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Feasibility and long‑term efficacy of 
video‑assisted thoracic surgery for 
unexpected pathologic N2 disease in 
non‑small cell lung cancer
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Abstract:
OBJECTIVES: This study compares early and late outcomes for treatment by video‑assisted thoracic 
surgery (VATS) versus treatment by thoracotomy for clinical N0, but post‑operatively unexpected, pathologic 
N2 disease (cN0‑pN2).

METHODS: Clinical records of patients with unexpected N2 non‑small cell lung cancer (NSCLC) who underwent 
VATS were retrospectively reviewed, and their early and late outcomes were compared to those of patients 
undergoing conventional thoracotomy during the same period.

RESULTS: VATS lobectomy took a longer time than thoracotomy (P < 0.001), but removal of thoracic drainage 
and patient discharge were earlier for patients in the VATS group (P < 0.001). There was no difference in lymph 
node dissection, mortality and morbidity between the two groups  (P > 0.05). The median follow‑up time for 
287 patients (89.7%) was 37.0 months (range: 7.0‑69.0). The VATS group had a longer survival time than for 
the thoracotomy group (median 49.0 months vs. 31.7 months, P < 0.001). The increased survival time of the 
VATS group was due to patients with a single station of N2 metastasis (P = 0.001), rather than to patients with 
multiple stations of N2 metastasis (P = 0.225).

CONCLUSIONS: It is both feasible and safe to perform VATS lobectomy on patients with unexpected N2 NSCLC. 
VATS provides better survival rates for those patients with just one station of metastatic mediastinal lymph nodes.
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Since the introduction of video‑assisted 
thoracic surgery  (VATS) lobectomy at the 

beginning of the 1990s, follow‑up research 
has consistently demonstrated its feasibility 
and safety.[1‑3] However, questions still remain 
about the oncological effectiveness of VATS 
lobectomy and systematic lymph node 
dissection in patients with non‑small cell lung 
cancer  (NSCLC), limiting its use to patients 
with early‑stage NSCLC. However, accurate 
clinical N staging is difficult for NSCLC patients, 
and false negatives exist in both pre‑operative 
non‑invasive workups, such as computed 
tomography  (CT) and positron emission 
tomography  (PET), and invasive workups, 
such as endobronchial ultrasonography guided 
transbronchial needle aspiration (EBUS‑TBNA) 
and mediastinoscopy. The possible differences 
between the pre‑operative clinical stage and 
the post‑operative pathological stage make 
some NSCLC patients with mediastinal lymph 
nodes metastasis  (N2) candidates for VATS 
lobectomy. In addition, because there is few 
literature references concerning the difference in 
long‑term results between open thoracotomy and 

VATS lobectomy, surgeons may be faced with a 
dilemma as to whether it is necessary to convert 
VATS to open thoracotomy during the operation. 
To address these questions, our study compares 
the early and long‑term results between the 
VATS group and the open thoracotomy group 
for patients who had no clinical metastatic 
lymph nodes, but who were later found to have 
unexpected pathologic mediastinal lymph node 
metastasis (cN0‑pN2) post‑operatively.

Methods

Patients
We retrospectively reviewed and analyzed the 
clinical data of 4431 patients with cT1‑2N0 stage 
NSCLC who underwent surgery between January 
2005 and December 2010 at our institution. 
A subset of 320 patients (7.2%) with cN0‑pN2 (IIIa 
stage) NSCLC was selected according to the 
criteria of the seventh edition of the TNM 
classification of IASLC Staging Project.[4] Patients 
were included only if they met the following 
conditions: (1) diagnosed with early stage NSCLC 
before the operation (cT1‑2N0M0, stage I), but 
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found to have unexpected minimal mediastinal lymph node 
metastasis post‑operatively  (pT1‑3N2M0, stage IIIa); (2) not 
previously treated with any radiotherapy or chemotherapy 
before the operation;  (3) between 18 years old and 75 years 
old; (4) without any residual tumors after the operation. The 
pre‑operative chest enhanced CT scans for all 320  patients 
showed that the long axis of the mediastinal lymph nodes was 
less than 1 cm. The pre‑operative PET/CT scans for 43 patients 
showed normal concentration (standard uptake value <2.5) of 
2‑deoxy‑2‑(18F) fluoro‑D‑glucose 2 in the mediastinal lymph 
node area. Twelve patients underwent one of the following 
workups: Mediastinoscopy biopsy or EBUS‑TBNA, and no 
malignant cell metastases were found in the lymph nodes. The 
pre‑operative clinical stage for 320 patients was confirmed to 
be cT1‑2N0M0.

