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Background: Esophagectomy via left thoracotomy (the Sweet procedure) has long been the conventional
route for resection of esophageal carcinoma, especially in China. However, this procedure is being
increasingly critiqued, mainly regarding the lymphadenectomy. The objective of this study was to compare
the Sweet procedure with the right upper mediastinal lymph node resection (MS) and Ivor-Lewis (IL)
procedure in the treatment of middle or lower thoracic esophageal squamous cell carcinoma (OSCC-MLT)
in terms of lymphadenectomy, postoperative complications, and long-term survival.

Methods: A total of 336 OSCC-MLT patients underwent radical intent surgery (188 with MS and 148 with
IL procedure) between January 2007 and September 2013 in our hospital. After propensity score matching,
129 patients from each procedure were included. The efficacy of lymph node dissection at each station was
estimated by the index of estimated benefit from lymph node dissection IEBLD).

Results: IEBLD is relatively high in stations 2L, 2R, 8, 16 and 17. The metastasis rates and ratios were
similar between the MS and IL procedures at each station. The MS procedure significantly outperformed
the IL procedure with a shorter operating time (212 vs. 317 min), shorter in-hospital stay (10.7 vs. 15.3 days),
and fewer postoperative complications (30.2% vs. 43.4%). However, the 5-year survival rates were not
significantly different between the two procedures (46.9% vs. 44.0%).

Conclusions: The MS procedure of esophagectomy is not inferior to the IL procedure in efficiency,

moreover the MS procedure is safer.
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Introduction surgical approach for middle or lower thoracic esophageal
squamous cell carcinoma (OSCC-MLT). The transthoracic

Esophageal carcinoma is a frequently-occurring malignant . . . .
phag 4 y g g or transhiatal approach for adenocarcinoma is under dispute

tumors, and its global morbidity and mortality rates rank in Western countries (3-5); however, in China, the common

as the 8th and 6th of all cancers, respectively (1). Despite
the extensive application of multimodal therapy, the 5-year
overall survival (OS) rate remains low. At present, surgery
is still the main strategy for locally-advanced esophageal
carcinoma (2), although controversy persists regarding the
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debate is between the Sweet procedure and the Ivor-Lewis
(IL) procedure for esophageal squamous cell carcinoma (6-9).

The Sweet procedure, which is the conventional route
for resection of esophageal carcinoma, outperforms the IL
procedure in many ways, such as being a simpler operation

J Thorac Dis 2016;8(11):3187-3196



3188 Wang et al. Sweet procedure with the right upper mediastinal lymph node resection

with a shorter operative time and an increase in tolerance
from patients. However, this procedure is mainly debated
mainly because of the limited extent of lymphadenectomy,
especially for the dissection of the right upper mediastinal
lymph nodes (RUM-LND). A meta-analysis shows that
the Sweet procedure is inferior to the IL procedure in
lymph node dissection (6). However, after comparing 748
Sweet-treated and 167 IL-treated patients with esophageal
carcinoma in 2015, Ma er a/. demonstrated no significant
difference in the number of lymph node dissections or total
number of cases with lymph node metastases (7).

At present, there is no consensus on the extent of
lymphadenectomy for esophageal carcinoma. Some studies
indicate that more extensive lymph node dissection might
not increase the 5-year OS rate but that is only improves
N staging (10,11), which is in opposition to current clinical
guidelines. Similarly, right upper mediastinal lymph
node metastasis (RUM-LNM) predicts a poor prognosis
for esophageal carcinoma patients but is not associated
with the 5-year OS (12). However, by identifying 4627
esophageal cancer patients undergoing the operation from
the Worldwide Esophageal Cancer Collaboration database,
Rizk et al. demonstrated that a greater extent of lymph node
dissection is associated with better survival, except for those
staging as TisNOMO and G1 pNOMO (13).

