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Abstract 

Purpose While pharmacologic therapy remains the cornerstone of lung emphysema treatment, surgery is an addi-
tional therapeutic option in selected patient groups with advanced emphysema. The aim of lung volume reduction 
surgery (LVRS) is to improve lung function, exercise capacity, quality of life and survival. We sought to determine 
the therapeutic value of surgical resection in specific patients with lung emphysema.

Patients and methods A retrospective study was performed consisting of 58 patients with lung emphysema who 
underwent surgical intervention over a 10-year period and were followed for 2 years postoperatively. The clinical 
characteristics recorded were  FEV1 (forced expiratory volume in 1 s), the 6-min walk test (6-MWT), the Modified Medi-
cal Research Council (mMRC), body mass index (BMI) and quality of life prior to and 6, 12 and 24 months after surgical 
intervention. Moreover, all peri- and post-operative complications were noted.

Results Out of 58 emphysema patients (72% male,  FEV1 (L) 2.21 ± 0.17, RV (L) 3.39 ± 0.55), 19 underwent surgical bul-
lectomy, 31 unilateral LVRS and 8 sequential bilateral LVRS. Six months after surgery, there was a statistically significant 
improvement in  FEV1, RV, TLC, 6-MWT and mMRC. Over a period of 12 to 24 months postoperatively, clinical benefit 
gradually declines most likely due to COPD progression but patients still experienced a significant improvement 
in  FEV1. The most common postoperative complications were persistent air leakage (> 7 days), arrhythmia and subcu-
taneous emphysema in 60%, 51.6% and 22.4%, respectively. No deaths were observed after surgical intervention.

Conclusion In a selected patient population, surgery led to significant improvement of lung function parameters, 
exercise capacity and quality of life. Over a period of 12 to 24 months postoperatively, clinical benefit gradually 
decreased most likely due to COPD progression.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a 
heterogeneous disease entity that is linked to multiple 
comorbidities and systemic manifestations. Pulmonary 
emphysema, a phenotype of COPD is characterized by 
hyperinflation leading to breathlessness and a reduced 
quality of life. COPD is currently the fourth leading 
cause of death in the adult population worldwide [1].

Pharmacologic therapy is the cornerstone of lung 
emphysema treatment, while surgery remains one 
of the therapeutic options of choice. Bullectomy and 
lung volume reduction surgery (LVRS) aim to reduce 
hyperinflation and thus lead to optimized lung func-
tion, exercise capacity, and survival. Several trials have 
demonstrated that bullectomy may lead to transient 
alleviation of dyspnea and certain indices of respiratory 
function that dissipate over time [2, 3]. However, poor 
results post-bullectomy have been observed over time 
in patients with advanced emphysema in unresected 
segments of lung parenchyma (stage III according to 
the De Vries and Wolf classification) [4, 5].

Lung volume reduction surgery (LVRS) has been 
accepted as the therapeutic modality of choice for 
patients in the terminal phase of lung emphysema. To 
date, the National Emphysema Treatment Trial (NETT) 
published in 2003, is the largest randomized controlled 
trial related to LVRS; this study compared 608 patients 
who underwent LVRS to 610 patients who received 
medical treatment [6]. Overall, lung volume reduc-
tion surgery increased the chance of improved exercise 
capacity, but did not confer a survival advantage over 
medical therapy. However, subgroup analysis showed 
that patients with predominantly upper-lobe emphy-
sema and low exercise capacity in particular experi-
enced improvements in exercise capacity and survival 
compared to those in the medical therapy group. In 
contrast, in patients with a forced expiratory volume in 
1 s  (FEV1) ≤ 20%, a transfer factor for carbon monoxide 
(TLCO) ≤ 20% and a homogeneous emphysema distri-
bution, increased mortality was observed after LVRS. 
These results demonstrated that LVRS is beneficial 
after precise patient selection.

In this study, we sought to determine if surgery can 
be performed safely and lead to improved outcomes 
in an institutional cohort of consecutive patients with 
advanced emphysema.

In the era of bronchoscopic LVRS some centers have 
nearly abandoned the use of surgical LVRS. This paper 
sought to determine the continued utility, safety and out-
comes of surgical LVRS in an institutional cohort of con-
secutive patients with advanced emphysema who were 
active smokers or past smokers and belonged to a specific 
geographic area of Europe.

Materials and methods
A retrospective study was performed, that included 58 
consecutive patients suffering from lung emphysema, 
who underwent surgical intervention at our institu-
tion between 2007 and 2017. All patients were followed 
for a minimum of 2  years postoperatively. Written con-
sent was obtained from all study patients and the study 
was approved by the institutional ethics committee 
(MFUB/25.02.2016.Nr. 29/II-21).

The primary objective of our study was to evaluate the 
clinical long-term outcomes following bullectomy and 
unilateral or bilateral LVRS in patients with advanced 
emphysema.

