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Take home message: This pragmatic real-life clinical algorithm evaluates an approach with 

endoscopic lung volume reduction as a less invasive first option and lung volume reduction 
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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 monocenter cohort study evaluated ELVR versus no-ELVR, followed by a 

cohort study evaluating LVRS. Primary outcome was the proportion of subjects with a FEV1 

improvement of 100mL or greater at 3 months follow-up (3m FU). Changes in FEV1, residual 

volume (RV), 6-minute-walk distance (6MWD), and quality of life (SGRQ) were evaluated at 6 

months follow-up (6m FU). 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 6m FU, eligible patients were referred for LVRS (n=16) with another 6m FU. At 

3m FU, 70% of ELVR compared to 11% of no-ELVR (P<0.001) and 69% of LVRS had an FEV1 

improvement of 100mL or more. Between-group differences (mean±SEM) for ELVR versus 

no-ELVR at 6m FU was FEV1 +0.21±0.05L; RV -0.95±0.21L; 6MWD 58±17m and SGRQ -18±5 

points. At 6m FU, within-group differences (mean±SEM) for LVRS showed FEV1 +0.27±0.06L; 

RV -1.49±0.22L and 6MWD +75±18m.  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.   

Clinical trial registered with www.clinicaltrials.gov (NCT03264768) 

http://www.clinicaltrials.gov/
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Introduction. 

The emphysema phenotype of chronic obstructive pulmonary disease (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 dyspnea, 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). 

We therefore performed a  prospective cohort study to evaluate the benefit and safety of 

LVR in a high-volume emphysema expert center. 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-center 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 07-

2017 and 11-2018.  

Eligible ambulatory emphysema patients had to meet inclusion criteria for a LVR 

intervention: presence of heterogeneous emphysema on computed tomography (CT) scan; 

FEV1 <60% of predicted, residual volume (RV) >150% of predicted, total lung capacity (TLC) 

>90% of predicted, RV/TLC ratio ≥0.55; 6-minute walk distance (6MWD) <450 meter; 

modified medical research council (mMRC) dyspnea score ≥2; smoking cessation (confirmed 

by urinary cotinine test) for at least 6 months; LABA-LAMA bronchodilator therapy as a 

minimum therapy. For safety reasons, patients who met following criteria were excluded: 

DLCO or FEV1 <20% of predicted, 6MWD <100 meter, peak pulmonary artery systolic 

pressure >50mmHg on echocardiography, left ventricular ejection fraction <40% on 

echocardiography, BODE index ≥7 and eligible for lung transplantation, PaO2 <45 mmHg or 

PaCO2 >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 (MEET) 

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 launching of the ELVR program in 06-2017.  



   

A dedicated chest radiologist discussed unexpected findings on CT scan, provided a visual 

assessment of the type and distribution of emphysema and an estimation of fissure integrity. 

Syngo.VIA Pulmo3D software package (version 10-Siemens Healthcare GmbH, 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 Hounsfield Units). 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 

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 Saint Georges Respiratory Questionnaire (SGRQ), and baseline exercise 

capacity measured by best out of two 6-minutes walking tests. In addition, a standardized 

high-resolution 1-mm non-contrast volumetric chest CT scan was sent for StratX® Lung 

Analysis Platform (a cloud-based CT analysis service). Patients with at least 80% fissure 

integrity by StratX® were considered for a subsequent Chartis® pulmonary assessment 

system. 

Outcome measures 

The primary outcome measure was the proportion of subjects in the ELVR group who had an 

improvement in post-bronchodilator FEV1 of greater than 100 mL compared to the 

proportion of subjects achieving this improvement in the no-ELVR group at 3 months of 

follow-up. 



   

The key secondary outcome measures comparing ELVR and no-ELVR groups included the 

absolute changes from baseline to 3 and 6 months of follow-up (3m FU and 6m FU, 

respectively) for FEV1, RV, FRC, TLC, 6MWD, SGRQ total score, and BODE index (BMI, airflow 

Obstruction, Dyspnea, Exercise capacity) score. Furthermore, the response rates, based on 

established Minimal Clinical Important Difference (MCID) for FEV1, RV, 6MWD, and SGRQ 

total score were analyzed at 3m and 6m FU (16-20). An additional exploratory analysis 

reported the effect of LVRS on the primary and key secondary outcome measures at 6m FU. 

