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Abstract
Rationale: The long-term safety and effectiveness of bron-
choscopic lung volume reduction with Zephyr endobronchi-
al valves in subjects with severe homogeneous emphysema 
with little to no collateral ventilation beyond 3 months have 
yet to be established. Methods: Ninety-three subjects were 
randomized to either bronchoscopic lung volume reduction 
with Zephyr valves or standard of care (SoC) (1:1). Zephyr 
valve subjects were assessed at 3, 6, and 12 months. SoC sub-
jects were assessed at 3 and 6 months; they were then of-
fered crossover to Zephyr valve treatment. Results: The 

mean group difference (Zephyr valve – SoC) for change in 
FEV1 from baseline to 6 months was 16.3 ± 22.1% (mean ± 
SD; p < 0.001). Secondary outcomes showed the mean be-
tween-group difference for the six-minute walk distance of 
+28.3 ± 55.3 m (p = 0.016); St. George’s Respiratory Question-
naire, −7.51 ± 9.56 points (p < 0.001); modified Medical Re-
search Council, −0.42 ± 0.81 points (p = 0.019); BODE index, 
−0.85 ± 1.39 points (p = 0.006); and residual volume of −430 
± 830 mL (p = 0.011) in favor of the Zephyr valve group. At 6 
months, there were significantly more responders based on 
the minimal clinically important difference for these same 
measures in the Zephyr valve versus the SoC group. The clin-
ical benefits were persistent at 12 months. The percentage 
of subjects with respiratory serious adverse events was high-
er in the Zephyr valve group compared to SoC during the 
first 30 days post-procedure but not statistically different for 

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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the Zephyr valve and SoC groups from 31 days to 6 months, 
and stable in the Zephyr valve group out to 12 months. There 
were 2 deaths in the SoC group in the 31-day to 6-month 
period and none in the Zephyr valve group out to 12 months. 
Conclusions: Bronchoscopic lung volume reduction with 
Zephyr valves in subjects with severe homogeneous emphy-
sema and little to no collateral ventilation provides clinically 
meaningful change from baseline in lung function, quality of 
life, exercise capacity, dyspnea, and the BODE index at 6 
months, with benefits maintained out to 12 months.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) is the 
fourth leading cause of death worldwide, with an estimat-
ed 328 million people worldwide with this disease [1]. 
Emphysema is a phenotype of COPD, and is a progressive 
debilitating disease characterized by irreversible destruc-
tion of the alveolar tissue [2, 3]. The resultant progressive 
hyperinflation and gas trapping with impaired respira-
tory mechanics cause patients to experience chronic dys-
pnea, reduced exercise tolerance, and have a poor health-
related quality of life.

A minimally invasive bronchoscopic lung volume re-
duction technique of implanting one-way duckbill valves 
is now established as means of treating the hyperinflation 
of emphysema for a group of selected patients [4–6]. The 
goal of the valve deployed in the bronchial lumen is to 
block the inspiratory airflow into targeted, hyperinflated 
regions of the lung, while allowing trapped air to escape 
upon exhalation until the volume is decreased. The Zeph-
yr® endobronchial valve (Pulmonx Corporation, Red-
wood City, CA, USA) has been previously studied in mul-
tiple prospective, randomized trials in patients with het-
erogeneous emphysema [7–13].

Clinical evidence indicates that by achieving lobar oc-
clusion in the absence of collateral ventilation, significant 
lung volume reduction can be obtained with associated 
good clinical responses. The findings from retrospective 
analysis of data from both the US and European cohorts 
of the VENT study where these criteria were met sug-
gested that meaningful responses can be achieved in both 
heterogeneous and homogeneous emphysema patients 
[14]. This was further supported by a prospective pilot 
study in subjects with severe homogeneous emphysema 
which demonstrated that Zephyr valve placement in such 
subjects is feasible with an acceptable safety profile [15], 
and from the prospective, multicenter, randomized, con-

trolled study IMPACT, that demonstrated clinically 
meaningful improvements in the lung function, exercise 
capacity, and quality of life at 3 months [12] in patients 
with homogeneous emphysema treated with Zephyr 
valves, and the homogeneous subset in STELVIO [10]. 
The present report provides longer term safety and effec-
tiveness data on Zephyr valve treatment in patients with 
homogeneous emphysema.

