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ABSTRACT Limited guidance exists for the implementation of lung volume reduction interventions in
routine clinical care. We designed a pragmatic study to evaluate a strategy including endoscopic lung
volume reduction (ELVR) and lung volume reduction surgery (LVRS) in heterogeneous emphysema.

This prospective monocentre cohort study evaluated ELVR versus no-ELVR, followed by a cohort study
evaluating LVRS. Primary outcome was the proportion of subjects with a forced expiratory volume in 1 s
(FEV1) improvement of ⩾100 mL at 3-month follow-up. Changes in FEV1, residual volume (RV), 6-min
walk distance (6MWD) and quality of life (St George’s Respiratory Questionnaire (SGRQ)) were evaluated
at 6-month follow-up. Hospital stay and treatment-related serious adverse events were monitored.

From 106 subjects screened, 38 subjects were enrolled comparing ELVR (n=20) with no-ELVR (n=18).
After 6 months’ follow-up, eligible patients were referred for LVRS (n=16) with another 6-month follow-
up. At 3-month follow-up, 70% of ELVR compared to 11% of no-ELVR (p<0.001) and 69% of LVRS had
an FEV1 improvement of ⩾100 mL. Between-group differences (mean±SEM) for ELVR versus no-ELVR at
6-month follow-up were FEV1 +0.21±0.05 L; RV −0.95±0.21 L; 6MWD 58±17 m and SGRQ −18±5
points. At 6-month follow-up, within-group differences (mean±SEM) for LVRS showed FEV1 +0.27±0.06 L;
RV −1.49±0.22 L and 6MWD +75±18 m. Serious adverse events in 81% versus 45% of subjects (p=0.04)
and a median hospital stay of 15 versus 5 days (p<0.001) were observed for LVRS versus ELVR,
respectively.

This pragmatic prospective cohort study supports a clinical approach with ELVR as a less invasive first
option and LVRS as powerful alternative in severe heterogeneous emphysema.
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Introduction
The emphysema phenotype of COPD is associated with significant morbidity and mortality [1]. The
standard of care consists of smoking cessation, inhaled long-acting bronchodilation, optimal nutrition and
pulmonary rehabilitation to obtain symptom control, improvement in quality of life and reduction of
further risks [1, 2]. Despite these treatment strategies, patients with advanced emphysema can remain
severely symptomatic. Lung volume reduction surgery (LVRS) and endoscopic lung volume reduction
(ELVR) using one-way endobronchial valves (EBVs) have shown to improve dyspnoea, pulmonary
function tests, quality of life and exercise capacity in a subset of these patients [3–10]. Controversy exists
on the preferred method for lung volume reduction (LVR), as there is no clinical trial evidence on
superiority of any of the LVR techniques. To our knowledge, limited guidance is available for the
implementation of LVR interventions in routine clinical care [11–15].

Therefore, we performed a prospective cohort study to evaluate the benefit and safety of LVR in a
high-volume emphysema expert centre. Our pragmatic study is not designed to demonstrate efficacy
between LVRS and ELVR, but aims to inform on a treatment strategy for a target patient group and to
provide evidence for its adoption into routine real-life clinical practice.

Patients and methods
Study design and participants
A single-centre pragmatic prospective trial design was used combining ELVR versus no-ELVR cohort study
and a LVRS cohort study (figure 1). The study enrolled subjects between July 2017 and November 2018.

Eligible ambulatory emphysema patients had to meet inclusion criteria for a LVR intervention: presence of
heterogeneous emphysema on computed tomography (CT) scan; forced expiratory volume in 1 s (FEV1)
<60% predicted, residual volume (RV) >150% pred, total lung capacity (TLC) >90% pred, RV/TLC ratio
⩾0.55; 6-min walk distance (6MWD) <450 m; modified Medical Research Council dyspnoea score ⩾2;
smoking cessation (confirmed by urinary cotinine test) for ⩾6 months; long-acting β-agonist/long-acting
muscarinic antagonist bronchodilator therapy as a minimum therapy. For safety reasons, patients who met
the following criteria were excluded: diffusing capacity of the lung or FEV1 <20% pred, 6MWD <100 m,
peak pulmonary artery systolic pressure >50 mmHg on echocardiography, left ventricular ejection fraction
<40% on echocardiography, body mass index (BMI), airflow obstruction, dyspnoea, exercise capacity
(BODE) index ⩾7 and eligible for lung transplantation, arterial oxygen tension <45 mmHg or arterial
carbon dioxide tension >60 mmHg at ambient air, and any previous thoracic surgery.

