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Abstract
Introduction Recent advances in thoracoscopic surgery have made it possible to perform esophagectomy with conventional
lymphadenectomy (paraesophageal and subcarinal lymph node dissection) using minimally invasive techniques. However,
minimally invasive esophagectomy (MIE) combined with extensive lymphadenectomy along the recurrent laryngeal nerves
(RLN) has remained technically challenging for thoracic surgeons. The aim of this study was to examine the safety and
efficacy of extensive lymphadenectomy when compared to conventional lymphadenectomy during MIE.
Methods We retrospectively reviewed data from a cohort of 147 consecutive patients who underwent MIE for esophageal
cancer (EC) over a 3-year period at our institution. During thoracoscopic esophagectomy, extensive lymphadenectomy along
the RLN was performed on 76 patients from June 2009 to December 2010 (group A), while 71 patients underwent
conventional lymphadenectomy from June 2008 to May 2009 (group B) and were enrolled as historical controls. Clinical
characteristics including patient demographics, operation features, and the rate and type of complications were recorded for
both groups. The number of dissected lymph nodes and the number of patients with nodes positive for cancer on histological
examination were determined for both groups. Statistical analysis was used to identify differences between the two groups.
Results All patients underwent thoracoscopic esophagectomy without conversion to open thoracotomy. Patient demographics
and operation features were similar between the two groups. Of the 76 patients that underwent extensive lymphadenectomy there
were 13 patients (17.11%) who were RLN positive, which resulted in upstaging of TNM in 5 patients (6.58%). The overall
incidence of postoperative complications (42.10% versus 39.47%, p00.742) and permanent recurrent laryngeal nerve palsy
(1.32% versus 0%, p00.517) was similar between the two groups.
Conclusions Extensive mediastinal lymphadenectomy during minimally invasive esophagectomy is a feasible procedure for
EC patients. It is technically safe and oncologically adequate in experienced hands, and improves the accuracy of tumor
staging. Further study is required to discuss its long-term prognostic value for esophagus cancer patients.
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Introduction

The technical feasibility of minimally invasive esophagec-
tomy (MIE) has been well recognized over the past decade;1–4

however, questions over the adequacy of tumor and lymph
node clearance have been raised with the development of
thoracoscopic techniques.5,6 Previously, high frequency of
tumor dissemination to lymph nodes along the RLN was
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reported in open thoracotomy,7 and survival benefits were
suggested when extended lymphadenectomy was performed
on these patients.8 Despite these findings, Fang et al. has
suggested that extensive lymphadenectomy is technically de-
manding and associated with a higher complication rate of
41.7% to 75.3%.9 Striking the right balance between
performing extensive lymphadenectomy during MIE without
increasing complication rates significantly remains a challenge.

In an earlier study from 1996, Akaishi and associates inves-
tigated thoracoscopic radical mediastinal lymphadenectomy
and total esophagectomy on animals and selected patients.
However, the study was non-comparative and was based on a
small sample of 39 cases.10 Since then, only a few studies have
been published on extensive lymphadenectomy during MIE.
The promising results of two recent studies by Noshiro (2010)
and Puntambekar (2010) on extended lymph node dissection
during MIE11,12 have led to our research on the subject.

We started MIE on esophageal cancer (EC) patients at our
institute in 2005, and our initial study has shown a better
quality of life in patients that underwent MIE compared to
conventional surgery.13 Based on our experience, we herein
present our procedure of extensive mediastinal lymphadenec-
tomy for EC patients, and review its safety and efficacy in
comparison to conventional lymphadenectomy during MIE.

