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Background. During the past decade, video-assisted
horacic surgery (VATS) lobectomy has been performed
ith increasing frequency in patients with early-stage
on–small cell lung cancer (NSCLC). However, questions
emain as to whether VATS lobectomy reduces local
ecurrence and improves long-term survival in patients
ith NSCLC.
Methods. We retrospectively reviewed short-term and
idterm outcomes, including postoperative morbidity,
ortality, recurrence rate, and survival, in patients un-

ergoing VATS lobectomy.
Results. Between 2003 and 2008, 704 patients under-
ent VATS lobectomy for the following indications:
SCLC (n � 548), carcinoid tumors (n � 7), pulmonary
etastases (n � 22), and benign diseases (n � 127). One

undred eleven of 548 clinical stage I NSCLC patients
20.3%) experienced pathologic upstaging postopera-

ively. There were 9 in-hospital deaths (1.3%); all of these
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atients died of acute respiratory distress syndrome.
ixty-four patients experienced postoperative complica-

ions (9.1%). The median follow-up was 20 months for
atients with NSCLC. During follow-up, 54 patients had
recurrence, and 13 patients died. Disease-free survival

or patients with pathologic stage I disease was 92.7% at
year and 87.6% at 3 years. For patients with pathologic
1 (n � 55) and N2 diseases (n � 41), disease-free

urvival at 3 years was 79.3% and 57.1%, respectively.
Conclusions. Video-assisted thoracoscopic surgery lo-

ectomy is a technically feasible and safe operation with
xcellent survival for early-stage lung cancer. For patients
ith pathologic N1 or N2 diseases after VATS lobec-

omy, survival was not compromised by this minimally
nvasive approach.

(Ann Thorac Surg 2010;89:S2118–22)

© 2010 by The Society of Thoracic Surgeons
uring the past decade, video-assisted thoracic sur-
gery (VATS) lobectomy has been performed with

ncreasing frequency [1–12]. The Cancer and Leukemia
roup B (CALGB) 39802 prospective, multiinstitutional

tudy evaluated the technical feasibility and safety of
ATS lobectomy for the treatment of early-stage non–

mall cell lung cancer (NSCLC) and revealed that the
rocedure can be performed with low morbidity and
ortality rates [13]. A recent meta-analysis of random-

zed and nonrandomized trials investigating the safety
nd efficacy of VATS lobectomy demonstrated that VATS
obectomy is an appropriate procedure for select patients
ith early-stage NSCLC when compared with open sur-
ery [14]. However, some thoracic surgeons have ques-
ioned whether VATS lobectomy reduces local disease
ecurrence and improves long-term survival in patients
ith NSCLC [15–17]. Therefore, more evidence support-

ng the oncologic efficacy of VATS lobectomy in patients
ith NSCLC needs to be accumulated to gain wide-

pread acceptance of this procedure in clinical practice.
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We have performed VATS lobectomy for patients with
arly-stage NSCLC as well as benign lung diseases at our
nstitution. The objectives of this study were to (1) report
ur experience regarding the safety and feasibility of
ATS lobectomy and (2) evaluate whether this technique

s oncologically effective in patients with NSCLC, focus-
ng on disease recurrence and midterm survival.

atients and Methods

edical records were retrospectively reviewed from a
ohort of 704 consecutive patients who underwent VATS
obectomy at Samsung Medical Center between Decem-
er 2003 and December 2008. This study was reviewed
nd approved by the Institutional Review Board of Sam-
ung Medical Center. As long as lesions were amenable
o anatomic resection and patients were anticipated to be
ble to tolerate single-lung ventilation, as determined by
reoperative pulmonary function tests, we have applied
ATS lobectomy to various pulmonary diseases, includ-

ng primary lung cancer, pulmonary metastases, carci-
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oid tumors, and benign lung diseases such as pulmo-
ary tuberculosis, aspergilloma, bronchiectasis, and
ongenital lung diseases.