The study was approved by the ethical committee UZ/KU Leuven (Eudract number 2017-001323-47; study
ID s60207). All participants provided written informed consent. The trial has been registered with www.
clinicaltrials.gov (NCT03264768).

Multidisciplinary emphysema expert meeting
A multidisciplinary team including pulmonologists experienced in COPD and lung transplantation, chest
radiologist, thoracic surgeon and interventional pulmonologist has been installed at our institution since
the launch of the ELVR programme in June 2017.

A dedicated chest radiologist discussed unexpected findings on CT scan and provided a visual assessment of
the type and distribution of emphysema and an estimation of fissure integrity. The syngo.via Pulmo3D
software package (version 10; Siemens Healthcare, Erlangen, Germany) was used for quantitative CT
measurements of emphysema destruction (emphysema destruction score expressed as the proportion of pixels
below threshold density of −910 HU). Target lobe selection was based on lobar emphysema quantification
and emphysema heterogeneity on CT (absolute difference of ⩾10% in destruction scores between the target
and ipsilateral lobes). The decision making of this multidisciplinary emphysema expert meeting (MEET)
finally addressed the target area for volume reduction in the context of individual morbidity risk and benefit.

After the MEET, eligible patients were invited for informed consent procedure, followed by baseline
post-bronchodilator spirometry, lung volumes by plethysmography and diffusing capacity, baseline St
George’s Respiratory Questionnaire (SGRQ) and baseline exercise capacity measured by best out of two
6-min walk tests. In addition, a standardised high-resolution 1-mm noncontrast volumetric chest CT scan
was sent for StratX Lung Analysis Platform assessment (a cloud-based CT analysis service). Patients with
⩾80% fissure integrity by StratX were considered for a subsequent Chartis pulmonary assessment.

Outcome measures
The primary outcome measure was the proportion of subjects in the ELVR group who had an
improvement in post-bronchodilator FEV1 of ⩾100 mL compared to the proportion of subjects achieving
this improvement in the no-ELVR group at 3-month follow-up.
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The key secondary outcome measures comparing ELVR and no-ELVR groups included the absolute
changes from baseline to 3- and 6-month follow-up for FEV1, RV, functional residual capacity, TLC,
6MWD, SGRQ total score and BODE index score. Furthermore, the response rates, based on established
minimal clinical important difference (MCID) for FEV1, RV, 6MWD and SGRQ total score were analysed
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FIGURE 1 Consolidated Standards of Reporting Trials diagram of subject flow through the pragmatic trial. MEET: multidisciplinary emphysema
expert meeting; LVRS: lung volume reduction surgery; LTX: lung transplantation; CV: collateral ventilation; ELVR: endoscopic lung volume
reduction. #: not eligible due to 6-min walk distance >450 m, fissure integrity on computed tomography scan <70%, intralobar heterogeneous
emphysema; ¶: not eligible due to forced expiratory volume in 1 s <20%, body mass index, airflow obstruction, dyspnoea, exercise capacity (BODE)
index score ⩾7 and homogeneous emphysema; +: subjects did not consent to per-protocol follow-up.
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at 3- and 6-month follow-up [16–20]. An additional exploratory analysis reported the effect of LVRS on
the primary and key secondary outcome measures at 6-month follow-up. The end-points evaluated in this
study were well standardised and measured in a consistent manner. In-hospital stay and safety during the
study period through 6-month follow-up were assessed through review of all adverse events reported at all
scheduled or unscheduled visits. Adverse events were defined as any undesirable experience occurring to a
subject during the study period and reported spontaneously or observed by the study staff. Serious adverse
events were defined as any untoward medical occurrence that results in death, is life threatening, requires
hospitalisation or prolongation of existing hospitalisation or results in persistent or significant disability.