Patient eligibility for surgical intervention
Information obtained from individual patient histories 
included smoking habits and preexisting comorbidities. 
All patients of the cohort were either active smokers or 
ex-smokers and ceased smoking at least 4 weeks prior to 
surgical intervention. All patients with cardiomyopathy, 
arterial hypertension and type II non-insulin dependent 
diabetes mellitus were adequately controlled with medi-
cal treatment prior to surgical intervention. Standard lab-
oratory tests and pulmonary function tests were carried 
out for all patients to preoperatively grade the candidates 
for resection of lung parenchyma as were: body plethys-
mography, DLCO, arterial blood gas analysis, echocar-
diography, 6-min walk test (6MWT), body mass index 
(BMI), Modified Medical Research Council (mMRC) 
score and BODE score.

To confirm emphysema and evaluate emphysema dis-
tribution, computed tomography (CT) of the chest and 
ventilation/perfusion scintigraphy were performed.

Patients were referred and evaluated by the thoracic 
surgical team only if they met the NETT criteria. Indi-
cations for surgical intervention and the anatomical 
region for resection were determined using standard-
ized NETT criteria:  FEV1 > 20%, DLCO > 20%, evalua-
tion of emphysematous morphology and the degree of 
heterogeneity (analysis of chest CT and ventilation–
perfusion scintigraphy). Patients with homogenous 
emphysema and alpha-1 antitrypsin deficiency were 
excluded. All patients underwent preoperative lung 
rehabilitation. Perioperatively all patients received 
standard medical care consisting of bronchodilator 
inhalation therapy and respiratory physical therapy. 
Patients received antibiotic prophylaxis according to a 
standardized protocol, and further antibiotic therapy 
was administered in patients with clinically and bac-
teriologically confirmed infections. The perioperative 
management also included routine DVT prophylaxis 
and gastroprotective therapy. All patients who under-
went either bullectomy, unilateral LVRS or sequential 
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bilateral LVRS met both surgical eligibility criteria and 
inclusion/exclusion criteria as outlined for this retro-
spective study.

Surgical procedure
The patients included in this retrospective analysis 
were divided into three groups according to the sur-
gical intervention: bullectomy (group 1, n = 19), uni-
lateral LVRS (group 2, n = 31) and sequential bilateral 
LVRS (group 3, n = 8). Bullectomy is defined as atypical 
lung resection of localized parenchymal bulla with the 
planned resection margin between bulla and healthy 
or potentially affected lung parenchyma. Lung volume 
reduction surgery (LVRS) is a unilateral non-anatomic 
lung resection of the most damaged lung segments 
with a planned volume reduction of 20–30% of lung 
volume. In the case of extended emphysema including 
both upper and lower lung lobes (predominantly apical 
lower lobe segment), LVRS includes atypical resection 
of both upper lobe and the apical lower lobe segment 
to achieve a total of 20–30% of lung volume reduction.

All surgical interventions were carried out through 
a muscle-sparing anterolateral thoracotomy through 
the 5th intercostal space. The same surgical team per-
formed each of the operative interventions. Training 
in the operative techniques for surgical emphysema 
treatment was obtained over a previous 5-year period 
according to published surgical protocols. In all the 
patients the lung with the highest degree of loss of 
healthy tissue was resected first.

Due to previously reported comparable functional 
results and non-inferior postoperative morbidity and 
mortality after sequential bilateral LVRS compared to 
bilateral LVRS, the former procedure was the proce-
dure of choice [7]. Sequential bilateral treatment was 
carried out through a delayed approach at an interval 
of 6–12 months. The timing of the surgical intervention 
on the contralateral side was determined by a combina-
tion of factors, such as the postoperative recovery time 
after initial resection, degree of improvement in lung 
function after intensive rehabilitation and patient will-
ingness to undergo an additional operation.

The site and degree of resection were determined 
using existing criteria for surgical lung volume conser-
vation which allowed for an adequate degree of breath-
ing dynamics and function of the remaining lung. 
Resection was carried out using a linear stapler (United 
States Surgical Corporation, Norwalk, CT; Ethicon, Inc, 
Cincinnati, OH) with a length between 50 and 70 mm. 
Following resection, fibrin glue was applied on the 
lung suturing stapler line, to reduce the amount of air 
leakage.

Follow‑up after surgical intervention
In all patients, institutional standards of postoperative 
care and physical therapy were applied. The evaluation 
of postoperative lung function parameters FVC,  FEV1, 
RV, TLC, BMI, 6MWT result, degree of dyspnea, use 
of steroid therapy and quality of life was carried out 
6  months, 12  months and 24  months postoperatively. 
In the bilateral LVRS patient group 6-month, 12-month 
and 24-month follow-up results were recorded after the 
2nd surgical intervention.

