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Abstract. The aim of the present study was to investigate the
feasibility and efficacy of staged bilateral single-port thora-
coscopic lung volume reduction surgery (LVRS) for patients
with chronic obstructive pulmonary emphysema (COPE).
Eleven male patients with a mean age of 60.27+12.11 years with
bilateral COPE and bullae were admitted to the Department
of Thoracic Surgery, Xuzhou Central Hospital from January
2013 to June 2014. The patients underwent staged bilateral
single-port thoracoscopic LVRS. The hyperinflated bullac were
resected using endoscopic staplers (Endo-GIA), followed by
continuous suture and biological glue for reinforcement of the
margin. In addition, pulmonary function, blood gas assay, 6-min
walk distance (6MWD) and life quality evaluated by a short
form 36-item health survey questionnaire (SF-36) were recorded
before and after LVRS, respectively. All the patients survived
after surgery. The chest tube drainage time was 9.09+1.31 days
and postoperative hospital stay was 15.73+2.75 days, with
5 cases of persistent air leakage and 7 cases of pulmonary
infection which were finally cured. The patients were followed
up for 3 to 12 months, and the pulmonary function, partial pres-
sure of oxygen (pO,), 6(MWD and life quality after unilateral or
bilateral LVRS were improved compared to these parameters
before surgery. However, there was no significant difference
between unilateral and bilateral LVRS in terms of life quality.
In conclusion, staged bilateral single-port thoracoscopic LVRS
may improve the short-term life quality of patients with COPE.

Introduction

Chronic obstructive pulmonary emphysema (COPE) behaves
as progressive dyspnea, which seriously attenuates the quality
of life of patients. The study of the National Emphysema
Treatment Trial (NETT) has indicated that lung function
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and the quality of life of patients after lung volume reduction
surgery (LVRS) were superior to medical treatment (1). Studies
have shown that the improved duration course of staged bilat-
eral LVRS was superior to unilateral or simultaneous bilateral
LVRS (2). We examined a total of 11 patients with bilateral
COPE combined with bullae from January 2013 to June 2014.
The patients underwent staged bilateral single-port thoraco-
scopic LVRS treatment, which significantly improved their
lung function and quality of life.

Patients and methods

Patients. The selection of single-port thoracoscopic LVRS
patients was carried out as defined in NETT (3). Eleven male
patients with bilateral COPE and bullae who underwent staged
bilateral single-port thoracoscopic LVRS in our hospital from
January 2013 to June 2014 were enrolled in our study. Mean
patient age was 60.27+12.11 years and body weight index was
34.35+0.69. Among the total cases, 1 case was confirmed with
inhomogeneous emphysema and bullae combined with bron-
chial dilatation under CT imaging before surgery. Two cases
were confirmed with a long-term history of chest distress and
asthmatic suffocation. These patients had a medicine treatment
course of 10.09+4.25 years, combined with pneumothorax
upon admission, with relatively poor recruitment maneuver of
lung after thoracic close drainage. Before surgery, the patient
was required to stop smoking and was treated by atomization,
coughing and expectorating to effectively control asthmatic
suffocation, bronchial dilatation and pulmonary infection. In
addition, the patient also received respiratory function exer-
cise and standardized medication to prevent being exposed to
allergen. After the lung function was confirmed to be consis-
tent with the operation indications, single-port thoracoscopic
LVRS was performed under general intravenous anesthesia.
Parameters of the lung function and arterial blood gas
one week before surgery included: forced expiratory volume
in the first second (FEV1), 1.37+0.24 liters; arterial oxygen
partial pressure (pO,), 66.91£2.95 mmHg; carbon dioxide
partial pressure (pCO,), 46.82+2.96 mmHg and 6-minute
walk distance (6MWD), 297.73+8.91 m (Table I).

Methods
Surgical method. Double lumen endotracheal intubation was
performed, with atracurium, fentanyl and propofol used for
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Table I. Pulmonary function and 6MWD in patients before and after LVRS.

FEV1 (liters) FEV1 (%) PO,(mmHg) pCO,(mmHg) 6MWD (m)
Pre-surgery 1.37£0.24 52.41+3.60 66.91+2.95 46.82+2.96 297.73+8 .91
3 months after unilateral surgery 1.69+0.20 60.43+3.35 74.36+5.64 42.73+2.83 433.36+19.10
3 months after bilateral surgery 1.75+£0.19 65.60+4.77 79.09+3.78 40.27+2.05 472.09+33.08

6MWD, 6-min walk distance; LVRS, lung volume reduction surgery. Data are expressed as mean + SD.