Statistical analysis
The sample size calculation was based on the objective to obtain a proportion of ⩾60% responders for a
⩾100 mL improvement in post-bronchodilator FEV1 in the ELVR group compared to maximal 15%
responders in the no-ELVR group at 3-month follow-up. As such, a sample size of 15 subjects in each arm
was required for a power of 80% at the 0.05 α-level of significance. Given the possibility of valve removal
before 3 months in the ELVR group, a pragmatic sample size of 20 in the treatment arm was accepted. All
statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Descriptive
statistics included means±SD/SEM or median and range. A two-sample t-test, a Wilcoxon rank-sum test and
a Fisher’s exact test were performed to test for differences between groups at baseline. Absolute
between-group changes from baseline were analysed using mixed-model analysis, retrieving interaction
effect of visit × intervention. Within-group differences were analysed by mixed-model time effects (visit as
class variable). The response rates, based on established MCID, were compared by Fisher’s exact test.
Adverse events and hospital stay were evaluated by respectively Fisher’s exact test and Wilcoxon rank-sum
test. All subjects were included in the analysis to evaluate intention-to-treat (ITT). All patients were
invited to come back for the final assessments. No imputation was performed in case of missing values.

Results
This study was conducted between July 2017 and January 2020. 106 patients were screened at the MEET,
with 42 subjects meeting the eligibility criteria and consenting. After baseline screening tests, 38 subjects
entered the trial (figure 1). Of these subjects, 18 had collateral ventilation and were allocated to the
no-ELVR group, while 20 subjects were negative for collateral ventilation by Chartis assessment and were
treated by EBVs (ELVR group). Baseline demographics and clinical characteristics were overall similar in
both groups, except for TLC (table 1). After 6 months’ follow-up, nonresponding ELVR subjects (n=6) and
subjects from the no-ELVR group (n=17) were re-discussed at the MEET. Six ELVR subjects were
considered for a surgical intervention: three subjects agreed to LVRS and consented further study
follow-up; one subject declined LVRS; one subject was referred for lung transplantation; and one subject
had undergone a wedge resection for a valve-related symptomatic pneumothorax deferring further surgical
intervention. 17 no-ELVR subjects were considered for a surgical intervention: 13 subjects agreed
per-protocol LVRS and follow-up; two subjects underwent LVRS without consent for further per-protocol
follow-up; and two subjects were referred for lung transplantation. Finally, 16 subjects gave consent for
per-protocol LVRS and a further 6-month follow-up (figure 1).

Treatment details
During ELVR a median of four endobronchial valves (range 3–6) per subject was implanted (15% left
lower, 50% left upper lobe, 5% right lower lobe, 15% right upper lobe and 15% right upper and middle
lobe). A follow-up bronchoscopy was performed in seven (35%) patients, of which one was for permanent
removal of valves because of pneumothorax on day 2 requiring surgical repair, and six were to attempt
restoration of valve function in the absence of lobar occlusion at 1-month follow-up CT scan. The median
in-hospital stay for ELVR intervention was 5 days (range 5–55 days) (table 2). Reason for a prolonged
(>10 days) in-hospital stay was pneumothorax (n=2). During LVRS, all subjects underwent a bilateral lung
volume reduction as decided by the MEET discussion. The median in-hospital stay for LVRS intervention
was 14.5 days (range 7–61 days) (table 2). Four (25%) patients were discharged with a Heimlich valve due
to a persistent air leak.

