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Abstract

Background: The REVOLENS study compared lung volume reduction coil treatment to usual care in patients with
severe emphysema at 1 year, resulting in improved quality-adjusted life-year (QALY) and higher costs. Durability of
the coil treatment benefit and its cost-effectiveness at 2 years are now assessed.

Methods: After one year, the REVOLENS trial’s usual care group patients received coil treatment (second-line coil
treatment group). Costs and QALYs were assessed in both arms at 2 years and an incremental cost-effectiveness
ratio in cost per QALY gained was calculated. The uncertainty of the results was estimated by probabilistic
bootstrapping.

Results: The average cost of coil treatment in both groups was estimated at €24,356. The average total cost at
2 years was €9655 higher in the first-line coil treatment group (p = 0.07) and the difference in QALY between the
two groups was 0.127 (p = 0.12) in favor of first-line coil treatment group. The 2-year incremental cost-effectiveness
ratio (ICER) was €75,978 / QALY. The scatter plot of the probabilistic bootstrapping had 92% of the replications in
the top right-hand quadrant.

Conclusion: First-line coil treatment was more expensive but also more effective than second-line coil treatment at
2 years, with a 2-year ICER of €75,978 / QALY.

Trial registration: ClinicalTrials.gov Identifier NCT01822795.
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Background
Usual medical treatments have limited effectiveness in pa-
tients with severe emphysema, justifying the development
of alternative interventional treatments such as endobron-
chial lung volume reduction treatments including valves,
coils, and thermal vapor ablation [1]. Endobronchial coil
treatment (ECT) consists on placing non-blocking shape-
memory nitinol coils into subsegmental airways to reduce
dynamic lung hyperinflation [2]. Three randomized stud-
ies demonstrated that ECT is associated with improve-
ments in exercise capacity, lung function and quality of
life [3–5]. Only one economic evaluation was carried out
by the REVOLENS study (réduction volumique endo-
bronchique par spirales; NCT01822795) [4]. The eco-
nomic evaluation’s goal is to evaluate the joint distribution
of costs and benefits in order to assess the efficiency of a
new intervention and therefore determine whether it
would be a good use of healthcare resources. As such, they
inform decision-makers who decide if a new technology
should be reimbursed. The REVOLENS study found a
mean cost difference between groups at 1 year of €36,123
per patient (p < 0.001), a mean quality-adjusted life year
(QALY) difference of 0.061 (p = 0.02) and an incremental
cost-effectiveness ratio (ICER) of €590,079 per QALY [4].
However, the one-year duration of the follow-up pre-
cluded any robust conclusions regarding the long-term
cost-effectiveness of ECT. In addition, it did not address
the question of the benefit (or lack thereof) of an early
ECT management. The aim of the REVOLENS-2 study
was therefore to estimate the 2-year cost-effectiveness of
first-line lung volume reduction coil treatment compared
to second-line coil treatment in patients with severe em-
physema included in the REVOLENS trial.

Methods
Study design and patients
The design of the REVOLENS trial has been previously
reported and will be briefly summarized [4]. In this pro-
spective randomized open blinded end-point trial con-
ducted in ten French sites, patients with bilateral
emphysema, post bronchodilator forced expiratory vol-
ume in one second (FEV1) < 50% pred., residual vol-
ume > 220% pred., and formal pulmonary rehabilitation
within the previous 12 months, were randomly assigned
in a 1:1 ratio to coils treatment or to usual care. This
study was approved by the Ethics Committee of Dijon
Est I (N°2012-A01477–36), and by the French Agency
for Medicines and Health Products (ANSM). The coils
were purchased from the manufacturer (PneumRx/BTG,
Mountain View, CA) which had no involvement in the
study design. All participants signed a written informed
consent to participate to the study. The primary end-
point of the REVOLENS trial was the improvement of at
least 54 m in the 6-min walk test at 6 months.