The endpoints evaluated in this study were well standardized and measured in a consistent 

manner. In-hospital stay (HS) and safety during the study period through 6m FU were 

assessed through review of all adverse events (AE) 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 event was any untoward medical occurrence that results in death; is life 

threatening; requires hospitalization or prolongation of existing hospitalization; results in 

persistent or significant disability. 

Statistical analysis 

The sample size calculation was based on the objective to obtain a proportion of at least 60% 

responders for a 100 mL or greater improvement in post-bronchodilator FEV1 in the ELVR 

group compared to maximal 15% responders in the no-ELVR group at 3m FU. As such, a 

sample size of 15 subjects in each arm was required for a power of 80% at the 0.05 alpha 

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, North Carolina, USA). 



   

Descriptive statistics included means and 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 analyzed 

using mixed model analysis, retrieving interaction effect of visit*intervention. Within-group 

differences were analyzed by mixed model time effects (visit as class variable). The response 

rates, based on established MCID, were compared by Fisher 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. 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. One hundred and six 

patients were screened at the MEET, with 42 subjects meeting the eligibility criteria and 

consented. After baseline screening tests, 38 subjects entered the trial (Figure 1). Of these 

subjects, 18 had collateral ventilation (CV) and were allocated to the no-ELVR group, while 

20 subjects were CV negative 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 6m FU, non-responding ELVR subjects (n=6) and subjects from no-

ELVR group (n=17) were re-discussed at the MEET. Six ELVR subjects were considered for a 

surgical intervention: 3 subjects agreed to LVRS and consented further study follow-up; 1 

subject declined LVRS; 1 subject was referred for lung transplantation; 1 subject already had 

undergone a wedge resection for a valve related symptomatic pneumothorax deferring 

further surgical intervention. Seventeen no-ELVR subjects were considered for a surgical 



   

intervention: 13 subjects agreed per protocol LVRS and follow-up; 2 subjects underwent 

LVRS without consent for further per protocol follow-up; 2 subject were referred for lung 

transplantation. Finally, 16 subjects gave consent for per protocol LVRS and a further 6m FU 

(Figure 1).   

Treatment details 

During ELVR a median of 4 endobronchial valves (range, 3-6) per subject was implanted (15% 

left lower, 50% left upper lobe, 5% right lower, 15% right upper, and 15% right upper and 

middle lobe). A follow-up bronchoscopy was performed in 7 (35%) patients of whom one for 

permanent removal of valves because of pneumothorax on day 2 requiring surgical repair 

and six to attempt restoration of valve function in the absence of lobar occlusion at one 

month follow-up CT scan. The median HS for ELVR intervention was 5 days (range, 5-55) 

(Table 5). Reason for a prolonged (>10 days) HS was pneumothorax (n=2). During LVRS, all 

subjects underwent a bilateral lung volume reduction as decided by the MEET discussion. 

The median HS for LVRS intervention was 14.5 days (range, 7-61) (Table 5). A total of 4 (25%) 

patients were discharged with a Heimlich valve due to a persistent air leak. 

Primary outcome 

The results of the primary endpoint are shown in Figure 2. After 3 months, 70% of the ELVR 

subjects compared with 11% of the no-ELVR subjects had a greater than or equal to 100mL 

improvement over baseline in FEV1 in the ITT population (P<0.01). Moreover, 69% of the 

LVRS subjects had a greater than or equal to 100mL improvement over baseline in FEV1 at 

3m FU.  

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 Figure 

E1-2. At 6m FU, all secondary outcome measures met statistical between-group significance 

in ITT analysis: increased FEV1 (+0.21 L; 95% CI 0.11 to 0.30 L; P<0.001) and 6MWD (+58 m; 

95% CI 24 to 93 m; P<0.01) and reduced RV (-0.95 L; 95% CI -1.37 to -0.53 L; P<0.001), SGRQ 

total score (-18 points, 95% CI -28 to -7 points; P<0.001) and BODE index score (-1.6 points; 

95% CI -2.3 to -0.8 points; P<0.001) for ELVR compared to no-ELVR (Table 2 and Table E1 in 

Supplementary Appendix). A significantly greater proportion of subjects in the ELVR group 

compared to the no-ELVR group met or exceeded the MCID for FEV1 (change of ≥ 100 mL), 

RV (change of ≤ -430 mL), 6MWD (change of ≥ 30 meter), and SGRQ (change of ≤ -7 points), 

indicating meaningful clinical benefit was achieved at 3 and 6 months FU (Table 3).  

