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Abstract
This study aimed to assess the long-term outcomes of video-assisted mediastinoscopic
lymphadenectomy (VAMLA) combined with video-assisted thoracic surgery (VATS) for left-sided lung
cancer pulmonary resection. We retrospectively reviewed 1194 consecutive patients who underwent VATS
anatomical resection for left-sided lung cancer between January 2007 and December 2016. Using
propensity score-based inverse probability of treatment weighting (IPTW), perioperative outcomes and
long-term survival outcomes were compared. Among 1194 patients, 295 (24.7%) underwent additional
VAMLA (VATS + VAMLA group) and 899 patients (75.3%) underwent VATS only (VATS group). After IPTW
adjustment, all baseline pro�les between the two groups became similar. The long-term overall survival
(OS) was similar between the VATS + VAMLA group and the VATS group (5-year OS, 77.8% vs. 79.3%, P =
.957). However, among patients with borderline pulmonary function (FEV1 ≤ 60% or DLCO ≤ 60%), the
VATS + VAMLA group (n=23) had slightly better prognosis than the VATS group (n=36) (5-year OS, 67.4%
vs. 46.7%, P = .055). VAMLA can be a good complement to VATS for left-sided lung cancer, wherein
optimal mediastinal lymph node dissection is not feasible under one-lung ventilation, such as when
patients have borderline pulmonary function.

Introduction
Accurate evaluation of mediastinal lymph node (LN) metastasis is a critical process for cancer staging,
and it signi�cantly affects decisions on multidisciplinary treatment for patients with non-small cell lung
cancer (NSCLC) 1. Moreover, the completeness of mediastinal LN dissection (MLND) is considered an
important factor for long-term survival in NSCLC 2,3.

The introduction of video-assisted mediastinoscopic lymphadenectomy (VAMLA) in 2002 4 has
signi�cantly improved the exposure and the imaging quality of the mediastinal structures relative to
conventional mediastinoscopy 5. Several studies have reported the clinical utility of VAMLA for accurate
preoperative mediastinal LN staging 6,7. The clinical application of VAMLA has also been expanded to a
therapeutic strategy for complete MLND 8. Especially for left-sided lung cancer, wherein optimal MLND is
sometimes not feasible by minimally invasive techniques, VAMLA is emerging as a complement to
pulmonary resection by video-assisted thoracic surgery (VATS) 9.

Previously, we reported the feasibility of VAMLA as a therapeutic tool for complete MLND in left-sided
lung cancer 10. In this study, we sought to compare the long-term oncological outcomes of patients who
underwent VATS pulmonary resection combined with and without VAMLA for left-sided NSCLC.

Results
We analyzed the records of 1194 patients who underwent minimally invasive pulmonary resection for left-
sided NSCLC during the period under study. The VATS group consisted of 899 patients who underwent
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pulmonary resection and MLND only using thoracoscopy, and the VATS + VAMLA group consisted of 295
patients who underwent a combination of VAMLA and minimally invasive pulmonary resection.

Baseline Characteristics

The median follow-up duration after surgery was 50.5 months (interquartile range, 31.0–68.0 months).
The baseline demographics of the patients and tumor characteristics are listed in Table 1. Before inverse
probability of treatment weighting (IPTW) adjustment, the VATS + VAMLA group had a larger mean tumor
size (2.90 cm vs. 2.73 cm, P = .049) and higher proportions of patients with advanced N status (25.4% vs.
19.5%, P = 0.012), advanced stage (38% vs. 29.9%, P = .012), and who received adjuvant chemotherapy
(24.7% vs. 16.7%, P = .003) than the VATS group. After IPTW adjustment, the results were all balanced (all
standardized mean differences (SMDs) ≤0.1) and showed no signi�cant differences (all P values >0.05)
between the two groups (Table 1).

