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Summary

BACKG ROUND: Lung volume reduction, either by 
surgery or bronchoscopically by endobronchial 
valve treatment have been shown to be a cost-effective 
alternative compared with conservative therapy. However, 
there is no comparative analysis of lung volume reduction 
by surgery and bronchoscopic lung volume reduction us-
ing endobronchial valves.

OBJECTIVES: The aim of this retrospective study was to 
provide a cost-effectiveness analysis of lung volume re-
duction by surgery compared with bronchoscopic lung vol-
ume reduction using endobronchial valves.

METHODS: The effectiveness of lung volume reduc-
tion was assessed using forced expiratory volume in the
first second (FEV1), residual volume (RV) and 6-minute 
walking distance (6MWD), measured at baseline and at 4 
to 12 weeks. Cost unit accounting derived from SwissDRG 
was used as a surrogate of the costs from the payer’s per-
spective.

RESULTS: In total, 67 patients (37 men and 30 women) 
with a mean age of 68.3 ± 7.4 years were included. Both 
clinical effectiveness and costs were comparable between 
surgical and bronchoscopic lung reduction. The incremen-
tal cost-effectiveness ratios (ICERs) for bronchoscopic 
compared with lung volume reduction by surgery for
FEV1, RV and 6MWD were –101, 4 and 58, respectively. 
For RV and 6MWD, it could be shown that endobronchial 
valve treatment is justified as a probably cost-effective 
alternative to lung volume reduction by surgery. Endo-
bronchial valve treatment resulted in an improvement of 
0.25 quality-adjusted life years (QALYs) and an ICER of € 
7657 per QALY gained.

CONCLUSION: A robust statement on the superiority of 
one of the two procedures in terms of cost-effectiveness 
cannot be made from the present study. Therefore, the 
study is not suitable for resource allocation. Two upcoming 
trials comparing lung volume reduction surgery and en-

dobronchial valve treatment may be able to answer this
question.

Introduction

Chronic obstructive pulmonary disease is a potentially pre-
ventable, but progressive and irreversible, lung disease
with a global age-standardised prevalence of 3.2% in men
and 2.0% in women [1]. It is expected to become the third
leading cause of death worldwide by 2030 [1]. Howev-
er, COPD is not only a relevant and global health prob-
lem in terms of prevalence and mortality, it also leads to a
massive impairment in quality of life (QoL) [2]. Accord-
ing to comparative studies, QoL in patients with emphy-
sema, the most severe form of COPD, is generally low-
er than in patients with cancer, coronary heart disease or
acquired immune deficiency syndrome (AIDS) [3–5]. It is
therefore not surprising that COPD is contributing exten-
sively to global healthcare costs, with disease severity, ex-
tent of breathlessness and frequency of exacerbations as
the most significant independent drivers of direct health-
care costs [6].

The severity of COPD is divided into four stages according
to international consensus of the Global Initiative of Ob-
structive Lung Disease (GOLD), with GOLD stage 4 rep-
resenting the highest severity, in most of the cases with
development of pulmonary emphysema [7, 8]. The most
important prophylactic and therapeutic intervention is a
consistent cessation of smoking, since tobacco smoking, in
addition to chronic bronchitis, leads to irreversible destruc-
tion of the alveoli with loss of the elastic restoring forces of
the lung. The result is dynamic and static lung hyperinfla-
tion, which can be measured using body plethysmography
with an increased residual volume (RV) [9]. Hyperinflation
leads to a flattening and loss of function of the diaphragm,
adding to an increasing failure of the respiratory muscle
pump. In addition to bronchial obstruction, hyperinflation
is one of, if not the most significant component of respira-
tory distress, which in turn limits the physical capacity, the
range of activity, and thus also QoL.
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By removing or eliminating the most diseased areas of
the lung by volume reduction, a "decompressive effect" is
achieved, which counteracts the consequences of hyperin-
flation and improves the patient's shortness of breath. As
early as the 1950s, this realisation led to the first efforts
to improve hyperinflation by reducing lung volume [10].
Conceptually, lung volume reduction in emphysema can
be achieved by surgery or bronchoscopically. Several
prospective randomised trials comparing any lung volume
reduction technique with best supportive care demonstrat-
ed significantly improved QoL, pulmonary function and
exercise capacity in the treatment arm [11, 12]. An im-
proved survival time was observed in a subset of patients
[11, 13]. bronchoscopic lung volume reduction by means
of endobronchial valves was first described in 2002. The
clinical effectiveness of the valves is largely comparable to
lung volume reduction by surgery, which was also shown
in a recent meta-analysis [12]. However, to date there is
no direct head-to-head comparison of endobronchial
valve treatment with lung volume reduction by
surgery within a prospective randomised study – neither
for the clinical endpoints nor for an economic analysis.

Since lung volume reduction by surgery and bronchoscop-
ic lung volume reduction using endobronchial valves have
identical indications (pulmonary emphysema with hyper-
inflation) and therapeutic goals (improvement of pul-
monary function, dyspnoea, and QoL), it can be assumed
that the two methods are alternative and in principle com-
peting procedures. Therefore, the question arises on which
basis a decision should be taken regarding the selection of
the procedure. Given a comparable indication, safety and
effectiveness of two alternative procedures, and disregard-
ing a possible, subjectively biased preference on the part
of the patient, economic considerations should be taken in-
to account [14]. However, the consideration of cost-effec-
tiveness analyses for the purpose of resource allocations in
the healthcare system may not be assessed uncritically, as
they take a strongly utilitarian view, whereby quality-ad-
justed life years (QALYs) are usually weighed against the
respective costs of the intervention [15]. Cost-effective-
ness analyses are available for lung volume reduction by
surgery [16, 17] as well as for bronchoscopic lung volume
reduction with coils [18] and endobronchial valves [19,
20], each in comparison to best supportive care. To the
best of our knowledge there is no comparative analysis
of lung volume reduction by surgery and bronchoscopic
lung volume reduction using endobronchial valves. The
aim of this retrospective study performed in one single
centre in Switzerland was to provide both a comparative
cost-analysis and cost-effectiveness analysis of lung vol-
ume reduction by surgery compared with bronchoscopic
lung volume reduction using endobronchial valves.

