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Abstract

Background: Bronchoscopic lung volume reduction (BLVR)
using valves and coils has been approved for use since 2003
and 2010, respectively. Objective(s): To study adoption pat-
terns of BLVR in an early-adopting country, and to estimate
potential treatment volumes in other European countries.
Methods: Therapy- and age-specific volumes for endobron-
chial valve and coil procedures were obtained from German
federal statistics for 2007-2016. Therapy-specific and total
BLVR procedure volumes and growth were computed, and

patterns in treatment age and device utilization analyzed.
Patient volumes for other European countries were predict-
ed using mean German patient volumes of the last 3 data
years and age-specific population and emphysema inci-
dences. Results: Over the study period, annual BLVR proce-
dure volumes grew from 91 to 2,053 (+2,256%), reaching a
peak of 2,556 procedures in 2013. Coil procedures consti-
tuted 36% of the total volume in 2016. Treatment age was
stable over time, with highest procedure countsinage group
60-64 years for valves and 65-69 years for coils. A limited
increase in device use per procedure was observed. For
Germany, 1,655 newly treated BLVR patients were estimated
per year, approximating about 5% of the annual newly diag-
nosed severe emphysema cases. Predicted volume esti-
mates for other European countries ranged from 1 for Liech-
tensteinto 1,226 for France. Conclusions: Analysis of German
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procedure data show pronounced BLVR therapy uptake in
the early years of adoption, with the more recently intro-
duced coil therapy used in about one-third of patients. Esti-
mated patient volumes to date constitute only a small frac-
tion of the severe emphysema population.

©2018 S. Karger AG, Basel

Introduction

Emphysema is a debilitating condition that constitutes
a substantial subset of chronic obstructive pulmonary
disease (COPD) [1, 2]. It is associated with significantly
reduced quality of life and life expectancy, as well as in-
creased healthcare resource utilization [1, 3].

Bronchoscopic lung volume reduction (BLVR) offers
a minimally invasive treatment approach for selected
subsets of patients and provides benefits comparable to
those previously demonstrated for lung volume reduc-
tion surgery [4, 5]. While BLVR approaches comprise a
wide range of technology, ranging from placement of im-
plantable devices to vapor-based treatment, endobron-
chial valve therapy (EBV) and endobronchial coil therapy
have become the mainstay BLVR approaches to date [5].
Further, BLVR techniques serve a much wider emphy-
sema patient population than can be treated by lung vol-
ume reduction surgery, like lower lobe predominant dis-
ease, homogeneous emphysema distribution, and pa-
tients who are not fit enough or unwilling to undergo
surgery.

The safety and effectiveness of EBV and coil therapy
have been demonstrated in a number of national and mul-
tinational trials [6-12]. Further research is being conduct-
ed to characterize the therapies’ performance in specific
subsets of patients, and to reduce remaining uncertainty
about the medium- and long-term performance of these
therapies (e.g., clinicaltrials.gov identifiers NCT02022683
(TRANSFORM), NCT01796392 (LIBERATE),
NCT01812447 (EMPROVE), NCT02823223 (valves in
heterogeneous patients), NCT01682018 (valves in single
lung transplant patients) for valves, and NCT02879331
(CYCLONE), NCT03360396 (ELEVATE) for coils).

EBV and coil therapy have received regulatory clear-
ance in the European Union in 2003 and 2010, respec-
tively. Pivotal trials for regulatory approval in the United
States have been completed for EBV (clinicaltrials.gov
identifier NCT01796392) and a pre-market approval ap-
plication has been submitted to the United States Food
and Drug Administration as of January 2018. For coils,
Food and Drug Administration approval is ongoing.

Predicted Procedure Volumes for BLVR

In the German healthcare system, which was among
the first in the world to adopt BLVR in regular clinical
practice, EBV and coil therapy have been commercially
used since 2007 and 2012, respectively, with a total of
more than 12,000 procedures performed through the end
of 2016. The detailed procedure coding information col-
lected in Germany’s hospital statistics provides an oppor-
tunity to study real-world adoption patterns and proce-
dure characteristics of BLVR.

Our aim was to analyze these data in detail to provide
useful insight for clinicians and healthcare administra-
tors, and to estimate BLVR procedure volumes that might
be expected in other European countries.