Statistical analysis
A statistical methodology was used to analyze the 
results of the study. In the first stage of statistical analy-
sis of study results, a database for all patients was con-
structed, and then organized, grouping patient data 
into categorized tables and graphs of results. From the 
descriptive statistical parameters, the arithmetic mean 
(X) with measures of variance (standard deviation SD 
and standard error SE) of the median, mode, and fre-
quency distribution were calculated. Graphical and 
mathematical procedures were used to test the normal-
ity of distribution. To test the statistical hypothesis, in 
accordance with the type and distribution of variables, 
Student’s t test, Chi-square test, Mann‒Whitney U test 
and Fisher’s test were used. All statistical tests were 
executed using a significance level of p < 0.05. Analyses 
were performed in IBM SPSS Statistics for Windows, 
version 26.0 (Armonk, NY: IBM Corp., 2019).

Results
Patient characteristics
Out of the 58 emphysema patients (72% male,  FEV1 (L) 
2.21 ± 0.17, RV (L) 3.39 ± 0.55), 19 underwent surgical 
bullectomy, 31 unilateral LVRS and 8 sequential bilat-
eral LVRS. The clinical characteristics, including lung 
function parameters, mMRC and BMI of the patients 
are summarized in Table 1.

Prior to surgical intervention alongside standard-
ized bronchodilator therapy, 42.1% of our patients in 
the bullectomy group received corticosteroid therapy, 
80.6% of those in the unilateral LVRS group and 87.5% 
of those in the bilateral LVRS group. With a significant 
frequency the vast majority of our patients who were 
followed up to 24  months postoperatively (89.5% to 
100% of patients, p < 0.001), did not use steroid therapy.

Overall, 51.7% of all patients had significant 
comorbidities: 28 patients (48.3%) had cardiomyo-
pathy (NYHA class I, NYHA class II) preopera-
tively, 11 patients (18.3%) had arterial hypertension 
preoperatively and 6 patients (10.3%) patients had 
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type II non-insulin-dependent diabetes mellitus 
preoperatively.

Patients who underwent LVRS had heterogene-
ous pulmonary emphysema, while in the bullectomy 
patient group preoperative CT findings revealed bul-
lous emphysema mostly predominant in the upper 
lobes (stage III according to the De Vries and Wolf 
classification). The majority of resections were per-
formed on the right side (56.1%).

Postoperative complications
The main postoperative complication in 56.9% of the 
patients was an air leakage for more than 7  days. On 
average, chest tubes were removed between 9 and 
12  days postoperatively, while the average hospitali-
zation duration was between 10 and 13  days without 
a significant difference between the groups. In addi-
tion to prolonged air leakage, common complications 
included pneumonia (8.6%), atelectasis (10.3%), empy-
ema (1.7%) and subcutaneous emphysema (22.4%).

Immediate postoperative mortality did not occur 
in our study group (0%) or during the 2-year follow-
up period. Incidental PH findings occurred in 6.9% 
of patients, 4 patients had interstitial pneumonia, 2 
patients had pulmonary aspergilloma, and 1 patient 
had adenocarcinoma of the lung.

Postoperative complications and hospital stays are 
presented in Tables 2 and 3.

Clinical outcome 6 months after surgery
Lung function and blood gas analysis
All 58 patients (100%) achieved a positive outcome: at 
6  months after surgery, there was a statistically signifi-
cant improvement in  FEV1, 6MWT, mMRC, BMI and 
quality of life (Table 4). The mean increase in  FEV1 was 
340 ml ± 0.150 ml (p < 0.001), 350 ml ± 0.220 ml (p < 0.001) 
and 610  ml ± 0.270  ml (p < 0.001) in groups 1, 2 and 3, 
respectively.

In our analysis, no significant differences were found 
in between the preoperative and postoperative values 
related to DLCO,  PaO2, and  PaCO2 and LVEF.

Exercise capacity
There was also a statistically significant improvement in 
the 6-MWT with 47.8 m ± 14.07 m, 64.2 m ± 16.68 m and 
75.1  m ± 19.10  m following bullectomy, unilateral and 
bilateral LVRS, respectively.

BMI
The average BMI was the only parameter that did not 
change significantly at 6  months after any of the com-
pared surgeries (Table 4).

