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Introduction

Lung cancer remains the leading cause of cancer-
related deaths worldwide (1). Despite the availability 
of treatment options, pulmonary resection with lymph 

node (LN) harvesting remains the best therapeutic tool 

for the treatment of primary non-small cell lung cancer 

(NSCLC). This procedure has been universally accepted 

as the standard surgery for lung cancer for >50 years  

Original Article

Mediastinal lymph node evaluation, especially at station 4L, in left 
upper lobe lung cancer

Jun Hanaoka1^, Makoto Yoden2, Keigo Okamoto1, Ryosuke Kaku1, Yasuhiko Ohshio1 

1Division of General Thoracic Surgery, Department of Surgery, Shiga University of Medical Science, Otsu, Japan; 2Division of General Thoracic 

Surgery, National Hospital Organization Kyoto Medical Center, Kyoto, Japan 

Contributions: (I) Conception and design: J Hanaoka; (II) Administrative support: J Hanaoka; (III) Provision of study materials or patients: M Yoden, 

K Okamoto, R Kaku, Y Ohshio; (IV) Collection and assembly of data: J Hanaoka, M Yoden; (V) Data analysis and interpretation: J Hanaoka,  

M Yoden; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors. 

Correspondence to: Jun Hanaoka. Division of General Thoracic Surgery, Department of Surgery, Shiga University of Medical Science, Seta 

Tsukinowacho, Otsu, Shiga 520-2192, Japan. Email: hanaoka@belle.shiga-med.ac.jp. 

Background: Mediastinal lymph node (LN) dissection during lung resection is essential for accurate 
staging. Station 4L dissection is anatomically difficult. Therefore, care should be taken to avoid 
complications. We investigated the importance of mediastinal LN dissection in left upper lobe lung cancer 
and evaluated intraoperative videos to identify relevant steps during dissection.
Methods: We retrospectively reviewed 151 consecutive patients with left upper lobe lung cancer. Finally, 
139 patients were enrolled to examine the survival effects of clinical factors of metastatic LN stations. The 
association between risk factors or surgical procedures and recurrent laryngeal nerve palsy was analyzed.
Results: LN dissection of the left upper lobe revealed station 4L LN metastasis in nine patients, three of 
whom were node-negative on mediastinoscopy. Station 4L LN status was confirmed intraoperatively in 12 
of 33 patients. Twenty patients had recurrent laryngeal nerve palsy, four of whom were complicated with 
aspiration pneumonia. Station 4L LN dissection was an independent risk factor for recurrent laryngeal nerve 
palsy (P=0.03). The use of an energy device near the recurrent laryngeal nerve was a significant risk factor for 
recurrent laryngeal nerve palsy. Incidentally, pathological N stage ≥2 was an independent prognostic factor 
for disease-free survival (DFS) (P=0.005) herein.
Conclusions: In patients with left upper lobe lung cancer, pathological N2 disease is an important 
predictor of recurrence. Therefore, accurate mediastinal LN dissection, including at station 4L, should be 
performed. We propose to standardize the dissection procedure at each institution to avoid complications, 
such as recurrent laryngeal nerve palsy.

Keywords: Lung cancer; lymph node (LN); lymph node dissection; video-assisted thoracoscopic surgery; 

recurrent laryngeal nerve palsy 

Submitted Apr 21, 2022. Accepted for publication Jul 28, 2022.

doi: 10.21037/jtd-22-537

View this article at: https://dx.doi.org/10.21037/jtd-22-537

3334

	
^ ORCID: 0000-0002-5272-556X.

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-22-537


Hanaoka et al. LN dissection in left upper lung cancer3322

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(9):3321-3334 | https://dx.doi.org/10.21037/jtd-22-537

(2-4). However, to date, reports show inconsistent effects on 
prognosis, and the scientific basis for LN dissection remains 
unclear (5-8).

The American College of Surgery Oncology Group 
Z0030 study showed that there was no difference in median 
overall survival (OS), 5-year disease-free survival (DFS), 
and recurrence patterns between mediastinal LN dissection 
and LN sampling in early-stage NSCLC (9). However, 
an important criterion for inclusion in this comparative 
study was that the LN stations, which are the most 
common sites of metastatic N2 disease, were confirmed 
to be pathologically benign in frozen sections before LN 
dissection. Cerfolio et al. (10) stated that the methodology 
used in the Z0030 study was an uncommon practice for 
most thoracic surgeons and did not show a survival benefit 
over mediastinal LN dissection compared to LN sampling. 
Moreover, they reported that complete mediastinal LN 
dissection detected more patients with pathological N2 
disease among those who were clinically node-negative. 
They also reported that mediastinal LN dissection not only 
identified up to 4% of N2 oversights but also caused no 
complications and had a time difference of only 15 min. The 
purpose of systematic LN dissection in radical surgery is 
to remove metastatic LNs, although accurate staging with 
sufficient LN dissection has provided the opportunity for 
early intervention in patients with latent micrometastases (11).