Figure 1. Computed tomography (CT) of patients with COPE combined with giant bullae. (A) Before surgery, (B) one week after unilateral LVRS surgery.
COPE, chronic obstructive pulmonary emphysema; LVRS, lung volume reduction surgery.

general anesthesia. Subsequently, unilateral lung ventilation
was carried out; holes were made in the fifth or sixth rib inter-
costal space of the anterior axillary line and the length of the
incision was 4.54+0.47 cm. The target region was determined
according to CT and the condition was observed by thoraco-
scope. The endoscopic cutting device (Endo-GIA) was used
to excise the overinflated lung tissues in the target region. The
cutting edges were overlapped and consecutively the incisal
margins were sutured by 4-0 prolene followed by biological
protein glue. The inferior pulmonary ligament was loosened
and the parietal pleura was rubbed and pleural perfusion by
group A Streptococcus (OK-432) was performed to promote
pleural adhesion. After surgery, the lung was dilated to exclude
the incisal margin from air leakage. A no. 7 chest tube was
placed between the second intercostal space in the midcla-
vicular line and one no. 26 chest tube between the eighth and
ninth rib. After surgery, 1 pg/ml fentanyl automatic control
vein pump was used to alleviate pain for 48 h. The patients
were sent to ICU for continuous monitoring and treatment for
1.73+0.64 days. The patients were assisted with independent
expectoration, strengthening of respiratory tract nursing,
and the time of tracheal intubation was shortened. Three to
four months after unilateral LVRS when the lung function
and general condition of the patients were improved, bilateral
LVRS was carried out.

Evaluation of the quality of life. Lung function and arterial
blood gas were determined under non-oxygen uptake state and
6MWD examinations one week before surgery, three months
after unilateral LVRS and three months after bilateral LVRS.
In the meanwhile, the patients were guided to complete the

short form 36-item health survey (SF-36) and their scores was
analyzed for evaluation of their quality of life.

Statistical analysis. SPSS 19.0 software (SPSS Inc., Chicago,
IL, USA) was applied for statistical analysis. Continuous
variables are presented as mean + SD. The Student's t-test or
Mann-Whitney U test was applied for comparisons between
groups. The %* or Fisher's exact test was used for comparisons
between groups with regard to categorical variables and
enumeration data. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

None of the patients included in our study had perioperative
death. Surgery lasted for 126.36+14.40 min, post-surgery
mechanical ventilation lasted for 9.68+1.49 h, post-surgery
thoracic drainage tube lasted for 9.09+1.31 days, and hospital-
ization lasted for 15.73+2.75 days. Among the cases, 5 cases
had lung air leakage for 10.40+2.97 days, 7 cases had pulmo-
nary infection, and 5 cases had atelectasis. All patients were
cured and there was no other complications such as heart and
lung failure or thrombosis. One case was relatively typical,
and was diagnosed as COPE with giant bullae (also known
as vanishing lung syndrome). After unilateral LVRS surgery,
parameters of lung function of the patients were improved
significantly compared with those prior to surgery (Fig. 1).
The pulmonary function, arterial blood gas analysis and
activity of the daily living of the patients before surgery
were compared three months after unilateral LVRS and
three months after bilateral surgery. Comparative results
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Figure 2. Life quality score of patients before and after LVRS surgery. LVRS,
lung volume reduction surgery. PF, physical functioning; RP, role-physical;
BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE.
role-emotional; MH, mental health.

showed that the proportion of FEVI in predicting value
[FEV1 (%)], arterial PO, and 6MWD were increased
compared with these parameters before surgery while arte-
rial pCO, was reduced compared with that before surgery;
there was no significant difference in the pulmonary function
and blood gas analysis of the patients between unilateral and
bilateral LVRS (p>0.05) (Table I).

Moreover, the SF-36 included items such as physical
functioning (PF), role-physical (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning (SF),
role-emotional (RE) and mental health (MH) and were used
to evaluate preliminarily the quality of life. Fig. 2 shows
the scores for the SF-36 scale. Compared with pre-surgery,
short-term life quality of patients after LVRS surgery was
greatly improved and patients could take care of themselves.
Comparison of bilateral and unilateral LVRS surgery was not
statistically significant in terms of lung function and quality
of life(p>0.05).