Under single-lung anesthesia, VATS lobectomy was
erformed using two ports and a utility incision without
ib spreading. A 15-mm trocar for the 10-mm, 30-degree
horacoscope was placed through the seventh or eighth
ntercostal space in the posterior axillary line. A 4-cm
tility incision was made through the fourth or fifth

ntercostal space in the anterior axillary line. An addi-
ional 5-mm trocar was placed through the sixth or
eventh intercostal space in the posterior scapular line.
he vessels and bronchi of the target lobe were individ-
ally dissected. For patients with NSCLC, a systematic

ymph node dissection was mandatory. All specimens
ere placed into an impermeable bag and removed

hrough the utility incision.
For benign lung diseases, lobectomy was planned only
hen sublobar resection was considered difficult owing

o nearly total destruction of the pulmonary parenchyma
r close proximity of the lesions to the central broncho-
ascular structure. When preoperative computed tomog-
aphy (CT) findings revealed a definite pleural calcifica-
ion, tight calcification stuck to the pulmonary vessel,
horacic cage deformity, or decreased volume of the
psilateral lung, this implied severely dense adhesion,
nd VATS lobectomy was not attempted for those
atients.
For NSCLC, candidates for VATS lobectomy were

atients with clinical stage I disease, peripherally located
esions (no endobronchial lesions), and a tumor 6 cm or
maller. The preoperative workup for patients with
SCLC included pulmonary function tests, CT scans,

nd integrated positron emission tomography and CT
PET/CT) scans. For patients with preoperatively proven
SCLC, cervical mediastinoscopy was routinely per-

ormed regardless of the findings of CT or PET/CT scans.
ediastinal lymph node dissection consisted of en bloc

esections of all nodes at stations 2R, 4R, 7, 8, 9, and 10R
or right-sided tumors and nodes at stations 4L, 5, 6, 7, 8,
, and 10L for left-sided tumors. For patients who expe-
ienced pathologic upstaging postoperatively, adjuvant
hemotherapy or radiotherapy was performed. Patients
ndergoing surgery were regularly evaluated by CT
very 3 to 4 months for the first 2 years after surgery, and
hen every 6 months thereafter.

Descriptive statistics were used to describe the pa-
ients’ demographic characteristics and outcomes. Nor-

ally distributed continuous data were expressed as
ean � standard deviation. Categorical data were ex-

ressed as count and proportion. Student’s t test and the
2 test or Fisher’s exact test were used to compare
ontinuous and categorical variables, respectively. Over-
ll survival (OS) was defined as the time from the date of
urgery until the last date of follow-up for patients who
emained alive or until death. Disease-free survival (DFS)
as defined as the time from the date of surgery to

ecurrence or death. Survival curves were prepared using
he Kaplan-Meier method and were compared univari-

tely using the log-rank test. All statistical tests were s
wo-sided with a significance level set at 0.05 and were
erformed using Stata software version 10.0 (StataCorp
P, College Station, TX).

esults

etween December 2003 and December 2008, VATS
obectomy was attempted in 740 patients at our institu-
ion; the procedure was converted to a thoracotomy in 36
atients (4.9%; Table 1). Accordingly, VATS lobectomy
as successfully performed in 704 patients (344 men and

60 women) for the following indications: NSCLC (n �
48), carcinoid tumor (n � 7), pulmonary metastases (n �
2), and benign diseases (n � 127). The pathologic diag-
oses are summarized in Table 2. The mean age was 57
ears (range, 12 to 86 years) with 105 patients age 70 years
r older. For NSCLC, 1,366 patients with clinical stage I
SCLC underwent curative-intent surgery between De-

ember 2003 and December 2008. Of those, VATS lobec-
omy was attempted in 576 patients and open lobectomy
n 790 patients. Of 576 patients in whom VATS lobectomy
as tried, the procedure was converted to a thoracotomy

n 28 patients (4.9%). The pathologic staging for patients
ith NSCLC is listed in Table 3. One hundred eleven of

48 clinical stage I NSCLC patients (20.3%) experienced
athologic upstaging postoperatively. The median dura-

ion of chest tube placement was 4 days (range, 1 to 59
ays). The median length of hospital stay was 6 days

range, 2 to 102 days).
There were 9 postoperative deaths (1.3%). All of these

atients underwent VATS lobectomy for NSCLC. The ca-
se of death was acute respiratory distress syndrome in
ll cases. Of these, 5 patients had a history of diffuse
nterstitial lung disease. Seventy-six complications oc-
urred in 64 patients (9.1%; Table 4). The most common
omplication was prolonged air leak (n � 33). There were
5 episodes of acute respiratory distress syndrome, 5
pisodes of atrial fibrillation, 2 episodes of bleeding, and
episode of myocardial infarction. Blood transfusions
ere administered in 22 patients (3.1%). Postoperatively,