Left upper mediastinal LN dissection, especially at 
station 4L, is more difficult to perform than right lung 
LN dissection due to anatomical limitations caused by the 
aortic arch, left recurrent laryngeal nerve, and thoracic duct 
(12-14). Therefore, some thoracic surgeons do not dissect 
station 4L. However, recent studies showed that station 
4L LN metastasis was an independent risk factor for poor 
prognosis and that station 4L LN dissection led to a more 
favorable outcome (15-19).

Recurrent laryngeal nerve palsy is a major complication 
that can become life-threatening or affect patients’ activities 
of daily living due to recurrent aspiration pneumonia or 
difficulty in expectoration (20). Even if there are differences 
in the degree of tumor progression or anatomical variations in 
the recurrent laryngeal nerve, it is important to consistently 
perform surgical procedures above a certain level, considering 
safety and the need for an accurate diagnosis.

Herein, we evaluated intraoperative videos to elucidate 
the most important key point during dissection for safely 
obtaining LN information, especially station 4L LN, in 
left upper lobe lung cancer. Additionally, we considered 
the need for mediastinal LN dissection. We present the 

following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-537/rc) (21).

Methods

Ethical statement

The study was conducted following the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by the Institutional Review Board of Shiga University of 
Medical Science on November 11, 2019 (No. R2019-261). 
The requirement for individual consent was waived due to 
the retrospective nature of the study.

Patient selection

Between  January  2009  and  December  2019 ,  we 
retrospectively reviewed 151 consecutive patients with left 
upper lobe primary lung cancer. Patients who underwent 
radical lung resection (left upper lobectomy without 
pneumonectomy) with LN dissection were included. 
Patients with other concurrent active malignant tumors 
and those who received neoadjuvant therapy were excluded. 
The reason for excluding patients who received neoadjuvant 
therapy was to ensure the accuracy of postoperative 
pathological assessment of the presence of LN metastasis. 
Finally, 139 patients were enrolled in this study, including 
69 who underwent simultaneous mediastinoscopy and 
91 who had video recordings of sufficient quality for 
evaluation.

Clinical information

Data on the following clinical variables were collected 
from electronic medical records: basic background 
characteristics; Brickman Index; global initiative for chronic 
obstructive lung disease grade; respiratory history and 
comorbidities; clinical stage and clinical N descriptors; 
abnormal nodal uptake on fluorodeoxyglucose-positron 
emission tomography (FDG-PET); mediastinoscopy; 
surgical procedure and intraoperative information; tumor 
histology; pathological nodal status at stations 4L, 5, and 6; 
pathological N descriptors; adjuvant therapy; postoperative 
respiratory and circulatory complications; recurrent 
laryngeal nerve palsy; prognosis; and recurrence. All the 
patients included in this study were reassessed according 
to the eighth edition of cancer staging by the American 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-537/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-537/rc
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Joint Committee on Cancer (22,23). Preoperatively, LN 
metastasis was suspected if the short axis was >1 cm in the 
contrast-enhanced computed tomography (CT) scan and 
the focally increased FDG uptake was higher than the 
normal background and not symmetrical on FDG-PET. 
Resected lung cancer samples and LNs were evaluated 
histopathologically by at least two experienced pathologists. 
LN stations were classified according to the LN map 
proposed by the International Association for the Study of 
Lung Cancer (24).

Mediastinoscopy

At our institution, mediastinoscopy was performed 
in  a lmost  a l l  pa t ients  be fore  2014 .  S ince  2015 , 
mediastinoscopy has been performed in principle in 
patients, in whom a definitive diagnosis of primary lung 
cancer was obtained preoperatively, including those 
without any imaging findings. In particular, endobronchial 
ultrasound-transbronchial needle aspiration was performed 
preoperatively in patients with clinically suspected N2/N3 
disease. Preoperative treatment was introduced in node-
positive cases; even in node-negative cases, mediastinoscopy 
was performed at the time of surgery. Mediastinoscopy 
was performed before lobectomy on the day of surgery. 
Specimens routinely biopsied from stations 2R, 2L, 4R, 
4L, and 7 were rapidly confirmed intraoperatively for 
the presence of metastases. In the presence of metastases, 
lobectomy was discontinued, and neoadjuvant therapy was 
initiated.