Patients were divided into two groups. The VATS group 
consisted of 101  patients who underwent VATS lobectomy 
and systematic lymph node dissection. The other 219 patients, 
who underwent open thoracotomy lobectomy and systematic 
lymph nodes dissection, comprised the thoracotomy group. 
Paraffin pathological examination of lymph nodes after the 
operations confirmed oncologic metastasis in the mediastinal 
lymph nodes (pN2).

Surgical considerations
Routine pre‑operative workups included a pulmonary 
function test and an electrocardiogram to check the surgical 
tolerance of the patients, clinical staging, such as a CT scan 
with contrast enhancement of the chest and abdomen, a 
head enhanced magnetic resonance imaging  (MRI) scan, a 
whole‑body isotope bone scan and a fiberbronchoscopy to aid 
in the design of the method of bronchi resection. Lobectomy 
was the optimal surgical technique. All patients underwent 
double‑lumen intubation and whole‑body anesthesia in the 
lateral position. For the VATS group, a 15 mm trocar for 30° 
thoracoscopy was inserted through the seventh or eighth 
intercostal space in the median axillary line. A  2.5‑3  cm 
manipulation incision was made through the fourth 
intercostal space in the intersection of the anterior axillary 
line and the front edge of the latissimus dorsi. A 2 cm utility 
incision was made through the seventh intercostal space in 
the auscultatory triangle. A  rib retractor was not utilized 
during the VATS operation. The artery and vein branches 
and bronchi of the target pulmonary lobe, where the lesion 
was located, were dissected using a linear stapling device. 
Specimens of lung tissue were placed in an impermeable 
bag and removed from the thorax through the manipulation 
incision. According to the mountain regional lymph node 
classification, mediastinal lymph node dissection consisted of 
en bloc mandatory resections of all nodes at stations 2 R, 4 R, 
7, 8, 9, 10 R, 11 for right‑sided tumors and nodes at stations 
5, 6, 7, 8, 9, 10  L, 11 for left‑sided tumors. All specimens 
were removed through the manipulation incision. When 
lymph node metastasis was suspected, frozen pathology 
was performed during the operation. For the thoracotomy 
group, lobectomy, and systematic lymph node dissection were 
performed through a conventional posterolateral incision.

After the operation, the patients remained under intensive 
care until their vital signs stabilized without the need for 
mechanical ventilation support and vessel activity drugs. 

Thoracic drainage was removed when the drainage volume 
was less than 150 ml with no sign of bleeding, air leakage, and 
infection. After removal of the chest tube, the patients were 
discharged when X‑ray and routine blood analysis showed 
no obvious abnormalities.

Four to six weeks after the operation, patients with a 
performance status score of 0‑1 and who did not refuse 
chemotherapy underwent adjunctive chemotherapy. The initial 
regime was either navelbine with cisplatin or gemcitabine with 
cisplatin. Adjustment of the chemotherapy regime in the case of 
intolerance, side‑effects or disease recurrence was determined 
by the oncologists.

Follow‑up
All patients were evaluated with enhanced chest CT every 
3  months for the first 2  years after surgery, and by means 
of abdominal CT scan, head MRI scan, whole‑body isotope 
bone scan every 6 months to detect any regional recurrence or 
distant metastasis. Thereafter, the patients were followed‑up 
by their oncologists. The evaluation period was defined as the 
day of the operation to December 2012. A monthly out‑patient 
interview or telephone interview was conducted as a follow‑up. 
Survival, the only parameter followed in this study, was 
defined as the period from the date of surgery to either death 
or the last interview.

Statistics
Statistics were analyzed and relevant curves were constructed 
using the SPSS 17.0 Statistics Software Package  (SPSS Inc., 
Chicago, Illinois). Unless stated otherwise, mean values and 
standard deviations are reported. A Student t‑test was used 
for the comparison between subgroups. In case of categorical 
variables, a χ2 test or a Fisher exact test was used when 
appropriate. Survival curves were constructed by using the 
Kaplan‑Meier method; differences between the curves were 
analyzed with a log‑rank test. For all statistical analyses, 
P values of less than 0.05 were considered to be significant.