Symptoms and quality of life
Our analysis showed that at 6  months after surgery, 
there was a statistically significant decrease in the 

Table 1 Preoperative clinical characteristics (PCCs)

FVC: forced vital capacity;  FEV1: forced expiratory volume in 1 s; TLC: total lung capacity; RV: residual Volume; DLCO: diffusing lung capacity of the lungs for carbon 
monoxide; 6MWT (m): 6-min walking test result in meters; mMRC: Modified Medical Research Council Score; BMI: body mass index

Clinical parameter Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 8)

Min. Max Mean SD Min. Max Mean SD Min. Max Mean SD

FVC (L) 2.78 4.36 3.75 0.38 2.79 4.12 3.64 0.38 2.32 3.95 3.23 0.44

FVC (%) 68 87 78.05 5.86 63 83 74.55 4.53 58 76 67.88 5.46

FEV1 (L) 1.91 2.63 2.21 0.17 1.39 2.69 2.06 0.25 1.65 2.23 1.89 0.20

FEV1 (%) 51 63 58.63 4.45 42 63 52.65 5.49 44 61 51.12 4.94

TLC (L) 4.91 7.12 5.60 0.76 4.91 8.24 6.15 0.90 5.32 7.23 6.51 0.71

TLC (%) 112 138 118.5 7.65 106 138 120.6 8.31 118 139 128.7 6.47

RV (L) 2.86 4.91 3.39 0.55 2.63 5.47 3.84 0.66 3.43 4.93 4.39 0.51

RV (%) 126 183 146.1 11.7 131 275 159 31.9 146 215 175.9 22.7

RV/TLC % 0.39 0.59 0.48 0.04 0.41 0.75 0.52 0.08 0.51 0.63 0.59 0.04

RV/TLC 1.17 1.38 1.28 0.06 1.09 2.32 1.40 0.28 1.16 1.84 1.39 0.19

DLCO (L) 5.3 6.7 5.95 0.34 4.9 6.9 6.01 0.51 5.1 6.7 5.75 0.58

DLCO (%) 57 73 66.6 3.8 51 71 63.1 5.4 61 71 65.1 4.0

6MWT (m) 340 436 395 27.2 326 420 367 28.4 320 410 352 30.6

mMRC 1 2 1.95 0.22 2 3 2.06 0.25 2 3 2.38 0.50

BMI (kg/m2) 17 28 23.9 3.2 19 32 24.2 3.5 17 29 19.9 3.9
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Table 2 Postoperative complications

Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 8) All patients 
(n = 58)

n % n % n % n %

Reoperation 0 0 2 6.5 0 0 2 3.4

Reintubation 0 0 0 0 0 0 0 0

Mechanical ventilation 0 0 0 0 0 0 0 0

Subcutaneous emphysema 3 15.8 8 25.8 2 25.0 13 22.4

Arrhythmia 5 26.3 16 51.6 3 37.5 24 41.4

Pneumonia 3 15.8 1 3.2 1 12.5 5 8.6

Atelectasis 2 10.5 4 12.9 0 0 6 10.3

Empyema 0 0 0 0 1 12.5 1 1.7

Air leakage > 7 days 7 36.8 21 67.7 5 62.5 33 56.9

Mortality 0 0 0 0 0 0 0 0

Table 3 Postoperative drainage and hospital stay

Drain ex. postop day, mean = the mean amount of time until drain removal postoperatively, hospitalization stay mean = the mean amount of days spent in hospital, 
LVRS-unilateral = unilateral lung volume reduction surgery, LVRS-bilateral = bilateral lung volume reduction surgery

Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 8) All patients (n = 58)

Drain ex. postop. day, 
mean (SD)
Min–max

9.2 [± 3.2]
5–15

10.9 [± 3.1]
6–15

12.0 [± 6.8]
7–28

10.5 [± 3.9]
5–28

Hospitalization stay, 
mean (SD)
Min–max

10.1 [± 4.2]
5–19

12.1 [± 3.1]
6–16

13.1 [± 7.2]
8–30

11.6 [± 4.2]
5–30

Table 4 Clinical outcome 6 months after surgery

Data expressed as mean ± SD (pre = baseline, post = 6 months postoperatively)

(L): liters;  FEV1: forced expiratory volume; TLC: total lung capacity; RV: residual volume; BMI: body mass index; 6MWT m: 6-min walking test result in meters

Bold value indicates the statistical significance

Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 8)

Mean (SD) p Mean (SD) p Mean (SD) p

FEV1 (L)

 Pre 2.21 (0.17) < 0.001* 2.06 (0.25) < 0.001* 1.89 (0.20) < 0.001*
 Post 2.55 (0.15) 2.42 (0.22) 2.51 (0.27)

TLC (L)

 Pre 5.60 (0.76) 0.004* 6.15 (0.90) 0.003* 6.51 (0.71) 0.003*
 Post 4.86 (0.69) 5.46 (0.83) 5.71 (0.68)

RV (L)

 Pre 3.39 (0.55) 0.006* 3.84 (0.66) 0.003* 4.39 (0.51) < 0.001*
 Post 2.90 (0.47) 3.32 (0.53) 3.53 (0.52)

BMI (kg/m2)

 Pre 23.93 (3.23) 0.350 24.26 (3.50) 0.243 19.94 (3.86) 0.435
 Post 24.28 (3.09) 24.38 (3.39) 19.83 (3.24)

6MWT (m)

 Pre 395.37 (27.21) < 0.001* 366.87 (28.37) < 0.001* 352.50 (29.5) < 0.001*
 Post 443.16 (14.07) 431.06 (16.68) 427.62 (19.10)

Dyspnea

 Pre 1.95 (0.23) < 0.001* 2.06 (0.25) < 0.001* 2.38 (0.50) < 0.001*
 Post 0.53 (0.51) 1.00 (0.00) 1.00 (0.37)
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mMRC score in all the groups. There was no signifi-
cant difference in the average MMRC score change 
across all postoperative measurement dates (Table 4).