Perioperative Information Associated with Harvested LNs

Table 2 presents the information of harvested LNs according to tumor location. The VATS + VAMLA group
had larger mean numbers of harvested LNs (left upper lobe [LUL]: 31.8 vs. 23.1, p value <0.001; left lower
lobe [LLL]: 31.9 vs. 22.5, p value <0.001) and node stations (LUL: 7.23 vs. 6.86, p value = 0.004; LLL: 8.11
vs. 6.75, p value <0.001) than the VATS group, regardless of tumor location. However, total numbers of
metastatic LNs were similar between the two groups (LUL: 0.9 vs. 0.6, P = .141; LLL: 1.0 vs. 1.0, P = .928).
The LN stations 2R and 4R were removed in 7.6% and 30.6% of cases in the LUL, and in 7.5% and 39.1%
of cases in the LLL, respectively, only in the VATS + VAMLA group. In both LUL and LLL tumors, the VATS
+ VAMLA group showed the higher removal rate of LN stations 2L (LUL: 22.8% vs. 0.4%, P < .001; LLL:
24.1% vs. 0.2%, P < .001) and 4L (LUL: 93.8% vs.48.3%, P < .001; LLL: 90.2% vs. 31.3%, P < .001), whereas
the rates of LN station 6 were higher in the VATS group (LUL: 81.5% vs. 51.9%, P < .001; LLL: 77.5% vs.
53.4%, P < .001).

Figure 1 shows the probability of LN metastasis at each LN station in LUL and LLL lung cancer. The
probability of metastasis at the LN station 4L was 11.6% in LUL lung cancer, the highest in mediastinal
LNs, and 4.9% in LLL lung cancer. The highest probability of metastasis among mediastinal LNs in LLL
was station 7 (8.5%).

Survival Analysis

By the end of follow-up, 169 and 72 patients in the VATS (n=899) and VATS + VAMLA groups (n=295),
respectively, had died. The 5-year overall survival (OS) rates were 73.5% and 70.5%, respectively. Lung
cancer recurrences occurred in 32.8% (295/899) and 30.2% (89/295) of the patients in the VATS and the
VATS + VAMLA groups, respectively. The 5-year recurrence-free survival (RFS) rates were 68.2% and
63.3%, respectively.

There were no signi�cant differences in OS and RFS between the VATS and VATS + VAMLA groups (P =
.311 for OS and P = .143 for RFS) (Figures 2A and 2B), with similar �ndings after IPTW adjustment (P =
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.965 for OS and P = .484 for RFS) (Figures 2C and 2D). Furthermore, there were no signi�cant differences
in survival outcomes between the two groups according to clinical N status (Figure 3).

Among patients with borderline pulmonary function (n=59), there were no signi�cant differences in the
baseline characteristics between the two groups, but the VATS + VAMLA group had a larger mean
harvested LN count per patient than the VATS group (31.2 vs. 19.4, P = .002) (Supplementary Table 1).
Additionally, the VATS + VAMLA group (n=23) had a better prognosis than the VATS group (n=36) (5-year
OS, 67.79% vs. 46.8%, respectively; P = .054; 5-year RFS, 74.6% vs. 53.3%, respectively; P = .027) (Figure
4). In the Cox hazard univariable analysis after IPTW adjustment, the additional VAMLA procedure
combined with the VATS approach had a positive prognostic effect on both OS and RFS, but the
statistical signi�cance was marginal (OS: hazard ratio [HR] (95% con�dence interval [CI]) = 0.43 (0.16-
1.14), P = .090; RFS: HR (95% CI) = 0.29 (0.08-1.06), P = .061).

Discussion
We investigated the long-term outcomes of additional VAMLA combined with minimally invasive
pulmonary anatomical resection for left-sided NSCLC, and we did not �nd signi�cant differences in OS
and RFS between the two groups in the overall and IPTW-adjusted analyses. The lack of statistical
signi�cance persisted when the groups were subdivided by clinical and pathological N stages. However,
among patients with borderline pulmonary function, the addition of VAMLA to the VATS approach was
associated with better long-term outcomes, albeit with marginal statistical signi�cance (P = .054 for OS
and P = .027 for RFS). To the best of our knowledge, this was the �rst study comparing long-term survival
outcomes associated with VATS pulmonary resection with and without VAMLA for NSCLC.