Methods

Study design and target population

Patients who underwent either surgical lung volume re-
duction or bronchoscopic lung volume reduction using en-
dobronchial valves for emphysema at the University Hos-
pital Zurich between 01 January 2019 and 31 December
2020 were considered for this economic evaluation. In- and
exclusion criteria are presented in the appendix. All pa-

tients were discussed at a multidisciplinary conference pri-
or to lung volume reduction. On this occasion, both the in-
dication for lung volume volume reduction was reviewed
and the method was chosen. The basis for decision-mak-
ing was the most up-to-date pulmonary function measure-
ments from spirometry, body plethysmography and
CO diffusion measurement (DLCO), 6MWD as well as
morphological aspects on single photon emission comput-
ed tomography and high-resolution computed tomography
of the lung at the time of the conference. The patient's
preference for a specific technique was considered in the
decision-making process wherever possible. The selection
of the target lobe for bronchoscopic lung volume reduc-
tion with valves as well as the analysis of the interlobar fis-
sures as a morphological correlate for the absence of col-
lateral ventilation was performed using StratX® analysis
(Version 3.2.0.0, PulmonX Inc., Redwood City, CA, USA).
The presence of collateral ventilation, which was an ab-
solute contraindication for endobronchial valve treatment,
was assumed if the fissure integrity was below 80% or if
it could be demonstrated by Chartis® measurement (Pul-
monX Inc., Redwood City, CA, USA). All baseline val-
ues regarding pulmonary function, 6MWD and Chartis®

measurement were obtained in an outpatient setting prior
to lung volume reduction.

Lung volume reduction and hospitalisation

After consensus-based selection and written informed con-
sent, patients usually entered the day before lung volume
reduction. Both lung volume reduction by surgery and en-
dobronchial valve treatment were performed under general
anaesthesia. If possible, surgical lung volume reduc-
tion was performed thoracoscopically and bilaterally on
both lungs. In contrast, the bronchoscopic lung volume re-
duction was carried out unilaterally by deploying three to
eight Zephyr® endobronchial valves (PulmonX Inc., Red-
wood City, CA, USA) into the most diseased lung lobe.
Following the respective interventions, patients were trans-
ferred to the Intermediate Care Unit. On the first postoper-
ative/postinterventional day, most patients were transferred
back to the normal ward to be discharged home with strong
advice to participate in an outpatient pulmonary rehabili-
tation programme or to inpatient pulmonary rehabilitation
after 5 to 10 days.

Clinical outcomes for the assessment of effectiveness

The effectiveness of lung volume reduction was assessed
using forced expiratory volume in the first second (FEV1),
RV and 6MWD, measured at baseline and at the first out-
patient follow-up visit after 4 to 12 weeks. Minimal clin-
ical important differences (MCIDs) of FEV1 and 6MWD
are 0.1 L and 26 metres, respectively [21]. As MCID of RV
is not known, an MCID of 0.5 L was assumed. In addition,
any complications, length of hospital stay (LOS), rehospi-
talisations and deaths were evaluated. Since no structured
measurement of QoL (e.g., St George Respiratory Ques-
tionnaire, SGRQ) is usually carried out in everyday clini-
cal practice, no data were collected in this regard.
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Principles of economic evaluation

Despite the obvious disadvantages of retrospective data
analysis, an attempt was made to conduct the present eco-
nomic evaluation according to the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
[22]. In the present study, the cost per effectiveness level is
given for FEV1, RV and 6MWD.

Perspectives and costs

All persons residing in Switzerland are obliged to take
out basic health insurance (Swiss Health Insurance Act,
KVG); the choice of insurer is free, but insurers are obliged
to accept patients. In addition to basic insurance, every in-
sured person can take out optional supplementary insur-
ance (private insurance or semi-private insurance). There
is no state health insurance. Inpatient hospital costs are
covered 55% by the public sector (cantons) and 45% by
the health insurance funds. Patients contribute with a self-
selected annual deductible of up to 2500 Swiss francs per
year as well as a co-payment of 10% up to a maximum
amount of 700 Swiss francs plus a fixed amount of 15
Swiss francs per day of hospitalisation [23]. Because of
this, the perspective adopted by the payer thus corre-
sponds to a certain extent to the societal perspective, al-
though hospital financing, for example, was not considered
in this work.

The present analysis was carried out from the perspective
of the payer and the service-providing hospital (University
Hospital Zurich), whereas total revenues (cost unit ac-
counting) derived from SwissDRG [24] during the hospital
stay in the context of lung volume reduction was used as a
surrogate of the costs from the payer’s perspective. It was
also considered that in Switzerland an additional charge
may be billed for treatment with EBVs depending on the
number of valves implanted [25]. The perspective of the
service provider is displayed as the net profit.

SwissDRG [24] codes used for LVRS and EBV treatment,
respectively, including their cost weights, mean length of
stay and their lower and upper limit length of stay are dis-
played in the Supplement. Outpatient examinations, which

are largely identical for both methods, were not included
in the cost analysis. Unforeseen costs due to a possible
complication that arose after hospital discharge were also
not considered. However, complications were considered
as secondary clinical outcomes.