Methods

Study Subjects
Subjects had a diagnosis of homogeneous emphysema based on 

a difference in the emphysema destruction scores (heterogeneity 
index using −910 HU cutoff) between target and adjacent lobes of 
<15%, and an absolute difference in perfusion (using perfusion 
scintigraphy) between right and left lungs of ≤20% [12]. Further 
key inclusion criteria were age ≥40 years; a diagnosis of COPD 
with FEV1 ≥ 15% predicted and ≤45% predicted despite optimal 
medical therapy; total lung capacity > 100% predicted; residual 
volume (RV) ≥ 200% predicted; six-minute walk distance (6MWD) 
≥150 m; nonsmoker >8 weeks; and little to no collateral ventilation 
in the target lobe (assessed with Chartis® Pulmonary Assessment 
System, Pulmonx Corporation, Redwood City, CA, USA).

Study Design
This was a multicenter, prospective, randomized, controlled, 

one-way crossover study (NCT02025205) approved by the respec-
tive Institutional Ethics Committees. All participating subjects 
provided informed consent. Methods were described previously 
by Valipour et al. [12]. Assessments were performed at 30 days, 3, 
6, and 12 months (12 months Zephyr valve group only) post-en-
rollment. Subjects in the standard of care (SoC) control arm if eli-
gible, were crossed over to Zephyr valve treatment after complet-
ing 6 months follow-up. Follow-up data out to 3 months were pre-
viously described [12]. Randomized results out to 6 months and 
single-arm results out to 12 months are reported here. Zephyr 
valve subjects were assessed at 6 and 12-month follow-up.

Outcome Measures
Effectiveness outcomes were assessed by comparing the be-

tween-group differences for changes from baseline to 6 months for 
Zephyr valve and SoC groups, and for the Zephyr valve group only 
at 12 months. Outcome variables assessed included percentage and 
absolute change in FEV1 (L) and RV; absolute change in quality of 
life using the St. George’s Respiratory Questionnaire (SGRQ), 
6MWD, the dyspnea scale (modified Medical Research Council 
[mMRC]), the COPD assessment test (CAT) score, and the BODE 
index (a composite score that combines the Body mass index, FEV1 
[% predicted], mMRC, and 6MWD). The percent of subjects 
achieving the minimal clinically important difference (MCID) for 
FEV1, RV, SGRQ, 6MWD, mMRC, CAT, and the BODE index was 
also assessed at 6 and 12 months.

Adverse Events and Safety
Adverse events solicited at each visit were used to assess safety. 

Severity and relatedness to the device/procedure were assessed by 
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the investigator. Pneumothorax, an anticipated adverse event fol-
lowing valve placement, was managed according to published 
guidelines [16].

Statistical Analyses
All data are reported for intention-to-treat population with im-

putation of missing data using the “Last Observation Carried For-
ward” method. The differences in absolute and percentage change 
from baseline at 6 months for the Zephyr valve and SoC groups were 
analyzed by the t test. Comparison of absolute and percent change 
from baseline to 6 and 12 months was analyzed by the paired sample 
t test. Responder data at 6 months were analyzed by the χ2 test, and 
responder rates were analyzed by the McNemar’s p value. The Fish-
er’s exact test was used to compare adverse events between groups.

Results

A total of 93 subjects were randomized, using a 1:1 
randomization into the IMPACT study (43 Zephyr valve, 
and 50 SoC; see CONSORT diagram, Fig. 1) between Au-
gust 2014 and January 2016. Following the 6-month eval-
uation, 41 SoC subjects were crossed over to Zephyr valve 
treatment. At 12 months, 34 of the initial Zephyr valve 
cohorts (6 withdrew consent, 2 withdrawn by investiga-
tor, and 1 missed visit) were evaluated.

Both groups were well matched for all baseline demo-
graphics and clinical characteristics [12]: the mean age, 

183 subjects consented

93 subjects randomized

Zephyr valve
(n = 43)

• 1 withdrew consent
• 2 withdrawn by investigators
   – 1 incorrectly randomized
   – 1 perfusion requirement
      not met

40 subjects at 3 months

• 1 withdrew consent

39 subjects at 6 months

34 Zephyr valve subjects
completed study

12-month follow-up

* Subject missed visit due to hospitalization for abdominal surgery. Subsequently developed severe COPD
exacerbation, respiratory failure, and died, 13 months post-Zephyr valve procedure.