In a previous report, we demonstrated VAMLA as a clinically feasible and safe therapeutic tool for
complete MLND in left-sided lung cancer in terms of short-term outcomes based on perioperative
information 10. VAMLA in minimally invasive pulmonary resection was shown to have two main
advantages that can affect long-term outcomes: i) a qualitative and quantitative improvement in MLND
and ii) a shortened operation time for one-lung ventilation.

From a surgical point of view, complete MLND for left-sided lung cancer is technically di�cult, due to the
anatomical barriers, such as the aorta and pulmonary artery. Therefore, the application of VAMLA
provides a clear advantage for complete MLND in left-sided lung cancer. In our study, the VAMLA + VATS
group yielded more extensive systemic nodal dissection, including the number of LNs (LUL: 31.2 vs. 23.1,
P < .001; LLL: 31.9 vs. 22.5, P < .001) and LN stations (LUL: 7.23 vs.6.86, P = .004; LLL: 8.11 vs. 6.75, P <
.001) for left-sided lung cancer (Table 2). In addition to the simultaneous evaluation of N3 lesions
intraoperatively, the addition of VAMLA was superior to VATS alone, especially in terms of the ability to
harvest paratracheal LNs (LN stations 2 and 4) (all P values <0.001). Nonetheless, these bene�ts did not
translate to a long-term survival bene�t in our study.

Several factors can be noted as contributing to these results. First, most of the patients included in the
VATS group (89.4%) and the VATS + VAMLA group (82.0%) had a clinical status of N0, meaning that the
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bene�ts of complete MLND might not be signi�cant. According to the American College of Chest
Physicians (ACCP) 11, invasive mediastinal staging is indicated for select patients, such as those with
clinical N1 disease.12 In our study, patients with clinical N1 disease were the only subgroup for whom
implementation of VAMLA had higher 5 year rates of OS and RFS, albeit without statistical signi�cance (P
= .142 for OS and P = .112 for RFS) (Figure 3). Second, dissection of the LN station 4Lwas not performed
only in the VATS + VAMLA group, but selectively in the VATS group, depending on tumor location (48.3% in
LUL and 31.3% in LLL). As a result, upstaging from clinical N0/N1 to pathological N2/N3 occurred for
9.4% (25/265) of patients in the VATS + VAMLA group and 5.7% (49/866) of patients in the VATS group.
Therefore, the homogeneity of pathological N0 and N1 in the VATS + VAMLA group might not have been
of a higher degree than that of the VATS group, which in turn meant that there was no signi�cant
difference in survival outcomes between corresponding subgroups.

As mentioned above, another merit for VAMLA is its association with reduced operation times for one-lung
ventilation. We previously reported that the mean operation time was signi�cantly shorter in the VATS +
VAMLA group (116.8 vs 159.8 min, P < .001) because VAMLA can save the time required for one-lung
ventilation, as much as the time needed for MLND during VATS 10. Considering that the prolonged one-
lung ventilation time is a risk factor for major postoperative complications after pulmonary resection 13,
the addition of VAMLA can theoretically decrease the incidence of postoperative morbidities. However,
due to the low incidence of morbidities, there was no signi�cant difference in the rates of early morbidity
between the two groups in our previous study.

Interestingly, the application of VAMLA was associated with better long-term survival outcomes among
patients with borderline pulmonary function (Figure 4). Regarding the advantages of VAMLA, the reason
for the different survival outcomes in this group is thought to be that some patients in the VATS group did
not receive su�cient MLND. In fact, patients with borderline pulmonary function sometimes do not
tolerate one-lung ventilation and periodically require a switch to two-lung ventilation during VATS. In our
previous study, the VATS + VAMLA group had a signi�cantly shorter mean operation time than the VATS
group overall (159.8 vs 116.8 min, P < .001) 10. However, among patients with borderline pulmonary
function, the mean operation times were not signi�cantly different between the two groups (125.0 min for
the VATS group vs 113.2 min for the VATS + VAMLA group, P = .183) (Supplementary Table 1). Given that
the complete resection rate among patients with borderline pulmonary function (97.2%) was comparable
to that in the entire cohort (98.6%), the reduced operation time for patients who underwent VATS only in
this subgroup might be related to the phase of LN dissection. Additionally, the mean harvested LN count
was 19.4 for patients in the VATS group with borderline pulmonary function, whereas it was 23.1 in the
overall VATS group. Consequently, insu�cient MLND might result in under-staging in the VATS group, and
this could be a reason for the differences in both OS and RFS between the two groups, even with similar
pathological stages among patients with borderline pulmonary function.