Statistics

Qualitative data are given numerically and as percentages
and compared between the two groups using the chi-square
test. Quantitative data are presented as median values (in-
terquartile range) or mean values (standard deviation) de-
pending on the distribution (normal versus non-normal dis-
tribution). For the comparison between the two groups,
the Mann-Whitney test and Student's t-test were used. The
comparison of paired clinical outcome data (FEV1, RV,
6MWD) between pre- and posttreatment was made using
the Wilcoxon test on continuous variables and the McNe-
mar's test on nominal variables. Since there were very few
missing data, imputation of missing data was discouraged.
A p-value of 0.05 was assumed as the significance level.
SPSS Statistics for Windows, Version 26 (IBM, Armonk,
NY, USA) was used as the statistical programme.

Statement of ethics

This retrospective parallel cohort study was approved by
the Ethics Committee of the Canton of Zurich (BASEC-ID
2018-02038), provided that formal consent for anonymous
data research (general consent) was obtained from patients.

Results

Clinical outcomes

In total, 67 patients with a mean age of 68.3 ± 7.4 years
were included (fig. 1).

Baseline characteristics are summarised in table 1.

Mean length of stay after lung volume reduction
surgery was 11.3 ± 4.8 (5–24) days compared with 7.1
± 4.5 (3–24) days after endobronchial valve treatment (p
= 0.001). In-hospital adverse events occurred in 22/30
(73.3%) after lung volume reduction surgery com-

Figure 1: Study flowchart of enrolled patients.BLVR: bronchoscopic lung volume reduction; LVRS: lung volume reduction surgery
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pared with 12/37 (32.4%) after endobronchial valve treat-
ment. In the surgical patients, the most common event was
a prolonged air leak, whereas mean drainage time was 8.5
± 4.7 days (minimum 2 days, maximum 22 days). After
bronchoscopic lung volume reduction, the most common
complication was pneumothorax, in 18.9%. Of the seven
patients with pneumothorax, five were treated with a chest
drain for an average of 5.6 ± 4.4 days (minimum 1 day,
maximum 11 days). In-hospital complications are sum-
marised in the appendix. All surgical patients were trans-
ferred to inpatient rehabilitation compared with one quarter
of the bronchoscopically treated patients, who were sent to
an outpatient pulmonary rehabilitation programme.

The measurements of clinical effectiveness by pulmonary
function and 6MWD was performed as part of a regular
follow-up at an average of 80.8 ± 31.8 days after the lung
volume reduction procedure; the follow-up after lung vol-
ume reduction surgery was significantly later than after en-
dobronchial valve treatment (102.5 ± 22.8 days versus 63.2
± 26.8 days, p = 0.0001). Comparative pre- and post-treat-
ment effectiveness data are displayed in tables 2 and 3, re-
spectively.

Of note, the two methods showed comparable clinical ef-
fectiveness, as neither the absolute nor the percentage
changes differ significantly from each other when pre- to

post-operative or -interventional were compared in the be-
tween-group analysis (table 4).

Between hospital discharge and first outpatient follow-up,
eight surgical patients (26.7%) had to be rehospitalised be-
cause of a pulmonary event, with a median hospital stay of
12 days (minimum 1 day, maximum 24 days). In compar-
ison, 12 patients undergoing bronchoscopic lung volume
reduction(32.4%) had to be rehospitalised with a median
hospital stay of 5 days (minimum 1 day, maximum 7 days).
Neither the difference in the frequency nor in the dura-
tion of re-hospitalisations was significant. The reasons for
rehospitalisations are summarised in the appendix. There
were no deaths in either group within the observation peri-
od.

Cost-cost analysis

The cost unit accounting (total revenue) and the cost centre
accounting, divided according to the two methods of lung
volume reduction, are shown in table 5.

Interestingly, the total revenues of surgical and endo-
bronchial valve treatment were comparable, although the
DRG-derived cost weight of 2.58 (5.25–2.83) for lung
volume reduction surgery was significantly higher com-
pared with 1.65 (1.59–2.76) for bronchoscopic lung vol-

Table 1:
Baseline characteristics regarding demographic data and comorbidities.

LVRS, n = 30 BLVR, n = 37 p-value

Gender, n (%) Male 19 (63.3) 18 (48.6) 0.32

Female 11 (36.7) 19 (51.4)

Age, years 66.2 ±7.1 69.9 ±7.3 0.042*

BMI, kg/m2 23.4 ±4.4 22.6 ±4.2 0.42

Pack years 59.1 ±31.3 48.1 ±18.3 0.07

Comorbidities, n (%) Coronary heart disease 16 (53.3) 23 (62.2) 0.62

Diabetes mellitus 1 (3.3) 1 (2.7) 1.0

Carcinoma (active) 1 (3.3) 3 (8.1) 0.62

Pulmonary hypertension 1 (3.3) 3 (8.1) 0.62

Nutritional deficiency 0 5 (13.5) 0.06

Bronchial asthma 1 (3.3) 0 0.45

α1-antitrypsin deficiency 0 0 1.0

Emphysema distribution, n (%) Homogeneous 2 (6.7) 4 (10.8) 0.48

Intermediate 9 (30.0) 15 (40.5)

Heterogeneous 19 (63.3) 18 (48.6)

FEV1, litres 0.90 ± 0.35 0.81 (±0.27) 0.21

FEV1, % predicted 31.7 ± (9.7) 31.8 ± 10.1 0.97

FVC, litres 2.54 ± 0.71 2.18 ± 0.63 0.029*

FVC, % predicted 69.2 ± 14.6 65.8 ± 15.0 0.34

FEV1/FVC 0.35 ± 1.37 0.36 ± 0.06 0.39

RV, litres 5.20 ± 1.37 5.10 ± 1.17 0.78

RV, % predicted 223.7 ± 53.5 225.1 ± 45.3 0.90

RV/TLC 0.65 ± 0.07 0.68 ± 0.08 0.21

DLCO, mmol/min/kPa 2.54 ± 0.94 2.63 ± 1.10 0.72

DLCO, % predicted 30.6 ±10.5) 35.0 (±11.5) 0.13

6MWD, metres 294.9 (± 113.8 311.0 ± 115.0 0.68

Borg scale 5.0 (4.5–7.4) 4.0 (4.0–6.0) 0.31

GOLD stage, n (%) GOLD 1–2 1 (3.3) 2 (5.4) 0.63

GOLD 3 16 (53.3) 23 (62.2)

GOLD 4 13 (43.3) 12 (32.4)

Except for the Borg scale (median value, interquartile range), all continuous data are given as mean values ± standard deviation.