Materials and Methods

Study Data

Study data were obtained from procedure-specific data re-
ported in annual diagnosis-related group hospital statistics
(Fallpauschalenbezogene Krankenhausstatistik [diagnosis-relat-
ed group-Statistik]) published by the German Federal Statis-
tics Office. All BLVR procedure codes were identified from
listings of the German “Operationen und Prozedurenschliis-
sel” (OPS) surgical and procedural codes. The respective codes
for valves and coils, with definitions and information about
their introduction, are shown in the appendix (online suppl.
Table Al; for all online suppl. material, see www.karger.com/
doi/10.1159/000491677).

For the current analysis, only valve and coil procedure codes
were considered, as other BLVR approaches, including polymer-
based foam instillation and vapor ablation, are more or less used
in clinical trials only.

Analyses

Procedure Volume Collection and Analysis

For EBV, procedure volumes were collected for the 10-year pe-
riod 2007-2016, and for endobronchial coil therapy for the 5-year
period 2012-2016, after the therapy’s commercial introduction.
These data coincide with the availability of therapy-specific OPS
codes. For both valves and coils, the available codes provide gran-
ular information about the use of devices, with valve codes specify-
ing use of 1, 2, 3, 4, or 5 and more valves, and coil codes specify-
ing usage levels between 1-2 coils for the lowest volume code and
17 or more coils for the highest volume code. See online supple-
mentary Table Al.

For each analyzed year, utilization by code was collected in to-
tal and by age bracket, with age brackets defined in 5-year incre-
ments between “5 years and under” to “85 years and older.” All
valve code volumes were subsequently added up to provide the
annual total procedure volume and the same was performed for
the coil code volumes.

Treatment age was analyzed by plotting the age bracket-specif-
ic proportion of treatments as part of total and comparing the re-
sulting distributions for valves (years 2007, 2012, and 2016) and
coils (years 2012 and 2016).
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Estimation of Treated Patients per Year, Germany

In addition to reporting of procedure volumes, we aimed to
estimate the corresponding number of newly treated patients, that
is, initial implants. This estimation took into account that proce-
dures in which only one valve is implanted are predominantly
repeat treatments, for example, for replacement of a dislodged or
inadvertently exhaled valve. Further, for coils, it considered the
fact that coil procedures are predominantly performed as bilat-
eral, staged procedures, that is, index treatment requires 2 sepa-
rate episodes of care, each of which is encoded as a separate pro-
cedure in the procedure statistics. Additionally, implantation of 1
to 2 or 3 to 4 coils is, in most cases, related to retreatment with
coils [13]. Specifically, for estimation of patient volumes, we con-
sidered 15% of 1-valve procedures as new procedures, and 100%
of procedures that used 2 or more valves. For coils, 5% of 1- to 2-
and of 3- to 4-coil procedures were counted and 50% of the pro-
cedures involving 5 and more coils, reflecting the staged, bilateral
implantation.

Analysis of Number of Devices Used, per Procedure

To obtain a perspective on the relative utilization of devices per
procedure, we computed the relative proportion each code con-
tributed toward the total procedure volume in a given year. Chang-
es in device utilization were analyzed via CuzicK’s test, a nonpara-
metric test for trend across ordered groups (an extension of the
Wilcoxon rank-sum test with correction for ties). For coils, for
which utilization is reported in increments of 2 coils, we used the
mean of each increment for analysis.

Approximation of BLVR Patient Volumes in Other

European Countries

Predictions of potential BLVR patient volumes that might be
expected in other European countries were derived from the
German data as follows. First, the 3-year average for procedure
volumes observed in period 2014-2016 was computed to provide
a more stable procedure volume input. Subsequently, age bracket-
specific procedure incidences were computed, using age bracket-
specific population data for Germany. Countries identified for
analysisincluded those European countries for which the European
Statistics Agency (EuroStat) publishes detailed population data.
For each of these countries, corresponding age bracket-specific
population data were used to calculate the estimated procedure
volumes, by code and in total, based on data reported for year 2016.
To account for potential difference in emphysema prevalence and
hence treatment incidence, we used data from a recent meta-anal-
ysis of COPD prevalence [14] that provides region-specific preva-
lence rates to calculate an adjustment factor. This adjustment fac-
tor (1.0 for other Western European countries, 0.810 for Northern
European countries, 0.993 for Central European countries, and
0.761 for Southern European countries) was multiplied on the
crude country-specific procedure volume estimate to obtain esti-
mated total volumes.