This study had notable limitations. First, selection bias is inherent in a retrospective study conducted at a
single institution, even though the data in this study were gathered prospectively. Second, VAMLA was
mainly conducted by a single surgeon, and the operative outcomes might have been in�uenced by
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‘surgeon bias.’ However, it should be noted that the application of VAMLA as a therapeutic approach is a
new area in the surgical treatment of lung cancer. Additionally, we tried to minimize the other biases as far
as possible using the PS-based IPTW method. Third, the proportion of patients who received adjuvant
chemotherapy was relatively low.

In conclusion, the addition of VAMLA to minimally invasive pulmonary anatomical resection did not lead
to signi�cant differences in long-term survival among patients with left-sided NSCLC. However, it was
associated with better long-term outcomes among patients with borderline pulmonary function. Thus,
VAMLA can be considered as a complement to minimally invasive pulmonary resection for left-sided lung
cancer, wherein optimal mediastinal lymph node dissection is not feasible under one-lung ventilation,
such as with patients who have borderline pulmonary function.

Methods
Patients

All clinical information of patients who underwent pulmonary resection for NSCLC were retrospectively
extracted from a prospectively collected lung cancer database at Asan Medical Center in Seoul, South
Korea. From January 2007 to December 2016, there were 2596 patients who received curative-intent
surgery for left-sided lung cancer.

Exclusion criteria were as follows: i) patients with other malignancies (n=89); ii) patients who received
neoadjuvant therapy (n=86); iii) patients who underwent surgery other than segmentectomy or lobectomy
(n=317); iv) patients with double primary lung cancer (n=45); v) patients with adenocarcinoma in situ
(n=14); vi) patients with distant metastasis (n=82); and vii) patients who received lung cancer treatment in
the previous 2 years (n=45). Given that VAMLA is meant to be a minimally invasive procedure, patients
who underwent open thoracotomy (n=618) or thoracotomy conversion from VATS (n=106) were also
excluded from this study (Supplementary Figure 1). The study was approved by the institutional review
board of Asan Medical Center, which waived the requirement for informed consent due to the retrospective
nature of the study (2019-1410). All experiments were performed in accordance with relevant guidelines
and regulations.

Preoperative and Postoperative Management

Preoperative staging workup was performed in accordance with widely accepted protocols, which is
previously described in other study.14 The patient population was pathologically staged according to the
American Joint Committee on Cancer (AJCC) 8th edition in a retrospectively manner 15.

Postoperative follow-up data were collected from outpatient clinic. A follow-up duration was every 3
months for the �rst 2 years, and every 6 months thereafter. Chest CT scans were conducted regularly
during outpatient visits or at any time when a cancer recurrence was suspected. Treatment plans and
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chemotherapeutic protocols for recurrence cases were determined at the discretion of each medical
oncologist.

Indication and Surgical Technique for VAMLA

Due to the differing opinions about VAMLA at our institution, it has been adopted mainly by one surgeon
(Y-H Kim) who has clinical expertise with mediastinoscopic procedures. VAMLA was indicated for patients
with left-sided lung cancer whose clinical N stage was N0, N1, or single N2. In contrast with left-sided lung
cancers, right-sided lung cancers were not considered therapeutic indications for VAMLA because there is
no anatomical barrier to disturb complete mediastinal lymph node dissection under the VATS approach.