Patients and Methods

Patients

A total of 202 cases of EC were referred to Dr. Lijie Tan's
clinic at the Zhongshan Hospital, Fudan University from June
2008 to December 2010. Patients were clinically staged using
endoscopy, biopsy results, abdominal-thoracic computed to-
mography (CT), and endoscopic ultrasound. MIE was per-
formed on clinically staged T1-3N0M0 tumors, and
neoadjuvant chemotherapy was administered in all other
cases. In our study, the inclusion criteria were as follows: (a)

age <75 years; (b) patients who did not receive neoadjuvant
therapy; (c) patients with no previous history of cancer; (d)
patients with no previous history of neck or chest surgery, and
(e) patients with an ASA score of I–III.

All operations were conducted thoracolaparoscopically.
Extensive lymphadenectomy, which included lymph node
clearance along both recurrent laryngeal nerves (RLN), in
addition to subcarinal and paraesophageal nodes, was per-
formed on 76 patients from June 2009 to December 2010
(group A). The remaining 71 patients underwent conven-
tional lymphadenectomy (lymphadenectomy along subcari-
nal and paraesophageal regions) from June 2008 to May
2009 and were enrolled as historical controls (group B).
Patient demographics are summarized in Table 1.

The study was approved by the hospital ethics committee,
and a waiver for individual patient consent for this retrospec-
tive study was also obtained.

Surgical Technique

Analgesia and Anesthesia

All patients had a combination of epidural and general
anesthesia and were provided with patient controlled anal-
gesia postoperatively. Patients were intubated with a left-
sided double-lumen endotracheal tube to accomplish selec-
tive deflation of the right lung during the thoracic phase of
the operation. The cuff of the endotracheal tube was deflated
temporarily when performing extensive lymphadenectomy
along the left RLN.

Position and Ports

Patients were placed in the prone position, with the right side
slightly raised up during the operation. A 10-mm camera port
trocar was placed as the camera port at the seventh intercostal
space (ICS) along the midaxillary line. A 5-mm port was
placed at the fourth ICS along the mid axillary line, and the

Table 1 Clinical characteristics

U upper, M middle, L lower, SC
squamous cancer, AD adenocar-
cinoma, Others one case of
small cell carcinoma and one
case of carcinoma sarcomatode
in both groups, RS retrosternal,
EB esophageal bed
aby Student's t test
bby chi-square test
cby Fisher's exact test
dby Mann–Whitney test

Group A Group B p Value
(n076) (n071)

Age (years) 60.9±9.0 62.6±8.7 0.247a

Gender (M, F) 52, 24 50, 21 0.792b

Location (U, M, L) 4, 53, 19 10, 39, 22 0.096b

Histological type (SC, AD, Others) 73, 1, 2 66, 3, 2 0.836c

Stage (Tis, T1, T2, T3) 2, 17, 22, 35 4, 19, 21, 27 0.651c

Blood loss (mL) 152±108 170±82 0.261d

Blood transfusion 0 0 –

Thoracic stage duration (min) 89±32 99±32 0.064a

Length of stay (days) 19.2±16.3 17.9±13.7 0.600d

Route of reconstruction (RS, EB) 26, 50 22, 49 0.677b
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second-5 mm port was placed at the eighth ICS along the
posterior axillary line to insert the harmonic scalpel (Ethicon
Endosurgery, Cincinnati, OH, USA).