21 patients received adjuvant chemotherapy (n � 94),
adiotherapy (n � 9), or chemoradiation (n � 18). The
edian interval between discharge from surgery and the

able 1. Reasons for Conversion to Thoracotomy

eason NSCLC
Benign

Diseases Total

alcified LN around the bronchus 11 2 13
leeding of a PA branch 8 2 10

ncomplete fissure 4 3 7
ancer involvement of the LN 2 NA 2
ancer involvement of the hilum 1 NA 1
leural adhesions 1 1 2
ainstem bronchus injury 1 0 1

N � lymph nodes; NA � not applicable; NSCLC � non-small
ell lung cancer; PA � pulmonary artery.
tart of adjuvant treatment was 32 days. No patients
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ailed to complete the schedule owing to treatment-
elated toxicities or morbidities during adjuvant therapy.

Survival analyses were done for patients with NSCLC,
nd the median follow-up time was 20 months. During
ollow-up, 54 patients had a recurrence, and 13 patients
ied. The pattern of recurrence was locoregional in 15
atients, distant in 34, and both in 5 (Table 5). The

ocation of locoregional recurrences was ipsilateral
leura in 7 patients, ipsilateral lung in 3, mediastinal

ymph nodes in 3, hilar lymph nodes in 1, and stump in
. Postoperatively, 55 patients and 41 patients were found

able 2. Pathologic Diagnoses for Which 704 Patients
nderwent Video-Assisted Thoracoscopic Surgery Lobectomy

Diagnosis Number

Primary lung cancer 548 (77.8%)
Adenocarcinoma 435
Bronchioloalveolar carcinoma 26
Squamous cell carcinoma 48
Large cell carcinoma 12
Others 27

Carcinoid 7 (1.0%)
Pulmonary metastasis 22 (3.1%)
Inflammatory lung disease 83 (11.8%)

Pulmonary TB (MDR-TB) 16 (9)
NTM disease 7
Aspergilloma 22
Bronchiectasis 22
Abscess 6
Others 10

Congenital lung disease 23 (3.3%)
CCAM 10
Pulmonary sequestration 12
Others 1

Benign lung neoplasm 21 (3.0%)
Sclerosing hemangioma 6
Hamartoma 4
Leiomyoma 2
Others 9

CAM � congenital cystic adenomatoid malformation; MDR-TB �
ultidrug-resistant tuberculosis; NTM � nontuberculous mycobacte-

ial; TB � tuberculosis.

able 3. Pathologic Staging of the 548 Patients Who
nderwent Video-Assisted Thoracoscopic Surgery Lobectomy

or Non–Small Cell Lung Cancer

Stage Number (%)

IA 248 (45.3%)
IB 188 (34.3%)
IIA 13 (2.4%)
IIB 44 (8.0%)
IIIA 38 (6.9%)
IIIB 12 (2.2%)

IV 5 (0.9%) I
o have pathologic N1 and N2 diseases, respectively.
mong 55 patients with pathologic N1 disease, 35 under-
ent adjuvant chemotherapy (n � 30), radiotherapy (n �

), or chemoradiation (n � 3). Of those, 7 patients had
ecurrences in the contralateral lung (n � 4), cervical or
upraclavicular lymph nodes (n � 2), and ipsilateral
leura (n � 1). Among 41 patients with pathologic N2
isease, 29 underwent adjuvant chemotherapy (n � 11),
adiotherapy (n � 3), or chemoradiation (n � 15). Of
hose, 10 patients had recurrences in distant organs (n �
), hilar or mediastinal lymph nodes (n � 2), supraclavic-
lar lymph nodes (n � 2), and ipsilateral pleura (n � 2).
or patients with pathologic stage I disease, OS was
6.8% at 1 year and 94.8% at 3 years, and DFS was 92.7%
t 1 year and 87.6% at 3 years. For patients who turned
ut to have pathologic N1 disease, OS was 98.1% at 1 year
nd 98.1% at 3 years, and DFS was 88.4% at 1 year and
9.3% at 3 years. For patients who turned out to have
athologic N2 disease, OS was 97.4% at 1 year and 97.4%
t 3 years, and DFS was 81.7% at 1 year and 57.1% at

years. Operative survival and DFS were shown in
igures 1 and 2, respectively.