Results

Pre‑operative characteristics
Pre‑operative clinical features were comparable between 
the VATS group and the thoracotomy group except for the 
Brinkman Index [Table 1].

Surgical features
No patients in the VATS group underwent conversion to 
thoracotomy during the operation. The operation time 
for the VATS group was significantly longer than that 
for the orthoracotomy group  [P  <  0.001, Table  2] while 
the difference in blood loss between the two groups was 
not significant  [P  =  0.098, Table  2]. Thoracic drainage was 
removed earlier in the VATS group than in the thoracotomy 
group [P < 0.001, Table 2] and the patients in the VATS group 
were discharged earlier than the patients in the thoracotomy 
group [P < 0.001, Table 2].

There were no significant differences by pathology in the 
distribution or type of the tumors between two groups [P = 0.790, 
Table 2] or the number of dissected lymph nodes in either the hilar 
and lobar areas or the mediastinal area [P > 0.05, Table 2]. Both 
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Table 1: Comparison of clinical features for the VATS  
group and the thoracotomy group
Variables VATS (n=101) Thoracotomy (n=219) P value
Age 57.6±11.1 59.7±10.4 0.103
Gender

Male/female 67/34 135/84 0.456
Brinkman index

>400 65 114 0.039
<400 36 105

FEV1 (L) 2.12±0.53 2.24±0.61 0.090
ECOG PS

0‑1 75 158 0.693
≥2 26 61

Tumor location
RUL 25 68 0.574
RML 10 20
RIL 23 56
LUL 21 41
LIL 22 34

VATS = Video‑assisted thoracic surgery, FEV1 = Forced expiratory volume 
in the first second, ECOG PS = Eastern cooperative oncology group 
performance status, RUL = Right upper lobe, RML = Right middle lobe, 
RIL = Right inferior lobe, LUL = Left upper lobe, LIL = Left inferior lobe

Table 2: Comparison of operational features for the VATS 
group and the thoracotomy group
Variables VATS 

(n=101)
Thoracotomy 

(n=219)
P value

Operation time (min) 143.6±32.6 120.9±36.8 <0.001
Estimated blood loss (ml) 124.3±37.8 132.2±40.3 0.098
Chest tube (d) 4 (2‑12) 6.5 (3‑17) <0.001
Post‑operative in‑hospital 
stay (d)

6 (3‑21) 8.5 (6‑31) <0.001

Pathological type
Adenocarcinoma 62 133 0.790
Squamous cell carcinoma 24 55
Others 15 31

Number of hilar and lobar LN 
dissected (/patient)

4 (2‑7) 5.5 (3‑8) 0.339

Number of mediastinal LN 
disseted (/patient)

7 (3‑11) 7.5 (4‑13) 0.125

Number of metastatic N2 
LN (/patient)

2 (1‑4) 2 (1‑5) 0.238

Status of metastatic N2
1 station 75 144 0.128
≥2 stations 26 75

VATS = Video‑assisted thoracic surgery, LN = Lymph node

number and the status of the metastatic mediastinal lymph node 
showed no differences between two groups [P > 0.05, Table 2].

In‑hospital mortality and morbidity
There was no in‑hospital mortality for either groups, and the 
difference in major post‑operative complications between the 
two groups was not significant [P > 0.05, Table 3].

Survival analysis
Survival data were obtained for 287 patients (89.7%), with a 
median follow‑up time of 37  months  (range: 7‑69  months). 
Adjuvant therapy was received by 74 out of 101 patients (73.3%) 
in the VATS group and 156 out of 219 patients (71.2%) in the 
thoracotomy group  (P  =  0.707). The overall 1‑year survival 
rate, 3‑year survival rate and 5‑year survival rate were 
95.6%, 50.7%, and 24.3%, respectively  [Figure  1]. The mean 
survival times for the VATS group and the thoracotomy 
group were 47.5  ±  2.2  months  (median 49.0  months) and 
37.0 ± 1.4 months (median 31.7 months), respectively, which 
are statistically different [P < 0.001, Figure 2].