In the REVOLENS protocol, patients of the usual care
group were offered coil treatment after one year. In the
REVOLENS-2 study, this group of patients is referred to
as the second-line coil treatment group and is compared
to the first-line coil treatment group. According to the
protocol, patients in both groups were followed during
5 years post treatment. During this follow-up period, med-
ical data (e.g. intervention data, biological analysis, im-
aging, respiratory function tests results) and economic
data (e.g. quality of life, hospitalizations and consultations)
were collected prospectively in a Case Report Form (CRF).

Economic evaluation
Data for the economic evaluation were prospectively col-
lected during the trial, in accordance with the Consoli-
dated Health Economic Evaluation Reporting Standards
(CHEERS) statement [6]. Costs and QALYs were assessed
in both arms at 2 years and an incremental cost-
effectiveness ratio in cost per QALY gained was calculated.
The uncertainty of the results was analyzed using a non-
parametric bootstrap which provided multiple estimates
of the ICER by randomly re-sampling the patient popula-
tion 1000 times and results were presented as a scatter
plot of 1000 ICERs on the cost-effectiveness plane and
transformed into a cost-effectiveness acceptability curve
based on the decision-makers’ willingness to pay for an
additional QALY. The analysis was conducted from the
French healthcare perspective (mandatory health insur-
ance, complementary health insurance and patient co-
payments) using tariffs and hospital production costs for
coil treatment. The time horizon was 2 years.

Costs
Only direct costs were included as recommended by the
French National Authority for Health (HAS) [7]. Both
hospital and non-hospital resources were considered.
Initial hospitalization and monitoring data were ob-

tained from the CRF and from the local hospital claims
database. In addition, for interventional procedure data,
a bottom-up micro-costing based on 5 French participat-
ing hospital visits was carried out.
The number and type of staff and medical devices re-

quired for the procedure (coils, delivery catheter, mucus
vacuum cleaner and antibiotic therapy), procedures’
duration, the type of operating room and the type and
length of hospital stay but also, the number and type of
consultations (anesthesiologist, general practitioner,
pulmonologist and physiotherapist), biology act (micro-
biological analysis of endobronchial aspirates), imaging
(chest X-ray, chest computed tomography), medication
(long term oxygen therapy), monitoring tests (walk test,
blood gas test and respiratory function tests), transpor-
tation and readmission were all used as variables to cal-
culate costs.
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Staff costs per hour were calculated using the average
salary costs which includes charges for each type of staff
for full-time contracts of 1607 h per year [8]. Medical de-
vices costs were valued by the manufacturer price. Consul-
tations, laboratory tests, imaging, medication, monitoring
tests and transportation costs were valued using the statu-
tory health insurance tariffs [9–13]. Operating room costs
were derived from the cost accounting of an operating
room in one hospital visited. Hospital stays were valued
using the French national hospital cost study (Etude Natio-
nale de Coûts à méthodologie Commune, ENCC) adjusted
to the length of stay observed in the study [14]. Readmis-
sions costs were valued using the tariff of the correspond-
ing diagnosis related groups [15] to which were added
intensive care daily supplements [16].
Unit costs are presented in eTable 1 of the REVO-

LENS clinical trial article. Since 2017, the price of
coils decreased from €1424 to €1080 per unit with a
maximum of 10 coils charged per treated lobe. The
current price for the economic evaluation was used.
All other costs were in 2016 Euros (€) or inflated to
2016 using the health-specific inflation index [17]. A
discount rate of 4% was applied to both outcomes
and costs beyond the first year [7].

Effectiveness
The effectiveness was expressed as the difference in
QALYs during the 2-years follow-up period between
the two arms. QALY represents a patient’s survival
time weighted by the quality of life, represented by
utility. Utility values were collected in the CRF from
the EQ-5D-5 L health-related quality of life ques-
tionnaire. The EQ-5D-5 L comprises a descriptive
system which is composed of five health dimensions
(mobility, self-care, usual activities, pain/discomfort
and anxiety/depression) with 5 levels of health state
(no problems to extreme problems). The participant’s
answers are combined to produce a five-digit num-
ber describing the participant’s health status which is
converted to a utility value from the country specific
value set. The French EQ-5D-5 L value set has util-
ity between − 0.530 (worst possible health) and 1
(best possible health) [18–20].

