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Abstract
Aim: In our study, we aimed to evaluate the results of patients 
who underwent lung volume reduction surgery with video-
assisted thoracoscopic surgery due to diffuse or upper lobe 
limited emphysema.
Material and methods: Patients who underwent lung volume 
reduction surgery (LVRS) for emphysema in our clinic between 
March 2015 and January 2020 were included in the study. The 
files of the patients were evaluated retrospectively. Age, gen-
der, smoking history, hospitalization time, drain removal time, 
complications, and postoperative pulmonary function test val-
ues were evaluated in the patient records.
Results: Twenty-four of the patients were male and 2 were 
female. The average age was determined as 49.6. Twenty-six 
patients underwent 31 surgical procedures, 5 of which were 
bilateral. Twenty-seven of them were performed by videotho-
racoscopic LVRS. Preoperative mean forced expiratory volume 
in 1 s (FEV1) value was 32.7%, total lung capacity 132%, re-
sidual volume 280%. The average length of hospital stay was 
found to be 7.75 days (4–19), and the time to remove the tho-
rax drain was 9.5 (4–23) days. FEV1: 1.78 (48.5%) was found in 
the pulmonary function tests of the patients at the 6th month 
postoperative controls. According to preoperative FEV1, 48.3% 
improvement was detected.
Conclusions: Volume reduction surgery is a treatment method 
that positively affects the natural course of emphysema in ad-
dition to quitting smoking and oxygen therapy. Patients with 
predominantly emphysema in the upper lobes, low exercise 
capacity, and appropriate FEV1 values benefited most from this 
treatment.

Key words: lung volume reduction, emphysematous, thoraco-
scopic, video-assisted thoracoscopic surgery.

Streszczenie
Cel pracy: W pracy poddano analizie wyniki operacji zmniej-
szenia objętości płuc wykonywanej z wykorzystaniem wideo
torakoskopii u pacjentów z rozedmą uogólnioną lub ograniczo-
ną do górnego płata płuca.
Materiał i metody: Do badania włączono pacjentów, u któ-
rych przeprowadzono operacyjne zmniejszenie objętości płuc 
(LVRS) w naszej klinice od marca 2015 do stycznia 2020 r. Retro- 
spektywnej analizie poddano dokumentację medyczną pacjen-
tów. Analizowano następujące parametry: wiek, płeć, palenie 
tytoniu w wywiadzie, czas hospitalizacji, czas trwania drenażu, 
powikłania, a także pooperacyjne wyniki badań czynności płuc. 
Wyniki: Analizowana grupa obejmowała 24 mężczyzn i 2 kobie-
ty. Średni wiek pacjentów wynosił 49,6 roku. U 26 pacjentów 
wykonano łącznie 31 zabiegów chirurgicznych (5 zabiegów 
obustronnych). W 27 przypadkach zabiegi LVRS wykonano 
z wykorzystaniem wideotorakoskopii. Przedoperacyjna średnia 
wymuszona objętość wydechowa w 1 s (FEV1) wynosiła 32,7%, 
całkowita pojemność płuc 132%, a objętość resztkowa 280%. 
Średni czas hospitalizacji wynosił 7,75 dnia (4–19), a czas dre-
nażu klatki piersiowej 9,5 (4–23) dnia. W 6. miesiącu po ope-
racji wartość FEV1 w badaniach czynnościowych płuc wyniosła 
1,78 (48,5%). W porównaniu z przedoperacyjnymi wartościami 
FEV1 stwierdzono poprawę o 48,3%.
Wnioski: Operacyjna redukcja objętości płuc, oprócz rzuce-
nia palenia i tlenoterapii, jest metodą terapeutyczną, która 
korzystnie wpływa na naturalny przebieg rozedmy. Najwięk-
sze korzyści ze stosowania tej metody stwierdzono u chorych 
z rozedmą zlokalizowaną głównie w górnych płatach płuc, ni-
ską wydolnością wysiłkową i odpowiednimi wartościami FEV1.