Stratum analysis based on the N2 station number showed that 
for patients with a single station of N2 metastasis, the survival 
time for patients in the VATS group was significantly longer 
that for patients in the thoracotomy group [P = 0.001, Figure 3a], 
while for patients with multiple stations of N2 metastasis, 
there was no statistical difference in survival times [P = 0.225, 
Figure 3b].

Discussion

Previous large‑scale randomized clinical trials[5‑7] and a 
meta‑analysis study[8] have demonstrated the safety and 
feasibility of VATS lobectomy plus systematic lymph node 
dissection in treating patients with early stage NSCLC disease. 
Compared to conventional open thoracotomy lobectomy, VATS 
lobectomy reduces the rate of complications, decreases recovery 
time, and improves post‑operative quality of life. However, it 
remains controversial whether the VATS or open thoracotomy 
lobectomy has better long‑term oncologic efficacy. Extensive 
attention has been paid to whether the VATS is effective in lymph 
node dissection, which plays a vital role in post‑surgery recovery 
and subsequent treatment of patients with NSCLC disease.

There is a possibility that clinical staging using the pre‑operative 
oncological determination with CT, PET, MRI, mediastinoscopy, 
and EBUS‑TBNA is inconsistent with post‑operative staging by 
pathology. D’Cunha et al.[9] investigated 502 NSCLC patients 
and showed that the pathologic stage of 38.3% patients was 
inconsistent with the clinical stage determined with CT, PET, 
and other photographic tools. Although, it was once thought 
that mediastinal lymph nodes biopsy is the gold standard for 
NSCLC mediastinal lymph nodes metastasis,[10] a recent review 
by Whitson et  al.[11] showed that the sensitivity, specificity, 
positive and negative predictive values, and accuracy of 
mediastinoscopy for lymph node staging were 66‑93%, 100%, 
100% 88‑92%, and 90‑95.2%, respectively. The low sensitivity 
and false negative rates are due to the inaccessibility of the 
anterior and inferior lymph nodes, such as No.  5, 6, 8, 9 
stations, to mediastinoscopy. The same problems also exist in 
EBUS‑TBNA. Thus, some of the patients with N2 disease were 
selected for VATS lobectomy.

Table 3: Comparison of morbidity between VATS 
group and thoracotomy group
Variables VATS 

(n = 101)
Thoracotomy 

(n = 219)
P value

Re‑thoracotomy for hemostasis 2 2 0.593
Pneumonia 2 4 1.000
Chest tube >7 days 7 15 1.000
Mechanical ventilation support 2 3 0.652
Arrhythmia 6 10 0.600
Recurrent laryngeal nerve injury 2 3 0.652
Chylothorax 1 3 1.000
VATS = Video‑assisted thoracic surgery
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Since, the patients in the current study were in the clinical 
early stage with tumors in peripheral areas in most cases, 
the mortality and morbidity were low, and no patients in the 
VATS group needed conversion to thoracotomy during the 
VATS procedure.

Analysis of lymph node dissection statistics shows that the 
number of hilar, mediastinal lymph nodes and the number of 
positive lymph nodes were similar for VATS lobectomy and 
open thoracotomy lobectomy. Thus, we conclude that VATS 
is feasible for lymph node dissection, which is consistent 
with the results of other studies.[2] Although, the number of 
dissected lymph nodes was somewhat smaller in our study, it 
is comparable to some results in the literature.[7]

It should be noted that the patients in the VATS group 
exhibited longer survival times, which reflects a less impaired 
immune system for patients in the VATS group than in the 
thoracotomy group.[12] The immune system plays a vital role 
in the destruction of potential residual cancer cells after an 
operation. In addition, post‑operative subsequent adjuvant 
chemotherapy is dependent upon the patients’ overall health, 
and patients undergoing VATS lobectomy recover more 
quickly, leading to longer survival times. Since our study 
was retrospective, the operation technique depended on the 

Figure 1: Overall patient survival curve

surgeons’ preference and experience. Generally speaking, 
VATS was performed for earlier and less invasive diseases, 
which might explain the difference in survival times. However, 
the patients in both groups were at the same stage, and the 
baseline conditions were comparable between two groups. 
Moreover, since it is difficult to identify cN0‑pN2 patients 
pre‑operatively, a prospective study is not feasible for this 
population.