Primary outcome
The results of the primary end-point are shown in figure 2. After 3 months, 70% of the ELVR subjects
compared with 11% of the no-ELVR subjects had a ⩾100 mL improvement over baseline in FEV1 in the
ITT population (p<0.01). Moreover, 69% of the LVRS subjects had a ⩾100 mL improvement over baseline
in FEV1 at 3-month follow-up.
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Secondary outcomes
Average changes in key secondary outcome measures from baseline through 3 and 6 months of the ELVR
group compared to the no-ELVR group are demonstrated in figure 3 and supplementary figures S1 and S2.
At 6-month follow-up, all secondary outcome measures met statistical between-group significance in ITT
analysis: increased FEV1 (+0.21 L, 95% CI 0.11–0.30 L; p<0.001) and 6MWD (+58 m, 95% CI 24–93 m;
p<0.01) and reduced RV (−0.95 L, 95% CI −1.37–−0.53 L; p<0.001), SGRQ total score (−18 points, 95%

TABLE 2 Treatment-related adverse events and in-hospital stay during 6 months’ follow-up

ELVR No-ELVR LVRS

Subjects 20 18 16
Adverse event
Pneumothorax 2 (10) 0 (0) 1 (6)
Heimlich valve 0 NA 4 (25)
Event requiring bronchoscopy# 7 (35) 0 (0) 2 (13)
Moderate respiratory event¶ 12 (60) 12 (67) 3 (19)
Severe respiratory event+ 9 (45) 5 (28) 13 (81)
Death 0 (0) 1 (6) 1 (6)

In-hospital stay days
For intervention 5 (5–55) NA 14.5 (7–61)
During follow-up§ 10 (6–14) 16 (10–33) 7.5 (2–77)

Data are presented as n, n (%) or median (range). ELVR: endoscopic lung volume reduction; NA: not
applicable. #: endobronchial valves removal (pneumothorax; no treatment benefit; valve dislocation),
symptomatic bronchial impaction; ¶: event with need for medication, but no hospitalisation required (acute
exacerbation of COPD, any lower respiratory tract infection); +: event with need for repeat bronchoscopy,
prolonged hospitalisation with chest tube (due to pneumothorax, post-operative pulmonary air leak or
subcutaneous emphysema) or medication and hospitalisation required (due to acute exacerbation of COPD,
any lower respiratory tract infection, acute pulmonary embolism); §: ELVR n=6 (30%), no-ELVR n=5 (28%),
LVRS n=4 (25%) hospitalised during 6 months’ follow-up.

TABLE 1 Baseline demographics and clinical characteristics for the endoscopic lung volume
reduction (ELVR) group and the no-ELVR group

ELVR group No-ELVR group p-value

Subjects n 20 18
Age years 65±6 63±5 0.18
Female 45 67 0.21¶¶

BMI kg·m−2 23±3 22±4 0.43
Emphysema score at −910 HU# 71±8 69±7 0.44
Heterogeneity index¶ 19±12 21±11 0.60
GOLD stage IV 55 50 >0.99¶¶

FEV1 L 0.79±0.22 0.83±0.25 0.69
FEV1 % pred 32±8 33±8 0.61
FRC % pred 192±19 211±39 0.07
TLC % pred 128±12 140±21 0.04
RV % pred 222±31 235±51 0.35
6MWD m 356±74 380±58 0.27
SGRQ total score+ 61±12 63±16 0.70
mMRC dyspnoea score ƒ 3±0.6 3±0.7 0.43++

BODE index score## 5±1 5±1 0.32++

Data are presented as mean±SD or %, unless otherwise stated. BMI: body mass index; GOLD: Global
Initiative for Chronic Obstructive Lung Disease; FEV1: forced expiratory volume in 1 s; FRC: functional
residual capacity; TLC: total lung capacity; RV: residual volume; 6MWD: 6-min walk distance; SGRQ:
St George’s Respiratory Questionnaire; mMRC: modified Medical Research Council; BODE: BMI, airflow
obstruction, dyspnoea, exercise capacity. #: emphysema destruction score of the target lobe was assessed
as the percentage of voxels <−910 HU on computed tomography; ¶: difference in emphysema score
between the target lobe and the ipsilateral lobe; +: score range from 0 to 100, with lower score indicating
better quality of life; ƒ: scale ranges from 0 to 4, with higher scores indicating more severe symptoms of
dyspnoea; ##: score ranges from 0 to 10, with higher scores indicating larger mortality risk. p-values
obtained by two-sample t-test, unless otherwise stated. ¶¶: Fisher’s exact test; ++: Wilcoxon rank sum test.
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CI −28–−7 points; p<0.001) and BODE index score (−1.6 points, 95% CI −2.3–−0.8 points; p<0.001) for
ELVR compared to no-ELVR (table 3 and supplementary table S1). A significantly greater proportion of
subjects in the ELVR group compared to the no-ELVR group met or exceeded the MCID for FEV1
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FIGURE 2 Primary end-point: percentage of subjects achieving a ⩾100 mL improvement in post-bronchodilator
forced expiratory volume in 1 s in the intention-to-treat population at 3 months. p-value obtained by Fisher’s
exact test. ELVR: endoscopic lung volume reduction; LVRS: lung volume reduction surgery.
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1 s (FEV1), b) residual volume (RV), c) 6-min walk distance (6MWD) and d) St George’s Respiratory Questionnaire (SGRQ) total score.
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(change of ⩾100 mL), RV (change of ⩽−430 mL), 6MWD (change of ⩾30 m) and SGRQ (change of
⩽−7 points), indicating meaningful clinical benefit was achieved at 3- and 6-month follow-up (table 4).