Details of the VAMLA procedure were previously described elsewhere 9. In brief, with the patient in the
supine position and two-lung ventilation state, the node stations, including station 2 on the right (2R) and
left (2L), station 4 on the right (4R) and left (4L), and station 7 were explored by a two-bladed video
mediastinoscope (Richard Wolf, Knittlingen, Germany). Wherever possible, we usually performed en bloc
resection along with neighboring fatty tissue for all accessible lymph nodes in the right paratracheal and
subcarinal compartments. Following VAMLA, the patient was adjusted to the full lateral position and one-
lung ventilation for subsequent thoracoscopic pulmonary resection.

De�nitions

In a predictive model for postoperative mortality, the number of comorbid diseases per patient is more
predictive than individual comorbidities, such as hypertension, diabetes mellitus, chronic bronchitis,
coronary artery disease, cardiac arrhythmia, congestive heart failure, liver cirrhosis, cerebral vascular
event, renal insu�ciency, history of malignant disease, and prior thoracic surgery 16. Therefore, we
considered comorbidities as a categorical variable. Patients with borderline pulmonary function were
de�ned when their forced expiratory volume during the �rst second (FEV1) or diffusing capacity of carbon
monoxide (DLCO) were not higher than 60%. OS was de�ned as the time interval between the date of
operation and the date of death, which was determined by reviewing records from the Korean National
Security Death Index Database. RFS was calculated as the time between the date of resection and the
date of recurrence, while patients without recurrence were censored at the latest timepoint known to be
recurrence-free.

 

Statistical Analysis

Shapiro–Wilk test was used to assess the he normality of individual parameter distributions. For
continuous variables, Student’s t test or the Wilcoxon rank-sum test were applied. The chi-square or
Fisher’s exact tests were used for categorical variables. Kaplan–Meier curves were used to assess the OS
and RFS outcomes. The signi�cance of differences in survival rates were determined by the log-rank test.
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Cox proportional analyses were performed to investigate the independent factors of mortality and
recurrence.

The differences in the baseline characteristics between the VATS and the VATS + VAMLA groups were
adjusted with a propensity score (PS)-based IPTW technique 17. The PS, which indicated the probability of
using VATS, was estimated by multiple logistic regression analysis using the 16 baseline variables (Table
1). The weights for patients were calculated with the formula 1/PS for the VATS + VAMLA group and 1/(1
− PS) for the VATS group. To evaluate the balance between the two groups, we used SMDs 17. The
proportional hazards assumption in the Cox model was evaluated using Schoenfeld residuals. The
adjusted Kaplan–Meier curves were formulated to delineate the OS and RFS 18.

All statistical calculations were performed using R version 3.4.2 (The R Foundation for Statistical
Computing, Vienna, Austria) using the “Survival”, “MatchIt”, “dplyr”, “smd", “ggplot2”, “GGally”, “survminer”,
“Zelig”, “twang” and “rms” packages. P values less than 0.05 were considered statistically signi�cant.

Declarations
Acknowledgment

Yong-Hee Kim has full access to all the data in this study and takes responsibility for the integrity of the
data and the accuracy of the data analysis.

Contributions

(I) Conception and design: Y-H Kim; (II) Administrative support: Y-H Kim; (III) Provision of study materials
or patients: GD Lee, S Choi, HR Kim, Y-H Kim, DK Kim, S-I Park; (IV) Collection and assembly of data: JK
Yun; (V) Data analysis and interpretation: JK Yun; (VI) Manuscript writing: JK Yun, Y-H Kim; (VII) Final
approval of manuscript: All authors.

Financial/non�nancial Disclosures

None declared.

Con�ict of interest

None declared.

References
1 Rusch, V. W. et al. The IASLC Lung Cancer Staging Project: proposals for the revision of the N
descriptors in the forthcoming seventh edition of the TNM classi�cation for lung cancer. J Thorac Oncol2,
603-612, doi:10.1097/JTO.0b013e31807ec803 (2007).



Page 9/25

2 Mokhles, S. et al. Systematic lymphadenectomy versus sampling of ipsilateral mediastinal lymph-nodes
during lobectomy for non-small-cell lung cancer: a systematic review of randomized trials and a meta-
analysis. Eur J Cardiothorac Surg51, 1149-1156, doi:10.1093/ejcts/ezw439 (2017).

