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Abstract The aim of this study is to evaluate the safety and
efficacy of lung volume reduction surgery (LVRS) by video-
assisted thoracoscopic surgery (VATS) in the treatment of
chronic obstructive pulmonary disease (COPD). A total of
90 patients with COPD from 2002 to 2012 were enrolled into
our study, comprising 22 who underwent conventional thora-
cotomies and 68 VATS. Pulmonary function testings, arterial
blood gases analysis, and quality of life between these two
groups were compared. VATS was found to be superior to
the conventional thoracotomy in terms of length of hospital
stay, intraoperative blood loss, intubation time, volume of
chest tube drainage, and postoperative pain assessment
(P<0.05). However, significant differences in pulmonary
function testings, arterial blood gases analysis, 6-min walking
distance (6-MWD), and postoperative quality of life between
the two groups were not found (P>0.05). LVRS by VATS is a
safe and reliable surgical approach for the treatment of COPD,
with less invasiveness and shorter hospital recovery time.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a world-
wide disease of the respiratory system with significant mor-
bidity and mortality. According to reports from WHO, it will
be the third cause of death resulting from smoking in the next
10 years. COPD is characterized by symptoms of progressive
dyspnea, hypoxemia, and poor quality of life. If untreated, the
5-year survival rate is about 25 % [1]. The current medical
treatment for COPD is primarily palliation of symptoms, and
surgical treatment by lung volume reduction surgery (LVRS)
represents another option [2]. Traditionally, LVRS was per-
formed via thoracotomy before the advent of video-assisted
thoracoscopic surgery (VATS). It is well documented that tho-
racotomy is commonly associated with many postoperative
complications such as prolonged mechanical ventilation and
compromised respiratory efforts due to incisional pain and rib
spreading, resulting in atelectasis and pneumonia. Patients
with severe COPD are often nutritionally depleted, and thora-
cotomy incisions in this group of patients are often associated
with poor healing. VATS, on the other hand, requires only two
or three much smaller incisions and, more importantly, avoids
rib spreading, thus offering a safer approach for LVRS. From
2002 to 2012, 90 patients with end-stage COPD underwent
LVRS in our department utilizing either the conventional tho-
racotomy or VATS approach. The clinical outcomes of these
two groups of patients were compared.

Methods

Patients

Ninety patients who presented to our department with severe
COPD between June 2002 andMay 2012 were enrolled in the
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study. Based on the patients’ preferences and surgeons’
experience, 22 and 68 patients subsequently underwent
LVRS by thoracotomy and VATS, respectively. The diag-
noses of COPD in all the patients were made utilizing
commonly employed criteria [3]. The demographics of
the patients in both groups showed no significant differ-
ence (P>0.05) (Table 1). All the patients had three to four
(mean 3.4) episodes per year of exacerbation of COPD
due to emphysema-related lung infection, spontaneous
pneumothorax, or acute respiratory failure. Inclusion
criteria into the study included the following: (1) symp-
toms of productive cough, shortness of breath, and diffi-
culty breathing; (2) physical examination showed barrel
chest and absence of upper lung field breath sounds.
Chest X-ray showed wide intercostal space, sparse lung
marking, and low and flat diaphragm; (3) chest high-
resolution computerized tomography (HRCT) and pulmo-
nary ventilation-perfusion scintigraphy (ECT) examina-
tion showed Btargets^ (no lung marking or different size
of bulla) (Fig. 1); and (4) dyspnea index classification
(MRC revised) of grade III or IV. According to ASA
score, five cases were in level II and 17 in level III in
thoracotomy group, and 17 in level II and 55 in level III
in VATS group. According to Goldman’s index of cardiac
risk, 15 and 45 cases were above 13 scores in thoracoto-
my and VATS group, respectively; there were no differ-
ences between them (P<0.05). For patients with poor pre-
operative nutrition, intravenous nutrition support was nec-
essary to ensure normal albumin (35–47 g/L) and blood
biochemistry. Aspirin should be stop taking the day be-
fore surgery (17 cases), and low-molecular-weight heparin
would be given subcutaneously after operation. Feeding
was the preoperative optimalization for surgery. Preoper-
ative pulmonary function testing, arterial blood gases
analysis, and 6-MWT were routinely obtained. Since
VATS is a well-established procedure, institutional review
board permission was not required. Individual patient
consents for surgery (thoracotomy vs VATS) were obtain-
ed after the pros and cons of both surgical approaches
were explained to the patients.

Surgical Approach

Preoperative preparation included the following: (1) Nutri-
tional status, degree of hydration, and electrolyte balance were
evaluated and corrected if significant deficiencies were found;
(2) reduce the amount of steroid intake if on; and
(3)administration of appropriate antibiotics based on sputum
cultures if evidence of acute bronchitis exists.