Słowa kluczowe: zmniejszenie objętości płuc, rozedma płuc, 
torakoskopia, wideotorakoskopia.
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sues are destroyed and as a result of hyperinflation dead 
cavities developing in the parenchyma. Hyperinflation is 
the main pathophysiological mechanism of pulmonary em-
physema leading to dyspnea and poor quality of life [2]. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is 

a health problem with high morbidity and mortality world-
wide [1]. In the case of emphysema, lung and alveolar tis-



Kardiochirurgia i Torakochirurgia Polska 2020; 17 (3)128

Analysis of lung volume reduction surgery results with video-assisted thoracoscopic surgery in emphysematous lung patients

The standard measure is for patients to quit smoking. As 
a medical treatment, inhaled long-acting bronchodilators, 
inhaled steroids, oral bronchodilators, pulmonary rehabili-
tation, optimal nutrition and vaccination are applied [3]. 
Lung volume reduction procedures are accepted as the gold 
standard treatment in patients where medical treatment is 
not sufficient and cannot provide optimal recovery [4].

Lung volume reduction surgery (LVRS) and broncho-
scopic lung volume reduction (BLVR) using valves or coils 
are recommended by the Global Initiative for Obstructive 
Lung Disease (GOLD) [5]. The advantage of LVRS over medi-
cal treatment is more important in patients with upper 
lobe dominant emphysema and low exercise capacity after 
rehabilitation. On the other hand, lung volume reduction 
is reported to improve the quality of life in patients with 
advanced and heterogeneous emphysema [6].

LVRS, defined for the first time in 1957, was performed 
through a thoracotomy incision. It was defined as resection of 
the most emphysematous parts of the lung [7]. However, now 
lung volume reduction surgery is applied in a more minimally 
invasive manner with the development of video-assisted tho-
racoscopic surgery (VATS) methods. The most important rea-
son for this is that VATS is used in many procedures including 
major lung resections in thoracic surgery operations. In addi-
tion, VATS provides a wide field of view in lung and medias-
tinal surgery [8, 9]. With the use of a single port or multiple 
ports, patients have advantages over thoracotomy in terms 
of postoperative pain [9, 10]. Since it has a lower postopera-
tive pain rate, the time to return to daily life in patients un-
dergoing LVRS is shortened. Although LVRS is more invasive 
than bronchoscopic lung volume reduction procedures, LVRS 
has been shown to reduce the risk of emphysema-induced 
mortality beyond symptomatic relief [11]. Both methods have 
advantages and disadvantages. Therefore, it is important to 
personalize the treatment in emphysema patients. When 
planning the treatment preference, evaluation of patients by 
a multidisciplinary team and taking the LVRS decision accord-
ingly are recommended in many studies.

Aim
In our study, we aimed to evaluate the results of pa-

tients who underwent lung volume reduction surgery with 
VATS due to diffuse or upper lobe limited emphysema.

Material and methods
Twenty-six patients who underwent LVRS for emphy-

sema in our clinic between March 2015 and January 2020 
were included in the study. The files of the patients were 
evaluated retrospectively. In the patient records, age, gen-
der, smoking history, hospitalization time, drain removal 
time, complications, preoperative and postoperative pul-
monary function test values were recorded. Those with 
chronic comorbid diseases such as coronary artery disease, 
uncontrolled diabetes, or uncontrolled hypertension were 
not included in the study. Inclusion and exclusion criteria 
were determined in the study (Table I). Prior informed con-
sent was obtained from all patients. Before the operation, 
all patients underwent bilateral chest radiography, thorax 
computed tomography (CT), and pulmonary function test. 
There was no DLCO test in our hospital, so patients could 
not be evaluated with this test.

The surgical procedure was started with VATS in all pa-
tients, but patients who continued with thoracotomy due 
to severe adhesion were excluded from the study. The lung 
tissue targeted for resection was decided by preoperative 
radiological evaluation and peroperative exploration. These 
lung areas were excised with a standard 60 mm endoscopic 
staple. At the end of the operation, 1 chest tube was rou-
tinely placed. Patients were routinely left to passive drainage 
by chest tube, but patients with excessive air leakage and 
an expansion defect on chest X-ray on the first postopera-
tive day were subjected to negative aspiration. If the air leak 
after surgery continued for more than 7 days, it was con-
sidered as a prolonged air leak. The patients were routinely 
given mucolytic drugs and nebulization therapy. For pain 
control, non-steroidal anti-inflammatory agents and narcotic 
analgesia drugs were used when necessary. Perioperative 
prophylactic antibiotics were continued for at least 5 days 
or until the chest tube was removed. Pain of patients was 
determined by VAS scoring and recorded. In the postopera-
tive period, patients were followed up with daily chest radio-
graphs. When necessary, control was done with blood tests.