 

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 Figure E1-2). 

Within-group differences for changes at 6m FU for FEV1, RV, 6MWD and BODE index and 

SGRQ total score were in the same range as the observed differences for ELVR (Table 4). 

Responder rates of LVRS on established MCID was 63% for FEV1, 69% for RV, 56% for 6MWD 

and 63% for SGRQ at 6m FU. Exploratory comparison between ELVR and LVRS is available in 

online supplement (Table E2, E4). 

Adverse events 

Treatment-related AE and HS during 6m FU are listed in Table 5. A median HS 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 HS between the ELVR and 

LVRS groups during 6m FU. Subjects in the ELVR group experienced significantly more 

moderate respiratory AE (60% versus 19%; P=0.02) but significantly less treatment-related 

serious AE (45% versus 81%; P=0.04) compared to subjects in the LVRS group.  

 

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 dyspnea, exercise capacity and quality of life in patients with severe 

emphysema and hyperinflation. The study met its primary endpoint at 3m FU with 70% ELVR 

subjects compared with 11% no-ELVR subjects achieving an improvement in FEV1 greater 

than or equal to 100 mL (P<0.001); the absolute between-group difference of +220 mL for 

FEV1 at 3m signifies a meaningful important clinical change (16). LVRS resulted in 69% of 

subjects achieving an improvement in FEV1 ≥100 mL at 3m FU.  

While randomized clinical trials comparing ELVR with standard of care have reported similar 

results, we are the first to prospectively show how the implementation of a MEET in real-life 

clinical practice assists in the development of a successful program resulting in a holistic 

consideration and tailored intervention for each subject with advanced emphysema. More 

than half (61 out of 106 or 58%) of the patients evaluated at the initial MEET discussion 

underwent either lung transplantation of a lung volume reduction intervention. More than 

90% (35 out of 38 or 92%) of the subjects entering the study part 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 (Table E2). Between-group differences for changes from baseline (mean 

± SEM) seem clinically in favor 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 6m FU. No between-group 

difference for changes in SGRQ total score at 6m FU were observed despite a numerical 

superiority for lung function and exercise capacity. A significant longer median HS 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 AE during this 6m FU 

period. The main treatment related serious AE of LVRS were a prolonged (>10 days) HS in 

69% of subjects, and a prolonged (>10 days) pulmonary air leak in 56% of subjects. The main 

treatment related serious AE 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 recent RCT, which might be explained by bedrest 

and cough suppression during the first 48 hours, and a HS with reduced activities for 5 days 

(15). The frequency of repeat bronchoscopy was similar to STELVIO (7). During the 6m FU 

period there were significantly less (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.  



   

A reduction of more than 1 point in BODE index score has been associated with a significant 

decrease in mortality (21). RCTs confirmed the clinically significant benefit of a lung volume 

reduction intervention at one 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 on BODE 

index score at 3 and 6 months. The observed improvements on BODE score is related to a 

direct effect of LVR on FEV1, and may also be attributed to changes on multidimensional 

outcomes such as walk distance, quality of life and body mass index. Since we implemented 

a physical activity coaching intervention from 3 to 6 months in all treatment groups to 

maximize the clinical benefit of ELVR and to optimize functional status prior to LVRS, the 

impact of this coaching program to 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 randomized. First, LVRS 

was delayed by six months after study inclusion in order to have a control group without 

ELVR whilst allowing a LVR intervention for all subjects. However, three (17%) subjects 

initially allocated to the control group due to the presence of CV did not undergo LVRS at 6m 

FU as one patient died and two were referred for lung transplantation. Clinical deterioration 

and selective drop-out 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 most likely due to COPD progression, while patient-

related outcomes (dyspnea 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 of 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 AE 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 randomized direct comparison of unilateral LVRS and ELVR in CV 

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 multidisciplinary emphysema expert team 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 no candidates for ELVR or who did not respond to ELVR . 
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Legend of Figures. 