Video imaging assessment

The following points were considered as indicators of 
sufficient quality for the evaluation of total intrathoracic 
surgical procedures, particularly the dissection of 
mediastinal LNs: whether the LN status was sufficiently 
observed at the station that had not been pathologically 
examined (the criteria for “sufficient observation” in the 
video image were defined as confirmation of the presence 
of the left-side tracheobronchial wall for station 4L LNs, 
ligamentum Botalli for station 5 LNs, and aortic arch 
wall for station 6 LNs). Considering the basic procedure 
of mediastinal LN dissection, as shown in Figure 1, the 
following surgical procedures were evaluated in the video 
for preventing recurrent laryngeal nerve palsy: confirmation 
and dissection of the ligamentum Botalli, the vagal nerve 

traveling along the central and peripheral sides of the 
recurrent laryngeal nerve bifurcation, and the shallow and 
deep branches of the recurrent laryngeal nerve before the 
start of LN dissection, as well as the use of a conventional 
electric knife (EK) and vessel sealing system (VSS) near the 
recurrent laryngeal nerve (distance approximately <3 mm) 
and pulmonary artery (PA) taping during LN dissection. 
Intraoperative video images were evaluated independently 
according to the checklist prepared by two thoracic 
surgeons in a blinded manner. If the evaluations of the two 
thoracic surgeons differed, the video image was confirmed 
and discussed again with a third thoracic surgeon. Cases 
wherein video evaluation could be performed were mainly 
those after 2015, and almost all cases were targeted.

Recurrent laryngeal nerve palsy

After two postoperative days, patients with hoarseness 
or dysphagia, including those with mild symptoms were 
suspected of having recurrent laryngeal nerve palsy, and 
the Otolaryngology Department at our institution was 
consulted. Recurrent laryngeal nerve palsy was diagnosed 
on laryngoscopy based on various measurements such as 
the maximum phonation time. Thereafter, the incidence of 
complications and changes in symptoms were monitored 
regularly, and management, such as conservative or surgical 
treatment, was decided.

Follow-up

Blood tumor marker [carcinoembryonic antigen (CEA), 
Cyfra21-1, pro-gastrin releasing peptide (proGRP), 
squamous cell carcinoma (SCC), neuron specific enolase 
(NSE) and Sialyl Lewis X-i antigen (SLX)] testing 
and chest/abdominal CT were routinely performed 
every 6 months, and brain magnetic resonance imaging 
and bone scintigraphy were performed annually for  
5 years postoperatively. After 5 years, patients were still 
recommended to undergo annual examinations. DFS was 
calculated as the time interval from the date of surgery 
until the first event (relapse, metastasis, or death from 
lung cancer) or last follow-up. OS was defined as the time 
interval between the date of surgery and death from lung 
cancer or last follow-up. The follow-up period ended in 
December 2020 or at the date of death; both DFS and OS 
were measured in months. The median follow-up period 
was 44 (range, 0–137) months.
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Statistical analyses

To assess the survival effects of the clinical factors of 
metastatic LN stations, OS and DFS curves were generated 
using the Kaplan-Meier method and compared using the log-
rank test. The univariate prognostic significance of variables 
was determined using the Cox proportional hazards model. 
Variables that were significantly associated with survival 
in the univariate analysis were included in the multivariate 
analysis using Cox multiple regression analysis. Fisher’s 
exact test was used to analyze the association between risk 
factors or surgical procedures and recurrent laryngeal nerve 
palsy. All statistical analyses were conducted using EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), a graphical user interface for R version 4.0.3 (The R 

Foundation for Statistical Computing, Vienna, Austria) (25). 
Statistical significance was defined as P<0.05.

Results

Clinical characteristics

Table 1 shows the clinicopathological factors of 139 patients 
who underwent left upper lobectomy. The average age was 
69.39 years (range, 47–90 years), and 103 patients were 
smokers. FDG-PET was performed preoperatively in 123 
patients, of whom 23 showed FDG accumulation in the 
LNs. Preoperative diagnosis was obtained for 61 patients, 
and mediastinoscopy was performed in 69. There were 
93 (66.91%) and 33 (23.74%) cases of clinical T1 and T2 

A B

C D

Figure 1 Surgical procedures for mediastinal lymph node dissection in left upper lobectomy. (A) Pleural incision along the lateral margin 
of the phrenic nerve (arrow head; from the superior pulmonary vein to the superior margin of the aortic arch) and identification along with  
en bloc resection of station 6 lymph nodes. (B) Peeling along the confirmed vagal nerve (white allow head) using scissors from the peripheral 
side to the bifurcation of the recurrent laryngeal nerve. (C) Peeling along the secured pulmonary artery to the ligamentum Botalli (white 
arrow), identification of the recurrent laryngeal nerve (black arrow head) running beside the ligamentum Botalli, and en bloc resection of 
station 5 lymph nodes. (D) Exposure of the tracheal wall (black arrow) by preventing damage to the recurrent laryngeal nerve and en bloc 
resection of lymph nodes from stations 4L to 10 along the left main bronchus. 
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Table 1 Clinical characteristics of patients (n=139)

Variables Values

Age (years), mean 69.39 (range, 47–90)

Smoking, n (%)

Non-smoker 36 (25.90)

Smoker 103 (74.10)

Respiratory comorbidities, n (%)