Statistical analysis
SPSS ver. 20.0 software (IBM Corporation, Armonk, 

NY, USA) was used to analyze data. Descriptive analysis 
was presented as means ± standard deviations. Student’s 
paired t-test was used for comparisons. The p-value con-
sidered statistically significant was < 0.05.

Results
Twenty-four of the patients were male and 2 were 

female. The average age was determined as 49.6 ±16.4  
(32–68). Twenty-six patients underwent 31 surgical proce-
dures, 5 of which were bilateral. Twenty-seven of them were 
performed by videothoracoscopic LVRS. Surgery could not 
be performed in 1 patient due to pleural adhesion, and this 
patient was excluded, and patients who underwent LVRS 
with thoracotomy were not included in the study. The aver-
age cigarette consumption in our patients was 36.1 packs/
year, but all patients quit smoking before the operation.

Table I. Selection criteria for lung volume reduction surgery

Inclusion Exclusion

Stop smoking > 4 weeks Continuing to smoke

No comorbidity Comorbid disease

Heterogeneous emphysema on CT Homogeneous emphysema on CT

FEV1 < 45%
TLC > 100%
RV > 150%
RV/TLC > 0.65

FEV1 < 20%

6-MWD > 140 m Recurrent infectious 
exacerbations

CT – computed tomography, FEV1 – forced expiratory volume in 1 s, RV – residual 
volume, TLC – total lung capacity, 6-MWD – 6 min walking distance.
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Preoperative mean forced expiratory volume in 1 s (FEV1) 
value was 1.2 l and 32.7%, total lung capacity (TLC) 8.6 l 
(132%), residual volume (RV) 7.3 l (280%). For the purpose 
of controlling air leakage during surgery, fibrin tissue adhe-
sives were used in 11 (42.3%) cases, bioabsorbable staple 
line reinforcement material was applied in 6 (23%) cases, 
and leakage control was achieved with absorbable bioma-
terial cover in 7 (27%) patients. The staple area was sup-
ported with pleural tents in 3 (11.5%) patients, and apical 
pleural decortication was performed in 4 (15.3%) patients. 
In patients who underwent pleural tents, the drain was 
placed over the pleural tent (Figure 1). The average length 
of hospital stay was found to be 7.75 days (4–19), and the 
time to removal the thorax drain was 9.5 (4–23) days. The 
demographic status of the patients and their perioperative 
findings are presented in Table II. Patients with excessive 
air leakage in the postoperative period were subjected to 
negative aspiration with –20 mm H2O following surgery.

Patients whose hospitalization was prolonged, lung ex-
pansion was not completed, but the air leak was reduced 
or not, they were discharged by installing a Heimlich valve 
in the thorax drain. The longest drainage period was found 
to be 23 days. Two patients underwent LVRS together with 
cancer surgery due to upper lobe originating squamous cell 
carcinoma (Figure 2). One of them was left upper lobectomy 
and the other was right upper lobectomy. The postoperative 
VAS score of the patients was found to be 2.7 on average.

In the early period, 53.8% of the patients developed 
complications; the most common complication was pro-
longed air leakage (9 patients, 34.6%). Due to the pro-
longed air leak, 2 (7.7%) patients underwent reoperation 
and air leak repair. Pneumonia (2 patients, 7.7%) and atrial 
fibrillation (1 patient, 3.8%) were observed (Table III). Mor-
tality was not observed at the end of the first postopera-
tive month; 1 (3.8%) patient died at the 8th month due to 
pneumonia and COPD exacerbation. FEV1: 1.78 (48.5%) was 
found in the pulmonary function tests of the patients at the 
6th month postoperative controls. According to preopera-
tive FEV1, 48.3% improvement was detected and this value 
was statistically significant (p < 0.05).