Clinical outcome 12 and 24 months after surgery
After 12 and 24 months, the clinical benefit decreased 
but most of the lung function parameters remained 
significantly improved compared to baseline.

Twenty-four months after bullectomy, 63.2% of our 
patients stated that their quality of life is improved from 
baseline. With regard to the use of unilateral LVRS, after 
24 months, 61.3% of patients said that their quality of life 
is better, but this is not a significant majority compared to 
the number of those who thought that their quality of life 
is much better (38.7%, p = 0.209). After bilateral LVRS, 
the largest number of patients stated that their quality of 
life is better (75%), or much better (25%, p = 0.046), which 
was significantly greater than those who stated that there 
was no change in quality of life.

The clinical outcomes 12 and 24  months after sur-
gery are presented in Tables  5 and 6 as well as in 
Figs. 1, 2.

Discussion
COPD and emphysema, which are characterized by 
chronic airflow obstruction and hyperinflation, are asso-
ciated with high morbidity and mortality. Conservative 

COPD treatment slows disease progression, but thus far, 
there is no curative therapeutic option. Despite optimal 
pharmacologic therapy and rehabilitation, most patients 
with advanced COPD still have symptoms that impair 
quality of life. In addition to medical treatment, bron-
choscopic lung volume reduction, bullectomy, LVRS or 
lung transplantation are invasive treatment options for 
selected patients with advanced emphysema and can pro-
vide good long-term results.

There is still significant controversy about the role of 
unilateral, sequential, and bilateral lung volume reduc-
tion surgery. Many authors advocate bilateral sur-
gery to reduce lung volume, due to greater short-term 
improvements in spirometry, lung volume, dyspnea, 
quality of life, and survival [8]. Patients with severe 
emphysema show clinically significant benefits after 
unilateral LVRS with subjective and objective improve-
ment and denial of the need for contralateral interven-
tion during the 3-year follow-up period [9]. The role of 
sequential unilateral reduction is still unclear because 
there is a lack of data in the literature [10].

In the present study, the NETT criteria were used 
for patient selection and patients with  FEV1 ≤ 20% and 
DLCO ≤ 20% were excluded [6]. Patients who underwent 
LVRS most often had heterogeneous emphysema of the 
upper lobes as a result of CT findings, while in the bul-
lectomy group, a significantly high number of patients 

Table 5 Clinical outcome 12 months after surgery

Data expressed as mean ± SD (pre = baseline, post = 12 months postoperatively)

(L):liters;  FEV1: forced expiratory volume; TLC: total lung capacity; RV: residual volume; BMI: body mass index; 6MWT (m): 6-min walking test in meters

Bold value indicates the statistical significance

Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 16)

Mean (SD) p Mean (SD) p Mean (SD) p

FEV1 (L)

 Pre 2.21 (0.17) < 0.001* 2.06 (0.25) < 0.001* 1.89 (0.20) < 0.001*
 Post 2.50 (0.15) 2.38 (0.22) 2.69 (0.26)

TLC (L)

 Pre 5.60 (0.76) 0.003* 6.15 (0.90) 0.004* 6.51 (0.71) < 0.001*
 Post 4.86 (0.71) 5.49 (0.82) 5.48 (0.72)

RV (L)

 Pre 3.39 (0.55) 0.012* 3.84 (0.66) 0.004* 4.39 (0.51) < 0.001*
 Post 2.95 (0.53) 3.35 (0.62) 3.47 (0.54)

BMI (kg/m2)

 Pre 23.93 (3.23) 0.023* 24.26 (3.50) < 0.001* 19.94 (3.86) 0.625
 Post 24.75 (3.03) 24.97 (3.07) 20.08 (3.27)

6MWT (m)

 Pre 395.37 (27.21) < 0.001* 366.87 (28.37) < 0.001* 352.50 (29.55) < 0.001*
 Post 444.79 (15.67) 427.29 (18.57) 429.38 (15.87)

Dyspnea

 Pre 1.95 (0.23) < 0.001* 2.06 (0.25) < 0.001* 2.38 (0.50) < 0.001*
 Post 0.53 (0.51) 1.00 (0.00) 0.87 (0.34)
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had CT findings of bullous upper lobes in the context of 
emphysema (stage III according to the De Vries and Wolf 
classification).