COPD 49 (35.25)

BA 6 (4.32)

IPF 4 (2.88)

Others 2 (1.44)

COPD stage (n=138), n (%)

0 89 (64.49)

1 26 (18.84)

2 22 (15.94)

3 1 (0.72)

Respiratory history, n (%)

Tuberculosis 7 (5.04)

Pneumonia 4 (2.88)

Others 8 (5.76)

Clinical T factor, n (%)

1mi 5 (3.60)

1a 19 (13.67)

1b 39 (28.06)

1c 30 (21.58)

2a 25 (17.99)

2b 8 (5.76)

3 10 (7.19)

4 3 (2.16)

Clinical N factor, n (%)

0 115 (82.73)

1 11 (7.91)

2 12 (8.63)

3 1 (0.72)

Table 1 (continued)

Table 1 (continued)

Variables Values

Clinical stage, n (%)

IA1 20 (14.39)

IA2 36 (25.90)

IA3 27 (19.42)

IB 18 (12.95)

IIA 6 (4.32)

IIB 13 (9.35)

IIIA 15 (10.79)

IIIB 4 (2.88)

FDG-PET (n=123), n (%)

Yes 23 (18.70)

No 100 (81.30)

Preoperative diagnosis, n (%)

Yes 61 (43.88)

No 78 (56.12)

Mediastinoscopy, n (%)

Yes 69 (49.64)

No 70 (50.36)

Bleeding (mL), mean 209.7

Pathological N factor, n (%)

0 108 (77.70)

1 13 (9.35)

2 18 (12.95)

Histology, n (%)

Ad 90 (64.75)

Sq 32 (23.02)

Others 17 (12.23)

Recurrence, n (%)

Yes 32 (23.02)

No 107 (76.98)

Prognosis, n (%)

Dead 26 (18.71)

Alive 113 (81.29)

COPD, chronic obstructive pulmonary disease; BA, bronchial asthma; 
IPF, idiopathic pulmonary fibrosis; FDG-PET, fluorodeoxyglucose-
positron emission tomography; Ad, adenocarcinoma; Sq, squamous 
cell carcinoma.
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disease, respectively, accounting for more than 90% of 
the total. One case of clinical N3 disease was identified; 
however, LN metastasis was negative by LN sampling 
using mediastinoscopy and by LN dissection from the 
thoracic cavity side. Five patients with clinical N2 status 
were diagnosed with pathological N2 disease; among them, 
two patients, who did not undergo mediastinal examination 
due to the lack of a definitive preoperative diagnosis, were 
positive for station 4L LN metastasis. FDG accumulation 
was observed in one of the two patients. Pathological N0, 
N1, and N2 cases comprised 108, 13, and 18 patients, 
respectively, and the concordance rates of clinical N factor 
were 86.09%, 36.36%, and 50%, respectively.

Analysis of survival factors in patients with left upper lobe 
lung cancer

Table 1 shows the clinicopathological characteristics of 139 
patients with left upper lobe lung cancer. Pathological N 
stage ≥2 was a significant independent prognostic factor 
for DFS (Figure 2). Univariate and multivariate analysis of 
clinicopathological characteristics affecting OS and DFS 
revealed that pathological N stage ≥2 was one of the most 
important independent prognostic factors for DFS (Table 2).

LN assessment and its effect on metastatic prognosis

When LN dissection was performed at the same time as left 
upper lobectomy, pathological LN metastasis was observed 

at stations 4L, 5, and 6 in nine (6.47%), and 11 (7.91%), 
and nine (6.47%) patients, respectively (Table 3). Among 
the nine node-positive patients at station 4L, six (66.7%) 
did not undergo mediastinoscopy, while the remaining 
three (33.3%) were node-negative on mediastinoscopy. 
Regarding the effect of nodal metastasis at each station 
on prognosis, node-positivity at stations 5 and 6 was a 
significant prognostic factor for DFS (P<0.001 and 0.005, 
respectively); however, node-positivity at station 4L was not 
a prognostic factor (P=0.35). Therefore, we evaluated the 
intraoperative videos of 91 patients to determine whether 
LN status was observed at each station (Table 4). Compared 
with other stations, station 4L LNs were not pathologically 
examined in 33 patients. Of these, only 12 had an observed 
LN status and were unresected; 21 were not evaluated at 
all. The effect on prognosis was reexamined by combining 
the patients in whom LN status was observed with those 
in whom the pathological examination was performed. 
The effect of node-positivity at stations 5 and 6 on DFS 
was similar to those previously reported (15), whereas the 
P value and 5-year DFS rate at the station 4L decreased 
from 0.35 to 0.10 and from 57.1% to 48.6%, respectively. 
Pathological N1 with nodal metastasis at stations 10 and/or 
11 was highly correlated with nodal metastasis at stations 4, 
5, and 6 (P=0.002).

