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Introduction

A disease of serious harm to human health and life, lung cancer 
has shown evidently increasing morbidity and mortality 
worldwide in recent years, and ranked first in both figures in 
developed and developing countries (1). Although surgery has 
been recognized as the most effective method of treatment for 
early-stage non-small cell lung cancer (NSCLC), most patients 

with lung dysfunction, due to chronic obstructive pulmonary 
disease (COPD) after a history of smoking, are at a higher risk 
of complications after lung surgery. Therefore, a history of lung 
cancer with severe COPD is a contraindication to lobectomy. 
With the ongoing application of lung volume reduction surgery 
both at home and abroad, it has been shown that, after the 
removal of part of the lesions in lung tissue, lung function 
can be improved to varying extents for some patients with 
severe emphysema (2). An increasing number of studies have 
confirmed improvement in the lung function of patients with 
lung cancer and severe COPD following lobectomy (3-5). Those 
findings have shed new light on the indications for lobectomy in 
patients with lung cancer and COPD.

Video-assisted thoracoscopic lobectomy was first applied 
for the treatment of lung cancer in 1992. Its greatest advantage 
included the minimal invasiveness, reduced postoperative 
pain and less damage to the respiratory muscle and pulmonary 
function (6). The video-assisted thoracic surgery (VATS) 
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has been reported (7) to allow significantly faster recovery of 
pulmonary functionality for in the early stages after lobectomy, 
compared with open-chest surgery, which further suggests 
that VATS protects lung function more efficiently as it causes 
less damage to respiratory muscles. With the wide application 
of VATS and continuous advancement in the technology of 
anesthesia, intensive care and preoperative respiratory function 
management, the indications for pulmonary resection are also 
expanding to include more and more elderly patients or long-term 
smokers whose lung function is already impaired. At present, 
favorable short- and long-term outcomes have been reported 
in a few studies using VATS lung resection to treat patients 
with lung cancer and severe COPD (8). So far, however, only a 
small number of such cases undergoing VATS lobectomy have 
been reported, and the findings are not sufficient to provide a 
comprehensive evaluation of the safety and effectiveness of this 
approach in this regard. Hence, this study is conducted to assess 
the safety and effectiveness of VATS lobectomy based on the 
findings of 61 patients with lung cancer and severe COPD who 
underwent this treatment in our department.

Materials and methods

Clinical data

The clinical data of patients undergoing VATS lobectomy in First 
Affiliated Hospital of Guangzhou Medical College from January 
2000 to January 2011 were retrospectively analyzed. Sixty-one 
patients complicated with COPD were identified and enrolled 
in this study based on the GOLD classification standard for 
COPD (9). Upon enrollment, all participants were engaged in a 
series of preparation before surgery, including quitting smoking, 
respiratory function exercise, administration of phlegm drugs 
and chest physiotherapy.

Preoperative examination and surgical methods

Before surgery, all participants received physical examination, 
routine blood tests, ECG, cardiac color Doppler ultrasound and 
lower extremity deep venous color Doppler ultrasound. Respiratory 
function tests include pulmonary ventilation-dispersion function 
tests and ventilation-perfusion radionuclide scans. Coronary CT or 
treadmill activity tests were performed in patients with suspected 
coronary heart disease over the age of 60, as well as coronary 
interventional examination, if necessary.

Preoperative tumor staging was based mainly on the chest 
X-ray examination, chest CT, head and abdominal MRI, whole 
body bone scan, and bronchoscopy. PET/CT scans were 
recommended for patients considered to be stage II or above. 
All participants underwent VATS lobectomy and hilar and 
mediastinal lymph node dissection, of which the specific surgical 

techniques were already reported in our previous study (10).

Data collection and follow-up

The demographic data, smoking status, lung function test 
results, operative time, blood loss, postoperative hospital stay, 
postoperative chest tube residence time, postoperative tumor 
stage, postoperative complications, and pre- and post-operative 
ECOG performance status of all enrolled patients were 
collected. The following postoperative complications were 
recorded: perioperative mortality (in-hospital mortality or death 
of any cause in 30 days after surgery), severe complications 
(surgery-related: second thoracotomy due to postoperative 
bleeding; Respiratory: ARDS and bronchopleural fistula, 
pneumonia, pulmonary embolism, empyema, pulmonary 
edema, tracheostomy or second endotracheal intubation; 
Cardiac: myocardial infarction, myocardial ischemia or angina 
pectoris, cerebrovascular event, deep vein thrombosis; Others: 
acute renal failure, acute gastrointestinal bleeding, etc); and 
mild complications (atelectasis, postoperative air leakage for 
more than seven days, pleural effusion, atrial fibrillation or other 
arrhythmias, wound infection, etc). Long-term follow-up was 
conducted to identify the breathing status, tumor recurrence and 
survival of all patients, for a period of 1-60 months.