To explore the optimal surgical procedure that could
reduce surgical trauma and improve outcomes in OSCC-
MLT patients, experienced surgeons in our department
started to perform a modified Sweet (MS) procedure: the
traditional Sweet procedure with RUM-LND. The MS
procedure has been rarely reported. The MS procedure
has the merits of the Sweet procedure and addresses its
limitations in the lymph node dissection; therefore, the
MS procedure is at least equivalent to the IL procedure. In
this study, we retrospectively compared the MS procedure
with the IL procedure in terms of lymphadenectomy,
postoperative complications, and long-term survival. The
feasibility and effectiveness of the MS procedure in the
treatment of OSCC-MLT were evaluated.

Methods
Patients

This retrospective study was approved by the Ethics
Committee at the West China Hospital of Sichuan
University (No. 201649). By searching the esophageal
carcinoma database, we identified the records of all OSCC-
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MLT patients undergoing the MS or IL procedure; the
procedures were performed by one thoracic surgeon in our
department between January 2007 and September 2013.
The patients who underwent preoperative neo-adjuvant
therapy or video-assisted thoracic surgery and whose
esophagus was substituted by the jejunum or colon were
excluded. Then, a total of 336 OSCC-MLT patients were
categorized into the following two groups: an MS group
with 188 patients and an IL group with 148 patients. The
lymph node stations were numbered, and the T and N
stages were assessed according to the definition by American
Joint Committee on Cancer — Union for International
Cancer Control (AJCC-UICC) edition 7. All patients were
followed up until April 2015 or until death.

Surgical procedures

The IL procedure was carried out in a previously described
standard method: above the aortic arch for esophagogastric
anastomosis. The MS procedure was performed similar
to the Sweet procedure, which occurs through the left
posterolateral thoracotomy in the fifth or sixth intercostal,
including esophagogastric anastomosis above the aortic
arch. Systematic dissection was performed in upper
abdominal and mid/lower mediastinal lymph nodes.
However, for lymphadenectomy in the upper mediastina,
the MS procedure as well as the IL procedure have respective
advantages and disadvantages despite the superiority in
the IL procedure. It is very difficult to systematically
dissect the opposite lymph nodes in the upper mediastina.
Therefore, a 2R or 4R dissection in the MS procedure and
a 2L dissection via the right thorax were only completed
by performing a sampling lymphadenectomy rather than
a systematic lymph node dissection (Figure 1). Although
resecting the 2L lymph nodes is slightly difficult because
of the left subclavian obstruction and limited clearance
above the aortic arch, resecting the 2R lymph nodes via
the left thorax becomes feasible because its deeper position
relatively enlarges the small clearance of the anatomy.

Propensity score matching

Propensity score matching was adopted to match subjects
in the MS and IL groups to create a °
experiment” from retrospective data (14,15). Using a

‘quasi-random
multivariable logistic regression model, we calculated the

propensity scores by the covariates, including the gender,
age, tumor location, G status, T status, and pathological
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Figure 1 Surgical procedure for right upper mediastinal lymph
node dissection. The assistant exposes the right upper mediastinal
region by lifting proximal esophagus with the left hand and
pressing aortic arch with a suction in the right hand. While the
operator touches the 2R or 4R lymph node along the right lateral
wall of the trachea by right index finger, clamps, pulls the lymph
nodes and surrounding tissues by lymph node forceps, then resects

them using a medical electric knife stepwise.

stage. By the ‘Nearest Neighbor’ method, 1:1 matching
algorithm, and caliper value 0.2, we matched and analyzed
129 MS patients (from 188 cases) and 129 IL patients (from
148 cases).

Evaluation of efficacy of lymph node dissection

The efficacy of lymph node dissection at each station was
evaluated based on the index of estimated benefit from lymph
node dissection IEBLD), which is defined as the incidence of
metastasis to each station (%) x 5-year OS rate of metastatic
patients at the corresponding station (%)/100 (16). The
incidence of metastasis to each station was calculated by the
ratio between the number of patients with positive nodes
at each station and the number of patients with dissected
lymph nodes at the station. The cumulative 5-year OS rate
of metastatic patients at each nodal station was calculated
without any reference to other nodal stations. A higher
index suggests a higher therapeutic value of lymph node
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dissection at this station.