Surgery

The operation was divided into three stages: the thoracic,
abdominal, and cervical stages. (1) The thoracic stage in-
cluded thoracoscopic mobilization of the esophagus and
mediastinal lymphadenectomy. During the surgery, the sur-
geon stood on the right side of the patient, and a high-
definition video monitor was set up on the opposite end.
Carbon dioxide pneumothorax was achieved at a pressure of
6–8 mmHg. Before dissection, the mediastinal pleura was
inspected to assess the mobility of the tumor and its
invasion into surrounding structures. Once radical sur-
gery was guaranteed, the azygous vein would be doubly
ligated and then transected. The esophageal arteries were
divided by ultrasonic blade and the thoracic duct was
carefully preserved. Circumferential mobilization of the
esophagus, with all surrounding lymph nodes, perieso-
phageal tissue, and the mediastinal pleura was performed
from the diaphragmatic reflection to the thoracic inlet
and the entire subcarinal lymph node packet was re-
moved en bloc. The thoracic stage was completed by
placement of an intercostal drain and closure of the
thoracic incisions. (2) The abdominal and cervical stages
were the same in both groups and performed with all
patients in the supine position. The abdominal stage
commenced with dissection of the gastro-hepatic liga-
ment at the lesser curvature of the stomach and exposure
of the right crus of the diaphragm. The left gastric artery
was then ligated by hem-o-lock and dissected. The gas-
tric tube was cut along the greater curve of the stomach
and the right gastroepiploic arcade was carefully pre-
served. The short gastric vessels were divided by ultra-
sonic shear coagulation. Following gastric mobilization,
lymph node dissection along the celiac and gastric ves-
sels was performed. A jejunal feeding tube was conven-
tionally placed during the abdominal procedure. (3) The
cervical procedure included mobilization of cervical
esophagus and esophago-gastric anastomosis. Side–side
stapled, circular stapling (Ethicon Endosurgery, Cicinatti,
OH, USA), or hand-sewing techniques were applied for
anastomosis after the gastric tube was pulled through
esophageal bed route. The surgery concluded with clo-
sure of the cervical and abdominal incisions in layers.

Extensive lymphadenectomy was done in all patients
undergoing surgery from 2009. The surgical procedure
was the same as described for group B with the addition
of lymphadenectomy along the right and left recurrent
laryngeal nerves. Before dissection, the mediastinal pleura
was conventionally opened to make sure the tumor was

resectable, and lymphadenectomy along the right RLN
was performed before mobilization of the thoracic esoph-
agus. The right RLN was identified and exposed by
tracing the branches of the right vagus nerve under the
right subclavian artery. The lymph nodes surrounding the
right RLN were dissected by electronic hook (see Fig. 1).
In order to dissect the nodes along the left RLN, the cuff
of the double-lumen endotracheal tube was deflated tem-
porarily and the trachea was rolled back, to the right and
ventrally. A grasper holding small gauze was used to
explore the left aspect of the trachea and the left main
bronchus. The left RLN was usually found embedded in
the connective tissue between the trachea and aortic arch.
The lymph nodes along the left RLN were then carefully
dissected (see Fig. 2). Lymph nodes from different me-
diastinal station were collected in separate specimen bags
for further histological examination.

Data Collection and Statistics Analysis

Clinical data including patient demographics, operation fea-
tures, and retrieved mediastinal lymph nodes of both groups
were collected from the clinical database of the Thoracic
Division at the Zhongshan Hospital, Fudan University. Med-
ical charts were reviewed to identify complications as per the
Society of Thoracic Surgeons (STS) National Database.

Data collected was recorded in Microsoft EXCEL for
further processing. All statistical analyses were performed
using SPSS version 17.0. The Student's t test and chi-square
test was used to compare categorical variables as appropri-
ate, whereas the Mann–Whitney Test was used to compare
continuous variables. A two-sided p value of less than 0.05
was considered to be statistically significant.

Fig. 1 Lymphadenectomy along right recurrent laryngeal nerve. E
esophagus, R right recurrent laryngeal nerve, SVC superior vena cava,
SCA right subclavical artery, T trachea
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Results

Patient Demographics

In our cohort, there was a male predominance with 102
male and 45 female patients. The mean age at time of
surgery was 60.1±8.7 years. No significant difference in
age (p00.247) or gender (p00.792) was found between
the two groups. According to the UICC (Union for
International Cancer Control) esophageal cancer TNM
staging system (sixth Edition, 1997), there were 6 cases
of pTis (4.08%), 36 cases of pT1 (24.49%), 43 cases of
pT2 (29.25%), and 62 cases of pT3 (42.18%) in the
study. The depth of tumor invasion was statistically com-
parable between the two groups (p00.651). There was no
difference in tumor location (p00.096) and histological
type (p00.836) between the two groups.