Figure 1: CONSORT diagram of subjects flow through the pragmatic trial.  

Definition of abbreviations: MEET = multidisciplinary emphysema expert meeting; n = number of 

patients; CV = collateral ventilation; ELVR = endoscopic lung volume reduction; LVRS = lung volume 

reduction surgery; LTX = lung transplantation. § subjects did not consent per protocol follow-up. *Not 

eligible due to 6MWD > 450m, fissure integrity on CT scan < 70%, intra-lobar heterogeneous 

emphysema. **Not eligible due to FEV1 < 20%, BODE index score ≥ 7, homogeneous emphysema. 

 

Figure 2: Primary endpoint: percentage of subjects achieving a 100 mL or greater improvement in 

post-bronchodilator FEV1 in the ITT population at 3 months. P Value obtained by Fisher’s exact test. 

 

Figure 3: Absolute changes from baseline in key outcome measures at 3 and 6 months post allocation 

for ELVR group (solid black line), no-ELVR group (dotted grey line), and LVRS group (dotted black 

line). Data presented are mean±SEM for FEV1 (panel A), RV (panel B), 6MWD (panel C), SGRQ total 

score (panel D). 



   

 

 

 

 

 

 

 

Table 1: Baseline demographics and clinical characteristics, expressed as mean ± SD for ELVR group 

and no-ELVR group. *P values obtained by two-sample t-test, Fisher’s exact test and Wilcoxon rank 

sum testΔ 

Variable ELVR group (n=20) no ELVR group (n=18) P Value* 

Age (years) 65 ± 6 63 ± 5 0.18 

Gender (% female) 45 67 0.21 

BMI (kg/m2) 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
 
(% of predicted) 32 ± 8 33 ± 8 0.61 

FRC (% of predicted) 192 ± 19 211 ± 39 0.07 

TLC (% of predicted) 128 ± 12 140 ± 21 0.04 

RV (% of predicted) 222 ± 31 235 ± 51 0.35 

6MWD (meter) 356 ± 74 380 ± 58 0.27 

SGRQ total score ꝉ 61 ± 12 63 ± 16 0.70 

mMRC score ^ 3 ± 0.6 3 ± 0.7 0.43Δ 

BODE index score ¶ 5 ± 1 5 ± 1 0.32Δ 

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction; BMI = body mass index; HU = 
Hounsfield Units; GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV1 = forced 
expiratory volume in one second; FRC = functional residual capacity; RV = residual volume; 6MWD = 
six-minute walk distance; SGRQ = Saint George’s Respiratory Questionnaire; BODE index = grading 
system based on body mass index, airflow obstruction, dyspnea and exercise capacity. 



   

# Emphysema destruction score of the target lobe was assessed as the percentage of voxels less than 
-910 HU on computed tomography. 

§ Heterogeneity index was assessed as the difference in emphysema score between the target lobe 
and the ipsilateral lobe. 

ꝉ SGRQ score range from 0 to 100, with lower score indicating better quality of life. 

^ mMRC Dyspnea Scale ranges from 0 to 4, with higher scores indicating more severe symptoms of 
dyspne
a. 

¶ BODE 
index 
score 

ranges 
from 0 
to 10, 

with 
higher 
scores 

indicati
ng 

larger 
mortali

ty risk. 

 

 

Table 2: Between-group difference for mean absolute changes from baseline at 3 and 6 months 

follow-up in Secondary Outcome measures, expressed as mean ± SEM (analysis of covariance with 

baseline as covariate). Analyses at 3 months are based on 16 subjects in no-ELVR group and 20 

subjects in ELVR group, and at 6 months on 17 subjects in no-ELVR group and 20 subjects in ELVR 

group. 