6-month follow-up 44 subjects at 6 months

• 2 withdrew consent
• 1 died

47 subjects at 3 months

• 1 withdrew consent
• 1 withdrawn by investigator
   – no Chartis on the target lobe
   – incorrect randomization
      envelope opened
• 1 died

90 excluded (see reference 12)
• 86 screen failures
• 4 withdrew consent

3-month follow-up

• 4 withdrew consent
• 1 missed visit*

SoC
(n = 50)

Fig. 1. Consort diagram.
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64.3 versus 63.2 years; smoking history, 41.5 versus 42.5 
pack years; post-bronchodilator FEV1, 28.4 versus 29.9% 
of predicted; RV, 277.3 versus 273.7% of predicted; total 
lung capacity, 144.9 versus 144.2% of predicted; 6MWD, 
308 versus 328 m; and the SGRQ score, 63.2 versus 59.3 
points, respectively for the Zephyr valve and SoC groups.

Verification of technical success of valve placement in 
the Zephyr valve-treated subjects was performed at 30 
days post-implantation. Twenty-one subjects showed no 
evidence of functional benefits (i.e., >12% increase in 
FEV1, and/or >10% reduction in RV) and/or signs of vol-
ume reduction on the follow-up chest X-ray. A secondary 
bronchoscopy for valve adjustment was performed in 6 of 
these subjects. A repeat bronchoscopy was performed in 
4 subjects, but no adjustments were made, and in 11 sub-
jects the physician opted not to perform a repeat bron-
choscopy for valve adjustment.

Effectiveness Outcomes
Six-Month Evaluation of Zephyr Valve and SoC 
Groups
Between-group differences for the changes from base-

line for the key effectiveness outcomes to 6 months are 
summarized in Table 1. The mean group difference (∆ 
Zephyr valve – SoC) for change in FEV1 from baseline to 
6 months for subjects was 120.0 ± 150.0 mL (mean ± SD; 
p < 0.001) reflecting a mean percent difference of 16.3 ± 
22.1% (p < 0.001). The key secondary outcome measures 
at 6 months were also in favor of the Zephyr valve group 
with statistically significant improvements for RV, 
6MWD, and the SGRQ score, whereas mMRC and CAT 
did not exceed the threshold for statistical significance. 
The multidimensional BODE index showed a significant 
improvement in the Zephyr valve group compared to 
SoC (between-group difference of −1.17 ± 1.31 points at 
3 months [12] and −0.85 ± 1.39 points at 6 months [p < 
0.001, p = 0.006], respectively).

The responders (percent of subjects) who met or ex-
ceeded the MCID for each of the outcome measures of 
FEV1, RV, SGRQ, 6MWD, mMRC, and the BODE index 
were significantly greater in the Zephyr valve versus the 
SoC group at 6 months (Table 1). The individual subject 
changes from baseline to 6 months for FEV1 (absolute 
and percent change), SGRQ, and 6MWD are provided in 
the waterfall plots in Figure 2. The responder rate for 
FEV1 (improvement of ≥100 mL) in the Zephyr valve ver-
sus the SoC group was 30.2 and 8.0%, respectively; for 
SGRQ was 63.9 and 31.3%, respectively; and for 6MWD 
was 45.2 and 22.0%, respectively. For each of these mea-
sures, more subjects in the Zephyr valve group compared 

to the SoC group experienced an improvement that met 
and exceeded the MCID. Conversely, more subjects in the 
SoC group experienced a worsening in the measure over 
and above the MCID threshold.

Twelve-Month Evaluation of the Zephyr Valve 
Group Only
Changes from baseline to 12 months for the initial 

Zephyr valve cohort are also summarized in Table 1. The 
reduction in RV from baseline was significant (∆ = −460 
± 1000 mL; p = 0.004), as was the improvement in SGRQ 
(∆ = −4.01 ± 10.14 points; p = 0.017), while the change 
from baseline in FEV1 did not achieve statistical signifi-
cance (p = 0.092).