Operation Features

All 147 patients underwent thoracoscopic esophagectomy
without conversion to open thoracotomy. When comparing
operation characteristics, the duration of the thoracic stage
was longer in group B (99±32 min) than group A (89±
32 min), although this was found to be of no statistical
difference (p00.064). No significant difference was found
in the length of stay, volume of blood loss, or rate of blood
transfusion between the two groups. The operation features
are listed in Table 1.

Mortality and Morbidity

No patient died during the operation procedure in either
group. Complications were observed in a total of 60 patients

in our study. In group B, one patient developed stump
leakage of the gastric conduit on the eighth post operative
day and died two weeks later because of septic shock and
multi-organ failure. A second operation was performed on
one patient in group A to control bleeding from the thoracic
cavity. Operative mortality was not observed in group A.

Anastomotic leakage was the most common complication
in both groups seen in 14 patients in group B and 16 patients
in group A (p00.841). All of these patients were treated
conservatively with drainage and nutritional support. Nine
patients developed acute RLN palsy after surgery, and seven
of these cases were from group A (7/9 77.78%). At 6 months'
follow-up, permanent RLN palsy persisted in one patient from
group A. Both cases of acute RLN palsy had resolved in group
B at 6 months follow-up. The incidence of permanent RLN
palsy was similar between the two groups (1 from group A
and 0 from group B, p00.517). The overall complication rate
was 40.08% and this was found to be of no statistical differ-
ence between the two groups (see Table 2).

Mediastinal Lymph Nodes

The average number of retrieved lymph nodes from medi-
astinum was 13.2±6.5 in group A and 9.1±4.3 in group B,
which was significantly higher in the extensive lymphade-
nectomy group (p<0.001). The frequency of metastasis per
patient was close between the two groups (25.00% versus
22.54%, p00.726). Of the 76 patients that underwent exten-
sive lymphadenectomy, 13 patients were found to be RLN

Fig. 2 Lymphadenectomy along left recurrent laryngeal nerve. AA
aortic arch, E esophagus, L left recurrent laryngeal nerve, LN lymph
nodes, T trachea

Table 2 Mortality and morbidity

Group A Group B p Value
(n076) (n071)

Mortality 0 1 0.483a

Morbidity 32 28 0.742b

Cervical anastomotic leak 16 14 0.841b

Gastric conduit failure 2 2 1.000a

Hoarsenessc 7 2 0.168a

Temporary RLN palsyd 6 2 0.278a

Permanent RLN palsy 1 0 1.000a

Respiratory complications 5 6 0.759b

Arrhythmia 9 8 0.913b

Chylothorax 1 3 0.353a

Delayed gastric emptying 1 1 1.000a

Bleedinge 1 0 1.000a

a By Fisher's exact test
b By chi-square test
c Including temporary and permanent RLN palsy
d Patients recovered from palsy within 6 months
e Bleeding requiring reoperation
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positive (17.11%). According to the TNM stage criteria, five
patients were upstaged (6.58%) from N0 to N1 by extensive
mediastinal lymphadenectomy. The details of the retrieved
mediastinal lymph nodes are listed in Table 3.

Discussion

Unlike the western world, esophageal squamous cell cancer
(ESCC) is more common in Asian countries. The prevalence
of the squamous cell subtype of EC in some regions of
China and Japan is reported to be over 90%.14,15 Further-
more, squamous histology has been shown as an indepen-
dent predictor for positive RLN nodes on multivariate
analysis.16 EC patients are therefore at a higher risk of
recurrent laryngeal node involvement in the Far East, and
this necessitates extensive lymphadenectomy in these pop-
ulations. In our study, 139 patients (94.56%) had ESCC and
17.1% of these patients had RLN-positive nodes.