Our results suggest that significant increases in lung 
function can be achieved by unilateral LVRS for at least 
2 years and that the beneficial effect of LVRS still occurs. 
The results showed that all patients (100%) achieved 
a positive outcome. At 6-month follow-up, patients 

experienced a significant improvement in lung function 
parameters, exercise capacity and dyspnea scores. These 
improvements were still seen over a 24-month period, 
even if a gradual deterioration can be observed dur-
ing this time. Thereby, patients who underwent bilateral 
LVRS experienced the greatest improvement but had 
also the greatest 1-year decrease in values in relation 
to the other two groups. The 1-year decrease in  FEV1 

Table 6 Clinical outcome 24 months after surgery

Data expressed as mean ± SD (pre = baseline, post = 24 months postoperatively)

(L): liters;  FEV1: forced expiratory volume; TLC: total lung capacity; RV: residual volume; BMI: body mass index; 6MWT (m): 6-min walking test result in meters

Bold value indicates the statistical significance

Bullectomy (n = 19) LVRS unilateral (n = 31) LVRS bilateral (n = 8)

Mean (SD) p Mean (SD) p Mean (SD) p

FEV1 (L)

 Pre 2.21 (0.17) 0.001* 2.06 (0.25) < 0.001* 1.89 (0.20) < 0.001*
 Post 2.42 (0.17) 2.30 (0.21) 2.45 (0.22)

TLC (L)

 Pre 5.60 (0.76) 0.005* 6.15 (0.90) 0.011* 6.51 (0.71) 0.001*
 Post 4.92 (0.52) 5.57 (0.71) 5.59 (0.73)

RV (L)

 Pre 3.40 (0.55) 0.059 3.84 (0.66) 0.034* 4.40 (0.51) < 0.001*
 Post 3.08 (0.53) 3.49 (0.57) 3.57 (0.54)

BMI (kg/m2)

 Pre 23.93 (3.23) 0.001* 24.26 (3.50) < 0.001* 19.94 (3.86) 0.085
 Post 25.47 (2.83) 25.57 (2.94) 20.80 (3.00)

6MWT (m)

 Pre 395.37 (27.21) < 0.001* 366.87 (28.37) < 0.001* 352.50 (29.55) 0.012*
 Post 437.63 (20.25) 415.48 (16.42) 396.00 (18.83)

Dyspnea

 Pre 1.95 (0.23) < 0.001* 2.06 (0.25) < 0.001* 2.38 (0.50) < 0.001*
 Post 0.53 (0.51) 0.97 (0.18) 1.00 (0.00)

Fig. 1 A  FEV1 and B RV preoperative and after surgical intervention
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was significant in the bilateral LVRS group (240  ml) 
but was not significant in the bullectomy or unilateral 
LVRS group (80 ml). At 6, 12 and 24 months after surgi-
cal intervention, all the subjects crossed  FEV1 improve-
ment ≥ 350  m, which was a significant improvement 
compared to the initial measurement.

Overall, it can be hypothesized that the greatest func-
tional benefit of timing for sequential surgery may be 
achieved at the time of maximum improvement (i.e., 
approximately in the first year), to try to slow the decline 
in objective physiological parameters and subjective 
health findings with long-term benefits. Most patients 
were satisfied with the effects of unilateral LVRS and did 
not require other interventions during the observation 
period. This indicates that the palliative goal of the inter-
vention can be achieved through a one-sided approach.

The most common complication after LVRS reported in 
many studies was a prolonged air leakage. Ciccone et al. 
reported that up to 45.2% of patients had prolonged air 
leakage after LVRS [11]. As reported in the NETT trial, 
surgical revision due to constant air leakage was required 
in up to 5% of patients [6]. In our study, 56.9% of pro-
longed air leaks were recorded and a decision for surgical 
reintervention was made in 2 patients (3.4%). Many stud-
ies have shown that the use of fibrin glue for tissue pre-
vents air leakage during lung resection, especially after 
LVRS [12]. In addition, prolonged postoperative air leak-
age has been associated with prolonged hospital stays, 
increased hospital costs, and an increased incidence of 
cardiopulmonary complications [13]. Fibrin tissue adhe-
sives were used in all 58 patients to prevent prolonged air 
leakage. On average, chest tubes were removed between 
the 9th to the 12th postoperative days. The length of hos-
pitalization ranged from an average of 10 to 13 days; in 
extreme cases, bullectomy chest tube removal occurred 

at a minimum of 5 days, and in bilateral LVRS it occurred 
at a maximum of 30 days.