Statistical analysis

Measurement data were expressed as mean ± standard deviation 
(x±s). The chi-square test was used in the correlation analysis 
of changes in the ECOG performance status of the participants, 
and Kaplan-Meier survival analysis was conducted to identify the 
correlation with postoperative survival. The Cox regression model 
test was performed for each variable with a P value of ≤0.20 in the 
univariate analysis. The statistical analysis was completed in SPSS 
13, with P<0.05 indicating a statistically significant difference.

Results

Clinical data

Sixty-one cases were finally included in the retrospective study, 
including 53 men (86.9%) and eight women (Table 1). The 
average age was 64 years (46-83 years). Fifty-one patients were 
long-term smokers. The preoperative FEV1/FVC was <70% and 
FEV1% <50% in all patients, with a mean preoperative FEV1 of 
0.99 L (0.54-1.58 L) and mean FEV1% of 38.4% (22-49.82%).

All of the 61 patients underwent the VATS lobectomy or 
sleeve resection plus systemic lymph node dissection [right 
upper lobe in 23 cases (37.7%), right middle lobe in three 
(5.0%), right lower lobe in eleven (18.0%), left upper lob in 
thirteen (21.3%) and left lower lobe in eleven (18.0%)]. The 
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mean operative time was 218 minutes (120-355 minutes), with 
a mean intraoperative blood loss of 342 mL (50-1,600 mL). 
None of the patients converted to thoracotomy. Postoperative 
pathology reported 34 cases of adenocarcinoma (55.7%),  
20 cases of squamous cell carcinoma (32.8%) and seven of other 
tumors (11.5%). All participants were subject to pathological 
and clinical staging according to the TNM Classification of the 
UICC, 7th edition (11). As a result, there were nine patients of 
IA (14.8%), nineteen of IB (31.1%), fourteen of IIA (23.0%),  
six of IIB (9.8%), and thirteen of IIIA (21.3%).

Complications after surgery

Two patients died of ARDS during the perioperative period, 
and 24 patients (39.3%) presented postoperative complications 
(Table 2). Twenty-two patients (36.1%) had respiratory 
complications postoperatively, including air leakage in 16 cases 
(25.8%), pulmonary infection in six, respiratory failure in three, 
atelectasis in two and pulmonary embolism in two. The average 
hospital stay was 16±1.1 days (5-54 days).

Overall survival

During a median follow-up time of 39 months (1-60 months), 
five patients were lost to follow-up and 27 died. The survival rate 
was 75.4% in the first year, and 50.9% in five years (Figure 1). In 
the univariate analysis using the Log-rank test, the outcomes were 
correlated with age and postoperative TNM staging (P=0.007 
and 0.006, Table 3). The median survival of patients not older 
than 65 years was 48 months, and reduced to 31 months in those 
older than 65 (P=0.007, Figure 2). Patients with stage I tumors 
had a median survival of 49 months, while those had stage II/III  
tumors had only 28 months. The difference was significant 
between them (P=0.006, Figure 3). In the Cox regression model, 

Table 1. Demographics and clinical data.

Characteristics No (%)

Age, years 64 (range, 46-83)

Male:female 53:8

Smoking

Yes 51

No 10

Preoperative lung function

FEV1 (L) 0.99 (0.54-1.58)

FEV1% 38.40 (22-49.82)

FEV1/FVC% 47.88 (25.79-69)

VATS operations

Lobectomy 57 (93.4%)

Sleeve resection 4 (6.6%)

Right upper lobe 23 (37.7%)

Right middle lobe 3 (5.0%)

Right lower lobe 11 (18.0%)

Left upper lobe 13 (21.3%)

Left lower lobe 11 (18.0%)

Mean operative time (mins) 218 (range, 120-355 )

Bleeding (L) 342 (range, 50-1,600)

Hospital stay (days) 16 (5-54)

Histology

Adenocarcinoma 34 (55.7%)

Squamous cell carcinoma 20 (32.8%)

Others 7 (11.5%)

Staging

IA 9 (14.8%)

IB 19 (31.1%)

IIA 14 (23.0%)

IIB 6 (9.8%)

IIIA 13 (21.3%)

Table 2. Complications.