BMI: body mass index; BLVR: bronchoscopic lung volume reduction (with endobronchial valves); FEV1:, first-second capacity; FVC: forced vital capacity; RV: residual volume;
TLC: total lung capacity; DLCO: diffusing capacity of the lungs for carbon monoxide; GOLD: Global Initiative of Obstructive Lung Disease; LVRS: lung volume reduction surgery;
6MWD: 6-minute walking distance.

*p <0.05.
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ume reduczion (p <0.001). However, as endobronchial
valves generated a considerable additional fee, the rev-
enues of the two methods are similar. The number of pa-
tients with private insurance cannot be considered as rel-
evant confounder, as its share was comparable in both
groups (p = 0.229). Also, the different items of the cost
centre accounting (patient-related costs, administrative
costs, capital costs and ancillary costs) were comparable
for both procedures. In summary, the cost-cost analysis
for lung volume reduction surgery and endobronchial
valve treatment revealed that neither the total revenues
(cost unit accounting) nor the cost centre accounting dif-

fered significantly between the two methods, so that the
net profit for the service provider was also comparable for
both methods.

Cost-effectiveness analysis

Costs per effectiveness level after lung volume reduction
according to the method is summarised in table 6.

The incremental cost-effectiveness ratios (ICERs) for
bronchoscopic compared with surgical lung volume re-
duction for FEV1, RV and 6MWD were –101, 4 and 58,
respectively, suggesting that bronchoscopic lung volume

Table 2:
Change in clinical effectiveness data at 102.5 ± 22.8 days after lung volume reduction surgery.

Pre-LVRS Post-LVRS Difference p-value

FEV1, litres 0.90 ± 0.34 1.10 ± 0.46 0.20 ± 0.26 <0.001*

FEV1, % predicted 31.7 ± 9.7 39.6 ± 15.6 7.9 ± 9.9 <0.001*

RV, litres 5.20 ± 1.37 4.80 ± 1.21 –0.40 ± 0.71 0.020*

RV, % predicted 223.7 (±53.5) 205.1 (±44.6) -18.6 (±30.2) 0.017*

RV/TLC 0.65 ± 0.07 0.62 ± 0.08 –0.03 ± 0.06 0.022*

DLCO, mmol/min/kPa 2.54 ± 0.94 3.20 ± 0.92 0.66 ± 0.96 0.005*

DLCO, % predicted 30.6 ± 10.5 39.3 ± 10.5 8.7 ± 11.7 0.004*

6MWD, metres 294.9 ± 113.8 285.3 ± 144.1 –9.6 (±135.3) 0.818

Borg scale 5.0 (4.5–7.4) 6.0 (4.7–8.9) 1.0 0.713

GOLD stage, n (%) GOLD 1–2 1 (3.3) 8 (26.6) 0.021*

GOLD 3 16 (53.3) 15 (50.0)

GOLD 4 13 (43.3) 7 (23.3)

Except for the Borg scale (median value, interquartile range), all continuous data are given as mean values ± standard deviation.

FEV1: first-second capacity; RV: residual volume; TLC: total lung capacity; DLCO: diffusing capacity of the lungs for carbon monoxide; GOLD: Global Initiative of Obstructive Lung
Disease; LVRS: lung volume reduction surgery; 6MWD, 6-minute walking distance.

*p <0.05.

Table 3:
Change in clinical effectiveness data 63.2 ± 26.8 days after bronchoscopic lung volume reduction using endobronchial valves.

Pre-BLVR Post-BLVR Difference p-value

FEV1, litres 0.81 ± 0.27 0.99 ± 0.33 0.18 ± 0.19 <0.001*

FEV1, % predicted 31.8 ± 10.1 39.5 ± 12.9 7.7 ± 8.0 <0.001*

RV, litres 5.10 ± 1.17 4.20 ± 1.19 –0.90 (±0.90) <0.001*

RV, % predicted 225.3 ± 45.3 185.8 ± 43.7 –39.5 (±39.4) <0.001*

RV/TLC 0.68 ± 0.08 0.61 ± 0.09 –0.07 ± 0.08 <0.001*

DLCO, mmol/min/kPa 2.65 ± 1.10 2.56 ± 0.80 –0.09 ± 0.79 0.850

DLCO, % predicted 35.0 ± 11.5 33.5 ± 8.9 –1.5 ± 8.6 0.460

6MWD, metres 311.0 ± 115.0 336.1 ± 126.3 25.1 ± 140.9 0.745

Borg scale 4.0 (4.0–6.0) 4.0 (2.0–5.0) 0 0.328

GOLD stage (%) GOLD 1–2 2 (5.4) 8 (21.6) 0.046*

GOLD 3 23 (62.2) 18 (48.6)

GOLD 4 12 (32.4) 11 (29.7)

Except for the Borg scale (median, interquartile range), all continuous data are presented as means ± standard deviation.