Pneumonia is considered to be the second most com-
mon pulmonary complication after LVRS, in the NETT 
trial approximately 18% of patients developed pneumo-
nia postoperatively [6]. In our analysis, 8.6% of patients 
developed pneumonia. To minimize infectious complica-
tions, prophylactic antibiotic therapy began in our group 
one hour preoperatively and continued until chest tubes 
were removed. Also, the number of cardiac complica-
tions such as arrhythmia, myocardial infarction, and pul-
monary embolism after LVRS are similar to those after 
other thoracic surgeries [14]. In our study, arrhythmia 
was the most common cardiac complication after LVRS 
(41.4%) and only required medical cardioversion.

In our study, coexisting lung cancer was detected in 
one patient (1.72%). Patients who are candidates for 
LVRS could be potential candidates for careful evalua-
tion of possible lung cancer for which the detection rate 
is 1–4% [15, 16].

In the NETT trial, the mortality rate was 5.5% 90 days 
after surgery, and 24% of those who underwent unilateral 
LVRS produced similar improvements in lung function 
compared to bilateral LVRS with a lower mortality and 
morbidity and shorter hospital stays [6].

This research paper did not identify the baseline 
factors that predict patients who achieved the best 
improvements compared with those who achieved fewer 
improvements after surgical intervention. Possible limi-
tations of this study were that we had a relatively small 
patient group; all of our patients were active smokers or 
former smokers and we had a large proportion of male 
patients overall. Unfortunately, due to institutional 
constraints in terms of equipment, material resources 
and surgical competency during the time period 

Fig. 2 A 6MWT and B BMI preoperative and after surgical intervention
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retrospectively analyzed, VATS was available for only a 
small, specific group of patients, and only patients who 
underwent muscle-sparing thoracotomy were included in 
this series to avoid potential bias.

Unfortunately, due to institutional constraints in terms 
of equipment, material resources and surgical compe-
tency during the time period retrospectively analyzed 
VATS was only available for a small, specific group of 
patients and only patients who underwent a muscle-
sparing thoracotomy were included in this series to avoid 
potential bias.

Conclusion
During our 2-year follow-up period, bullectomy and uni-
lateral LVRS had results comparable to those of sequen-
tial bilateral LVRS in terms of lung function, health, 
recovery time, and reduced morbidity. However, con-
troversy exists over whether the results are better after 
unilateral or bilateral LVRS on long-term monitoring 
[17–19].

The results of a successful surgical treatment of pulmo-
nary emphysema do not depend only on good surgical 
technique and postoperative care. Proper selection and a 
multidisciplinary approach for patients with emphysema 
contribute to positive outcomes. Since the longevity of 
functional improvement provided by LVRS has not yet 
been determined, unilateral intervention with the option 
of subsequent reduction, i.e., contralateral volume reduc-
tion, may serve to prolong the palliative benefits of this 
therapy.

Author contributions
S.B., M.E., M.A.H., D.G., P.M contributed to the main manuscript text. M.E., S.B., 
M.A.H., D.G., have made substantial contributions to the conception and 
design of the work. M.S., R.V., V.M., M.M, M.P, have made substantial contribu-
tions to the acquisition, analysis, of data  M.S., P.M, S.B., M.A.H, have made sub-
stantial contributions to the interpretation of data P.M., D.G., S.B., M.A.H., M.E., 
have substantively revised it. S.B., P.M., prepared figures 1 and 2. S.B., M.P., M.M., 
prepared tables. D.G., M.A.H.,  All authors have approved the submitted version 
and any substantially modified version that involves the author’s contribution 
to the study. All authors  have agreed both to be personally accountable for 
the author’s own contributions and to ensure that questions related to the 
accuracy or integrity of any part of the work, even ones in which the author 
was not personally involved, are appropriately investigated, resolved, and the 
resolution documented in the literature.

Funding
All the research herein was self-funded with no external financial support.

Availability of data and materials
To request a more extensive dataset, please email the corresponding author.

Declarations

Ethics approval and consent to participate
No animals were used in this research. All human research procedures were 
performed in accordance with the ethical standards of the committee 

responsible for human experimentation (institutional and national) and with 
the Helsinki Declaration of 1975, as revised in 2013.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Clinic for Thoracic Surgery, University Clinical Centre of Serbia, University 
of Belgrade, Belgrade, Serbia. 2 Department of Thoracic Surgery, Medical 
University of Vienna, Vienna, Austria. 3 Division of Pulmonology, Department 
of Internal Medicine II, Medical University of Vienna, Vienna, Austria. 

Received: 4 January 2024   Accepted: 2 May 2024

References
 1. Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. 

Global burden of COPD: systematic review and meta-analysis. Eur Respir 
J. 2006;28(3):523–32.

 2. Nakahara K, Nakaoka K, Ohn K, Monden Y, Maeda M, Masaoka A, Sawa-
mura K, Kawashima Y. Functional indications for bullectomy of giant bulla. 
Ann Thorac Surg. 1983;35:480–7.