Discussion

Physical and psychology effects of thoracic surgery on patients
are relatively slight and small. Patients gain physiologic
functions very soon after thoracic surgery (4). The indications
for single-port thoracoscope have been gradually extended (5).
Gonzalez-Rivas et al reported on the single-port thoracoscope
bronchus and pulmonary artery double sleeve pulmonary
lobectomy (6). The mechanism of LVRS involves the excision
of 20-40% of the overventilated lung tissues to increase
their elasticity, adjustment of the ventilation/blood flow
ratio, reduction of the pulmonary heterogeneity to alleviate
the respiratory pump failure, and improvement of alveolar
gas exchange. Additionally, the improvement of pulmonary
function and quality of life of the patients after LVRS could
last for 3-4 years (7). For COPE dominated by the superior
lobe, we recommend LVRS (8). It was reported that the lung
function and quality of life of COPE patients was significantly
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improved 6 months after simultaneous bilateral thoracoscopic
LVRS (9). This may be because ventilation efficiency was
greatly improved after LVRS surgery (10).

The incision of single-port thoracoscope was between
the fifth and sixth rib between the anterior axillary line and
the midaxillary line. An endoscopic cut stapler of 5 mm was
selected, with 30° angle and rotatable head (11). After one-lung
ventilation, due to obstructive airway obstruction, patients
in this group sometimes had insufficient lung collapse and
extensive pleural adhesion, thus greatly limiting the vision and
operation. To avoid the residue of pulmonary bulla tissues and
protect the normal lung tissues, the incision had to be performed
several times, thus resulting in extended surgical time and
a waste of medical resources. The single direction incison
procedure by Liu and the preoperative CT reconstruction may
be utilized to precisely locate the target lung tissues (12), thus
it was a favorable method to overcome such a limit and save
medical resources. Major complications of LVRS included
pulmonary atelectasis, pulmonary infection and persistent
pulmonary leakage. Overlap of the incisal margins and inter-
locking suture by 4-0 prolene thread, combined with biogel
significantly reduced post-surgery air leakage (13). The chest
was closed after 10 min of lung filling. Conventionally, 2 chest
tubes were inserted individually, with the ends of the tube
placed into the top and bottom of the thoracic cavity. Special
care was given to avoid that the tube did not touch the heart
so as to prevent arrhythmia such as atrial fibrillation after
surgery. The patient were provided with nutrition, assistance
in coughing and expectorating and off-bed activity and were
regularly monitored by chest X-ray to clarify the degree of
pulmonary re-expansion. It has been reported that OK-432
effectively reduces the recurrence of pneumothorax and the
adverse effects were relatively minimal (14). We used OK-432
to perform thoracic cavity perfusion on patients after pneumo-
thorax and pulmonary trachea operation to promote pleural
adhesion and have received quite favorable curative effects.

The major causes of post-surgery pulmonary infection
in patients with chronic obstructive pulmonary disease is
increased sputum secretion and obstructed discharge, most
of which are complicated by tracheal colonization bacteria.
The airway passage needs to be healthy before surgery and
thus sensitive antibiotics should be selected before and after
surgery (15). Furthermore, the lung function of patients with
chronic obstructive lung disease is relatively poor, thus assis-
tant sputum excretion and rehabilitation therapy after surgery
was required (16). In the present study, patients were treated
with conventional small dose hormone aerosol inhalation to
control airway inflammation.

By contrast, patients in our study received partial resection
of the pulmonary lobe, including pulmonary bullae so as to
preserve the reserve function of their lung. Beckers et al
reported that, compared with pulmonary lobe partial
resection, lobectomy could better improve the curative effects
on the lung function of patients with severe emphysema (17).
A meta-analysis by Iftikhar er al indicated that bronchoscopic
lung volume reduction (BLVR) was a simple replacement
therapy of emphysema (18). Chen et al confirmed the curative
effects of lung transplantation and LVRS on treating end-stage
emphysema, indicating that compared with LVRS, lung
transplantation could better improve lung function of patients,
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blood gas analysis and quality of life after surgery. Therefore, it
was suggested that if conditions permitted, lung transplantation
be considered the first choice of surgical treatment for patients
with end-stage emphysema (19). However, Trotter and Hopkins
demonstrated the role of lung volume reduction and lung
transplantation for treating emphysema. Since there were few
lung donors available, endobronchial valve therapy, bronchial
vapor ablation and LVRS should be considered (20). Shah
and Herth reported that endobronchial valve therapy could
significantly improve the lung function and activity endurance
of patients with emphysema (21).

In conclusion, staged bilateral single-port thoracoscopic
LVRS is safe and effective for treating patients with COPE
combined with pulmonary bullae. Since the sample number
of our study was relatively small, its short-term curative effect
still requires a multi-center, large scale study and its long-term
curative effect requires closer follow-up.
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