Discussion
Lung volume reduction surgery, as seen in our study, 

gives good results in suitable patients in the long term. 
Morbidity and mortality rates in patients are also low be-
cause it can be applied minimal invasively with videothora-
coscopic surgery. In NETT, one of the important studies in 
the field of emphysema, patients eligible for surgery were 
shown to give better results in patients with FEV1, less than 
45%, TLC: higher than 100%, RV: higher than 150% [12]. In 
the same study, previous LVRS surgery, heterogeneous em-
physema and pulmonary hypertension were accepted as 
exclusion criteria [12]. In our study, while selecting patients 
for surgery, NETT criteria were taken as the basis and sur-
gery was planned for patients with FEV1 less than 45%. The 
mean preoperative FEV1 value of the patients was 32.7%. In 
the study of Ginsburg et al. [13] containing 90 patients, the 

mean FEV1 value was reported to be 25.8%, and we see that 
the results of our study are consistent with the literature.

In many reports in the literature, the rates of males and 
females are similar to each other in patients undergoing 
LVRS [14, 15]. However, in our patient series, male patients 
accounted for 92.3% of our sample, and we think that this 

Figure 1. Preoperative chest X-ray (A) and thorax CT image (B) of 
the patient who underwent right LVRS 3 years ago. C – Postopera-
tive chest X-ray of the same patient after left LVRS and pleural tents

A B C

Table II. Baseline demographics and perioperative results

Patient characteristics N %

Age, mean [years] 49.6 –

Gender (n = 26):

Male 24 92.3

Female 2 7.7

Side of VATS surgery (n = 27):

Right 15 55.5

Left 7 26

Bilateral 5 18.5

Fibrin glue 11 42.3

Anti-air leakage biomaterial 7 27

Bioabsorbable staple line reinforcement 6 23

Pleural tent 3 11.5

Apical pleural decortication 4 15.3

Hospital stay, mean [days] 7.75 –

Drain removal time, mean [days] 9.5 –

Figure 2. Images of the patient undergoing right upper lobectomy 
due to lung cancer and emphysematous lung disease, preopera-
tive chest X-ray (A) and thorax CT (B), chest X-ray at the second 
postoperative month (C)

A B C

Table III. Postoperative complications (n = 14)

Complications N %

Prolonged air leak 9 34.6

Pneumonia 2 7.7

Reoperation 2 7.7

Atrial fibrillation 1 3.8
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is due to the high rate of male smoking in our country. All 
of our patients were smokers, but all patients scheduled 
for surgery had stopped smoking at least 4 weeks before 
surgery. Medical mucolytic treatments were arranged, and 
respiratory physiotherapy was applied to the patients in 
the postoperative period, accompanied by a  specialist 
physiotherapist.

There are many studies proving that the use of fibrin 
tissue adhesive prevents air leakage during lung resections 
[16]. The risk of air leakage is higher, especially after LVRS 
procedures that are surgically applied due to the emphy-
sematous lung. In addition, long-term postoperative air 
leaks are associated with prolonged hospitalization times, 
increased hospital costs, and increased incidence of cardio-
pulmonary complications [17]. This increases the morbidity 
and mortality. Since we know this situation, fibrin tissue 
adhesives were used in 11 cases to prevent prolonged air 
leakage in patients with high risk of air leakage. Prolonged 
air leakage was observed in 9 patients in the postoperative 
period and only 2 of these patients were used with fibrin 
tissue adhesive. Of the eleven fibrin adhesives, 4 of them 
were used in combination with bioabsorbable staple line 
reinforcement material and 5 of them were combined with 
bioabsorbable cover, and no prolonged air leakage was ob-
served in these patients.

In our study, bioabsorbable staple line reinforcement 
material was used in 6 patients (4 patients combined with 
fibrin glue) and no prolonged air leakage was observed in 
these patients. However, since there were not enough pa-
tients to compare, it was not determined whether it was 
statistically significant. It is known that the combined use 
of fibrin adhesive and staple line supporting materials is an 
effective air leak control method [17]. In the study of Mur-
ray et al. [17], it was observed that staple line supportive 
materials reduced the rate of air leakage. At high airway 
pressures, the ePTFE material has been reported to have 
a  superior effect compared to the patch made of bovine 
pericardium. In their study on 66 patients undergoing lung 
resection, Thomas et al. [18] showed that staple line sup-
portive material made from knitted calcium alginate pre-
vented air leakage in 55% of patients. As a  result of this 
phase 2 study, knitted calcium alginate bioabsorbable ma-
terial has been reported to be ergonomic and safe [18]. This 
indicates that we need to do a randomized controlled study 
for prolonged air leakage.