Statistical analysis

The statistical analysis was performed on SPSS 22 (SPSS,
Chicago, IL, USA). A two-sided P<0.05 was considered
significant. The comparisons between two groups were
analyzed with an independent samples #-test for continuous
variables and with Pearson’s y” test and Fisher’s exact
probability test for dichotomous variables. Continuous
variables were expressed as the mean = standard deviation.
The survival curves were drawn by the Kaplan-Meier
method, and survival rates between groups were compared
using the log-rank test. The independent prognostic factors
were identified by multivariate analyses of a stepwise Cox’s
proportional hazard regression model.

Results
Patient characteristics

After 78 mismatching patients were excluded after matching
from the total of 336 patients, 129 MS patients paired with
129 IL patients were involved in the final statistical analysis.
The baseline characteristics were not significantly different
between the groups (Table I). All patients underwent
curative surgery. These matching patients include 208
(80.6%) males and 50 (19.4%) females whose mean age was
60 years old (range, 37-80 years old). The mean number
of lymphadenectomy per person was 20 (range, 1-62; total:
4,997) (MS: 22, 1L, 17), and the mean number of lymph
node metastases per person was 1.6 (range, 0-25; total: 405)
(MS: 1.55, IL: 1.63). Approximately 124 of the 258 patients
(48.1%) suffered from lymph node metastases.

Possible effect of lymph node dissection at each station

TEBLD was zero at stations 4L, 5, 6, 10, 10R, 15, 18, 19 and
20 because the 5-year OS rates were zero. Figure 2 shows
the IEBLD and 5-year OS rates of metastatic patients and
the incidence of metastasis at each station except for the
stations with an IEBLD of zero. IEBLD was relatively high
at stations 2L, 2R, 8, 16 and 17.

Incidence rates of lymph node dissection and metastasis

The comparison between the MS and IL groups for the
incidence of lymph node dissection at each station is
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Table 1 Clinical characteristics of patients in propensity score

matched
Characteristic MS (n=129) IL (n=129) P value
Age 61.04+8.109 59.43+7.729 0.105
Gender 0.753
Male 103 105
Female 26 24
Tumor location 0.165
Middle 107 98
Lower 22 31
G status 0.259
G1 12 18
G2 54 52
G3 63 59
pT status 0.071
Tis 3 4
Tla+T1b 22 16
T2 19 24
T3 70 55
T4a + T4b 15 30
pN status 0.973
NO 67 66
N1 33 36
N2 21 20
N3 8 7
Pathological stage 0.697
0 3 4
IA+1B 16 12
IIA +11B 49 44
A +11IB + llIC 61 69
Vessel invasion
Yes 2 5 0.283
No 127 124
Postoperative adjuvant treatment 0.599
Yes 45 52
No 84 7

MS, the Sweet procedure plus right upper mediastinal lymph

node resection; IL, lvor-Lewis.
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demonstrated in Tuble 2. Although the MS group performed
worse in the dissection at stations 4R, 18, 20 (P=0.026,
<0.001 and 0.004), it is more dominant at stations 2L, 4L, 5
and 6 (P<0.001, <0.001, — and ). There were no significant
differences between the two groups at stations 2R, 8, 16 and
17 (P=0.794, 0.912, 0.452 and 0.836).

As shown in Tuble 3, neither the rates nor the ratios of
lymph node metastasis in the other stations were different
between the MS and IL groups, except for station 3p, which
had a low total metastasis rate (8.6%) and ratio (6.1%),
and stations 5 and 6, which only exist in the MS group.
However, station 2R showed a high metastasis incidence at

25.0% in the MS group and 21.7% in the IL group.

Postoperative outcomes

The overall incidence of complications was significantly
lower in the MS group vs. the IL group (30.2% vs. 43.4%,
P=0.028). The incidence rates of postoperative pulmonary
complications were significantly higher in the IL group
than the MS group (31.8% wvs. 15.5%, P=0.002). As shown
in Figure 3, the incidence of postoperative pulmonary
complications increases with the longer operation time.
However, the incidence rates of postoperative pulmonary
complications during the same operative period were not
significantly different between the MS and IL groups
(Table 4).