 

 
Δ ELVR VERSUS NO-ELVR 

AT 3M FU 
Δ ELVR VERSUS NO-ELVR AT 

6M FU 

VARIABLE Mean ± SEM P Value Mean ± SEM 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 



   

 

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction; FU = follow-up; FEV1 = forced 

expiratory volume in one second; L = liter; RV = residual volume; FRC = functional residual capacity; 

TLC = total lung capacity; 6MWD = six-minute walk distance; m = meter; SGRQ = Saint George’s 

Respiratory Questionnaire; BODE index = grading system based on body mass index, airflow 

obstruction, dyspnea and exercise capacity; mMRC = modified medical research council dyspnea 

score. 

 

 

  

mMRC score -1.4 ± 0.3 <.0001 -0.7 ± 0.3 0.008 



   

Table 3: Percentage of MCID Responders for key outcome measures for ELVR and no-ELVR group at 3 

and 6 months follow-up. P values obtained by Fisher’s exact test.  

 

Variable (MCID) ELVR 3M FU (%) 
no-ELVR 3M FU 

(%) 
P Value ELVR 6M FU (%) 

no-ELVR 6M FU 

(%) 
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 

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction; FU = follow-up; FEV1 = forced 

expiratory volume in one second; RV = residual volume; 6MWD = six-minute walk distance; m = 

meter; SGRQ = Saint George’s Respiratory Questionnaire. 

 

 

 

 

 

 

 

 

 

 

 

 



   

Table 4: Within-group difference for mean absolute changes of LVRS from baseline to 6 months 

follow-up in Secondary Outcome measures, expressed as mean ± SEM.  Analyses at 6 months are 

based on 14 subjects in LVRS group. 

 

 

Definition of abbreviations: LVRS = lung volume reduction surgery; M = months; FEV1 = forced 

expiratory volume in one second; L = liter; RV = residual volume; FRC = functional residual capacity; 

TLC = total lung capacity; 6MWD = six-minute walk distance; m = meter; SGRQ = Saint George’s 

Respiratory Questionnaire; BODE index = grading system based on body mass index, airflow 

obstruction, dyspnea and exercise capacity; mMRC = modified medical research council dyspnea 

score. 

 

   

 

 

 

 

 

  

 LVRS (N=16) Δ LVRS AT 6M FU 

VARIABLE Baseline 6M Mean ± SEM P Value 

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 score 2.7 ± 0.2 1.2 ± 0.2 -1.5 ± 0.3 <0.0001 



   

Table 5: Treatment-related adverse events and in-hospital stay during 6 months of follow-up. 

 

 ELVR (n=20) no-ELVR (n=18) LVRS (n=16) 

Adverse Event, n (%)    

  Pneumothorax 2 (10%) 0 (0%) 1 (6%) 

  Heimlich valve 0 na 4 (25%) 

  Req. bronchoscopy§ 7 (35%) 0 (0%) 2 (13%) 

  Moderate respiratory* 12 (60%) 12 (67%) 3 (19%) 

  Severe respiratory** 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) 

 

 

§ Event req. (requiring) bronchoscopy: EBV removal (pneumothorax; no treatment benefit; valve 

dislocation), symptomatic bronchial impaction.  

* moderate respiratory event, defined as event with need of medication but no hospitalization 

required (acute exacerbation of COPD, any lower respiratory tract infection). 

** severe respiratory event, defined as event with need of repeat bronchoscopy, prolonged 

hospitalization with chest tube (due to pneumothorax, postoperative pulmonary air leak or 

subcutaneous emphysema), or medication and hospitalization required (due to acute exacerbation of 

COPD, any lower respiratory tract infection, acute pulmonary embolism).   

# 6 subjects (30%) for ELVR group, 5 subjects (28%) for no-ELVR group, 4 subjects (25%) for LVRS 

group were hospitalized during 6m FU. 

na, not applicable. 

 

 

  



   

 

 

 

 

  



   

 

 

 

 

 

 

  



   

 

 

 

 

 

 

 

 

 

 

 

  



   

ONLINE DATA SUPPLEMENT. 

 

Bronchoscopic procedure. 