Exploratory analysis
The LVRS group showed similar improvements in key secondary outcome measures from baseline to 3
and 6 months as compared to the ELVR group (figure 3 and supplementary figures S1 and S2).
Within-group differences for changes at 6-month follow-up for FEV1, RV, 6MWD and BODE index and
SGRQ total score were in the same range as the observed differences for ELVR (table 5). Responder rates
of LVRS on established MCID was 63% for FEV1, 69% for RV, 56% for 6MWD and 63% for SGRQ at
6-month follow-up. Exploratory comparison between ELVR and LVRS is presented in supplementary
tables S2 and S4).

Adverse events
Treatment-related adverse events and in-hospital stay during 6 months’ follow-up are listed in table 2. A
median in-hospital stay of 5 versus 15 days (p<0.001) was observed for ELVR compared to LVRS. Since
discharge from the LVR intervention we observed no significant difference (p=0.69) for in-hospital stay
between the ELVR and LVRS groups during 6 months’ follow-up. Subjects in the ELVR group experienced
significantly more moderate respiratory adverse events (60% versus 19%; p=0.02), but significantly fewer
treatment-related serious adverse events (45% versus 81%; p=0.04) compared to subjects in the LVRS
group.

TABLE 3 Between-group difference for mean absolute changes from baseline at 3- and
6-month follow-up in secondary outcome measures

Δ ELVR versus no-ELVR at
3-month follow-up

p-value Δ ELVR versus no-ELVR at
6-month follow-up

p-value

FEV1 L 0.22±0.05 <0.001 0.21±0.05 <0.001
RV L −0.81±0.22 <0.001 −0.95±0.21 <0.001
FRC L −0.55±0.17 0.002 −0.59±0.17 <0.001
TLC L −0.40±0.14 0.005 −0.39±0.14 0.007
6MWD m 51±18 0.005 58±17 0.001
SGRQ total score −22±5 <0.001 −18±5 0.001
BODE index
score

−2.7±0.4 <0.001 −1.6±0.4 <0.001

mMRC dyspnoea
score

−1.4±0.3 <0.0001 −0.7±0.3 0.008

Data are presented as mean±SEM (ANCOVA with baseline as covariate). Analyses at 3 months are based on
16 subjects in the no-endoscopic lung volume reduction (no-ELVR) group and 20 subjects in the ELVR
group, and at 6 months on 17 subjects in the no-ELVR group and 20 subjects in the ELVR group. FEV1:
forced expiratory volume in 1 s; RV: residual volume; FRC: functional residual capacity; TLC: total lung
capacity; 6MWD: 6-min walk distance; SGRQ: St George’s Respiratory Questionnaire; BODE: body mass
index, airflow obstruction, dyspnoea, exercise capacity; mMRC: modified Medical Research Council.