Statistical analysis
The statistical analyses were performed on the intention-
to-treat (ITT) population. Qualitative data were presented
using frequencies (percentages) and compared with the
Chi-square test. Quantitative data were presented using
means (standard deviations) and compared using Student t
test or Mann-Whitney test depending on the variables’ dis-
tribution. Missing data were imputed either by the average
in the case of quantitative variables or by the weighted fre-
quency in the case of qualitative variables. A p-value less

than 0.05 was considered significant. SAS (Version 9.3, SAS
Institute, Cary, NC, USA) was used for analysis.

Results
Patients and procedures
Of 116 patients screened, 100 patients were randomized,
50 to the first line coil treatment group and 50 to the
second line coil treatment group. In the first line coil
treatment group, 47 patients received bilateral and 3
unilateral coil treatment, and in the second line coil
treatment group, 36 patients received bilateral and 4
unilateral coil treatment. The flow chart of the study is
presented in Fig. 1.

Costs
The average length of stay for initial hospitalization was 3.
1 days (± 1.6, min: 2, max: 10) for the first coil procedure
and 3.6 days (± 2.5, min: 2, max: 13) for the second pro-
cedure in the first-line coil treatment group and 3.5 days
(± 4.1, min: 2, max: 24) for the first coil treatment and 2.
5 days (± 1.1, min: 2, max: 6) for the second procedure in
the second-line coil treatment group. The mean coil treat-
ment cost was estimated at €24,356 (9465). This cost was
estimated at €27,800 (5629) in the first-line coil treatment
group and at €20,912 (11,190) in the second-line coil
treatment group (p = 0.04). The number of patients with
at least one rehospitalization was 25 (50%) in the first-line
coil treatment group and 26 (52%) in the second-line coil
treatment group (p = 0.84). The average total cost per pa-
tient at 2 years was €9655 higher in the first-line coil treat-
ment group (p = 0.07) (Table 1).

Effectiveness
The average QALY at 2 years was 0.726 (0.400) in the
first-line coil treatment group versus 0.599 (0.406) in
the second-line coil treatment group. The difference
in QALY between the two groups was 0.010 at
6 months (p = 0.62), 0.061 at 1 year (p = 0.02) and 0.
127 at 2 years (p = 0.12). Utilities during the 2-years
follow-up period for both groups are presented in Fig.
2. The total QALYs in each group are represented by
the area under the curves and the QALY difference
between the 2 groups by the area between the curves.
There was an improvement in the post-treatment
quality of life in both groups. However in the second-
line coil treatment group, quality of life significantly
decreased during the first year (pre-treatment) and
did not increase to the level of the first-line coil
treatment group’s quality of life after treatment.

ICER
The 2-year ICER was €75,978 / QALY. The set of ICERs
estimated by the non-parametric bootstrap are presented
by the cloud of points on the cost-effectiveness plane. 92%
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of these ICERs were located in the top right-hand quad-
rant, indicating a higher cost for greater effectiveness of
first-line coil treatment (Fig. 3). In addition, the

acceptability curve showed that at a threshold of €83,200 /
QALY there was 50% chance that the first-line coil treat-
ment was cost-effective (Fig. 4).