Complication Patients, Noa

Mortality 2

Air leak 16

Atrial fibrillation 3

Pneumonia 6

Respiratory failure 3

Atelectasis 2

Empyema 0

Pulmonary embolism 2

Wound infection 0

Bleeding 0
a, Some patients had more than one complication.
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Figure 1. Overall survival (n=56).
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when taking into account those factors showing significant effect 
on survival in the univariate analysis, age and TNM staging after 
tumor resection were independent predictive factors for the 
5-year survival in those patients (P=0.014 and 0.013, Table 4).

The ECOG scores were recorded three months before and 
after surgery to evaluate the changes of lung function and quality 
of life for the patients (12). The results showed that mean ECOG 
scores of 1.51 and 1.31 before and after surgery, respectively, 
among the 59 patients, excluding two who died during the 
perioperative period. The difference between those scores was 
significant (P<0.05).

Discussion

Lung cancer and COPD are two common diseases of human 
beings. The presence of both conditions in a patient can increase 
the risk of complications after lung surgery due to underlying 
lung function damage. Since lung cancer patients with severe 
COPD are at a higher risk of postoperative complications, 
most of they have to receive non-radical partial lung resection 
(wedge or segmental resection) instead of lobectomy, which is 
currently recognized as the most effective means of treatment for 
early stage lung cancer. For patients with lung cancer, however, 
both pulmonary wedge resection and segmental resection are 
associated with a significantly increased recurrence rate and lower 
postoperative survival compared with standard lobectomy (13,14).

With the ongoing application of lung volume reduction 
surgery, it has been found that partial lung resection can achieve 
the similar result to volume reduction for patients with lung 
cancer and emphysema (3), which can minimize or even improve 
postoperative pulmonary function loss. Those findings have shed 
new light on the surgical options for patients with lung cancer 
and severe COPD. With the development of surgical techniques, 

Table 3. Univariate analysis of factors associated with overall survival.

No.
5-y OS rate %, 

(95% CI)
P Log-rank 

test

Gender

0.434Male 50 40.2 (33.3-47.1)

Female 6 28.7 (12.0-45.3)

Age

0.007≤65 29 47.8 (40.2-55.4)

>65 27 30.6 (20.7-40.4)

Smoking status

0.335Nonsmoker 48 40.6 (33.6-47.6)

Smoker 8 28.0 (13.2-42.8)

ECOG performance status

0.7870-1 27 42.0 (32.9-51.0)

2 29 37.0 (27.5-46.4)

Histology

0.216
Squamous cell 
carcinoma

19 47.2 (35.9-58.6)

Non-Squamous cell 
carcinoma

37 35.5 (27.6-43.4)

Lobe location

0.557Upper lobe 33 40.8 (32.6-49.0)

Middle-lower lobe 23 37.4 (26.4-48.5)

pTNM stage

0.006I 26 49.4 (41.1-57.6)

II/III 30 30.7 (21.7-39.8)
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Figure 2. Survival according to age: ≤65 years old (n=27) versus >65 years  
old (n=29) (P=0.007).

Figure 3. Survival according to stage: stage I disease (n=26) versus 
stages II/III (n=30) (P=0.006).
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anesthesia and intensive medical technology, an increasing number 
of studies have reported that lung resection can be tolerated by 
patients with lung cancer and severe pulmonary insufficiency, and 
can lead to satisfying outcomes (3,8,15-18).

Since the early 1990s, VATS has been rapidly developed and 

widely applied in the world, involving almost all areas of general 
thoracic surgery. Compared with thoracotomy, VATS enables a 
smaller incision without removing or stretching the ribs open, 
sparing respiratory muscles from injures and thus minimizing 
the loss of lung function. Moreover, with a smaller incision, 

Table 4. Multivariate analysis of overall survival.

Factors
Characteristics

Hazard ratio 95% CI P value
Unfavorable Favorable

Age >65 ≤65 2.899 1.239-6.787 0.014
pTNM stage II/III I 3.113 1.273-7.609 0.013

Table 5. Lung resection in poor pulmonary function.