Our study is limited by its retrospective design and the
use of historical controls. Historical controls were used for
comparison because the incidence of tumor invasion to the
superior mediastinal lymph nodes was considered higher
than attributable to chance alone. A randomized trial could
therefore not be ethically justified since patients in the
control group would have residual tumor deposits and there-
fore poor prognosis. To minimize technique biases, all sur-
geries were performed consecutively under the supervision
of the same senior surgeon and consistency in technique was
further verified by similar durations of the abdominal and

cervical stages in both groups. We do however recognize the
impact of the “learning curve” effect on the outcomes of
patients in group A since they represent the latter half of this
sequential study. It could therefore be argued that improve-
ments in surgical technique that come with experience are
therefore inevitable. However, the extensive previous expe-
rience of the supervising surgeon would hopefully minimize
this effect.

Because of difficult exposure and higher risk of injury to
the nerves, lymphadenectomy along the recurrent laryngeal
nerves has remained a challenge during open thoracotomy.17

It is for these reasons that the lymph node clearance in the
cervical field has usually been omitted in the past at many
centers. In our study, we have successfully retrieved lymph
nodes along both recurrent laryngeal nerves during MIE and
our results suggest that there is no significant increase in the
rate of RLN injury. Similar results were presented by Pun-
tambekar and associates,12 where the duration of surgery
was approximately 60 to 120 min with a low volume of blood
loss and a low rate of conversion to open thoracotomy. Given
the magnified view of the surgical field, MIE has made it
easier to perform extensive mediastinal lymphadenectomy in
a confined operating space.

Although the operations performed in our study were
extensive, whether they were of the same adequacy and
efficacy as traditional surgery was worth discussion. In our
study, an average of 13.2±6.5 mediastinal lymph nodes
were retrieved in 89±32 min in group A. Similar numbers
were obtained but took much longer time periods for re-
trieval in open thoracotomy.18 The highest level of lymph
node dissection in our study was similar to that done at the
upper limit of thoracic lymphadenectomy in classical three-
field lymphadenectomy.19 In our experience, when
performing lymph node clearance along the right RLN, it
was easy to reach the inferior border of the right thyroid
gland, and this facilitated the subsequent cervical stage of
lymphadenectomy. The percentage of patients with positive
mediastinal lymph nodes was 35.52% in group A. Our
results are nearly identical to those reported by three-
field dissection in open thoracotomy by Kitagawa and
associates.20 Of the 76 patients in group A that underwent
extensive lymph node clearance, 13 patients had positive
RLN nodes. The percentage positive rate was even higher in
tumors that were invading the muscularis propria (T2) and
advential (T3) layers (18.5%) or located in the upper third of
the esophagus (50%, two out of four patients). These results
are similar to those reported by Matsubara and associates
after open thoracotomy.17 Furthermore, according to the
TNM stage criteria, five patients in group A were upstaged
from N0 to N1 by extensive lymphadenectomy, which
meant that the accuracy of tumor staging was improved by
6.58% from this procedure. Since patients with pN1 were
conventionally assigned to chemotherapy that pN0 patients

Table 3 Mediastinal lymph nodes

Group A Group B p value
(n076) (n071)

Number (per patient)

Recurrent laryngeal nerves 3.1±2.3 0 –

Subcarinal 3.6±3.9 2.7±2.9 0.123a

Paraesophageal 6.4±4.9 6.4±3.8 0.954a

Total 13.2±6.5 9.1±4.3 0.001a

Frequency (per patient)

Recurrent laryngeal nerves 17.11% 0 0

Subcarinal 2.63% 4.23% 0.673b

Paraesophageal 19.74% 19.72% 0.998c

Total 25.00% 22.54% 0.726c

Upstaged 5(6.58%)e 0(0) 0

a By Mann–Whitney test
b By Fisher's exact test
c By chi-square test
d Due to lymphadenectomy along bilateral recurrent laryngeal nerves.
e Tis/T1/T2/T3 (0:1:1:3)
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were not suggested to, we believe that an extensive lympha-
denectomy could result in the difference in postoperative
treatment, and potentially, the long-term survival on esoph-
agus cancer patients. The extent of dissection, duration of
surgery, and rate of lymph node invasion found in our
cohort showed that extensive thoracoscopic lymphadenec-
tomy was technically efficient and oncologically adequate in
comparison with open thoracotomy.