Recurrent laryngeal nerve palsy 

Twenty patients (14.39%) had recurrent laryngeal nerve 

Figure 2 Kaplan-Meier curves of (A) OS and (B) DFS according to pathological N factor. 5-year, 5-year survival; pN, pathological N; OS, 
overall survival; DFS, disease-free survival. 
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Table 2 Univariate and multivariate analyses for the association between various risk factors and clinicopathological characteristics among patients with left 
upper lobe lung cancer (n=139)

Variables N

Univariate analysis Multivariate analysis

OS DFS OS DFS

P value HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI

Age

≥70 years 69 0.048 2.228 1.005–4.941 0.630 1.186 0.592–2.378 0.048 2.384 1.008–5.640

<70 years 70

Sex

Male 96 0.114 2.361 0.813–6.856 0.155 1.905 0.784–4.631

Female 43

Brinkman index

≥400 94 0.015 5.973 1.41–25.3 0.324 1.496 0.672–3.333 0.052 4.441 0.989–19.950

<400 45

Respiratory comorbidities

Yes 56 0.048 2.192 1.006–4.774 0.011 2.48 1.224–5.026 0.602 1.246 0.545–2.848 0.058 2.257 0.972–5.244

No 83

COPD stage

≥2 23 0.073 1.469 0.965–2.237 0.060 1.458 0.983–2.163

<2 115

Respiratory history

Yes 19 0.190 1.842 0.739–4.596 0.163 1.816 0.785–4.204

No 120

Clinical T factor

≥2 46 0.014 2.639 1.22–5.71 0.001 3.188 1.584–6.415 0.147 1.915 0.796–4.608 0.112 1.917 0.860–4.271

<2 93

Clinical N factor

≥2 13 0.131 2.277 0.783–6.62 0.0792 2.353 0.905–6.116

<2 126

Clinical stage

≥III 19 0.034 2.553 1.072–6.084 0.005 3.019 1.395–6.531 0.839 1.110 0.406–3.029 0.841 1.096 0.450–2.670

<III 120

FDG-PET accumulation

Yes 23 0.215 1.77 0.717–4.369 0.136 1.871 0.822–4.261

No 100

Mediastinoscopy

Yes 69 0.241 1.63 0.720–3.69 0.907 0.959 0.477–1.931

No 70

Table 2 (continued)
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Table 2 (continued)

Variables N

Univariate analysis Multivariate analysis

OS DFS OS DFS

P value HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI

Approach

Open thoracotomy 48 0.006 3.025 1.369–6.687 <0.001 3.765 1.836–7.723 0.281 1.707 0.646–4.510 0.519 1.374 0.523–3.609

VATS 91

Bleeding

≥200 mL 35 0.002 3.308 1.526–7.169 0.018 2.347 1.155–4.769 0.278 1.696 0.653–4.406 0.167 1.854 0.772–4.450

<200 mL 104

Operation duration

≥300 min 82 0.155 1.877 0.788–4.467 0.292 0.689 0.345–1.378

<300 min 57

Pathological N factor

≥2 16 0.278 1.806 0.621–5.253 0.003 3.379 1.511–7.552 0.010 3.883 1.379–10.930

<2 123

Histology

Ad 87 0.054 1.28 0.995–1.645 0.015 1.319 1.054–1.651 0.890 0.937 0.367–2.395 0.466 1.107 0.842–1.455

Non-Ad 52

Adjuvant chemotherapy

Yes 45 0.954 1.024 0.456–2.30 0.015 2.363 1.181–4.73 0.639 1.231 0.517–2.933

No 93

Adjuvant radiotherapy

Yes 3 0.998 <0.001 0/inf 0.996 <0.001 0/inf

No 135

Respiratory complications

Yes 31 0.402 1.450 0.609–3.456 0.814 1.106 0.478–2.56

No 108

Circulatory complications

Yes 20 0.064 2.394 0.950–6.03 0.004 3.105 1.43–6.743 0.019 2.721 1.177–6.290

No 119

RLNP

Yes 20 0.312 1.604 0.642–4.007 0.219 1.695 0.731–3.927

No 119

OS, overall survival; HR, hazard ratio; CI, confidence interval; DFS, disease-free survival; COPD, chronic obstructive pulmonary disease; FDG-
PET, fluorodeoxyglucose-positron emission tomography; VATS, video-assisted thoracic surgery; Ad, adenocarcinoma; inf, infinity; RLNP, recurrent 

laryngeal nerve palsy. 
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Table 3 Relationship between stations 4, 5, and 6 LN metastasis status and prognosis

LN station Mediastinoscopy (+), n=69 (%) Mediastinoscopy (−), n=70 (%) Total, n=139 (%)
OS DFS 

P value P value

Station 4 metastasis 3 (4.35) 6 (8.57) 9 (6.47) 0.59 0.35

Station 5 metastasis 3 (4.35) 8 (11.43) 11 (7.91) 0.41 <0.001

Station 6 metastasis 4 (5.80) 5 (7.14) 9 (6.47) 0.32 0.005

LN, lymph node; OS, overall survival; DFS, disease-free survival.