Estimation of Relative BLVR Treatment Incidence

Finally, an approximation of the percent of patients, relative to
all annually newly diagnosed severe emphysema patients, was
computed. For this calculation, we divided the computed patient
volume by the estimated incidence of severe emphysema. This in-
cidence was derived as follows: data for Germany from the BOLD
study suggest a prevalence of GOLD III/IV of 0.8% [15]. Further,
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prior data suggest approximately 33.5% of GOLD III/IV COPD
patients suffer from emphysema [16], a subset of which might be
candidates for BLVR treatment. Based on current German popula-
tion data, this yielded an estimate of the GOLD III/IV emphysema
prevalence. An annual incidence of newly diagnosed GOLD III/TV
patients was computed from the prevalence estimate by divid-
ing prevalence by projected mean survival in this patient group of
7 years [17].

Results

Procedure and Patient Volumes in Germany

BLVR procedure volumes, for the period 2007-2011,
were contributed by EBV only, and increased more than
6-fold in the 5-year period from 2007 to 2011, reaching a
volume of 646 procedures prior to the introduction of coil
therapy. Valve procedure volumes continued to grow
through 2013 (peak at 1,673 procedures), and then
showed a more stable volume (1,318 reported procedures
in 2016). Coil procedures grew from 388 procedures in
2012 to 1,081 procedures in 2014, and - similar to valves
- showed stable volume to gradual decline in 2015 and
2016, reaching a volume of 735 procedures in 2016, for
total combined BLVR procedure volume of 2,053 proce-
dures in 2016 (Fig. 1).

Using the specified calculation approach to account
for repeat procedures that cannot be considered new
BLVR patient treatments, a total newly treated patient
volume of 1,465 is estimated for 2016, with coils contrib-
uting 359 of these patients (24.5%). The highest total
number of annually treated BLVR patients was reached
in 2013 (1,904; Fig. 1b). Relative to a computed annual
incidence of newly diagnosed severe emphysema patients
(GOLD III/IV) in Germany of 31,594, this suggests that
approximately 4.6% of severe emphysema patients re-
ceived BLVR treatment in 2016.

Treatment Patterns: Age and Numbers of Devices

The relative proportion of procedures in the different
age brackets is shown in Figure 2, and shows widely con-
sistent treatment age throughout. In the latest data year,
2016, the highest numbers of valve procedures were per-
formed in age bracket 60-64 years, and in age bracket
65-69 years for coils.

The number of devices used per procedure for valves
shows a fairly broad distribution between 1 and 5 or more
valves, with the largest number of procedures using
3 valves. Over the years, a slight change can be observed
toward the use of more devices (the proportion of proce-
dures using 5 or more valves increased significantly over
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time [p for trend: 0.011], and the proportion of proce-
dures using 2 and 3 valves decreased significantly over
time [p for trend: 0.010 and 0.014, respectively]). The ma-
jority of coil procedures used 9 or 10 coils (per side), with
a trend toward the use of more coils between 2012 and
2016 (p for trend: 0.072) — a result that aligns with the in-
structions for use which suggest the use of 10-12 coils per
upper lobe treated and of 10-14 per lower lobe treated
Figure 3.

Predicted Procedure Volumes for BLVR

Predictions of Annual Treatment Volumes for Other

European Countries

Taking the 3-year average 2014-2016 for purposes of
extrapolation to Europe, yielded 1,627 BLVR patients
treated per year in Germany. Using this 3-year patient
volume estimate 2014-2016 and converting it taking
into account age bracket-specific treatment incidence
rates, age-specific population in each country, and the
relative estimated emphysema incidence compared to
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Germany/Western Europe, BLVR treatment volumes in
other European countries with available data from the
European Statistics Agency ranged from 1 patient per
year in Liechtenstein to 1,216 patients per year in France
(Fig. 4).