Surgery was performed under general anesthesia. In addi-
tion, in some patients, continuous high epidural anesthesia
was supplemented so that the amount of inhalation anesthetic
drugs could be reduced, thus facilitating recovery from anes-
thesia and reducing postoperative pain. After a standard prep
and drape, a 2-centimeter incision was made in the fourth
intercostal space in the anterior axillary line. Dense adhesions
were often encountered. Blunt dissection and cautery were
used to free up some of the dense adhesions so that the trocar
and 30° thoracoscope could be placed through the eighth
space in the midaxillary line. An utility incision was made in
the seventh intercostal space in the posterior axillary line or
one intercostal space lower for lower resection. In some cases,
another 1-cm incision was made in the auscultatory triangle.
Stapler was placed through the utility incision to resect the
emphysema bullae guided by the preoperative imaging. The
range of resection was less than 20–30 %. Stapler with a
gasket could be used to avoid or minimize air leak if the target
area is too large. The incision in the fourth intercostal space
could be extended anteriorly for 4 cm if there were significant
intrathoracic adhesions. Ventilator parameters, needed to be
adjusted to increase respiratory rate, reduce tidal volume ox-
ygen flow to prevent margin leak. At the end of the procedure,
two drainage tubes were placed through two incisions, one to
the apex of the thoracic cavity and the other to the
costophrenic sinus.

Standard posterolateral thoracotomy incisions were
employed in all 22 study subjects. The incision was made
between 15 and 20 cm in length and in the fifth intercostal
space. The thoracic cavity was opened layer-by-layer, and the
ribs were retracted by a thoracic retractor. Adhesions were
taken down if any. Endo-GIA or the conventional ligation
approach was used for resection of the bullae. Prior to termi-
nation of the procedures, selective intercostal nerve blocks
were performed as necessary.

Inspection Indicators

The intraoperative and postoperative (2 months after opera-
tion) observations were prospectively recorded in detail and
extensively compared between the two groups, including the
length of hospital stay; intraoperative blood loss; intubation
time; volume of chest tube drainage and postoperative pain
assessment, pulmonary function testing, arterial blood gases
analysis, and 6-min walking distance (6-MWD). Pulmonary

Table 1 The comparison of general information in two groups

Group Thoracotomy VATS P value

Age (year) 63.12±9.85 66.23±9.29 0.232

FEV1 (L) 0.96±0.17 0.98±0.11 0.462

VC (L) 1.88±0.18 1.86±0.11 0.489

FEV1/VC (%) 51.05±11.51 52.60±10.05 0.576

TLC (L) 4.17±0.28 4.28±0.19 0.059

PaO2 (mmHg) 60.68±5.76 62.11±5.27 0.287

PaCO2 (mmHg) 47.45±9.90 48.41±10.95 0.718

6-MWT (m) 288.68±38.08 268.83±52.54 0.128
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function testing (BF-2 electronic spirometer) includes forced
expiratory volume in 1 s (FEV1), total lung capacity (TLC),
and vital capacity (VC).

Quality of Life Assessment

Life quality was compared between the two groups during the
follow-up study. At 6 months postoperatively, quality of life
was evaluated with the St. George’s respiratory questionnaire
(SGRQ) [3]. The survey questionnaire consists of 50 ques-
tions, covering three aspects, which involve respiratory symp-
toms of cough, sputum, chest distress, etc.; activity limitation
involving walking up and down and housework and job ad-
ministration; and social psychological influence of the disease
involving anxiety, pain, and disappointment and other nega-
tive psychological emotion. All patients in two groups inde-
pendently completed the surveys, and no suggestion from the
outsideworld was given during the investigation. Score=(sum
of positive scores of this part/full score of this part)×100.
Total score=(sum of all positive score/full score of all ques-
tions)×100. The score is inversely correlated with the better of
life quality.

Statistical Analysis

All quantitative data were expressed as mean±SD. SPSS 13.0
software (SPSS Inc., Chicago, IL, USA) was applied to ana-
lyze single factor analysis of variance and q test. P<0.05 was
considered statistically significant.

Results

All patients were sent to the intensive care unit after surgery
and mechanically ventilated for 4 to 231 h (Mean 115) before
extubation. All they were discharged in 7~30 days postopera-
tively. CT scans prior to discharge showed that all the targets
had been removed (Fig. 2).

In the VATS group, the incidence of complication was
43.98 % including 23 cases of persistent pulmonary air leak
(≥7 days, 6 of grade I, 13 of grade II, and 4 of grade III), 13 of
arrhythmia, 8 of pulmonary infection, 8 of extensive subcuta-
neous emphysema, and 3 of acute respiratory failure. Three
patients needed mechanical ventilation for more than 7 days.
Four patients died of postoperative respiratory failure and in-
fection. Postoperative pulmonary function testing, arterial
blood gases analysis, and 6-MWD showed significant im-
provement compared to their preoperative counterparts
(P<0.05). In the thoracotomy group, the incidence of compli-
cation was 48.23 % including nine cases of air leak (≥7 days,
two of grade I, five of grade II, and two of grade III), four of
arrhythmia, five of pulmonary infection, four of extensive
subcutaneous emphysema, and two of acute respiratory fail-
ure. Two patients died of postoperative respiratory failure and
infection. Postoperative pulmonary function testing, arterial
blood gases analysis, and 6-MWD showed significant im-
provement compared to their preoperative counterparts
(P<0.05). However, there was no significant difference in
postoperative inspection indicators and life quality between
the two groups (P>0.05) (Tables 2 and 3).