Rocco et  al.[13] proposed that mediastinal lymph nodes 
metastasis is an ongoing dynamic process, developing 
from micro‑metastatic focus within mediastinal lymph 
nodes under microscopic observation, to hidden minimal 
N2 disease, to N2 at single station under radioscopic 
observation, to N2 disease at multi‑level stations, and finally 
forming mediastinal lymph nodes cohesion and spreading 
into surrounding tissues. The corresponding outcomes and 
post‑operative treatments for patients in each stage are 
different. Kim et  al.[14] defined minimal N2 as unexpected 
medistinal lymph nodes metastasis observed during an 
operation, but undetected in pre‑operative evaluations. 
Minimal N2 patients have better and clearer surgical results 
than multi‑level N2  patients. Decaluwé et  al.[15] reported 
that the 5‑year survival rates for patients who underwent 

Figure 2: Comparison of survival curves for the video‑assisted thoracic surgery 
group and the thoracotomy group

Figure 3: (a) Comparison of survival curves for patients with a single station of metastatic mediastinal lymph node for the video‑assisted thoracic surgery (VATS) group and the 
thoracotomy group, (b) Comparison of survival curves for patients with multiple station of metastatic mediastinal lymph node for the VATS group and the thoracotomy group

ba
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inductive chemotherapy with lymph node metastasis in a 
single‑level station and multi‑level stations were 37% and 
7.1%, respectively. These results show that patients with N2 
disease in a single‑level station survive longer in comparison 
to patients with N2 disease in multi‑level stations. In the 
current study, the stratum analysis based on the status 
of metastatic mediastinal lymph nodes shows that VATS 
mainly benefits patients with a single station of metastatic 
mediastinal lymph node. This is related to the fact that 
mediastinal lymph nodes with a minimal metastasis of one 
station are likely to be dissected completely through surgery, 
and the chance of tumor cells spreading into the surrounding 
soft‑tissue through capsules is low while mediastinal lymph 
nodes with a minimal metastasis of two or more stations are 
likely to offset the survival benefits of VATS.

Kim et al.[14] reported a 3‑year overall survival rate of 89% for 
patients with unexpected N2 disease, which approximates 
the survival rate for patients with stage I cancer. In our 
research, the overall 5‑year survival rate is somewhat lower 
than those reported in the literature, which may be related to 
differences in the inclusion and exclusion criteria, or in the 
surgical aspect (e.g., the surgical technique) or post‑operative 
aspect  (e.g.,  the proportion of patients receiving adjuvant 
chemotherapy). Although, it is possible that some cases in our 
study might have been diagnosed as cN2 patients (advanced 
stage) if pre‑operative mediastinoscopy, PET/CT and/or 
EBUS had been routinely used, we do not think that the routine 
use of such procedures in the absence of suspicious targets 
is necessary for the following reasons:  (1) The positive rate 
in such patients is very low; a prospective study[16] applied 
routine mediastinoscopy and EUS‑FNA to patients who were 
N2 negative by PET/CT, and found a very low incidence of 
unsuspected N2 disease  (2.9% by mediastinoscopy and a 
3.7% positive rate by EUS‑FNA). A 2007study by Sawhney[17] 
of 44 patients showed a very low incidence of unsuspected 
N2 disease by EUS (3%) when only a CT scan was employed 
for preoperative staging.  (2) The efficacy of neoadjuvant 
chemotherapy has not been well established by randomized 
controlled trials for unexpected N2 patients, so the routine 
use of mediastinoscopy or EUS‑FNA without a suspicious 
target has little clinical significance. These reasons may be 
responsible for the variation of survival rates reported in the 
literature.

Due to the fact that this is a retrospective study, our findings 
should be interpreted with caution. Selection bias could 
not be averted completely, and differences in pre‑operative 
workups might have resulted in a difference in outcomes, 
which complicates comparison between our results and 
other studies. Furthermore, survival was the only follow‑up 
parameter in the current study, and there is no information 
on other parameters, such as disease‑free survival. Finally, 
there is little detailed information on adjuvant chemotherapy 
and pathology.

Conclusions

We conclude that it is both feasible and safe to perform VATS 
lobectomy on patients with unexpected N2 NSCLC. Significant 
survival benefits are obtained from VATS by those patients 
with single station mediastinal lymph node metastasis.
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