References
No. of 
Patients

Pulmonary function 
tests

Approach
Hospital  

stay
Mortality  

30 days %
Morbidity  
30 days

Respiratory complications 
(pulmonary and pleural)  

and remarks
Nakajima T  
et al. 2009 (17)

36 Pred FEV% <50% Open: wedge + segment 4, 
lobectomy 26,  
pneumonectomy 6

0 11 (30.6%) Pneumonia 5
Bronchopleural fistula 3
Empyema 3

Garzon et al. 
2006 (10)

25 Pred FEV1 <0.8 or 
FEV1% <50%

VATS: lobectomy 13,  
wedge resection 12

7.4 [2-26] 
days

0 5 (20.0%) Air leak 2
Atelectasis 2 
Pneumonia 1

Linden PA  
et al. 2005 (18)

100 Pred FEV1% <35% Open: wedge resection 65,  
lobectomy 10,  
wedge resection 5, 
segmentectomy 4,  
lung volume reduction/
wedge 8. VATS: lobectomy 4, 
segmentectomy 4

8.37 days 1 (1%) 41 (41.0%) Prolonged air leak 22
New oxygen  
requirement 11
Respiratory failure 4
Pneumonia 4

Magdeleinat 
et al.
2005 (19)

106 Pred FEV% ≤50% Open: pneumonectomy 16,  
lobectomy 73, z
segmentectomy 7,  
wedge resection 10

20 days 5 (8.5%) 74 (69.8%) Pneumonia 27 
Atelectasis 16
Bronchitis 1

Martin U et al. 
2005 (8)

34 ppoFEV1% <40% VATS: lobectomy 17, 
segmentectomy 17

7 [3-31] 
days  

2 (5.8%) 10 (29.4%) Pneumonia 3 
Air leak 3
Empyema 1

Choong et al.
2004 (3)

21 Mean FEV1 =0.7 L 
mean Pred FEV1% = 
29%

Open: lobectomy 18,  
wedge resection 3

9 [5-24] 
days   

0 19 (90.5%) Respiratory failure 2
Air leak 11
Mini-tracheostomy 7

Solli et al.  
2003 (20)

31 Pred FEV% <50% 
or DLCO% <50%

Open: pneumonectomy 10,  
lobectomy 11, z
sublobar resection 10,  
segmentectomy 7, wedge 2

7 [4-21]  
days

0 16 (31.6%) Respiratory failure 1
Atelectasis 3
Pneumonia 1
Air leak 3

Present study 62 Pred FEV% <50% VATS: lobectomy 62 16±1  
[5-54] 
days

2 (3.2%) 22 (36.1%) Air-leak 16
Pneumonia 6
Respiratory fail 3
Atelectasis 2
Pulmonary embolism 2

FEV, forced expiratory volume; ppoFEV1, predicted postoperative percentage of FEV1; Pred, predicted; VATS, video-assisted thoracic surgery.
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patients will suffer less pain postoperatively and expectorate 
more easily, reducing the incidence of postoperative pulmonary 
infection and complications as well. In view of those advantages, 
VATS procedures have been used in a growing number of 
studies to treat patients with lung cancer and severe pulmonary 
dysfunction (8,19).

Previous studies have shown that, however, patients with lung 
cancer and COPD have an increased risk of cardiopulmonary 
complications compared to patients with lung cancer alone (20).  
In the present study, two patients died of respiratory failure 
in the perioperative period and 24 patients (39.3%) had 
postoperative complications, of which 22 (36.1%) had 
respiratory complications with an average hospital stay of 16 days 
after surgery. It can be seen that the incidence of postoperative 
respiratory complications in this study is not unacceptable 
compared with the previous reports (Table 5). According to the 
existing studies, open chest surgery is associated with a longer 
postoperative hospital stay and higher incidence of respiratory 
complications in patients with lung cancer and severe pulmonary 
dysfunction compared with the VATS procedures, which 
further demonstrates that the VATS technique is an ideal option 
for such patients. A possible explanation for the lower risk of 
postoperative pulmonary complications is that reduced injury to 
respiratory muscles, smaller chest wall incision and consequently 
less pain allows patients to cough and expectorate more easily 
and get out of bed sooner after VATS, and this in turn reduces 
the likelihood of other complications of the respiratory system. 
In the present study, pulmonary complications were observed 
in 36.1% of the patients, which is lower than the report of most 
studies with open chest surgery (3,16,17) but higher than those 
with VATS surgery (8). Martin et al. (8) carried out VATS lung 
resection for 34 patients with lung cancer and a FEV1% <40%; 
Although there were two dead cases, respiratory complications 
were observed in only ten patients (29.4%). In the present study, 
although the incidence of postoperative respiratory complications 
was higher than the above findings (8), systemic radical surgery 
was administered to all of the patients with lung cancer and severe 
COPD in the former, while VATS lobectomy accounted for up 
to 50.2% and 50% (8) in the other two studies. Lobectomy is 
associated with much greater surgical injury and loss of functional 
alveolar areas than either wedge resection or segmentectomy, and 
there were seven patients with extremely severe COPD and a 
preoperative FEV1% of only 27.8% (22-29.9 %) in this study.