Survival analysis

By the end of a median-term follow-up (median:
46.1 months, range from 19.3 to 99.2 months), 147 of the
336 patients survived, 165 patients died (49.1%) and 24
patients were missed (7.1%). The median survival time was
41.5 months, and the 5-year OS rate was 45.2% for the
entire cohort. For the MS vs. IL patients, the corresponding
values were 46.7 vs. 29.0 months and 48.1% vs. 42.5%,
respectively; after matching, the corresponding values were
43.1 vs. 30.4 months and 46.9% vs. 44.0%, respectively,
with no significant differences tested by univariate and
multivariate analysis (P=0.165, 0.110) (Table 5 and Figure
4A4). The age and G, T, and N stages are significantly
associated with the survival of patients by multivariate
Cox regression analysis with variables including the age,
gender, tumor location, G, T, and N stages, vessel invasion,
number of resected lymph nodes, surgical approach and
postoperative adjuvant treatment.
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1 2L
121 183
5-year overall survival rate (%) 20.0 20.0

3P 4R 7 8 9 16 17

333 333 150 257 13.8 21.0 193
860 480 11.0 303 10.2 209 20.7

Figure 2 Evaluation of efficacy of lymph node dissection for individual station. IEBLD = LNM rate to each station (%) x 5-year overall

survival rate of metastatic patients at the corresponding station (%)/100. IEBLD, the index of estimated benefit from lymph node dissection;

LNM, lymph node metastases.

Table 2 Lymph node dissection frequency in each lymph nodal station

Dissection frequency

Station

MS [129] (%) IL [129] (%) P value
1 26.4 [34] 16.3 [21] 0.111
oL 69.8 [90] 19.4 [25] <0.001
2R 34.1 [44] 35.7 [46] 0.794
3p 30.2 [39] 25.6 [33] 0.532
4L 59.7 [77] 21.7 [28] <0.001
4R 4.7 [6] 12.4[16] 0.026
5 50.4 [65] - _
6 31.8 [41] - -
7 90.7 [117] 80.6 [104] 0.521
8 74.4 [96] 72.9 [94] 0.912
9 68.2 [88] 32.6 [42] <0.001
10L 69.0 [89] 27.1[35] <0.001
10R 17.1[22] 6.2[8] 0.015
15 21.0[27] 14.7 [19] 0.277
16 65.9 [85] 56.6 [73] 0.452
17 82.2 [106] 79.1[102] 0.836
18 0.8 [1] 16.3 [21] <0.001
19 1.6 2] 4.7 [6] 0.164
20 1.6[2] 10.9 [14] 0.004

MS, the Sweet procedure plus right upper mediastinal lymph
node resection; IL, Ivor-Lewis.
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Discussion

The Sweet procedure, a conventional route for the resection
of esophageal carcinoma, has received increasing criticism
mainly focused on the lymphadenectomy, especially for
RUM-LND. To address for this limitation, our department
has performed the modified Sweet since early 2007. In this
study, the number of lymph node dissections in each station
was evaluated. After achieving quasi-random experimental
matching by propensity score matching, we retrospectively
identified the MS and IL procedures for OSCC-MLT.
The MS versus IL procedure did not reduce the effective
resection in each station of lymph nodes or the 5-year
OS, but this procedure did shorten the operative time and
postoperative in-hospital stay and decrease the incidence of
postoperative complications in OSCC-MLT patients.

We used IEBLD to assess the therapeutic value of lymph
node dissection at individual stations. With this index,
Udagawa et al. conclude that the top five IEBLDs were
106recR, 106recL, 2 (It. cardiac), 3 (lessor curvature) and
1 (rt. cardiac), as identified in 504 patients with middle
thoracic esophageal carcinoma and in 1 (rt. cardiac), 3 (lessor
curvature), 2 (It. cardiac), 7 (It. gastric artery) and 110 of
258 patients with lower thoracic esophageal carcinoma (17).
Similarly, we identified lymph node stations 8, 2R, 16, 17
and 2L, which have high therapeutic values for patients
(Figure 2). Although the names of the lymph node stations
are different because of the two numbering systems (from
Japan, AJCC), the represented regions are almost the same.