Fig. 1 CT scan showed the
Btarget^ of different size of bulla
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Discussion

Medical treatment such as antispasmodic and anti-infection for
end-stage COPD is not effective for better quality of life. LVRS
for COPD is recommended in both China and international
guidelines because several trials have shown improvement in
survival in selected patients with poor baseline exercise capac-
ity and upper lobe-predominant emphysema [4]. In 1995,
Cooper et al. [5] performed LVRS for 20 patients with end-
stage COPD and achieved demonstrable improved outcomes,
so that LVRS as a treatment for COPD was adopted widely in

clinical work. Many studies have shown that LVRS can im-
prove pulmonary function, exercise capacity, and quality of life
and prolong survival of patients with COPD [6]. To date, there
are three different surgical approaches for LVRS: median
sternotomy, posterolateral thoracotomy, and VATS. Median
sternotomy is often used for bilateral LVRS. Controversy exists
over the unilateral or bilateral surgery in one stage or multiple
sessions. However, studies indicate that long-term effects of
one-side LVRS are similar to that of both sides [7, 8].

VATS, as a minimally invasive surgical approach, was ini-
tially used for the treatment of benign diseases and in the

Fig. 2 Postoperative CT scan
showed that the target areas have
been removed

Table 2 The intraoperative and
postoperative inspection
indicators in two groups

Thoracotomy VATS P value

FEV1 (L) 1.24±0.03 1.22±0.05 0.053

VC (L) 2.31±0.38 2.18±0.32 0.122

FEV1/VC (%) 53.51±12.11 55.96±13.26 0.799

TLC (L) 3.81±0.18 3.87±0.23 0.227

PaO2 (mmHg) 89.31±4.19 88.27±8.02 0.559

PaCO2 (mmHg) 33.77±7.45 32.61±7.83 0.542

6-MWT (m) 415.86±39.52 422.28±47.14 0.567

Hospital stay (day) 16.82±7.75 13.27±6.52 0.0455

Intraoperative blood loss (ml) 300.89±208 226.36±110.51 0.0399

Intubation time (day) 12.11±1.27 7.27±3.05 <0.0001

Volume of drainage (ml) 853.31±38.21 671.32±40.82 <0.0001

Pain assessment (mild/N) 3/20 52/64

Survival rate 20/22 60/64 0.6518

Complication percentage 48.23 % 43.98 % 0.8895
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diagnosis of lung tumors. Today, VATS has been gradually
integrated into the surgical treatment of COPD. VATS lobec-
tomy is conducted with the aid of sophisticated devices and a
camera attached to the thoracoscope, which is inserted into the
pleural cavity via small access ports. However, the tactile in-
put, feedback, and skill of the surgeon can be compromised,
which may result in a prolonged duration of surgery and high
risk of intraoperative blood loss. In our VATS group, the mean
operating time was 141.67±20.12 min, while that for the tho-
racotomy group was 150.20±18.06 min. No statistically sig-
nificant difference was found (P<0.05). However, VATS was
superior to thoracotomy in terms of length of hospital stay,
intraoperative blood loss, intubation time, volume of postop-
erative chest tube drainage, and postoperative pain assessment
(P<0.05). Thus, VATS appeared to have significant advantage
in patients with poor cardiopulmonary function.

Prolonged air leak is common after LVRS and difficult to
solve, and air leak cannot be completely avoided even if sta-
pler is used. A large air leak can cause infection, prolong
healing, and even result in respiratory failure. Fibrin glue
can often be applied on the surface of the lung to achieve a
better seal. Mechanical pleurodesis can also be achieved by
creating abrasions on the surface of the parietal pleura and
promote pleural adhesions. Since varying degrees of air leak
were found in almost all the patients after LVRS, appropriately
placed chest tubes to the apex of the thoracic cavity and the
costophrenic angle are important for adequate drainage of
blood and tight apposition of the visceral and parietal pleura.
Postoperative nutrition is very important, especially for those
who were supported with ventilator. Appropriate antibiotic is
necessary based on sputum culture and sensitivity results in
case of pulmonary infection.

Our study has confirmed the reported advantages of VATS
of less traumatic, faster recovery and shorter hospital stay [4].

However, our survey of the quality of life at 3 months after
surgery did not show any significant differences in pulmonary
function testing, arterial blood gases analysis, 6-min walking
distance (6-MWD), and postoperative quality of life between
the two groups.
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