Durability of effect from 6 to 12 months was investi-
gated by comparing the subject-level response for sub-
jects with data at both time points (Table 1). Of the sub-
jects who were FEV1 responders at 6 months (≥ +12% 
change from baseline), 69.2% continued to be responders 
at 12 months, while 30.8% became nonresponders. In ad-
dition, 10.7% of FEV1 nonresponders at 6 months became 
responders at 12 months (McNemar’s p value, NS). Sim-
ilarly, for RV, 78.2% of subjects who were responders at 
6 months (≤ −310 mL change from baseline) remained 
RV-responders with 21.8% becoming nonresponders at 
12 months, and 15.8% RV nonresponders at 6 months 
were RV-responders at 12 months (McNemar’s p value, 
NS). The other outcomes showed a similar pattern from 
6 to 12 months. Figure 3 shows graphically the changes 
from baseline to 3 and 6 months for the key effectiveness 
outcomes for the Zephyr valve and SoC groups, demon-
strating the overall durability of effectiveness of the Zeph-
yr valves.

Safety
During the first 6 months, there were 111 respiratory 

adverse events in the Zephyr valve group, of which 64% 
were non-serious; and 54 events in the SoC group, of 
which 67% were non-serious. The common respiratory 
non-serious adverse events included COPD exacerba-
tions, common cold, cough, pulmonary infection, and 
thoracic pain which occurred in both groups. The short-
term safety of the Zephyr valve procedure compared to 
SoC out to 3 months has previously been reported [12]. 
There is a higher frequency of respiratory adverse events 
in the short-term Zephyr valve group compared to the 
SoC group. The most significant serious adverse event 
(SAE) in the Zephyr valve group being pneumothorax 
and COPD exacerbations. Table 2 shows the SAEs for the 
treatment period (day of procedure to 30 days), the pe-
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riod from 31 days to 6 months (both groups), and from 
>6 to 12 months (Zephyr valve group only; SoC subjects 
were excited for crossover option at 6 months). During 
the treatment period, 44.1% subjects in the Zephyr valve 
group compared to 1.0% subjects in the SoC group re-
ported one or more respiratory SAEs. From 31 days to 6 
months, 35% subjects in the Zephyr valve group and 26% 
subjects in the SoC group reported one or more respira-
tory SAE (Table  2). During the period from >6 to 12 
months, the percentage of subjects with respiratory SAEs 
in the Zephyr valve group remained stable (30%). Beyond 
the 31-day treatment period, the most frequently ob-
served respiratory SAE was COPD exacerbation requir-
ing hospitalization, which occurred at similar rates in the 
Zephyr valve and SoC groups during the 31-day to 
6-month period (19 vs. 20%, respectively). COPD exacer-
bations requiring hospitalization were also stable in the 
Zephyr valve group out to 12 months (16%). Two subjects 
(4.0%) in the SoC group died as a result of respiratory 
failure during the 6-month period. There were no deaths 
in the Zephyr valve group out to 12 months.

The most common post-procedural complication was 
pneumothorax with 13 events in 11 (25.6%) subjects in 
the initial EBV cohort, of which 11 (84.6%) events were 
severe, and 2 (15.4%) events were moderate. The time of 
occurrence from the most recent bronchoscopy proce-
dure and the management of each pneumothorax is sum-
marized in Figure 4.

Discussion

Patients with severe homogeneous emphysema with 
hyperinflated lungs and low lung function remain poor 
candidates for lung volume reduction surgery, and thus 
are severely limited in their treatment options [17]. The 
findings from the present, randomized, controlled trial 
demonstrate durable clinical benefits of Zephyr valve 
treatment over 12 months in patients with homogeneous 
emphysema.

The increased RV in advanced COPD as an expression 
of the static hyperinflation further increases dispropor-
tionately under exercise, thus resulting in a high-end ex-
piratory lung volume followed by shortness of breath and 
a reduced exercise capacity of these patients [18]. Thus, 
for lung volume reduction procedures, RV is particularly 
important, as it is both a predictor for better outcome and 
an objective outcome measure resulting from the physi-
ological changes achieved with Zephyr valve treatment 
[19]. Therapeutic strategies therefore have to aim for a 

significant reduction of the hyperinflation and lung vol-
umes in order to improve respiratory mechanics, physical 
activity, and even symptoms [18]. Additionally, as COPD 
is a progressively worsening disease, particularly in pa-
tients with homogeneous disease, where the decline is 
rapid [20], treatment strategies that prevent or slow down 
further deterioration can be very impactful.