jtd.amegroups.com F Thorac Dis 2016;8(11):3187-3196
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Table 3 Lymph node metastasis rate and ratio in each lymph nodal station

Metastasis rate (%) Metastasis ratio (%)
Station
MS IL P value MS IL P value

1 11.8 (4/34) 33.3 (7/21) 0.082 12.5 (10/80) 14.6 (12/82) 0.692
2L 20.0 (18/90) 20 (5/25) >0.99 12.9 (27/210) 15.0 (9/60) 0.667
2R 25.0 (11/44) 21.7 (10/46) 0.715 12.8 (12/94) 8.2 (12/145) 0.191
3p 0.0 (0/37) 18.2 (6/33) 0.008 0.0 (0/71) 13.1(8/61) 0.002
4L 2.7 (2/75) 12.5 (3/28) 0.123 1.0 (2/193) 4.2 (3/71) 0.122
4R 0.0 (0/6) 6.7 (1/15) 0.652 7.1(1/14) 4.8 (3/63) 0.560
5 1.5 (1/64) - - 0.8 (1/133) - -

6 2.5 (1/39) - - 1.2 (1/81) - -

7 12.1 (14/116) 9.7 (10/103) 0.577 4.7 (22/473) 3.6 (13/363) 0.444
8 28.3 (26/92) 32.3 (30/93) 0.554 15.3 (51/333) 13.0 (39/299) 0.415
9 8.1 (7/86) 14.3 (6/42) 0.352 4.8 (9/188) 10.5 (9/86) 0.078
10L 3.4 (3/87) 5.9 (2/34) 0.619 1.1 (3/261) 2.5 (2/79) 0.718
10R 9.1 (2/22) 14.3 (1/7) >0.99 5.6 (3/54) 8.3 (1/12) 0.561
15 3.7 (1/27) 0.0 (0/19) >0.99 2.2 (1/45) 0.0 (0/27) >0.99
16 20.0 (17/85) 21.9 (16/73) 0.767 9.6 (22/229) 14.1 (28/198) 0.146
17 19.4 (20/103) 22.0 (22/100) 0.650 9.4 (35/372) 12.7 (55/433) 0.139
18 0.0 (0/1) 10 (2/20) >0.99 0.0 (0/3) 16.3 (7/43) >0.99
19 0.0 (0/1) 16.7 (1/6) >0.99 0.0 (0/2) 10.0 (1/10) >0.99
20 0.0 (0/2) 7.1 (1/14) >0.99 0.0 (0/2) 2.6 (1/38) >0.99

Metastasis rate, lymph nodal metastasis cases/dissected cases x100; metastasis ratio, the numbers of lymph nodal metastasis/dissected
numbers x100; MS, the Sweet procedure plus right upper mediastinal lymph node resection; IL, Ivor-Lewis.
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The pulmonary infection (%)

Operative time <3h 3-4 h 4-5h >5h
—pe MS 2.5% 16.0% 21.9% 57.1%
@ L 0.0% 5.6% 34.1% 35.8%