FEV1: first-second capacity; RV: residual volume; TLC: total lung capacity; DLCO: diffusing capacity of the lungs for carbon monoxide; GOLD: Global Initiative of Obstructive Lung
Disease; BLVR: bronchoscopic lung volume reduction (with endobronchial valves); 6MWD: 6-minute walking distance.

*p <0.05.

Table 4:
Vertical (within group) and horizontal (between groups) comparison according to method of lung volume reduction.

Δ "within" LVRS Δ "within" BVLR Δ "between groups" p -value

FEV1, Δ litres 0.20 ± 0.26 0.18 ± 0.19 0.02 0.811

FEV1, % baseline 22.2 22.2 0 0.831

RV, Δ litres –0.40 ± 0.71 –0.90 ± 0.90 0.50 0.348

RV, % baseline –7.7 –17.6 9.9 0.096

6MWD, Δ metres –9.6 ± 135.3 25.1 ± 140.9 34.7 0.158

6MWD, % baseline –3.3 8.1 11.4 0.179

All data are given as mean values ± standard deviation.

FEV1: first-second capacity; RV: residual volume; Δ: difference; 6MWD: 6-minute walking distance
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reduction with endbronchial valves is maybe not cost-ef-
fective in terms of FEV1. However, it seems quite a cost-
effective alternative to surgery in terms of RV and 6MWD.
For the three different measures of effectiveness, a mod-
ified cost-effectiveness diagram using a 4-field matrix is
displayed in figure 2.

The cost-effectiveness diagram modified by the three qual-
ities illustrates an indifferent result of the cost-effective-
ness analysis, as it is not clear which of the three effective-
ness qualities is superior.

Discussion

Both lung volume reduction surgery and bronchoscopic
lung volume reduction with endobronchial valves have
been demonstrated to significantly improve pulmonary
function, 6MWD, breathlessness and QoL in patients with
severe emphysema compared with conservative therapy in
several trials and cohort studies [12]. The effectiveness
of the two methods was also confirmed in two recent
Cochrane Network meta-analyses [26, 27]. The present
retrospective parallel cohort study was able to confirm
the effectiveness of both methods as real-life clinical data
by showing a comparable improvement in FEV1 and RV.
There was no significant improvement in 6MWD in the
present study, which could at best be attributed to the rel-
atively short observation period of around 80 days. A ro-
bust statement as to which of the two methods is superior
in terms of effectiveness is only possible to a limited extent
due to the retrospective nature of the study and the cor-
responding bias due to various baseline variables (e.g.,
age). So far, there are no prospective randomised studies
comparing lung volume reduction surger with any form of
bronchoscopic lung volume reduction. The meta-analysis
by van Geffen et al. [12] included a total of 20 prospec-
tive randomised studies, each of which compared a lung
volume reduction method with conservative therapy. All

studies in the meta-analysis showed significant improve-
ments in FEV1, 6MWD and QoL (SGRQ) after lung vol-
ume reduction. Thus, in the pooled analysis (independent
of the method), there was a 15% improvement in FEV1,
an improvement of 43 metres in 6MWD, and a reduction
of 0.58 L in RV [12]. In comparison, the present study
demonstrated a slightly better effectiveness concerning
FEV1 (22%) and RV (0.9 L) after bronchoscopic lung vol-
ume reduction, so that these data may be assumed to be
plausible. It cannot be overemphasised that a direct com-
parison of the two methods is hardly possible, neither in
the present study nor in the meta-analysis. The results of
two prospective randomised studies comparing lungvol-
ume reduction surgery and bronchoscopic lung volume re-
duction with valves, which are currently still recruiting
(CELEB trial; ISRCTN19684749 and SINCERE tri-
al; NCT04537182).

The direct costs of lung volume reduction from the per-
spective of the service provider were comparable for both
methods in the present study and amounted to a median
of CHF 28,000 (approx. € 25,760) for surgery and CHF
30,000 (approx. € 27,600) for endobronchial valve treat-
ment. These are only the direct costs of the hospital stay.
Indirect costs, follow-up costs (due to possible complica-
tions) or even a saving of costs due to a possible decrease
in physician consultations after clinical improvement were
not considered. However, since the frequency of rehospi-
talisations after lung volume reductions was comparable
for both methods, it could at best be concluded that the
follow-up costs were also comparable and can thus be
neglected. The immediate follow-up costs (namely inpa-
tient rehabilitation) were also not considered in the present
study, although this is problematic, since all patients under-
going lung volume reduction surgery were referred to inpa-
tient rehabilitation following hospitalisation, whereas three
quarters of patients having bronchoscopic lung volume re-

Table 5:
Median cost unit and cost centre accounting by method of lung volume reduction.

LVRS (n = 30) BLVR (n = 37) p-value

Cost unit accounting Total revenue, CHF 28,048 (27,317 to 98,039) 30,049 (21,536 to 47,184) 0.910

Cost centre accounting Patient-related costs, CHF –21,554 (–40,512 to –10,510) -22,233 (-65,104- (-6542)) 0.995

Administrative costs, CHF –3028 (–10572 to –1701) –4334 (–17378 to –1432) 0.984

Capital costs, CHF –896 (–2606 to –491) –1095 (–3611 to –387) 0.703

Ancillary costs, CHF –13 (–33 to –3) –7.5 (–62 to –3) 0.481

Patient-related costs include all costs directly derived by the care of the patient (e.g., drugs, devices, operation room or endoscopy suite, etc.). Administrative costs refer to the
costs to conduct the business side of healthcare, including billing, marketing, provider and medical management, etc. Capital costs include expenditures for buildings, technology
infrastructure, land, and equipment. Ancillary costs include extra-ordinary expenditures, which were not covered by health insurances (e.g., food service for relatives).