Another air leak prevention method used during lung 
volume reduction surgery is pleural tent and pleural de-
cortication [19, 20]. It is known that with the application 
of pleural tenting after upper lobectomy/bilobectomy, the 
duration of intrapleural drainages and hospital stay is sig-
nificantly reduced. It is a simple, safe and effective supple-
mentary method in the prophylaxis of permanent alveolar 
air leakage and apical residual pleural space formation. In 
randomized controlled studies of Petrov et al. [21] including 
40 patients, it was recommended that pleural tent appli-
cation be applied prophylactically for alveolar air leakage 
control. In our series, pleural tents were applied in 3 of our 

patients, and pleural decortication in 4 of our patients. No 
fibrin glue or staple liner supportive biomaterial was used 
in these patients. However, prolonged air leakage was ob-
served in one of our patients, and this patient was reoper-
ated and air leak repair was performed.

Another interesting observation among our patients is 
that we have 2 patients who were followed up for a diag-
nosis of non-small cell lung cancer and underwent upper 
lobectomy. These patients are those in whom major lung 
resection is difficult due to the emphysematous lung. How-
ever, especially in patients with emphysema located in 
the upper lobe, it is a surgical advantage that the tumor is 
located in the upper lobe. The combination of major lung 
resection with LVRS provides an opportunity for selected 
patients with early-stage lung cancer and severe emphy-
sema to undergo cancer resection rather than further re-
duction in pulmonary function. In these 2 patients, where 
we performed upper lobectomy (right upper and left up-
per lobectomy), no respiratory distress was observed in the 
postoperative period. Choong et al. [22] also recommend 
concomitant lung resection and LVRS surgery. In a  study 
conducted by Caviezel et al. [23], it was reported that sub-
lobar resections can be safely performed in such patients 
and it may be an alternative to radiotherapy.

The most common complication in almost all series 
after lung volume reduction surgery is air leakage. In our 
series, 34.6% prolonged air leakage was observed and a re-
operation decision was taken in 2 patients. On the other 
hand, cardiac complications such as arrhythmia, myocardi-
al infarction and pulmonary embolism after LVRS are simi-
lar to other thoracic surgery operations [24]. Arrhythmia is 
the most common cardiac complication after LVRS. In the 
NETT study, approximately 22% of patients developed post-
operative arrhythmia requiring advanced medical treat-
ment [25]. Myocardial infarction and pulmonary embolism 
rates have been reported as 1% and 0.8%, respectively [26]. 
In our study, the postoperative atrial fibrillation rate was 
lower than that in the literature. We attribute this to both 
the low number of our patients and the good evaluation of 
the patients in the preoperative period.

The most important goal in emphysema surgery is to 
provide an acceptable improvement in the FEV1 value of 
patients after lung volume reduction. In our patients, an 
improvement of 48.3% was detected in the postoperative 
6th month measurements compared to the preoperative 
FEV1 values. This value was found statistically significant 
in Student’s t test (p < 0.001). This shows that it is pos-
sible to provide a good postoperative result after LVRS with 
appropriate patient selection. A  decrease in lung volume 
with LVRS may improve quality of life with low postopera-
tive mortality and acceptable morbidity. Another important 
point in these patients is quality postoperative care and 
respiratory physiotherapy support.

Conclusions
Lung volume reduction surgery increases the quality of 

life in patients when performed with VATS or bronchoscopi-
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cally. Which procedure will benefit the patients should be 
evaluated well in terms of surgical or bronchoscopic prefer-
ences due to their different anatomical patterns and con-
comitant diseases. Therefore, emphysema therapy should 
be individualized for each patient and managed by a team 
of experts. LVRS surgery can be preferred safely in patients 
with low morbidity and mortality values.
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