3 Doddoli, C. et al. Does the extent of lymph node dissection in�uence outcome in patients with stage I
non-small-cell lung cancer? Eur J Cardiothorac Surg27, 680-685, doi:10.1016/j.ejcts.2004.12.035 (2005).

4 Hurtgen, M., Friedel, G., Toomes, H. & Fritz, P. Radical video-assisted mediastinoscopic
lymphadenectomy (VAMLA)--technique and �rst results. Eur J Cardiothorac Surg21, 348-351,
doi:10.1016/s1010-7940(01)01125-3 (2002).

5 Leschber, G., Holinka, G. & Linder, A. Video-assisted mediastinoscopic lymphadenectomy (VAMLA)--a
method for systematic mediastinal lymphnode dissection. Eur J Cardiothorac Surg24, 192-195,
doi:10.1016/s1010-7940(03)00253-7 (2003).

6 Turna, A. et al. Video-assisted mediastinoscopic lymphadenectomy is associated with better survival
than mediastinoscopy in patients with resected non-small cell lung cancer. J Thorac Cardiovasc Surg146,
774-780, doi:10.1016/j.jtcvs.2013.04.036 (2013).

7 Palade, E., Passlick, B., Osei-Agyemang, T., Gunter, J. & Wiesemann, S. Video-assisted vs open
mediastinal lymphadenectomy for Stage I non-small-cell lung cancer: results of a prospective randomized
trial. Eur J Cardiothorac Surg44, 244-249; discussion 249, doi:10.1093/ejcts/ezs668 (2013).

8 Witte, B. et al. Combined videothoracoscopic and videomediastinoscopic approach improves radicality
of minimally invasive mediastinal lymphadenectomy for early stage lung carcinoma. Eur J Cardiothorac
Surg35, 343-347, doi:10.1016/j.ejcts.2008.09.044 (2009).

9 Yoo, D. G., Kim, Y. H., Kim, D. K., Kim, H. R. & Park, S. I. Clinical feasibility and surgical bene�ts of video-
assisted mediastinoscopic lymphadenectomy in the treatment of resectable lung cancer. Eur J
Cardiothorac Surg40, 1483-1486, doi:10.1016/j.ejcts.2011.03.029 (2011).

10 Kim, H. J. et al. Video-assisted mediastinoscopic lymphadenectomy combined with minimally invasive
pulmonary resection for left-sided lung cancer: feasibility and clinical impacts on surgical
outcomesdagger. Eur J Cardiothorac Surg49, 308-313, doi:10.1093/ejcts/ezv077 (2016).

11 Silvestri, G. A. et al. Methods for staging non-small cell lung cancer: Diagnosis and management of
lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical practice guidelines.
Chest143, e211S-e250S, doi:10.1378/chest.12-2355 (2013).

12 Lin, J. & Fernandez, F. Indications for invasive mediastinal staging for non-small cell lung cancer. J
Thorac Cardiovasc Surg156, 2319-2324, doi:10.1016/j.jtcvs.2018.07.027 (2018).

13 Misthos, P., Katsaragakis, S., Theodorou, D., Milingos, N. & Skottis, I. The degree of oxidative stress is
associated with major adverse effects after lung resection: a prospective study. Eur J Cardiothorac



Page 10/25

Surg29, 591-595, doi:10.1016/j.ejcts.2005.12.027 (2006).

14 Yun, J. K. et al. Long-term outcomes of upfront surgery in patients with resectable pathological N2
non-small-cell lung cancer. Eur J Cardiothorac Surg58, 59-69, doi:10.1093/ejcts/ezaa042 (2020).

15 Detterbeck, F. C., Boffa, D. J., Kim, A. W. & Tanoue, L. T. The Eighth Edition Lung Cancer Stage
Classi�cation. Chest151, 193-203, doi:10.1016/j.chest.2016.10.010 (2017).