In our study, a total of 60 patients developed complica-
tions with one inpatient death in group B. The complication
rate was not significantly different between the two groups
(39.44% versus 42.11% p00.742). The anastomotic leakage
ranked the first in the complication table (20.41%). Similar
findings were reported in the early publications. We hypoth-
esized that an extensive lymphadenectomy that was per-
formed along RLN would not lead to an increased ratio of
anastomotic leakage since it was reported to be associated
with the reduced blood supply to the gastric tube.21 This was
confirmed in the close ratio of anastomotic leakage between
the two groups (21.05% versus 19.72% p00.742).

In this report, the incidence of RLN injury is in contrast
to reported RLN injury rates of 14.0% to 45.3% in open
thoracotomy22 and comparable to rates of 2.6% to 36%
during thoracoscopic procedures.1,23 We feel that the inci-
dence of RLN palsy was lower in our study because of
adequate exposure and identification of both recurrent la-
ryngeal nerves prior to lymph node dissection. This avoided
accidental injury to the RLN and allowed safer dissection in
this field. In compared with group B, extensive lymphade-
nectomy along bilateral RLN led to a threefold increase in
the postoperative hoarseness in group A (9.21% versus
2.82%). Although it was found to be of no statistical differ-
ence (p00.168), this could be owed to a relatively small
population of the study. Luckily, most of these cases are
likely due to neuropraxia of the RLN during extensive
lymph node dissection and this was seen to resolve at
6-months follow-up with only one patient in group A having
a persistent RLN palsy. We recognize that acute RLN injury
could predispose these patients to a higher risk of pulmo-
nary complications in the immediate postoperative period.24

However, the incidence of pulmonary complications were
comparable even when extensive lymphadenectomy was
performed (6.58% versus 8.45%, p00.759). This could be
explained by enteral feeding through the jejuna tube, which
decreased the chance of aspiration from oral intake after
surgery. We therefore conclude that although extensive lym-
phadenectomy along the recurrent laryngeal nerves resulted
in a higher rate of acute RLN palsy in our patients, most of
these cases resolved without increased risks of associated
complications, and the rate of permanent RLN injury was
not different between the two groups.

The incidence of pulmonary complications in our cohort
was not as high as described in previous studies.25 This was

likely due to a shorter duration of the thoracic stage of
surgery. The mean duration of the thoracic stage of the
operation was 89±32 min in group A and this was lower
than the mean duration for group B (99±32 min). We
therefore conclude that the assumption that extensive lym-
phadenectomy during MIE is more time consuming than
conventional lymphadenectomy is not correct. This may
be attributed to the refinement of surgical techniques and
on the surgeon's experience. Extensive lymphadenectomy
during MIE has been shown to have a steep learning curve
however it can be mastered safely and quickly under the
direction of an experienced surgeon.26 Of the 76 cases we
have performed, the thoracic lymphadenectomy was done
before the mobilization of esophagus to avoid destroy of
mediastinum structure and therefore assuring the clearance
of surgical field during the lymph node dissection along
right RLN. During the operation, patients were prone posi-
tioned. The esophagus was located in the up side and pos-
terior mediastinum was pulling down by gravity, which
meant bleeding would not affect the process significantly
and operation continuality would be assured, so it was no
wonder that two groups were close in thoracic duration even
when more extensive procedure was performed.

Conclusions

In this study, extensive mediastinal lymphadenectomy during
MIE was found to be safe, feasible, and more accurate for
tumor staging in EC patients. The main limitation of this study
was its retrospective design and the use of historical controls.
Further prospective studies on the role of extensive lympha-
denectomy for MIE in the form of randomized controlled
trials are necessary to confirm these findings.
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