116 Consented for study

100 randomized

50 Assigned to first line coil 

treatment

47 Bilateral 

3 Unilateral a

50 Assigned to second line coil 

treatment 

44 Follow-up at 12 months

4 deaths

2 not available for follow-up b

47 Follow-up at 12 months

3 deaths

32 Follow-up at 24 months

2 deaths

1 lung transplantation

1 not available for follow-up

3 refusals e

7 lost to follow-up

40 coil treatment at 12 months

36 Bilateral c / 4 Unilateral

5 refusals

2 exclusion criteria d

34 Follow-up at 24 months 

(12 months follow-up post treatment)

2 deaths

4 lost to follow-up

Fig. 1 Flow chart of the study (CONSORT). a The reasons for not performing bilateral treatment were death before second treatment (n=1),
anaphylactic shock at induction of anesthesia for the second coil treatment (n=1) (further analyses demonstrated allergy to penicillin), and
pneumonia after the first coil treatment leading to unwillingness of the patient to undergo a second coil treatment (n=1). Two patients with
unilateral coil treatment at 3-month follow-up were treated with a contralateral coil treatment at 12 and 18 months post-randomisation. b These
two patients were alive at 12 months, but did not come for the planned visit at 12 months, and were considered for subsequent assessment at
24 months. c Bilateral treatment not performed because of pneumothorax (n=1), pneumonia (n=2) or death (n=1). One patient was treated with
a contralateral coil treatment at 27 months post first treatment. d One systolic pulmonary artery pressure > 50 mmHg and one anticoagulant
therapy which could not be stopped for coil treatment and also active smoking.e 1 patient moved abroad and two patients refused to come
back for the follow-up
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Discussion
This health economic analysis of the REVOLENS study
results was prospectively designed to inform healthcare
payers in France.
The results showed that the mean 2-year treatment

cost was estimated at €27,800 per patient in the first-
line coil treatment group and at €20,912 in the
second-line coil treatment group. Patients in the
second-line treatment group received coil treatment
at 1 year and the cost difference between the two
groups decreased from €28,941 at 1 year to €9655 at
2 years. The non-significant €9655 cost difference be-
tween the 2 groups was due to rehospitalization and
coil treatment costs which tended to be higher in the
first-line coil treatment group. This can be explained
by the fact that only 40 out of 50 patients had the
procedure. The cost of the intervention was thus zero
euro for the remaining 10 patients.
Furthermore, there was an improvement in the

post-treatment quality of life in both groups. However
in the second-line coil treatment group, quality of life

significantly decreased during the first year (pre-treat-
ment) and did not increase to the level of the first-
line coil treatment group’s quality of life at one year
after coil treatment, suggesting that early lung volume
reduction coil treatment might be associated with bet-
ter quality of life outcome.
The decrease in incremental cost and the increase

in incremental QALY had led to an ICER of €75,978
/ QALY at 2 years compared to an ICER of €472,759
/ QALY at 1 year. The difference between the 1-year
ICER of the REVOLENS-2 study and the 1-year ICER
of the primary economic evaluation (€590,079 /
QALY) was explained by the lower price of coils and
2015/2016 inflation.
The probabilistic bootstrapping, by graphically demon-

strating an ICER variation when resampling the patients
1000 times, showed a large dispersion, resulting from the
uncertainty surrounding the clinical results. 92% of the
replications were in the top right-hand quadrant, indicat-
ing a higher cost for greater effectiveness of fist-line coil
treatment.

Table 1 Costs (inflated and discounted) in € by randomization group over a 2-year period

Average cost per patient in € (SD) First-line coil treatment group Second-line coil treatment group P value

0–12 months after randomization N = 50 N = 50

First coil procedure 14,412 (2358) NA NA

Second coil procedure (N = 47) 14,022(2471) NA NA

Rehospitalization 1486 (3352) 674 (1983) 0.15

Consultations 984 (1053) 987 (1209) 0.24

Transportation 265 (317) 121 (189) 0.01

Home oxygen 2222 (1925) 2040 (1933) 0.49

Monitoring tests 505 (72) 519 (36) 0.29

Imaging 125 (20) 105 (7) <.0001

Average total cost during the first yeara 33,388 (6949) 4446 (2644) <.0001

12–24 months after randomization N = 46b N = 47b

First coil procedure (N = 40) NA 14,022 (996) NA

Second coil procedure (N = 36) NA 13,465 (501) NA

Rehospitalization 4912 (19,662) 2897 (4,4862) 0.19

Consultations 460 (630) 647 (1046) 0.005

Transportation 31 (48) 132 (159) 0.002

Home oxygen 2076 (1949) 1790 (1887) 0.51

Monitoring tests 97 (21) 97 (21) 0.44

Imaging 20 (4) 57 (18) <.0001

Average total cost during the second year for patients alivea 7596 (20,035) 27,867 (12,487) <.0001