LVRS, lung volume reduction surgery; BLVR, bronchoscopic lung volume reduction with endobronchial valves.

All values are given as median values (minimum value-maximum value).

Table 6:
Costs per effectiveness level after lung volume reduction.

LVRS BLVR

Costs* per ml FEV1, CHF/ml 140.2 166.9

Costs* per % FEV1, CHF/% 1263.4 1353.6

Costs* per ml RV, CHF/ml 70.1 33.4

Costs* per metre (6MWD), CHF/m 28,048.0** 1197.2

FEV1 : first-second capacity; RV: residual volume; 6MWD: 6-minute walk distance; LVRS, lung volume reduction surgery; BLVR, bronchoscopic lung volume reduction with endo-
bronchial valves.

* Costs (perspective of the payer) result from the median per-capita revenue of the service provider (cost unit accounting), displayed in table 5. Mean effectiveness data were
drawn from table 4.

** According to LVRS, there was a slight deterioration in 6MWD. However, an improvement of one metre was assumed.
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duction were discharged home, participating in an outpa-
tient pulmonary rehabilitation programme.

To date, no cost-effectiveness analysis has been published
comparing lung volume reduction surgery with broncho-
scopic lung volume reduction with endobronchial
valves because, as mentioned above, no results of a
prospective randomised study with a direct comparison be-
tween the two methods are available. However, the present
cost-effectiveness analysis must be regarded with some
caution for the reasons mentioned above and because of
the retrospective study design. Nevertheless, retrospective
observational studies can provide a valuable evidence base
for cost-effectiveness analysis [28]. With regard to the two
clinical outcomes of RV and 6MWD, it was shown that
bronchoscopic lung volume reduction with endobronchial
valves is probably a cost-effective alternative to lung vol-
ume reduction surgery. However, the results for FEV1 were
opposite, as bronchoscopic lung volume reduction was in-
ferior to surgery in this respect. Eventually, the question of
whether bronchoscopic lung volume reduction is a cost-ef-
fective alternative to surgery cannot be answered conclu-
sively on this basis, since it is not ultimately clear how
much additional cost for a given improvement in FEV1,

6MWD or RV can be described as adequate for the Swiss
health system. The situation is different with QALYs, as
there are suggestions here about how much a QALY may
cost. For instance, a guideline value of USD 100,000 per
QALY seems to be widely accepted [15].

The customary utilitarian requirement of a cost-effective-
ness analysis, which serves to maximise QALYs at the
lowest possible cost [15], cannot be directly met in the
present study, since there was neither mortality data nor a
coherent recording of QoL. However, it is quite arguable
that mortality and QoL can be derived indirectly [28] and
there is reasonably good evidence that FEV1 and RV cor-
relate with various patient-centred outcomes, for example
SGRQ or the Transition Dyspnoea Index [12, 29, 30]. The
missing data on QoL, for example, can also be obtained
from extrapolated data from the study by van Geffen et al.
[12]. Thus, an almost linear correlation between RV and
SGRQ was described (r2 = 0.70; p <0.0001), which may
indicate that for every 0.1 L decrease in RV, the SGRQ
would improve by 2.5 points. Extrapolated to our own da-
ta, this would correspond to an improvement in SGRQ
of 10 points after lung volume reduction surgery and 22.5
points after endobronchial valve treatment treatment.

Figure 2: Cost-effectiveness diagram of bronchoscopic lung volume reduction (BLVR) using endobronchial valves (EBVs) compared with lung
volume reduction surgery (LVRS).The 0-point of the diagram corresponds to the LVRS. The coloured points correspond to the different effec-
tiveness qualities of BLVR (FEV1, RV and 6MWD).In general, interventions located in quadrant IV are medically superior and more cost-effec-
tive. In this case, BLVR would be superior to LVRS. In terms of FEV1, however, BLVR is in quadrant II, so that the zero-alternative, i.e. LVRS,
dominates. If FEV1 were the only measure of effectiveness, BLVR would have to be rejected. In terms of RV and 6MWD, BLVR is in quadrant
I, where the better result is offset by higher costs. For interventions located in quadrant I, it is completely unclear whether they should be intro-
duced or not28. According to Schöffski et al. [28], the choice depends on what relationship between costs and outcome is acceptable. The
comparison of the angle α does not make sense and was therefore omitted, since it is not possible to choose between several alternatives.Ab-
breviations: FEV1, forced expiratory volume in first second; RV, residual volume; 6MWD, 6-minute walking distance; MCID, minimal clinical im-
portant difference; MCID of FEV1 = 0.2L, MCID of RV = 0.5L (assumption), MCID of 6MWD = 26 metres.
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Eventually, for the calculation of the QALY, a conversion
of the SGRQ into the EQ-5D (EuroQol 5 Dimension) is
necessary according to the algorithm published by Starkie
et al. [31]. Using their formula (EQ-5D = 0.9617–0.0013 *
SGRQ – 0.0001 * SGRQ2 + 0.0231) with the above made
assumptions, there is an improvement in EQ-5D of 0.80
after lung volume reduction surgery and 0.86 after endo-
bronchial valve treatment treatment. Assuming a discount-
ing of 4% per year, it would therefore indicate a significant
improvement in QoL even after five years. The missing
mortality data can also be extrapolated as already done in
other studies [19, 20]. For example, mortality rates of 6%,
11% and 25% per year have been published for GOLD
stages 2, 3 and 4, respectively [32]. An improvement in
the GOLD stage should consequently also lead to an im-
provement in the mortality risk, which was also proven in a
large-scale registry study from Scotland with 4885 COPD
patients [33]. For example, it was shown that the change
from the highest to the second highest GOLD stage was
associated with an improvement in the risk of death from
4.31 to 2.96 (p <0.001). In the present study, improvement
in GOLD stage was demonstrated in 43.3% of cases after
surgery and in 27% of cases after valve treatment. Thus,
an improvement in survival can be expected in 2/5 of the
surgical patients and 1/3 of the patients having a broncho-
scopic lung volume reduction. According to the National
Health and Nutrition Examination Survey (NHANES III
study), Years of Life Lost (YLL) in COPD patients who
quit smoking (which meets the requirements for lung vol-
ume reduction) is 1.4 years for GOLD stage 2 compared
with 5.6 years for the highest two GOLD stages [34]. Hy-
pothetically, lung volume reduction could thus result in a
prolongation of life by 4.2 years in the best case. Simi-
larly, prospective randomised studies have already shown
a positive effect on survival time after both lung volume
reduction surgery [11] and endobronchial valve treatment
[13]. For those patients who had an improvement in GOLD
stage after lung volume reduction and thus presumably al-
so achieved a prolongation of survival time, QALYs for
surgical as well as for bronchoscopic lung volume reduc-
tion can be estimated as follows: 4.2 x 0.80 = 3.36 and 4.2
x 0.86 = 3.61, respectively. These estimated QALYs seem
plausible in comparison to previously published QALYs of
2.88 compared to 2.66 for conservatively treated patients
after five years, at least for valve treatment [19]. For sur-
gical lung volume reduction, three years after surgery, 1.46
QALY was reported compared to 1.27 with conservative
treatment [16]. The ICER in Swiss francs per QALY for
the patient collective in this study is shown in table 7.