The data from this randomized, controlled trial vali-
date the earlier findings of a smaller feasibility study [15], 
and subgroup analysis of the VENT [7] and STELVIO 
studies [10, 21], which showed the effectiveness of Zeph-
yr valves in patients with emphysema of homogeneous 
distribution with benefits that are clinically significant, 
and extend the previous 3-month findings [12] with ben-
efits that are maintained over a longer period. Determina-
tion of the degree of emphysema in this study was based 
on the voxel density at −910 HU on the CT rather than at 
−950 HU to be consistent with prior studies, and is un-
likely to have impacted target lobe selections or outcomes.

The present study showed clinically and statistically 
significant improvements in the hyperinflation (reduc-
tion in RV) and other important COPD outcomes in the 
Zephyr valve-treated subjects over the SoC controls at 6 
months. In order to determine the efficacy of valve ther-
apy, the statistical significance alone is not sufficient. The 
MCID which better describes the real clinical benefit of 
the patients in daily life should be considered. Therefore, 
thresholds have been defined in the past years for differ-
ent parameters like RV, TLVR, FEV1, SGRQ, or 6MWD 
for patients with severe emphysema. Individual subject-
level data at 6 months showed significantly more re-
sponders based on the MCID for each of the clinical out-
come measures of FEV1, RV, 6MWD, SGRQ, CAT, 
mMRC, and the BODE index in the Zephyr valve versus 
the SoC group, while a larger number of subjects in the 
SoC group deteriorated by more than the MCID thresh-
old as reflected in the waterfall plots for FEV1, SGRQ, and 
6MWD in Figure 2. Although the protocol recommended 
consideration of a repeat bronchoscopy for valve adjust-

Fig. 2. Each bar represents an individual subject. Purple (Zephyr 
valve) and blue (SoC) bars represent subjects that met or exceeded 
MCID for FEV1 (absolute change) of 100 mL and (percent change) 
of ≥12% improvement in FEV1, SGQR (−4 points), and 6MWD 
(+26 m). The lighter colored bars represent subjects who did not 
meet the MCID. Dotted line represents the MCID. The open grey 
bars and grey “0” represent the subject with imputed data using the 
“Last Observation Carried Forward” method. SoC, standard of 
care; 6MWD, six-minute walk distance; MCID, minimal clinically 
important difference; SGRQ, St. George’s Respiratory Question-
naire. (For figure see next page.)
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ment in subjects who either had less than a 12% increase 
in FEV1, or <10% decrease in RV, or no evidence of lobar 
volume reduction at 30 days, this was not a mandated re-
quirement. As such, the investigators opted not to per-
form a repeat bronchoscopy in 11 cases, and in 4 cases 
they performed a bronchoscopy but did not perform a 
valve adjustment; none of the patients refused a second 
procedure. A treatment reversal was not offered in case of 
a lack of response, although this is often the case in the 
current clinical practice.

The clinical benefits were persistent at 12 months, with 
the 12-month responder rates in the Zephyr valve group 
comparable to responder rates at 6 months. While the 
magnitude of change over baseline was smaller in some 
endpoints for the Zephyr valve-treated subjects at 12 ver-
sus 6 months, these outcomes remained improved over 
baseline, and for most measures were not significantly 