Interlobar collateral ventilation (CV) was evaluated in all subjects using Chartis® (Pulmonx 

Corporation, Redwood City, CA) pulmonary assessment system under general anesthesia 

and endotracheal intubation using a tube with an internal diameter of 9 mm. The primary 

ventilator settings were positive pressure ventilation with low ventilation frequency and long 

expiratory settings (12). All Chartis® measurements were performed by one interventional 

pulmonologist. Chartis® measurement in the target lobe for EBV treatment was terminated 

when either absence of CV was confirmed by an airway flow gradually to zero in 

combination with immediate return of airway flow upon release of the balloon catheter, or 

when the presence of CV was confirmed by the observation of a continuous and persisting 

expiratory airway flow during at least 5 minutes or a total volume of air recorded of at least 

1 Liter (12). Subjects with a CV positive read-out were allocated to the no-ELVR (control) 

group in whom a physical activity coaching intervention (by use of a step counter and 

smartphone application) provided between 3 to 6 months of follow-up. These control subjects 

(no-ELVR) were potentially eligible for LVRS after 6 months of follow-up (6m FU) and repeat 

MEET discussion. Subjects with a CV negative read-out underwent placement of EBVs 

(Zephyr®, Pulmonx Corporation, Redwood City, CA) with the intention of complete lobar 

occlusion. No prophylactic antibiotic therapy was given. These ELVR subjects were 

hospitalized for 4 nights regardless of their clinical status with bed rest and cough 

suppression during the first 48 hours after EBVs insertion (13). ELVR subjects were evaluated 

during clinical site visits at 30 days, 3 and 6 months after the procedure. At 30 days, a low 

dose CT scan (DLP 30 mGycm) was performed to check for lobar occlusion. In the absence of 



   

lobar occlusion, a follow-up bronchoscopy was considered to check for valve position, valve 

function and when indicated valve replacement. A physical activity coaching intervention was 

provided between 3 to 6 months post intervention. After the 6-month evaluation, a definite 

non-response was considered if a patient didn’t respond on measured minimal important 

differences. The valves were electively removed and these non-responding ELVR subjects 

were given the option to undergo LVRS when eligible based on MEET discussion.  

Surgical procedure. 

All LVRS procedures were performed by anterior 2 or 3-ports video-assisted thoracic surgery. 

All subjects received epidural analgesia and were installed at the operation table on their 

back on a vacuum mattress. Cefazolin was given at induction as prophylactic antibiotic 

therapy, in case of penicillin allergy clindamycin was administered. Targeted lung tissue was 

chosen based on MEET decision after careful evaluation of heterogeneous zones on CT scan 

and perfusion scintigraphy imaging, and intraoperative findings of parenchyma with trapped 

air upon deflation of the lung. These areas were resected with standard stapling technology 

without routine buttressing. The upper lobe was shaved in all patients. Seven patients had 

additional target zones removed in the lower lobe. One or two chest tubes were placed on 

water seal at the end of the operation. The subject remained intubated breathing 

spontaneously and was transferred to the intensive care unit. LVRS subjects were evaluated 

during clinical site visits at 42 days, 3 and 6 months after the procedure. All subjects received 

a physical activity coaching intervention between 3 to 6 months post LVRS. 

 

 

 

 



   

Table E1: Changes (mean ± SEM) from primary and secondary outcome measures in ELVR group and no-ELVR group measured at baseline, 3 

months and 6 months.   

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction by Zephyr endobronchial valve; FEV1 = forced expiratory volume in one second; FRC = 
functional residual capacity; RV = residual volume; TLC = total lung capacity; 6MWD = six-minute walking distance; SGRQ = Saint George’s Respiratory 
Questionnaire (total and sub scores ranges from 0 to 100, with lower score indicating better quality of life); BODE index = Body mass index, airflow 
obstruction, dyspnea and exercise capacity (score ranges from 0 to 10 with higher scores indicating larger mortality risk).   