Table 4 Relationship between confirmation of LN status at each station and prognosis 

LN station
Lymphadenectomy (−) Metastasis (+)/

cases

OS DFS

Total, (n=91) (%) Confirmed Unconfirmed P value Survival P value Survival 

Station 4 33 (32.3) 12 21 8/70 0.20 0.750 0.10 0.486

Station 5 12 (13.2) 1 11 8/80 0.92 0.875 <0.001 0.250

Station 6 17 (18.7) 2 15 6/76 0.35 1.000 0.01 0.400

LN, lymph node; OS, overall survival; DFS, disease-free survival.

Table 5 Univariate and multivariate analyses of the association between various risk factors and recurrent laryngeal nerve palsy

Variables
Univariate analysis Multivariate analysis

P value OR 95% CI P value OR 95% CI

Age ≥75 years 0.02 0.191 0.021–0.860 0.02 0.075 0.009–0.621

Clinical stage ≥II 0.006 3.925 1.328–11.944 0.92 1.090 0.205–5.790

FDG-PET accumulation 0.006 4.717 1.383–15.912 0.30 2.320 0.473–11.400

Open thoracotomy 0.02 3.424 1.172–10.556 0.10 3.8200 0.776–18.800

Station 4 LN dissection 0.04 3.587 0.845–13.586 0.03 7.340 1.260–42.800

Station 4 and/or 5 nodal metastases 0.05 3.297 0.985–14.360 0.83 0.832 0.150–4.610

OR, odds ratio; CI, confidence interval; FDG-PET, fluorodeoxyglucose-positron emission tomography; LN, lymph node. 

palsy. The following six risk factors for recurrent laryngeal 
nerve palsy were extracted by univariate analysis: age 
≥75 years, clinical stage ≥II, FDG-PET accumulation, 
open thoracotomy approach, station 4L LN dissection, 
and station 4L and/or 5 nodal metastasis. In multivariate 
analysis, age ≥75 years and station 4L LN dissection were 
independent risk factors for recurrent laryngeal nerve palsy 
(Table 5). Table 6 shows the background characteristics and 
prognoses of patients with recurrent laryngeal nerve palsy. 
Fourteen (70%) patients with recurrent laryngeal nerve 
palsy recovered spontaneously in an average of 5.71 months, 
whereas three (15%) patients required surgical intervention. 
Aspiration pneumonia associated with recurrent laryngeal 

nerve palsy was observed in four patients; however, none of 
the patients died.

Relationship between recurrent laryngeal nerve palsy and 
surgical procedure

Among the 91 patients in whom the surgical procedure 
during LN dissection could be confirmed by video imaging, 
74 who underwent station 4L LN dissection were included 
in this study. To prevent recurrent laryngeal nerve palsy, 
LN dissection should be performed after confirming 
the location of the recurrent laryngeal nerve; therefore, 
the surgical procedures considered necessary were set 
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as checkpoints. Univariate analysis was performed to 
determine the relationship between these checkpoints and 
recurrent laryngeal nerve palsy (Table 7). EK [odds ratio 
(OR) =8.278; 95% confidence interval (CI): 0.932–74.895; 
P=0.03] or VSS (OR =4.224; 95% CI: 0.831–21.757; 
P=0.04) use near the recurrent laryngeal nerve was a 
significant risk factor for recurrent laryngeal nerve palsy 
in univariate analysis. As many of the cases reviewed in the 
videos were relatively new (since 2014), we investigated 
the annual transition of the number of cases performed at 
each checkpoint to confirm whether other factors had a low 
correlation (Table 7). The comparison was made separately 
for the first half of 2014–2016 and the second half of 

2017–2019. The achievement of checkpoint performance 
increased significantly, although the incidence of recurrent 
laryngeal nerve palsy did not decrease.

Discussion

The prognost ic  ef fect  of  LN dissect ion remains 
controversial (5-8). In early-stage NSCLC, effective local 
tumor control by complete mediastinal LN dissection 
reduces the local recurrence rate and improves prognosis. 
However, pathological N2 lung cancer is likely to have 
micrometastases that cannot be detected preoperatively (26). 
Therefore, it is important to obtain valuable information 
regarding patient prognosis from pathological examination 
of the fully dissected LNs by accurate staging (27). 
This information helps to determine the indications for 
adjuvant chemotherapy, which reportedly has therapeutic  
effects (28). As previously reported, N2 is a prognostic 
factor for survival in patients with lung cancer who have 
undergone radical resection (29). The pathological N factor 
was one of the clinical factors associated with DFS in left 
upper lobe lung cancer in this study.