different when compared with the 6-month visit; unfor-
tunately, without a control group, the effect size is hard to 
determine. This observation is consistent with previous 
reports from both surgical and endoscopic lung volume 
reduction studies [17, 18, 21]. To better appreciate the 
magnitude of change that was observed, it is helpful to 
consider the natural progression of the disease in this pa-
tient population. In NETT, at 1 year, the nonhigh-risk 
untreated control population that included patients with 
both heterogeneous and homogeneous emphysema had 
a decline of 40 m in the 6MWD, and an increase of 3.2 
points in the SGRQ score [17]. More recent data from the 
RENEW study evaluating endobronchial coils similarly 
showed declines in homogeneous patients (RV > 225%, 
medical management only group), as indicated by wors-
ening of key measures at 1 year with a 2.4% decrease in 
FEV1, a 13.5 m decrease in the 6MWD, and a 2.1-point 
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increase in the SGRQ score [22]. The fact that medically 
managed patients with severe homogeneous emphysema 
are observed to deteriorate more rapidly over time pro-
vides an important context for the evaluation of new 
treatments in the severe homogeneous emphysema pa-
tient population. Importantly, the SGRQ data at 12 
months in the Zephyr valve group continued to demon-
strate an improvement with a decline of 4 points com-
pared with baseline, indicating clinically meaningful im-
provements in quality of life after 1 year.

The most frequent respiratory SAE reported during 
the 31-day to 6-month period was COPD exacerbation, 
which was similar between the Zephyr valve and SoC 
groups, and pneumothorax that occurred in the Zephyr 
valve group. COPD exacerbations were also stable in the 
Zephyr valve group out to the 6- to 12-month period 
(16.3%). While the small sample size in this study is not 
sufficient to show statistical significance for the safety 
endpoints, the numerically lower incidence of typical 
COPD-related respiratory and cardiac events in the 
Zephyr valve group compared to SoC suggests that pa-
tients do not get worse. In fact, the data from the larger 
LIBERATE study, a RCT of Zephyr valve versus medi-
cally managed control [13] showed a reduction in COPD 
exacerbations in Zephyr valve-treated patients over the 
longer term. The timing of post-procedure pneumotho-
races was similar to that seen in the LIBERATE study in 
heterogeneous patients with the majority of pneumotho-
races occurring within the first 3 days after valve place-
ment and a smaller number occurring late [13]. Thus, it 
is imperative that patients be appropriately educated at 
the time of discharge on the symptoms of a pneumotho-
rax and to seek urgent medical attention if symptoms of 
a pneumothorax occur. Importantly, there were no deaths 
in the Zephyr valve group in the IMPACT study over the 
12-month follow-up, while 2 deaths occurred in the SoC 
group who were monitored out to 6 months. Of note, 
some patients in the present study met the criteria for the 
high-risk population in the NETT trial (defined as FEV1 
≤ 20% predicted and either homogeneous emphysema or 
a carbon monoxide diffusing capacity of ≤20% predict-
ed). In NETT, these patients experienced about a 20% 
death rate over 12-month follow-up [17, 23]. Eight sub-
jects (5 Zephyr valve, 3 SoC) in the IMPACT study met 
the NETT high-risk definition. Of these 8 subjects, there 
was 1 death in the SoC group (1/3 subjects, 33%) and 
none in the Zephyr valve group (0/5 subjects).

The main limitation of the study was not maintaining 
the SoC control group out to 12 months. SoC subjects 
were crossed over to Zephyr valve treatment at 6 months, Ta
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and thus were not available for comparison to Zephyr 
valve at 12 months. While important scientifically, with-
holding of a commercially available treatment option 
over a longer period for this needy patient group repre-
sented an ethical and practical challenge. Another limita-
tion was the lack of a sham control group. Because valves 
are visible on CT and X-ray, a sham could not be per-
formed. However, we believe that the results remain valid 
since important objective outcomes such as RV and FEV1 
demonstrated successful and meaningful effectiveness 
out to 12 months with an acceptable safety profile. In ad-
dition, the changes in subjective endpoints were consis-
tent with those of objective outcomes.

Conclusion

The IMPACT study demonstrates that bronchoscopic 
lung volume reduction with the Zephyr endobronchial 
valve in selected patients with severe homogeneous em-
physema with little to no collateral ventilation provides 
clinically meaningful improvement in the pulmonary 
function, quality of life, exercise capacity, and RV (reduc-
tion in hyperinflation) over 6 months compared to the 
medically managed control group. Benefits were durable 
out to at least 12 months when compared to the baseline 
levels of the Zephyr valve group with a comparable num-
ber of patients achieving the MCID for the various mea-
sures at both 6 and 12 months, with a favorable safety 
profile. Zephyr valves provide an acceptable treatment 

option for patients with severe homogeneous emphyse-
ma if they meet all the other criteria for bronchoscopic 
lung volume reduction.
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