VARIABLE ELVR GROUP NO-ELVR GROUP Absolute 
change at 

3M FU 
P-value 

Absolute 
change at 

6M FU 
P-value 

 Baseline 3M 6M Baseline 3M 6M 

FEV1 (L) 0.79 ± 0.06 1.00 ± 0.06 0.96 ± 0.06 0.83 ± 0.07 0.81 ± 0.07 0.78 ± 0.07 0.22 ± 0.05 <0.0001 0.21 ± 0.05 <0.0001 

RV (L) 4.88 ± 0.21 4.16 ± 0.21 4.13 ± 0.21 4.86 ± 0.22 4.95 ± 0.23 5.06 ± 0.22 -0.81 ± 0.22 0.0004 -0.95 ± 0.21 <0.001 

FRC (L) 5.94 ± 0.25 5.44 ± 0.25 5.42 ± 0.25 6.22 ± 0.26 6.28 ± 0.27 6.29 ± 0.26 -0.55 ± 0.17 0.0018 -0.59 ± 0.17 0.0009 

TLC (L) 7.26 ± 0.30 6.85 ± 0.30 6.89 ± 0.30 7.63 ± 0.31 7.63 ± 0.31 7.64 ± 0.31 -0.40 ± 0.14 0.0053 -0.39 ± 0.14 0.007 

6MWD (m) 356 ± 17 385 ± 17 394 ± 17 380 ± 17 359 ± 18 360 ± 17 51 ± 18 0.0052 58 ± 17 0.0013 

SGRQ  
Total score, 

points 
61 ± 3 41 ± 4 41 ± 3 63 ± 4 64 ± 4 60 ± 4 -21 ± 5 0.0002 -18 ± 5 0.0012 

SGRQ 
Symptoms, 

points 
64 ± 5 42 ± 5 48 ± 5 60 ± 5 60 ± 5 53 ± 5 -21 ± 7 0.007 -9 ± 7 0.25 

SGRQ 
Activities, 

points 
85 ± 3 62 ± 4 59 ± 3 82 ± 4 83 ± 4 84 ± 4 -24 ± 6 0.0001 -28 ± 6 <0.0001 

SGRQ 
Impact, 
points 

47 ± 4 28 ± 4 28 ± 4 52 ± 4 54 ± 4 50 ± 4 -20 ± 6 0.0018 -16 ± 6 0.008 

BODE index 
score 

5.4 ± 0.3 3.5 ± 0.3 4 ± 0.3 4.9 ± 0.4 5.8 ± 0.4 5.1 ± 0.4 -2.7 ± 0.4 <0.0001 -1.6 ± 0.4 <0.0001 



   

Table E2: Changes (mean ± SEM) from primary and secondary outcome measures in ELVR group and LVRS group measured at baseline, 3 

months (3M) and 6 months (6M). 

 

 

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction by endobronchial valves; LVRS = lung volume reduction surgery; FEV1 = forced 

expiratory volume in one second; FRC = functional residual capacity; RV = residual volume; TLC = total lung capacity; 6MWD = six-minute walking distance; 

SGRQ = Saint George’s Respiratory Questionnaire (total and sub scores ranges from 0 to 100, with lower score indicating better quality of life); BODE index = 

Body mass index, airflow obstruction, dyspnea and exercise capacity (score ranges from 0 to 10 with higher scores indicating larger mortality risk). 

VARIABLE ELVR LVRS BETWEEN 
GROUP 3M 

P-VALUE 
3M 

BETWEEN 
GROUP 6M 

P-VALUE 
6M  Baseline 3M 6M Baseline 3M 6M 

FEV1 (L) 0.79 ± 0.06 1.00 ± 0.06 0.96 ± 0.06 0.83 ± 0.06 1.16 ± 0.07 1.09 ± 0.07 0.12 ± 0.07 0.08 0.09 ± 0.07 0.15 
RV (L) 4.88 ± 0.21 4.16 ± 0.21 4.13 ± 0.21 5.12 ± 0.22 3.65 ± 0.24 3.62 ± 0.24 -0.74 ± 0.27 0.009 -0.75 ± 0.27 0.008 
FRC (L) 5.94 ± 0.25 5.44 ± 0.25 5.42 ± 0.25 6.34 ± 0.23 5.06 ± 0.24 5.09 ± 0.24 -0.79 ± 0.25 0.003 -0.75 ± 0.25 0.004 
TLC (L) 7.26 ± 0.30 6.85 ± 0.30 6.89 ± 0.30 7.66 ± 0.26 6.60 ± 0.27 6.65 ± 0.27 -0.65 ± 0.24 0.008 -0.64 ± 0.24 0.01 