TABLE 4 Percentage of minimum clinically important difference responders for key outcome measures for the endoscopic
lung volume reduction (ELVR) and no-ELVR groups at 3- and 6-month follow-up

ELVR 3-month
follow-up

No-ELVR 3-month
follow-up

p-value ELVR 6-month
follow-up

No-ELVR 6-month
follow-up

p-value

FEV1 ⩾ +100 mL 70 11 <0.001 45 11 0.03
RV ⩽ −430 mL 70 11 <0.001 70 17 0.001
6MWD ⩾ +30 m 50 6 0.004 55 6 0.001
SGRQ ⩽ −4 points 70 28 0.02 85 39 0.006
SGRQ ⩽ −7 points 60 22 0.03 80 33 0.008

Data are presented as %, unless otherwise stated. FEV1: forced expiratory volume in 1 s; RV: residual volume; 6MWD: 6-min walk distance;
SGRQ: St George’s Respiratory Questionnaire. p-values obtained by Fisher’s exact test.
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Discussion
This prospective study demonstrates that the adoption of a MEET and a strategy to consider ELVR or
LVRS based on Chartis assessment results in a clinical meaningful improvement of FEV1, RV, symptoms
of dyspnoea, exercise capacity and quality of life in patients with severe emphysema and hyperinflation.
The study met its primary end-point at 3 months’ follow-up with 70% of ELVR subjects compared with
11% of no-ELVR subjects achieving an improvement in FEV1 ⩾100 mL (p<0.001); the absolute
between-group difference of +220 mL for FEV1 at 3 months signifies a meaningful important clinical
change [16]. LVRS resulted in 69% of subjects achieving an improvement in FEV1 ⩾100 mL at 3-month
follow-up.

While randomised clinical trials comparing ELVR with standard of care have reported similar results, we
are the first to show prospectively how the implementation of a MEET in real-life clinical practice assists
in the development of a successful programme resulting in a holistic consideration and tailored
intervention for each subject with advanced emphysema. More than half (61 (58%) out of 106) of the
patients evaluated at the initial MEET discussion underwent either lung transplantation or a lung volume
reduction intervention. More than 90% (35 (92%) out of 38) of the subjects entering the study underwent
a tailored lung volume reduction intervention. The relationship between the degree of RV reduction and
magnitude of clinical benefit suggests that both ELVR by EBVs and LVRS could be considered depending
on the collateral ventilation status, the target zones for LVR, risk factors and patient preferences. ELVR by
EBVs has an advantage of reversibility in case of absence of clinical benefit, with LVRS or lung
transplantation in some patients as alternative treatment options.

Although neither designed nor powered to compare ELVR to LVRS, we performed an exploratory analysis
(supplementary table S2). Between-group differences for changes from baseline (mean±SEM) seem clinically
in favour of LVRS for RV (−0.75±0.27 L), FEV1 (0.09±0.07 L), 6MWD (32±22 m) and BODE index
(−0.6±0.5 points) compared to ELVR at 6-month follow-up. No between-group difference for changes in
SGRQ total score at 6-month follow-up were observed despite a numerical superiority for lung function
and exercise capacity. A significant longer median in-hospital stay of 15 days was observed for LVRS
compared to 5 days for ELVR. Finally, significantly (p=0.04) more LVRS subjects (81%) compared to
ELVR subjects (45%) experienced a serious adverse events during this 6-month follow-up period. The
main treatment related serious adverse events of LVRS were a prolonged (>10 days) in-hospital stay in
69% of subjects, and a prolonged (>10 days) pulmonary air leak in 56% of subjects. The main
treatment-related serious adverse event of ELVR was a repeat bronchoscopy in 35% and a pneumothorax
in 10% of the subjects. The observed frequency of pneumothorax in our study is 2.5 times lower than
reported in a previous randomised controlled study, which might be explained by bedrest and cough
suppression during the first 48 h, and an in-hospital stay with reduced activities for 5 days [15]. The
frequency of repeat bronchoscopy was similar to the STELVIO trial [7]. During the 6-month follow-up
period there were significantly fewer (p=0.02) moderate respiratory adverse events reported in the LVRS
group compared to the ELVR group, due to more acute exacerbations requiring a medical intervention in
the latter.