16 Bernard, A. et al. Risk model of in-hospital mortality after pulmonary resection for cancer: a national
database of the French Society of Thoracic and Cardiovascular Surgery (Epithor). J Thorac Cardiovasc
Surg141, 449-458, doi:10.1016/j.jtcvs.2010.06.044 (2011).

17 Austin, P. C. & Stuart, E. A. Moving towards best practice when using inverse probability of treatment
weighting (IPTW) using the propensity score to estimate causal treatment effects in observational
studies. Stat Med34, 3661-3679, doi:10.1002/sim.6607 (2015).

18 Xie, J. & Liu, C. Adjusted Kaplan-Meier estimator and log-rank test with inverse probability of treatment
weighting for survival data. Stat Med24, 3089-3110, doi:10.1002/sim.2174 (2005).

Tables
Table 1. Clinicopathologic characteristics of all patients before and after inverse probability of treatment
weighting (n= 1194)



Page 11/25

  Overall cohort IPTW-adjusted cohort

Variable VATS

(n=899)

VATS+VAMLA

(n=295)

P
value

VATS

(n=899)

VATS+VAMLA

(n=295)

P
value

SMD

Age (years) 61.7 ±
10.0

64.3 ± 10.0 .433 61.9 ±
9.9

62.1 ± 10.5 .795 0.018

Sex (male) 501
(55.7)

177 (60.0) .223 511
(56.8)

168 (56.9) .997 <0.001

History of
smoking

452
(50.3)

158 (53.6) .362 460
(51.2)

152 (51.7) .890 0.010

Comorbidities
per patient (n)

             

0 456
(50.7)

147 (49.8) .842 457
(50.8)

146 (49.5) .703 0.026

1 298
(33.1)

104 (35.3) .553 299
(33.2)

105 (35.4) .501 0.046

2 113
(12.6)

36 (12.2) .949 112
(12.5)

35 (11.9) .831 0.015

≥ 3 32 (3.6) 8 (2.7) .606 31 (3.4) 9 (3.1) .762 0.022

History of
pulmonary Tbc

72 (8.0) 31 (10.5) .227 73 (8.1) 31 (10.5) .232 0.079

Pulmonary
function

             

FEV1 (%) 90.7 ±
14.5

89.4 ± 15.7 .167 90.4 ±
14.5

90.5 ± 15.7 .910 0.008

DLCO (%) 88.3 ±
15.5

87.3 ± 15.9 .356 88.1 ±
15.5

87.9 ± 15.7 .876 0.011

Tumor Location     .966     .942 0.005

  Left upper 497
(55.3)

162 (54.9)   497
(55.3)

162 (54.9)    

  Left lower 402
(44.7)

133 (45.1)   402
(44.7)

133 (45.1)    

Surgical extent     .924     .846 0.013

 
Segmentectomy

86 (9.6) 27 (9.2)   84 (9.3) 27 (9.2)    

  Lobectomy 813
(90.4)

268 (90.8)   815
(90.7)

268 (90.8)    

Resection
margins

    .791     .602 0.038
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g

Complete 886
(98.6)

292 (99.0)   995
(98.4)

291 (98.6)    

Incomplete 13 (1.4) 3 (1.0)   14 (1.6) 4 (1.4)    

Pathological
tumor size
(mm)

27.3 ±
13.2

29.0 ± 12.9 .049 27.7 ±
13.4

27.9 ± 12.4 .855 0.012

Histology              

  ADC 723
(80.4)

234 (79.3) .744 720
(80.1)

236 (80.0) .977 0.002

  SqCC 128
(14.2)

166 (16.6) .368 133
(14.8)

43 (14.6) .937 0.005

Others 48 (5.3) 12 (4.1) .475 46 (5.1) 16 (5.3) .874 0.012

8th pathological
stage

             

  I 630
(70.1)

183 (62.0) .012 612
(68.1)

199 (67.5) 0.860 0.012

  II 166
(18.5)

62 (21.0) .378 172
(19.1)

57 (19.3) 0.962 0.003

  III 103
(11.5)

50 (16.9) .019 115
(12.8)

39 (13.2) 0.846 0.013

Adjuvant
chemotherapy

150
(16.7)