Patients in this study had a relatively long hospital stay, 
averaging 16 days. Although it is slightly shorter than 20 days 
as reported by Magdeleinat et al. (17), it is longer than all of the 
other studies, which may be largely due to the surgical approaches. 
In this study, all 61 patients received either lobectomy or sleeve 
resection, whereas lobectomy accounts for a relatively small part in 
all of the remaining studies.

In the present study, both short- and long-term survival rates 

are observed in patients with moderate COPD who received 
lobectomy or sleeve resection after a 5-year follow-up. The 
survival analysis showed a 1-year survival rate of 75.4%, which 
was basically consistent with the findings of Magdeleinat (17),  
and a 5-year survival rate of 50.9%, which was higher than the 
report of Magdeleinat. Further analysis showed significantly 
better outcomes in patients with stage I lung cancer than in 
those with stages II or III, with the 5-year survival rates being 
73.1% and 32.3%, respectively (P<0.05), which were generally 
consistent with other reports (8,15,17). According to the report 
by Martin et al. (8), the analysis of 34 patients with stage I lung 
cancer and severe pulmonary dysfunction who underwent VATS 
lobectomy or segmental resection revealed a 5-year survival up 
to 69.7%, without significant difference between the two groups. 
Nakajima et al. (15) found a 5-year survival of 57.9% in the stage 
I group as a part of 36 patients with lung cancer and severe lung 
dysfunction, but the 5-year survival was merely 11.9% in the 
more advanced groups.

Lung cancer and COPD are mostly found in elderly people, 
while patients over the age of 65 years account for about 50% 
and those over the age of 70 years account for 30-40% of all 
cases (21). COPD and cardiovascular diseases are the common 
concomitant diseases in elderly smokers with lung cancer, and the 
presence of such conditions may directly or indirectly affect their 
therapy and outcomes. In the study of Janssen-Heijnen et al. (22),  
age was regarded as an independent factor for the survival 
outcomes of patients with stages I and II NSCLC, though it had 
no significant impact on the survival outcomes of patients at 
more advanced stages. Li et al. (23) also found that the 5-year 
survival rate was significantly higher in patients with stage I lung 
cancer who were not older than 65 years, compared with those 
older. In our previous study, we also found that age could be a 
critical factor in predicting the outcomes of those patients (24). 
A number of studies (15,17,25) have shown that, for patients 
complicated with severe pulmonary dysfunction, those with 
stage I lung cancer would have a better outcome than patients 
with the condition at stages II and III (P<0.05). In the present 
study, multivariate statistical analysis also suggested that age 
could be an independent prognostic factor for patients with lung 
cancer and severe COPD, which was consistent with previous 
reports.

However, there are several limitations in this study due to its 
retrospective nature. Although it has included the largest number 
of patients with lung cancer and severe COPD undergoing 
VATS lobectomy so far, the absolute number is not significantly 
large. Secondly, the present analysis included only the 5-year 
survival but not the time to progression, and did not take into 
account the subsequent treatment patients received after the 
surgery when calculating the 5-year survival rates. Finally, an 
objective comparison between the lung function data before 
and after the surgery is unavailable because some of patients 
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did not receive postoperative pulmonary function tests. Hence, 
the changes in the quality of life can merely be analyzed based 
on some relatively objective indicators in the present study.  
A more comprehensive prospective study will be needed to further 
determine the safety and effectiveness of VATS lobectomy as the 
treatment for patients with lung cancer and severe COPD.

In conclusion, VATS lobectomy can be safely and effectively 
performed for patients with NSCLC and severe COPD to achieve 
a satisfying long-term survival outcome as good as the routine 
VATS procedure, with an acceptable incidence of postoperative 
complications. Therefore, our preliminary conclusion is that for 
younger patients at an earlier stage (stage I), VATS lobectomy can 
be used as a more effective treatment option.
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