TABLE 5 Within-group difference for mean absolute changes of lung volume reduction surgery
(LVRS) from baseline to 6-month follow-up in secondary outcome measures

LVRS Δ LVRS 6-month follow-up p-value

Baseline 6 months

Subjects 16 14
FEV1 L 0.78±0.07 1.05±0.07 0.27±0.06 0.0001
RV L 5.37±0.26 3.88±0.27 −1.49±0.22 <0.0001
RV % pred 256±11 186±12 −70±10 <0.0001
FRC L 6.62±0.30 5.37±0.32 −1.25 ±0.24 <0.0001
TLC L 8.01±0.33 7.00±0.35 −1.01±0.25 0.0005
6MWD m 365±17 439±18 75±18 0.0003
SGRQ total score 56±4 38±4 −18±4 <0.0001
BODE index score 5±0.4 2.9±0.4 −2±0.4 <0.0001
mMRC dyspnoea score 2.7±0.2 1.2±0.2 −1.5±0.3 <0.0001

Data are presented as n or mean±SEM, unless otherwise stated. FEV1: forced expiratory volume in 1 s; RV:
residual volume; FRC: functional residual capacity; TLC: total lung capacity; 6MWD: 6-min walk distance;
SGRQ: St George’s Respiratory Questionnaire; BODE: body mass index, airflow obstruction, dyspnoea,
exercise capacity; mMRC: modified Medical Research Council.
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A reduction of >1 point in BODE index score has been associated with a significant decrease in mortality [21].
Randomised controlled trials confirmed the clinically significant benefit of a lung volume reduction
intervention at 1-year follow-up either by LVRS or by ELVR [5, 7, 10]. In our study, stable BODE index
scores were observed in the no-ELVR control population, while both ELVR and LVRS interventions
resulted in clinically relevant improvements in BODE index score at 3 and 6 months. The observed
improvements in BODE score are related to a direct effect of LVR on FEV1, and may also be attributed to
changes in multidimensional outcomes such as walk distance, quality of life and BMI. Since we
implemented a physical activity coaching intervention from 3 to 6 months in all treatment groups to
maximise the clinical benefit of ELVR and to optimise functional status prior to LVRS, the impact of this
coaching programme on improved BODE index score cannot be excluded.

The present study has certain limitations, as there is inevitable bias with the pragmatic study design in
which allocation to early ELVR or postponed LVRS was not randomised. First, LVRS was delayed by
6 months after study inclusion in order to have a control group without ELVR while allowing LVR
intervention for all subjects. However, three (17%) subjects initially allocated to the control group due to
the presence of collateral ventilation did not undergo LVRS at 6-month follow-up as one patient died and
two were referred for lung transplantation. Clinical deterioration and selective dropout can occur during a
control period, affecting the exploratory comparison between both LVR interventions. Second, the short
follow-up period of 6 months reports only on the magnitude of direct clinical benefit from the
interventions, while its impact on the long-term and potential effect on the natural evolution of the disease
remains largely unknown. So far, LVR studies reported a gradual decline over time for mechanical lung
function parameters, probably due to COPD progression, while patient-related outcomes (dyspnoea score)
demonstrated a sustained improvement at 3 years and 5 years, respectively [5, 22]. Third, the large
improvements noted in SGRQ scores could have been influenced by the open-label design. However,
improvements in quality of life for subjects who underwent LVRS at 6 months were similar to those of the
ELVR group, while patients in no-ELVR group did not deteriorate. Finally, although exploratory in nature,
observed differences in efficacy and treatment-related serious adverse events between ELVR and LVRS may
be related to the unilateral versus simultaneous bilateral intervention, respectively. In addition, we
considered LVRS only for patients with collateral ventilation and who were fit enough for surgery.
A randomised direct comparison of unilateral LVRS and ELVR in collateral ventilation negative patients is
therefore still warranted.

In conclusion, LVR provides both clinically meaningful benefits in lung function, exercise tolerance and
quality of life with less morbidity for ELVR in appropriately selected patients after a MEET discussion.
This pragmatic prospective cohort study supports a clinical approach with ELVR as a less-invasive first
option in patients with severe heterogeneous emphysema and LVRS as a powerful alternative for those
who are not candidates for ELVR or who did not respond to ELVR.
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