Discussion

Our analysis of administrative data from the German
healthcare system provides detailed insight into the
adoption of BLVR therapies, with 10 years of data avail-
able for valve therapy and 5 years for coils. The data
suggest a gradual uptake in procedure volumes over the
years, with most substantial increase in the total num-
ber of BLVR procedures after introduction of coil ther-
apy in 2012 and 2013, and a plateauing and potential
decrease in procedure volumes in the period 2014-
2016.

The highest number of BLVR procedures was per-
formed in patients aged 60-69 years old, and the age dis-
tribution proved stable over the study period, with some
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deviation toward slightly younger patient population ob-
served in the early years of valve adoption.

Our data suggest further that the number of devices
used per procedure has gradually increased over the
course of the study period. However, these changes in de-
vice utilization were limited overall.

This paper also provides perspective on potential
treatment volumes that might be expected after market
introduction of valves and coils in other European coun-
tries. While these extrapolations are based on several
assumptions - including the primary assumption that
German adoption patterns for BLVR are representative
for other European healthcare systems - they provide
useful directional information about the potential vol-
umes that might be expected in these countries. The data
could be used as a starting point for budget impact anal-
yses and other means to plan for the market utilization
and reimbursement of BLVR therapy in other European
countries.

A particular strength of the present study is that de-
tailed utilization data were available for the German
healthcare system starting from the first year of respective
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therapy adoption for valves and coils in 2007 and 2012.
These data not only provide procedure volumes, but also
information about treatment age and specific levels of
procedural device utilization.

At the same time, our study is subject to several limi-
tations. First, our estimation of patient volumes is based
on assumptions about index treatments versus re-inter-
vention treatments. While our estimates are supported
by information from clinical studies, they are ultimately
based on expert opinion. The estimated number of pa-
tients might vary somewhat if differing assumptions are
made. However, our estimate should - directionally -
provide an estimate that is very close to actual patient
volumes. Second, data about the incidence of severe em-
physema are sparse. As such, our estimation of the per-
cent of newly diagnosed severe emphysema patients
treated with BLVR therapy can, again, only provide di-
rectional information. However, even if the estimated in-
cidence was twice as high, our finding that BLVR is cur-

Predicted Procedure Volumes for BLVR

rently only used in a small portion of severe emphysema
patients would still hold. To this end, it should be noted
that prior studies [6, 7] have suggested that around 20%
of severe emphysema patients diagnosed and screened
for treatment are expected to be candidates for BLVR
treatment. Our estimated patient incidence is likely larg-
er than the subset of patients considered in these prior
studies, which suggests that our estimates are generally
in agreement with these earlier findings. Third, while our
extrapolation to other European countries takes into ac-
count age-specific procedure incidence and provides for
an incidence adjustment based on differences in emphy-
sema prevalence, other factors might influence potential
BLVR treatment volumes in these countries. Different
approaches to patient identification, availability of ex-
perts trained in bronchoscopic procedures and of refer-
ence centers, different disease management pathways,
and funding mechanisms might all contribute to some
level of variation from our projected levels. Further, our
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dataarebased on the German procedural volumes several
years after introduction of BLVR therapies in Germany.
In early years of adoption, volumes in other countries
could be expected to be lower. Similarly, BLVR adoption
in Germany might further increase in future years, which
would in turn increase the observed BLVR treatment vol-
umes, and hence the projections for other countries. Pa-
rameters potentially supporting volume growth might
include aging populations, comprehensive coverage and
proper reimbursement, improved identification and re-
cruitment of BLVR candidates by increased awareness
among general practitioners and better health education
for emphysema patients, broader therapy acceptance by
pulmonologists on the basis of more targeted patient se-
lection, new and further improved safety and effective-
ness data from ongoing trials, and broader access to new-
er BLVR technologies. Vice versa, reasons for potential
decrease of BLVR procedure volumes might include a
reduction of smoking habits in the population, less envi-
ronmental pollution, negative coverage decisions and
lack of dedicated funds for bronchoscopic approaches,
and limited acceptance of BLVR by referring practitio-
ners.

In conclusion, pronounced therapy uptake was ob-
served during the early years of BLVR adoption, with the
more recently introduced endobronchial coil therapy
used in around one-third of patients. Observed proce-
dure volumes only correspond to a small fraction of the
patients with severe emphysema and may vary in differ-
ent countries, depending on the different approaches and
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