Based on this table, bronchoscopic lung volume reduc-
tion with endobronchial valves was CHF 2000 more ex-
pensive after three months lung volume reduction surgery.
Given the improvement of 0.25 QALYs, there is an ICER
of CHF 8000 per QALY gained.

Two cost-effectiveness analyses have been published to
date, comparing lung volume reduction surgery with best
supportive care. The most important of these analyses is
based on the National Emphysema Treatment Trial
(NETT), the largest prospective study to date, in which se-
verely symptomatic emphysema patients were randomised
to either lung volume reduction surgery or conservative
therapy [11]. The resulting cost-effectiveness analysis has
been published twice [16, 17] owing to the controversy re-
garding the inclusion of lung volume reduction surgery in
the US healthcare system at the time. In the first study,
Ramsey et al. concluded that lung volume reduction
surgery costs USD 190,000 more per QALY gained in the
first three years after surgery compared with conservative
therapy, regardless of the type of emphysema. If patients
who had heterogeneous upper lobe emphysema and were
therefore better candidates for this intervention are consid-
ered, the cost was USD 98,000 per QALY gained [16].
Based on these results, lung volume reduction surgery was
approved by the Centers for Medicare and Medicaid Ser-
vices (CMS) in the USA in 2004. After the 10-year data
of the NETT study became available, an updated version
of the cost-effectiveness analysis was finally published
[17]. In this analysis, lung volume reduction surgery cost
USD 140,000 more per QALY gained at five years and
USD 54,000 at 10 years compared with conservative ther-
apy. In patients with upper lobe emphysema, the costs
were lower, as expected, at USD 77,000 after five years
and USD 48,000 after 10 years [17]. In addition to the
long-term results, this study was able to demonstrate a
considerable improvement in the cost-effectiveness ratio
for patients with upper lobe emphysema. Similar results
were obtained in a smaller Canadian study with incre-
mental costs of lung volume reduction surgery compared
with conservative therapy of USD 133,000 per QALY after
two years [35]. However, with a non-significant increase
in QALYs in the surgery group of 0.21 (p = 0.19), it can
be assumed that the study was underpowered. Based on the
three cost-effectiveness analyses presented, it can be con-
cluded that lung volume reduction surgery is expensive but
reasonably cost-effective, especially when compared with
other thoracic interventions with ICERs ranging between
USD 8300 and USD 216,000 per QALY [36].

The cost-effectiveness ratio of bronchoscopic lung volume
reduction compared with conservative therapy has been in-
vestigated in two studies to date. The first results are based
on the prospective randomised VENT study [37], which
was able to prove effectiveness and safety of treatment
with endobronchial valves after 12 months. The resulting
cost-effectiveness analysis showed incremental costs per
QALY gained of € 46,322 after five years, and € 25,142
after 10 years [19]. The second cost-effectiveness analysis
was based on the prospective randomised STELVIO trial,
which also demonstrated a significant improvement in
clinical effectiveness in terms of lung function, 6MWD

Table 7:
Incremental cost-effectiveness results after three months.

Cost, CHF Effect, QALYs ICER, CHF/QALY

LVRS BLVR Δ LVRS BLVR Δ

Base case (after 3 months) 28,048 30,049 2001 3.36 3.61 0.25 8004

Several assumptions were made for estimation of QALY and ICER. Quantification of uncertainties was therefore not possible.

QALY: quality-adjusted life year; ICER: incremental cost-effectiveness ratio; LVRS: lung volume reduction surgery; BLVR: bronchoscopic lung volume reduction; Δ: difference.
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and SGRQ compared to conservative therapy at six months
[38]. The respective cost-effectiveness analysis showed in-
cremental costs of € 39,000 per QALY after five years
and € 21,500 after 10 years [20]. In summary, both cost-
effectiveness analyses showed that treatment with endo-
bronchiaL VALVES is a cost-effective alternative to con-
servative therapy, with incremental costs per QALY below
the threshold of € 50,000. The relatively high costs in the
early THAN IN the later years are mainly due to the costs
for endobronchial valves, as well as for the interventions
and the necessary hospital stay.