Figure 3 The tendency of pulmonary complications with operative time.
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Table 4 Intraoperative and postoperative outcomes
Outcome MS (n=129) IL (n=129) P value
Duration of surgery (min) 211.51£52.222 316.67+89.054 <0.001
Intraoperative blood transfusion 0.8 [1] 4.7 6] 0.12
ICU stays 1.41£2.178 1.85+2.565 0.137
Postoperative hospital stays 10.71+6.857 15.29+12.435 <0.001
Postoperative complications
Pulmonary complications 15.5 [20] 31.8 [41] 0.002
Using higher grades antibiotics 10.1 [13] 18.6 [24] 0.051
Sucking sputum by bronchoscope 3.1 [4] 3.1[4] >0.99
ICU care (respiratory failure) 2.4 [3] 10.1 [13] 0.010
Wound infection 1.6 [2] 3.9 [5] 0.250
Hydrothorax underwent drainage 4.7 [6] 5.4 7] 0.776
Chylothorax 7.8[10] 7.0[9] 0.812
Recurrent nerve palsy (single-side) 7.8[10] 4.7 [6] 0.302
Arrhythmia 2.3[3] 3.1 4] 0.702
Anastomotic fistula 2.3 [3] 5.4 7] 0.197
Total complications 30.2 [39] 43.4 [56] 0.028
MS, the Sweet procedure plus right upper mediastinal lymph node resection; IL, Ivor-Lewis.
Table 5 Survival analysis according to clinical characteristics
Univariate analysis Multivariate analysis
Variables
Number P value OR 95.0% ClI P value
Age (<60/>60 years) 122/136 0.019 1.608 1.097-2.357 0.015
Sex (male/female) 208/50 0.232 0.719 0.438-1.181 0.193
Location (middle/lower) 205/53 0.813 0.771 0.493-1.205 0.254
Grade (G1/G2/G3) 18/106/122 0.002 1.537 1.104-2.140 0.011
T stage (Tis + T1/T2/T3/T4) 45/43/125/45 <0.001 1.433 1.149-1.787 0.001
N stage (NO/N1/N2/N3) 133/69/41/15 <0.001 1.566 1.290-1.901 <0.001
Vessel invasion (yes/no) 7/251 0.402 0.866 0.343-2.186 0.761
Resected lymph nodes (<15/>15) 86/169 0.486 0.801 0.536-1.197 0.279
Surgical approach (MS/IL) 129/129 0.165 1.372 0.931-2.021 0.110
Adjuvant treatment (yes/no) 97/161 0.388 0.832 0.569-1.217 0.344

MS, the Sweet procedure plus right upper mediastinal lymph node resection; IL, lvor-Lewis.
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Figure 4 Survival analysis. (A) Survival analysis between MS and IL group. MS, the Sweet procedure plus right upper mediastinal lymph

node resection; IL, Ivor-Lewis. (B) Survival analysis between station 2R and others with and/or without lymph node metastasis. Blue line:

NO (both 2R and the other stations without metastasis). Green line: metastasis only outside 2R. Yellow line: metastasis only in 2R. Red line:

metastasis in both regions.

The actual value of RUM-LND for OSCC-MLT
remains elusive and controversial (12,18). In our study,
among all the resected lymph node stations, the IEBLD
of 2R is only inferior to station 16 (Figure 2). Therefore,
resecting 2R lymph nodes is beneficial for the treatment
of OSCC-MLT. In addition, the metastasis rate of 2R
was 25.0% in the MS group and 21.7% in the IL group.
By extending the lymphadenectomy in the IL procedure,
Stilidi et al. reported that the right paratracheal lymph
node metastasis rates were 24.42% in middle thoracic
esophageal carcinoma and 4.17% in lower thoracic (19),
which are similar to our results. Station 2R represents the
site of frequent lymph node metastasis and has a crucial role
for obtaining more accurate N staging. Hsu et a/. reported
RUM-LNM as a poor prognosis in esophageal carcinoma
patients (12). This finding is consistent with our results that
the metastasis of 2R shows a poorer prognosis than other
lymph node stations. The 5-year survival rates decrease
successively in patients with NO, lymph node metastasis
located only outside the right upper mediastina, lymph node
metastasis located only in the right upper mediastina, and
lymph node metastasis in both regions (Figure 4B). Neither
the right upper mediastina lymph nodes, especially 2R, the
lymph node metastasis rates, or the ratios are significantly
different between two groups despite a smaller number of
lymph node dissections in MS group than IL group. Those
results are completely associated with the surgical method,
namely, the MS patients who only underwent lymph node
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sampling resection rather than systematic lymphadenectomy
in the right upper mediastina. Therefore, this study shows
that 2R dissection for OSCC-MLT, similar to left thoracic
sampling dissection, achieved an effective resection.