6MWD (M) 356 ± 17 385 ± 17 394 ± 17 371 ± 17 424 ± 19 441 ± 19 23 ± 23 0.31 32 ± 22 0.15 
SGRQ 
TOTAL 
SCORE 

61 ± 3 41 ± 4 41 ± 3 54 ± 4 31 ± 4 37 ± 4 -4 ± 6 0.57 2 ± 6 0.68 

SGRQ 
SYMPTOMS 

64 ± 5 42 ± 5 48 ± 5 49 ± 5 29 ± 6 35 ± 6 1 ± 8 0.94 4 ± 8 0.64 

SGRQ 
ACTIVITIES 

85 ± 3 62 ± 4 59 ± 3 79 ± 4 50 ± 5 56 ± 5 -7 ± 7 0.37 0.3 ± 7 0.96 

SGRQ 
IMPACT 

47 ± 4 28 ± 4 28 ± 4 43 ± 4 19 ± 5 26 ± 4 -5 ± 7 0.48 2 ± 6 0.75 

BODE 5.4 ± 0.3 3.5 ± 0.3 4 ± 0.3 4.5 ± 0.4 2.2 ± 0.4 2.4 ± 0.4 -0.4 ± 0.5 0.61 -0.6 ± 0.5 0.28 
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Table E3: Baseline characteristics ELVR versus LVRS.  

Variable ELVR group (n=20) LVRS group (n=16) P Value* 

Age (years) 65 ± 6 62 ± 5 0.10 

Gender (% female) 45% 56%  0.74  

BMI (kg/m2) 23 ± 3 23 ± 4 0.68 

GOLD stage IV (%)                  55%                    63% 0.60  

FEV1, L 0.79 ± 0.22 0.78 ± 0.26 0.90 

FEV1
 
(% of predicted) 32 ± 8 30 ± 7 0.65 

FRC (% of predicted) 192 ± 19 220 ± 33 0.003 

TLC (% of predicted) 128 ± 12 144 ± 18 0.003 

RV (% of predicted) 222 ± 31 256 ± 48 0.02 

6MWD (meter) 356 ± 74 365 ± 56 0.70 

SGRQ total score ꝉ 61 ± 12 56 ± 13 0.25 

mMRC score ^ 3 ± 0.6 3 ± 0.7 0.32 Δ 

BODE index score ¶ 5 ± 1 5 ± 1 0.35 Δ 

* P-values obtained by unpaired t-test, Fisher’s exact test and Wilcoxon rank sum testΔ 

  



   

Table E4: Percentage of MCID Responders for key outcome measures for unilateral ELVR and 

bilateral LVRS group at 3 and 6 months follow-up. P values obtained by Fisher’s exact test. 

 

Variable (MCID) ELVR 3M FU (%) LVRS 3M FU (%) P Value ELVR 6M FU (%) LVRS 6M FU (%) P Value 

FEV1 (≥ +100 mL) 70 69 >0.99 45 63 0.34 

RV (≤ -430 mL) 70 69 >0.99 70 69 >0.99 

6MWD (≥ +30 m) 50 44 0.75 55 56 >0.99 

SGRQ (≤ -4 points) 70 75 >0.99 85 63 0.15 

SGRQ (≤ -7 points) 60 69 0.73 80 63 0.29 

 

Definition of abbreviations: ELVR = endoscopic lung volume reduction; LVRS = lung volume reduction 

surgery; FU = follow-up; FEV1 = forced expiratory volume in one second; RV = residual volume; 

6MWD = six-minute walk distance; m = meter; SGRQ = Saint George’s Respiratory Questionnaire. 

  



   

Figure E1: Changes from baseline in key outcome measures at 3 and 6 months post allocation for 

ELVR group (full black line), no-ELVR group (dotted grey line) and LVRS group (dotted black line). Data 

are presented as mean ± SEM for FEV1 (panel A), RV (panel B), FRC (panel C), TLC (panel D), six-

minute walk distance (panel E) and BODE index (panel F). 

 

 

 



   

Figure E2: Changes from baseline in key outcome measures at 3 and 6 months post allocation for 

ELVR group (full black line), no-ELVR group (dotted grey line) and LVRS group (dotted black line). Data 

are presented as mean ± SEM for Saint-George Questionnaire total score (panel A) and subdomains 

(panel B-D). 

 


