, 50% at N2+3 stage.
Five-year survival
The overall 5-year survival was 69.2% in total patients,
the survival curve and trend were similar between ME
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Postoperative complications
The total complications were 23.8% including 33 patients
suffered anastomotic fistula, 22 patients suffered vocal
cord paralysis, 1 patient suffered atelectasis, 3 patients
suffered atelectasis, 5 patients suffer pneumonia. The
complications in ME after Nov. 2014 were 11.8%
significantly lower than 28.5% in ME before Nov. 2014
(P<0.05), due to lower morbidity of anastomotic fistula and
vocal cord paralysis. Respectively, the anastomotic fistula
was significantly decreased from 15% to 5.3% (P<0.05),
and the vocal cord paralysis was significantly decreased
from 9.8% to 3.9% (P<0.05) (Table 1). In this study, the
incidence of the esophagogastrostomy leakage was 12.3%
in total, no anastomotic fistula leaked inside upper posterior
mediastinum. One patient died four months later because
of cervical infection and hemorrhoea, others resolved with
conservative treatment.
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Discussion
Patients suffered esophageal squamous cell carcinoma
usually had the history of cigarette smoking and alcohol
consumption, then consequently combined with chronic
diseases in those of the cardiovascular, pulmonary, and
hepatic systems (7). The ME was resultful in highly risk
esophageal cancer patients with serious comorbidities (6),
and may decrease the morbidity and mortality (7).
In this series, the incidence of vocal cord paralysis
was 8.2% after surgery in total population, although the
previous reports described operative injuries of several
organs during ME/THE, such as bronchial injury reported
by Bumm et al. (8) and recurrent nerve injury in 36.6%
of patients who underwent ME by Tangoku et al. (9).
When the improved process for LRLN was applied, the
rate decreased to 3.9% in 76 patients with ME after Nov.
2014, versus 9.8% in ME before Oct. 2014 (P<0.05). In the
present study, two groups of medical staff were assigned to
carry out cervical and abdominal operation simultaneously,
so that the surgeons could carefully remove the esophagus
surrounding by mediastinal lymph nodes for preserving
the other organs, and the anesthesia time was decreased.
In our experience, the use of suction cautery is associated
with a high likelihood of recurrent laryngeal nerve injury.
We considered it important to mark the LRLN with rubber
rings before the cervical process, and careful work with
powerless Ligasure system could prevent operative injury
of the organs such as the recurrent nerve, bronchus, and
trachea in these patients.
Anastomotic fistula inside thoracic cavity was one of the
most serious post-operative complications, whose morbidity
(10–20%) and mortality (4–50%) (10,11). If cervical leaks
descended into the mediastinum without adequate drainage,
significant mortality occurred, about 20% of patients would
die (12). Even so, neck leakage still resulted in prolonged
hospitalization, further interventions, and delayed oral
nutrition and hydration. The posterior wall of anastomosis
was usually weakest and the most common region of
anastomotic leaks, therefore the surgeons enhanced this
position with three stitches using 3-0 Vicryl Rapide suture.
Depending on the improvement measure to the side-to-side
stapled technique, the leakage rate significantly decreased to
5.3% after Nov. 2014 from 15% before Nov. 2014 in ME
(P<0.05).
This study presented results showing a good survival
after ME, 95.5% at 1 year, 82.0% at 3-year and 69.2% at
5-year, while the poor survival after OE was reported by
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other surgeons previously (13). The survival advantage
might benefit from better staging and patient selection
rather than the technique itself. Long-term followup showed that the overall survival was similar between
thoracoscopic esophagectomy (TSE) and ME (14). In
addition, lower morbidity and improved short-term survival
after ME was presented for prolonging long-term survival
(15). A population-based study from Finland and Sweden
reported MIE improved 90-day survival (16), so was in
current ME study for 99.6% at 90-day. The improved
survival was possibly due to reduced morbidity and perfect
living quality after ME.
The number of dissected lymph nodes was one of the
independent predictors of survival, as N stage of esophageal
cancer in the American Joint Commission on Cancer (AJCC)
guidelines was judged primarily by the positive lymph
nodes’ numbers (17). A minimum of removing 23 lymph
nodes was recommended to improve the post-operative
survival (18). In contrast, recent population-based studies
shown that nothing was associated between the extent of
lymphadenectomy and survival (19,20). In our series, no
lymph node metastasis was confirmed by preoperative
preparation. However, there were 28 lymph node metastases
in 269 patients, yielding an average positive rate of 8.3%.
Techniques for protecting LRLN also increased the positive
rate of lymph nodes around LRLN, possibly due to higher
dissecting accuracy or higher T-stages in the second group
resulting in more positive lymph nodes. Furthermore, the
long-term outcomes in this study indicated that N2–3 stage
results in lower survival time, while the median survival of
N2–3 stage was 36 months. Theoretically, the amplification
effect of mediastinoscopy could help to achieve the
complete resection of the enlarged mediastinal lymph nodes
under direct vision (6). Due to the limited surgical field and
angle, it was hardest to remove all mediastinal lymph nodes.
Endoscopic techniques using carbon dioxide insufflation
may resolve this question, it expanded the intra-mediastinal
space in the upper mediastinum, especially near LRLN,
while visualized the structures in the deep mediastinum
around the aortic arch, such as nerves, bronchial arteries,
and lymphatic vessels (21), allowed lymphadenectomy to be
safely and carefully performed along the nerve (22).
In conclusion, the overall survival rate after ME was
60.3% at 10-year and 69.2% at 5-year, these findings
supported the use of ME as an effective surgical method
for esophageal cancer. The processes of isolating and
marking the LRLN before the cervical process and
reinforcing the posterior wall of anastomosis, were valuable
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for improvement of postoperative complications. More
strict and accuracy perioperative preparations for N stage
diagnose were required for scientific participation of
patients. Additional studies in the technology of mediastinal
carbon dioxide insufflation were needed.
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