 3. Gunstensen J, McCormack RJM. The surgical management of bullous 
emphysema. J Thorac Cardiovasc Surg. 1973;65:920–5.

 4. De Vries WC, Wolf WG. The management of spontaneous pneumothorax 
and bullous emphysema. Surg Clin N Am. 1980;60:851–66.

 5. Fitzgerald MX, Keelan PJ, Cugell DW, Gaensler EA. Long term results 
of surgery for bullous emphysema. J Thorac Cardiovasc Surg. 
1974;68:566–87.

 6. Fishman A, Martinez F, Naunheim K, Piantadosi S, Wise R, Ries A, Wein-
mann G, Wood DE, National Emphysema Treatment Trial Research Group. 
A randomized trial comparing lung-volume-reduction surgery with med-
ical therapy for severe emphysema. N Engl J Med. 2003;348(21):2059–73.

 7. Soon SY, Saidi G, Ong MLH, Syed A, Codispoti M, Walker WS. Sequential 
VATS lung volume reduction surgery: prolongation of benefits derived 
after the initial operation. Eur J Cardiothorac Surg. 2003;24:149–53.

 8. Lowdermilk GA, Keenan RJ, Landreneau RJ, Hazelrigg SR, Bavaria JE, Kaiser 
LR, Keller CA, Naunheim KS. Comparison of clinical results for unilateral 
and bilateral thoracoscopic lung volume reduction. Ann Thorac Surg. 
2000;69:1670–4.

 9. Argenziano M, Thomashow B, Jellen PA, Rose EA, Steinglass KM, Ginsburg 
ME, Gorenstein LA. Functional comparison of unilateral versus bilateral 
lung volume reduction surgery. Ann Thorac Surg. 1997;64:321–7.

 10. Geiser T, Schwizer B, Krueger T, Gugger M, Hof VI, Dusmet M, Fitting 
JW, Ris HB. Outcome after unilateral lung volume reduction sur-
gery in patients with severe emphysema. Eur J Cardio-thorac Surg. 
2001;20:674–8.

 11. Ciccone AM, Meyers BF, Guthrie TJ, et al. Long term outcome of bilateral 
lung volume reduction in 250 consecutive patients with emphysema. J 
Thorac Cardiovasc Surg. 2003;125:513–25.

 12. Kawai N, Kawaguchi T, Suzuki S, et al. Low-voltage coagulation, polygly-
colic acid sheets, and fibrin glue to control air leaks in lung surgery. Gen 
Thorac Cardiovasc Surg. 2017;65:705–9.

 13. Murray KD, Ho CH, Hsia JY, Little AG. The influence of pulmonary staple 
line reinforcement on air leaks. Chest. 2002;122:2146–9.

 14. McKenna RJ Jr. Complications after lung volume reduction surgery. Chest 
Surg Clin N Am. 2003;13:701–8.

 15. McKenna RJ, Fischel RJ, Brenner M, Gelb AF. Combined operations for 
lung volume reduction surgery and lung cancer. Chest. 1996;110:885–8.

 16. DeMeester SR, Patterson GA, Sundaresan RS, Cooper JD. Lobectomy 
combined with volume reduction for patients with lung cancer and 
advanced emphysema. J Thorac Cardiovasc Surg. 1998;115:681–8.

 17. Cooper JD, Patterson GA, Sundaresan RS, Trulock EP, Yusen RD, Pohl MS, 
et al. Results of 150 consecutive bilateral lung volume reduction pro-
cedures in patients with severe emphysema. J Thorac Cardiovasc Surg. 
1996;112:1319–29.



Page 10 of 10Bascarevic et al. European Journal of Medical Research          (2024) 29:279 

 18. Serna DL, Brenner M, Osann KE, McKenna RJ Jr, Chen JC, Fischel RJ, et al. 
Survival after unilateral versus bilateral lung volume reduction surgery for 
emphysema. J Thorac Cardiovasc Surg. 1999;118:1101–9.

 19. Geiser T, Schwizer B, Krueger T, Gugger M, Hof VI, Dusmet M, et al. 
Outcome after unilateral lung volume reduction surgery in patients with 
severe emphysema. Eur J Cardiothorac Surg. 2001;20:674–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Twenty four-month follow-up after bullectomy, unilateral and bilateral lung volume reduction surgery: a single-center retrospective analysis of consecutive cases
	Abstract 
	Purpose 
	Patients and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient eligibility for surgical intervention
	Surgical procedure
	Follow-up after surgical intervention
	Statistical analysis

	Results
	Patient characteristics
	Postoperative complications
	Clinical outcome 6 months after surgery
	Lung function and blood gas analysis
	Exercise capacity
	BMI
	Symptoms and quality of life

	Clinical outcome 12 and 24 months after surgery

	Discussion
	Conclusion
	References