Video-assisted mediastinoscopy is a surgical procedure 
with the high diagnostic ability (30), compensating for 
the difficulty in performing LN dissection in left lung  
cancer (31). In this study, although LN metastasis was 
negative on mediastinoscopy, 4.35% of station 4L LNs were 
positive for LN dissection using an intrathoracic approach. 
The reason for this result was the presence of LNs that 
could not be sampled due to the difficulty in reaching them 
or the lack of confirmation because mediastinoscopy was 
limited to LN sampling. As the station 4L LN located in 
the tracheobronchial site on the dorsal side of the aortic 
arch has a wide dissection area, the dissection range is 
slightly different for each approach from the mediastinal or 
thoracic cavity side, indicating that LN metastasis may not 
be fully evaluated, even by mediastinoscopy, which is a more 
direct and important method of LN biopsy. Therefore, 
even if metastasis is negative in mediastinoscopy, dissection 
should be performed from the thoracic cavity side.

The presence of metastases was causally associated with 
DFS in stations 5 and 6 LNs, with a low proportion of 
undissected cases, whereas station 4L LNs, which had a 
higher proportion of undissected cases (36.26%), showed 
no causal relationship. One reason may be the exclusion of 
node-positive patients at station 4L on mediastinoscopy. 
Another reason may be that only node-positive patients 
were pathologically evaluated, and LN status without 

Table 6 Characteristics of patients with recurrent laryngeal nerve 
palsy (n=20)

Characteristics Values

Age (years) 

Range 47–80

Mean ± SD 65.85±8.04

Sex, n (%) 

Male 14 (70.0)

Clinical stage, n (%)

≥II 11 (55.0)

Approach, n (%)

VATS 9 (45.0)

Mediastinoscopy, n (%) 11 (55.0)

Pathological N factor, n (%)

N2 5 (25.0)

Prognosis, n (%)

Improvement 14 (70.0)

Time required for improvement (months)

Range 0–15

Mean ± SD 5.71±3.69

Surgery for RLNP, n (%) 3 (15.0)

RLNP-related complications, n (%)

Aspiration pneumonia 4 (20.0)

Atelectasis 2 (10.0)

Sputum retention 1 (5.0)

SD, standard deviation; VATS, video-assisted thoracic surgery; 
RLNP, recurrent laryngeal nerve palsy. 
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resection was not considered for pathological examination. 
LN dissection was not performed in the following cases: 
(I) after mediastinoscopy or to shorten the operative time 
and (II) absence of LN enlargement. Intraoperative videos 
were used to confirm whether LNs were evaluated at the 
undissected station; however, no significant difference 
was observed in DFS, thus suggesting that no method was 
superior for dissection to evaluate metastatic LNs. Recent 
reports suggesting that station 4L LN dissection has a 
significant impact on prognosis are consistent with our 
study (15-19). However, the mediastinal LN dissection sites 
were selected in these studies; therefore, there may have 
been selection bias. Another study suggested that there was 
a significant difference after propensity score matching (18). 
However, future prospective, multicenter studies are needed 
to compare the prognosis with station 4L LN dissection 
as a routine method instead of selective dissection. A 
high correlation was observed between pathological N1 
(station 10 and/or 11) and LN metastasis at stations 4L, 5, 
and/or 6 (P<0.01). Additionally, station 10 metastasis has 
been reported to be an independent risk factor for station 
4L metastasis in left lung cancer (15,16). Therefore, if 
pathological N1 is proven intraoperatively, active station 
4L LN dissection should be considered regardless of the 
difficulty in performing the dissection procedure.

Recurrent laryngeal nerve palsy is a major complication 
of aggressive left mediastinal LN dissection due to not 
only aspiration pneumonia but also hoarseness or difficulty 
in bronchial drainage, making perioperative management 
difficult. In this study, recurrent laryngeal nerve palsy was 
an independent risk factor for station 4L LN dissection 
in univariate and multivariate analyses. The incidence of 
recurrent laryngeal nerve injury varies in the literature 
and is reported to range from a negligibly low rate to as 
high as 40% in high-risk procedures, including left-sided 
lung resection (32). In this study, recurrent laryngeal nerve 
palsy was observed in 14.39% of patients postoperatively, 
although 70% of patients recovered spontaneously in 
an average of 5.71±3.69 months. Aspiration pneumonia 
associated with recurrent laryngeal nerve palsy was observed 
in four patients, although no deaths occurred.