able 4. Postoperative Complications

Complication Number

Prolonged air leak 33a

Acute respiratory distress syndrome 15
Postoperative arrhythmia 7b

Chylothorax 7
Prolonged effusion 3
Vocal cord palsy 3
Postoperative bleeding 2
Acute myocardial infarction 1
Pneumonia 1
Empyema 1
Renal infarction 1
Delirium 1
Diaphragmatic hernia 1

Of these, 30 patients required chemical pleurodesis. b Of these, 5
atients had atrial fibrillation.

able 5. The Pattern of Recurrence of the 548 Patients Who
nderwent Video-Assisted Thoracoscopic Surgery Lobectomy

or Non–Small Cell Lung Cancer According to Pathologic
tage

athologic Stage Locoregional Distant Both

A 4 8 . . .
B 6 14 3
IA . . . 2 . . .
IB 1 4 1
IIA 2 8 1
IIB 1 2 . . .

V . . . 1 . . .
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omment

ince the use of VATS for pulmonary lobectomy was first
eported in 1992 [1], this minimally invasive procedure
as been performed with increasing frequency [1–12].
dvocates of VATS lobectomy emphasize the benefit in

erms of less tissue trauma, reduced cytokine release,
ecreased postoperative pain, lower complication rates,
nd shorter hospital stay. McKenna and colleagues [9]
eported the largest single-institutional experience with
,100 patients undergoing VATS lobectomy and sug-
ested that VATS lobectomy can be performed with low
orbidity and mortality rates. The CALGB 39802 pro-

pective, multiinstitutional study evaluated the technical
easibility and safety of VATS lobectomy for early-stage
SCLC and demonstrated that the procedure is associ-

ted with a low complication rate and a short duration of
hest tube placement [13]. A recent meta-analysis of
andomized and nonrandomized trials evaluating the
afety and efficacy of VATS lobectomy also demonstrated
hat VATS lobectomy may become a valid alternative to
pen surgery if performed in qualified centers [14].
Our results are comparable to those from previous

eports. In our series, postoperative mortality and mor-
idity rates were 1.3% and 9.1%, respectively. We have
erformed 704 VATS lobectomies during a relatively
hort period at a single institution; this may have resulted
n a relatively homogeneous quality of perioperative

anagement. Furthermore, 18% of our patients under-
ent VATS lobectomy for inflammatory lung diseases

uch as pulmonary tuberculosis and aspergilloma. Given
hat severe pleural adhesions and calcified lymph nodes
round the bronchus are usually encountered in such
nflammatory diseases, our results may strengthen the
ssertion that VATS lobectomy can be safely performed
ith technical feasibility. In our experience, patients who
ad severely dense adhesion on CT scans were excluded

rom being candidates of VATS lobectomy for benign
ung diseases. Therefore, even if there is a loose adhesion

ig 1. Overall survival of patients who underwent video-assisted
horacoscopic surgery lobectomy for non–small cell lung cancer.
n the pleural cavity, it does not seem to be an obstacle to c
erforming a VATS lobectomy as long as patients are
arefully selected. Although the mortality rate in our
eries was quite low, all patients died of acute respiratory
istress syndrome, and of those, 5 patients had a history
f diffuse interstitial lung disease. This does not neces-
arily mean that these patients would have avoided
erious complications if the lobectomy had been per-
ormed by means of a thoracotomy. In fact, open lobec-
omy may be safer if less time is required to accomplish
he resection, thus diminishing the amount of time under
eneral anesthesia. Therefore, special attention should
e paid to such patients as they have a high risk of
xperiencing postoperative respiratory failure after
ATS lobectomy.
Despite these favorable safety and feasibility out-