There are several limitations of this study. The results of
the present cost-effectiveness analysis are based exclusive-
ly on retrospective data, so that the internal validation of
the data is not guaranteed and the results are exposed to
a significant risk of bias (especially selection bias) [28,
39, 40]. In addition, the observation period in this study
is extremely short, with a maximum of 100 days. Since
no health costs were recorded postoperatively and beyond
the observation period neither mortality nor health data
were recorded, no statements can be made about the long-
term cost-effectiveness ratio. However, it is already known
from randomised studies that both methods of lung volume
reduction are cost-effective compared with conservative
treatment [16, 17, 19, 20, 36]. The head-to-head compar-
ison constructed from extrapolated data can at best give
a vague idea regarding ICER for cost/QALY. Since no
costs were considered postoperatively, a discounting of
QALY for long-term success cannot be used either. How-
ever, QALYs may not be optimal for short-term but effec-
tive therapeutic interventions (and lung volume reduction
can undoubtedly be counted as such) [14]. Another lim-
itation of the present study is the determination of costs,
which is mainly based on the DRG system. As described
by Schöffski et al., the average valuation of service bun-
dles, as is the case with DRGs, is no longer sufficient for
an analysis from a societal perspective as well as from the
point of view of service providers [41]. At least the alloca-
tion of overhead costs in the sense of activity-based cost-
ing was partially considered.

Conclusions

The present retrospective parallel cohort study was able to
confirm the effectiveness for both surgical lung volume re-
duction and bronschscoppic lung volume reduction using
endobronchial valves in the sense of mirroring real life da-
ta by showing a comparable improvement in FEV1 and
RV. The direct costs of lung volume reduction from the
payer's perspective were also comparable for both meth-
ods. Concerning RV and 6MWD, it could be shown that
endobronchial valve treatment is justified as a cost-effec-
tive alternative to surgical lung volume reduction. Based
on extrapolated data, it was also shown that endobronchial
valve treatment, although slightly more expensive, resulted
in an improvement of 0.25 QALYs leading to ICER of
CHF 8000 francs (€ 7657) per QALY gained. Neverthe-
less, a robust statement on the superiority of one of the
two lung volume reduction procedures in terms of cost-ef-
fectiveness cannot be made from the present study, as the
study has some limitations, particularly due to the retro-
spective design and the short observation period. There-
fore, the study is by no means suitable as a basis for

resource allocation. Two currently ongoing prospective
randomised studies comparing lung volume reduction
surgery with endobronchial valve treatment may be able to
answer this question in the future.
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Appendix: supplementary tables

Table S1:
In- and exclusion criteria.

Inclusion criteria Exclusion criteria

FEV1 less than 55% of target FEV1 less than 16% of target

RV more than 165% of target and/or RV/TLC over 0.56 and/or clinically/radi-
ologically clear hyperinflation

Pulmonary hypertension (high blood pressure) with an echocardiographically estimated RV/RA >
45 mmHg

6MWD less than 550 metres DLCO less than 18% of target

Radiologically documented bilateral emphysema Lack of pulmonary functional follow-up within 3 months after lung volume reduction

LVRS or BLVR with endobronchial valves between 01/01/2019 and 31/12/
2020 at the University Hospital Zurich

Missing or incomplete cost statement from the financial department of the University Hospital
Zurich (e.g. due to transfer to another hospital).

For BLVR only: Lack of collateral ventilation (Chartis® or StratX®).

RV: residual volume; RV/TLC: ratio of residual volume and total lung capacity; FEV1:first-second capacity; 6MWD: 6-minute walk distance; LVRS: lung volume reduction surgery;
BLVR: bronchoscopic lung volume reduction; DLCO: diffusing capacity for carbon monoxide.

Table S2:
DRG according to SwissDRG [24] for lung volume reduction for emphysema.

LVR
method

DRG Designation CW MLS
(days)

Lower limit of
length of stay

Upper limit of
length of stay

day CW/day* day CW/day*

BLVR (us-
ing EBVs)

E02B Other respiratory system procedures, age >15 years with extensive bronchial surgery 1.594 6.9 1 0.608 15 0.186

LVRS E06A Other lung resections, biopsies of thoracic organs and procedures on the thoracic wall with ex-
tremely severe comorbidities or surgical lung volume reduction

2.583 12.4 3 0.558 24 0.193

BLVR: bronchoscopic lung volume reduction; DRG: diagnosis-related group; EBVs: endobronchial valves; CW: cost weight; LVRS: lung volume reduction surgery; MLS: mean
length of stay.

*Surcharges or deductions

Table S3:
In-hospital# events after lung volume reduction divided by method.

LVRS, n = 30 BLVR, n = 37 p-value

Pneumothorax 0 7 (18.9) 0.014*

Subcutaneous emphysema 3 (10) 0 0.045*

Pneumonia or exacerbation of COPD 2 (5.4) 3 (10) 0.170

Prolonged fistula > 7 days 17 (56.7) 2 (5.4) 0.018*

Death 0 0 -

#Average length of stay of 9 ± 5 days; data are presented as n (%).

BLVR: bronchoscopic lung volume reduction (with endobronchial valves); LVRS: lung volume reduction surgery; *p <0.05.

Table S4:
Reasons for re-hospitalisations after lung volume reduction divided by method.

LVRS, n = 30 BLVR, n = 37

Pneumonia 6 (20) 2 (5.4)

Exacerbation of COPD 0 1 (2.7)

Infection, not further defined 1 (3.3) 1 (2.7)

Local infection/wound abscess 1 (3.3) 0

Pulmonary embolism 0 1 (2.7)

Valve revision due to malposition 0 5 (13.5)

Valve removal due to lack of effect 0 2 (5.4)

Data are presented as n (%)
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