73 (24.7) .003 168
(18.7)

57 (19.3) 0.807 0.016

Adjuvant
radiotherapy

63 (7.0) 30 (10.2) .102 70 (7.8) 24 (8.1) 0.880 0.010

Data presented as n (%) unless otherwise noted. IPTW, inverse probability of treatment weighting; VATS,
video-assisted thoracoscopic surgery; VAMLA, video-assisted mediastinal lymphadenectomy; SMD,
standardized mean difference; Tbc, tuberculosis; FEV1, forced expiratory volume during the �rst second;
DLCO, diffusing capacity of carbon monoxide; ADC, adenocarcinoma; SqCC, squamous cell carcinoma.

Table 2. Comparison of operative pro�les according to harvested lymph nodes
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Variables Left upper lobe Left lower lobe

VATS

(n=497)

VATS+VAMLA

(n=162)

P
value

VATS

(n=402)

VATS+VAMLA

(n=133)

P
value

Mean no. of harvested
lymph nodes

23.1 ±
8.2

31.8 ± 13.7 <.001 22.5 ±
8.4

31.9 ± 11.5 <.001

DDno. of harvested node
stations

6.9 ±
1.18

7.2 ± 1.47 .004 6.8 ±
1.14

8.1 ± 1.41 <.001

Mean no. of positive LNs 0.6 ±
1.75

0.9 ± 2.7 .141 1.0 ±
2.8

1.0 ± 3.3 .928

LN station            

  LN#2, right 0 12 (7.6) <.001 0 10 (7.5) <.001

  LN#4, right 0 50 (30.6) <.001 0 52 (39.1) <.001

  LN#10, right 2 (0.4) 37 (22.8) <.001 1 (0.2) 32 (24.1) <.001

  LN#2, left 2 (0.4) 45 (27.8) <.001 5 (1.2) 45 (33.8) <.001

  LN#4, left 240
(48.3)

152 (93.8) <.001 126
(31.3)

120 (90.2) <.001

  LN#5 477
(96.1)

145 (89.5) .002 373
(92.7)

117 (88.0) .112

  LN#6 405
(81.5)

84 (51.9) <.001 312
(77.5)

71 (53.4) <.001

  LN#7 481
(96.9)

158 (97.5) .687 398
(99.0)

131 (98.2) .985

  LN#8 138
(27.8)

7 (4.3) <.001 99
(24.7)

23 (17.3) .074

  LN#9 347
(69.9)

37 (22.8) <.001 321
(79.8)

102 (76.7) .460

  LN#10, left 462
(93.0)

147 (90.7) .297 365
(90.8)

129 (97.0) .027

  LN#11, left 451
(90.7)

144 (88.9) .451 375
(93.3)

121 (91.0) .454

LN#12, left 424
(85.4)

155 (95.7) .001 322
(80.1)

124 (93.2) <.001

LN, lymph node; VAMLA, video-assisted mediastinal lymphadenectomy; VATS, video-assisted
thoracoscopic surgery.

Figures
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Figure 1

Metastasis rate of each lymph node station according to tumor location
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Figure 2

Overall Kaplan–Meier estimates of overall survival and recurrence-free survival according to the
performance of VAMLA before IPTW (A and B) and after IPTW (C and D). IPTW, inverse probability of
treatment weighting; VATS, video-assisted thoracoscopic surgery; VAMLA, video-assisted
mediastinoscopic lymphadenectomy
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Figure 3

Kaplan–Meier estimates of overall survival and recurrence-free survival among patients with clinical N0
(A and B), N1 (C and D), and N2 (E and F) disease according to the performance of VAMLA. VATS, video-
assisted thoracoscopic surgery; VAMLA, video-assisted mediastinoscopic lymphadenectomy
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Figure 4

Kaplan–Meier estimates of overall survival (A) and recurrence-free survival (B) among patients with
borderline pulmonary function according to the performance of VAMLA. PFT, pulmonary function test;
VATS, video-assisted thoracoscopic surgery; VAMLA, video-assisted mediastinoscopic lymphadenectomy.
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