In this study, univariate analysis revealed that the use of 
energy devices near the nerve during LN dissection was 
an independent risk factor for recurrent laryngeal nerve 
palsy. Because LN dissection is performed in a small space 
surrounded by important structures, an EK is unsuitable 
in terms of thermal injury to adjacent tissues and delayed 
wound healing due to a significant increase in operating 
temperature (33). Therefore, the VSS has been primarily 
used in recent years. This technique eliminates concern 

Table 7 Annual transition of surgical procedures and univariate analysis of the association between surgical procedures and recurrent laryngeal 
nerve palsy

Surgical 
procedures†

Annual transition Univariate analysis

2014–2016, n=27 (%) 2017–2019, n=47 (%) Total, n=74 (%) P value OR 95% CI

Bot-com 19 (70.4) 42 (89.4) 61 (82.4) 0.68 2.060 0.241–98.474

Vce-com 19 (70.4) 43 (91.5) 62 (83.8) >0.99 1.855 0.214–89.181

Vpe-com 26 (96.3) 46 (97.9) 72 (97.3) >0.99 Inf 0.028–inf

Rsu-com 19 (70.4) 43 (91.5) 62 (83.8) 0.66 0.744 0.120–8.206

Rde-com 16 (59.3) 39 (83.0) 55 (74.3) >0.99 1.328 0.230–14.118

EK-use 0 (0.0) 6 (12.8) 6 (0.08) 0.03 8.278 0.932–74.895

VSS-use 12 (44.4) 5 (10.6) 17 (23.0) 0.04 4.224 0.831–21.757

PA-tap 18 (66.7) 29 (61.7) 47 (63.5) 0.08 6.044 0.757–279.725

RLNP 3 (11.1) 9 (19.1) 12 (16.2) – – –
†, eight surgical procedures were evaluated: confirmation and dissection of the ligamentum Botalli (Bot-com), the vagal nerve traveling 
along the central (Vce-com) and peripheral (Vpe-com) sides of the recurrent laryngeal nerve bifurcation, and the shallow (Rsu-com) and 
deep (Rde-com) branches of the recurrent laryngeal nerve before the start of LN dissection, as well as conventional EK (EK-use) and VSS 
(VSS-use) use near the recurrent laryngeal nerve (distance approximately <3 mm) and PA taping (PA-tap) during LN dissection. inf, infinity; 
OR, odds ratio; CI, confidence interval; EK, electric knife; VSS, vessel sealing system; PA, pulmonary artery; RLNP, recurrent laryngeal 
nerve palsy; LN, lymph node. 
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about thermal damage to organs due to tip cavitation or 
frictional heat in ultrasonically activated devices and has 
the advantage of tip temperature control, regardless of the 
gripping range (34). Although this device is easy to use, 
it should be noted that the actual thermal spread to the 
surrounding tissues is affected by multiple variables, such 
as tissue type, tissue thickness, cutting time, and surgeons’ 
use. However, thorough confirmation of the location 
of the vagus nerve and recurrent laryngeal nerve and 
identification of the recurrent laryngeal nerve bifurcation 
site is important, as is ensuring a safe distance from the 
nerve, even during aggressive dissection (sufficiently peeling 
and confirming the key structures). Improving the accuracy 
of LN dissection is essential for oncological evaluation; 
therefore, it is crucial to establish a method that considers 
the safety of the procedure and diagnostic certainty.

A more accurate and minimally invasive assessment of 
the medial LN is important to determine the indications 
for further oncological treatment induction. The high 
diagnostic ability of the endoscopic mediastinal LN staging 
techniques using endobronchial ultrasonography and 
endoscopic ultrasound has been reported (35); however, 
at present, it is spread is insufficient. Video-assisted 
mediastinoscopic lymphadenectomy (36) not only allows 
bilateral mediastinal LN evaluation but also demonstrates 
superior sensitivity and negative predictive value relative to 
the currently prevalent endobronchial ultrasonography. If 
the procedure is devised to improve the high complication 
rate, there is a possibility that it is also more effective than 
the combined use of mediastinal LN dissection from the 
thoracic cavity side and conventional mediastinoscopy.

Our study limitations include its small sample size and 
single-center retrospective design. Patients who received 
preoperative induction therapy for clinically suspected 
N2 disease on imaging were excluded due to difficulty 
in evaluating the presence of true LN metastases on 
postoperative pathological examination. Additionally, 
patients who received preoperative induction therapy based 
on positive mediastinoscopy were excluded because the 
treatment method differed from that of pathological N2 
diagnosed on postoperative pathological examination. As 
the number of patients with pathologically evaluated station 
4L LN metastasis was small, we consider that the effect on 
the prognosis of station 4L LN metastasis may not have 
been sufficiently evaluated. Furthermore, it is possible that 
the video evaluation was biased because there were many 
recent cases wherein efforts were made to improve LN 
dissection.

Conclusions

In left upper lobe lung cancer, pathological N2 is an 
important predictor of recurrence. Regardless of the 
preceding mediastinoscopy, node-positive cases of up-
staging by station 4L LN dissection from the chest cavity 
side were present. We propose to standardize dissection 
procedures and device usage at each institution for a more 
accurate assessment of station 4L LN while minimizing 
complications, including recurrent laryngeal nerve palsy.
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