omes, the adequacy of VATS lobectomy for oncologic
ontrol still needs to be proven compared with standard
pen lobectomy. Concerns about the possibility of pro-
edure-related recurrence in VATS lobectomy when
ompared with open surgery may be related to the
ossibilities of cancer dissemination during VATS ma-
ipulation, leaving residual tumor at the resection mar-
in, and performing an insufficient lymph node dissec-
ion [14–17]. However, the CALGB study demonstrated
hat the probability of failure-free survival was 91% at 1
ear and 78% at 2 years for patients determined to have
1N0 NSCLC [13]. Furthermore, the recent meta-analysis
emonstrated that VATS lobectomy is not inferior to
pen surgery based on similar locoregional recurrence
ates and 5-year survival outcomes [14]. Also, in our
eries, DFS for patients with pathologic stage I disease
as 92.7% at 1 year and 87.6% at 3 years. This suggests

hat survival outcomes after VATS lobectomy compare
avorably with those for standard open lobectomy, at
east at early follow-up times.

It is still controversial whether to convert VATS to open
urgery when intraoperative frozen-section biopsy of
ymph nodes is positive for malignancy. Watanabe and
olleagues [18] reported the outcomes of patients with

ig 2. Disease-free survival of patients who underwent video-as-
isted thoracoscopic surgery lobectomy for non–small cell lung

ancer.
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linical N0 and pathologic N2 NSCLC and compared the
ecurrence and survival rates between patients undergo-
ng VATS lobectomy and open thoracotomy. In their
tudy, there were no significant differences in recur-
ence-free survival rates between the two groups; they
uggested that it is unnecessary to convert VATS to
horacotomy for systematic node dissection even if
athologic N2 disease is revealed during VATS lobec-

omy [18]. In the present study, pathologic upstaging oc-
urred in approximately 20% of our patients. Likewise, even
or patients who had pathologic N2 disease, DFS was 81.7%
t 1 year and 57.1% at 3 years. These survival rates appear
o be quite favorable considering the presence of pathologic
2 disease. This may be related to the fact that we routinely
erform PET/CT scans and cervical mediastinoscopies for
ccurate staging at our institution. As VATS lobectomy was
erformed in selected patients who were staged clinically
s N0 on PET/CT or mediastinoscopy, unexpected N2
isease was likely to represent microscopic involvement of

ymph nodes. Therefore, even for patients who turned out
o have pathologic N2 disease after VATS lobectomy, sur-
ival did not appear to be compromised by a minimally
nvasive approach. As long as mediastinal lymph node
issection can be performed as completely as in open
urgery, we suggest that when intraoperative frozen-
ection biopsy of the mediastinal lymph nodes is positive
or malignancy during VATS lobectomy, there is no need to
onvert to conventional thoracotomy.

Our study has several limitations. Because this is a
etrospective and noncomparative study, our results should
e interpreted with caution. Prospective randomized trials
re required for more conclusive results. We chose to
erform VATS lobectomy in selected patients with favor-
ble prognostic characteristics. This may have predisposed
he study population undergoing VATS lobectomy to expe-
ience favorable outcomes compared with those undergo-
ng open surgery. It should also be noted that patients who
ere converted to open surgery during VATS lobectomy
ere not included in this study. For these reasons, this

tudy is subject to selection bias. Also, the follow-up dura-
ion was relatively short, making it difficult to conclude
hether recurrence-free survival rates were truly favorable

or patients undergoing VATS lobectomy. Considering that
ost recurrences occur in the early stages of follow-up,

specially within the first 2 years, the oncologic equivalence
f the VATS lobectomy may not be durable owing to the
hort follow-up duration of our study. Further studies are
eeded to confirm the current results.
In summary, our results suggest that VATS lobectomy

s technically feasible and safe with low postoperative
orbidity and mortality. For patients with early-stage
SCLC, VATS lobectomy is an appropriate procedure in

erms of local control of cancer and survival. Even for
atients who underwent VATS lobectomy and had
athologic N2 disease, survival was comparable with that
f open surgery in the literature. From these findings, we
uggest that when intraoperative frozen-section biopsy
f the mediastinal lymph nodes is shown to be positive
or malignancy during VATS lobectomy, there is no need

o convert to conventional thoracotomy.
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