0–24 months after randomization N = 50 N = 50

Total cost for 50 patients per groupc 2,018,781 1,536,027 NA

Average total cost per patient 40,376 (21,173) 30,721 (14,364) 0.07
aPatients who did not have the coil treatment have estimated costs of €0
bPatients alive at 12 months
cThe ITT population. Patients who died or did not have the coil treatment have estimated costs of €0
The bold datas are number of patients, subtotal and total
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These results provide important data for healthcare
payers appraising the cost-effectiveness of ECT in
severe emphysema. Indeed, literature regarding cost-
effectiveness in endobronchial lung volume reduction
is scarce, limited to a model-based assessment of
valves [21], showing an estimated 5-year ICER of
€46,322 / QALY and a 10-year of €25,142 / QALY.
The REVOLENS study is focused on ECT and was
carefully designed to overcome the methodological
shortcomings of model-based assessment. Estimation

of the 2-year ICER of endobronchial coils is based
on rigorous methodology from prospective data and
following the international standards of health-
economic assessments which allows this study to
have a high internal validity. However the external
validity is more moderate because of the high cost
of the medical device and the variability of the oper-
ators’ skills.
The time horizon chosen for the economic evaluation

is 2 years. Because patients of the usual care group were

Fig. 2 Utilities during the 2-years follow-up period for both groups. The total QALYs in each group are represented by the area under the curves
and the QALY difference between the 2 groups by the area between the curves

Fig. 3 Scatter plot of incremental cost and effectiveness of first-line coil treatment compared to second-line coil treatmentThe set of ICERs
estimated by the non-parametric bootstrap are presented by the cloud of points on the cost-effectiveness plane.
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offered coil treatment after one year of follow-up, it can
be assumed that the difference in cost between the two
groups remained unchanged and the difference in utility
either remained unchanged or vanished after the second
year of follow-up. In the first case, the stabilization of
the utility 1 year after the coil treatment in the first-line
coil treatment group suggests there could be a similar
stabilization in the second-line coil treatment group
after year 2. At 5 years, the utility difference between
the 2 groups present at 2 years could therefore be main-
tained. Likewise, the cost difference after the second
year of follow-up has no reason to change based on the
non-significant difference between the 2 groups in
rehospitalizations and home oxygen costs during the
second year of follow-up, which are the 2 major costs.
As such, we would expect the incremental cost-
effectiveness ratio at 5 years to be lower than the ICER
at 2 years, making early treatment more cost-effective in
the long-term. In the latter case, the ICER would also
decrease, but not as much. An 18 month utility meas-
urement would have refined our assumption. In order to
answer this question, data at 5 years will be available
soon but it might be challenging to obtain hospital data
in the long term. The PneumRx endobronchial coil sys-
tem in treatment of subjects with severe emphysema
study (ELEVATE study) will start in 2018. This inter-
national study aims to improve patient selection in
order to reduce the number needed to treat and im-
prove the cost effectiveness [22].
Finally, there is limited availability of this technol-

ogy across the world but due to the lack of effective
therapies for patients with severe emphysema, studies
on endobronchial lung volume reduction are of inter-
est for pulmunologists internationally.

Conclusion
In conclusion, REVOLENS-2 study results showed that
first-line coil treatment was more expensive but also
more effective than second-line coil treatment at 2 years,
with a 2-year ICER of €75,978 / QALY.
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