In the current study, the right thoracic approach
is considered the gold standard for the resection of
intrathoracic lymph nodes. Previous studies mostly report
that the IL procedure is superior to the Sweet procedure
with regard to lymph node dissection. However, by
retrospectively identifying 748 Sweet patients and 167
IL patients, Ma et al. concluded that the Sweet and IL
procedures are not significantly different in the number of
the lymph node dissections or rate of metastasis (7). There
are few reports comparing the IL and Sweet procedures
among individual lymph node stations in detail. By
comparing lymph nodes at each station between the two
groups, we confirmed the results of Ma er al. The rates
of the lymph node dissections, metastasis rates and ratios
between the MS and IL procedures for individual lymph
node stations were compared, which correspondingly
represented the actual and effective dissections for those
stations. The results revealed that the MS procedure is
superior in stations 4L, 5 and 6 and inferior in stations 4R,
18 and 20 for lymph node dissection but that except for
stations 3p, 5, 6, no differences were found in the lymph
node metastasis rates or ratios in each regional station
between the two procedures. These findings suggest that
effective lymph node dissection of each station in MS is not

J Thorac Dis 2016;8(11):3187-3196
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inferior to the IL procedure.

Most previous studies show that the IL procedure
presents a longer operating time, a longer in-hospital stay,
and a higher incidence rates of operative complications
than the Sweet procedure (6,9). These findings are
consistent with our results showing that the IL procedure is
featured with a significantly longer operative time and in-
hospital stay. Furthermore, the rates of total postoperative
complications are higher in the IL vs. the MS procedure
(43.4% and 30.2%, respectively), especially postoperative
pulmonary complications. Although the rates of other
complications were not significantly different between the
two procedures, the incidence rates of anastomotic fistula
and incision infection were higher in the IL procedure. The
incidence rates of postoperative pulmonary complications
after open esophagectomy are reportedly more than
50% (20), which increases the mortality rate, prolongs the
hospital stay and even causes poor long-term survival (21).
As previously reported, a prolonged operative time is one
of the strong risk factors for postoperative pulmonary
complications because the rates of postoperative pulmonary
complications increase gradually with a prolonged operative
time (22). Despite the higher rates of postoperative
pulmonary complications in the IL vs. the MS procedure
(31.8% and 15.5%, respectively, P=0.02), no significant
difference was found in the same operative time period, and
the rate was even slightly lower in IL. Similar to previous
studies, these findings suggest that prolonged single lung
ventilation is associated with postoperative pulmonary
complications (23). This finding could easily why the single
lung ventilation process was performed through the entire
operative procedure in MS patients. Therefore, single lung
ventilation in the same operative time was shorter in IL
patients than MS patients.

The existing relevant literature and meta-analyses of the
Sweet vs. IL procedures suggest that the 5-year OS rates
are not significantly different between the two procedures
(6,7,9). In our series of OSCC-MLT patients, the 5-year
OS rates between the MS and IL procedures were 46.9%
and 44.0%, respectively, which are not prognostically
different as assessed by univariate and multivariate analyses.
The results demonstrate that the surgical approach is not
a prognostic factor. Whether an extensive lymph node
dissection could improve the 5-year OS rates is still under
debate (10). Some studies indicate that extensive lymph
node dissection could improve prognosis (24-26), but other
studies state that it is not associated with better survival
(11,27). In our study, patients with more than 15 resected
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lymph nodes did not show a survival advantage compared
with patients with less than 15 resected lymph nodes. The
possibility of improving survival with extensive lymph node
dissection in OSCC-MLT patients remains unclear and
needs further study.

This retrospective study has several limitations. First,
the number of IL-treated patients was low. Despite
enhancing comparability between the two groups after
propensity score matching, the sample sizes in the two
procedures decreased, especially in the MS group. Second,
the relation with regard to the 2R dissection and 5-year OS
in OSCC-MLT patients was not estimated because of the
small sample size without resection for 2R, which needs
confirmation by further research. In addition, we could
not evaluate the status for recurrent laryngeal nerve lymph
nodes because of the incongruences in naming the lymph
node stations according to the definitions described by the
AJCC manual.

In conclusion, the MS and IL procedures for OSCC-
MLT are associated with similar lymphadenectomy and
S-year OS rates. However, the MS procedure outperforms
the IL procedure with smaller incidence rates of
postoperative complications, a shorter operative time and
a shorter in-hospital stay. Therefore, the MS procedure
of esophagectomy is not inferior to the IL procedure in
efficiency but is safer.
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