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ABSTRACT Endobronchial valve (EBV) therapy may be associated with improvements in chronic
obstructive pulmonary disease-related outcomes and may therefore be linked to improvements in the body
mass index, airflow obstruction, dyspnoea, exercise capacity (BODE) index.

Data from 416 patients with advanced emphysema and hyperinflation across Europe and USA, who were
randomised to EBV (n=284) or conservative therapy (n=132) were analysed. Quantitative image analysis
was used to compare the volume of the targeted lobe at baseline and at 6 months to determine target lobe
volume reduction (TLVR).

44% of patients receiving EBV therapy (versus 24.7% of controls) had clinically significant improvements
in the BODE index (p<<0.001). BODE index was significantly reduced by mean+sp 1.4+1.8, 0.2+ 1.3 and
0.1+1.3 points in patients with TLVR >50%, 20%-50% and <<20%, respectively (intergroup differences
p<0.001), but increased by 0.3 + 1.2 points in controls. Changes in BODE were predicted by baseline BODE
and correlated significantly with lobar exclusion and lung volumes at 6 months.

A greater proportion of patients in the treatment group than in the control group achieved a clinically
meaningful improvement in BODE index; however, the likelihood of benefit was less than half in both
groups. Patients in whom TLVR was obtained had greater improvements in clinical outcomes.
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Introduction

Endobronchial valve (EBV) therapy attempts to achieve the effects of surgical lung volume reduction
[1, 2] by selectively occluding the airways supplying the most affected regions of the hyperinflated
emphysematous lung, while permitting exhaled gas to escape. Reports of EBV therapy in selected patients
with end-stage emphysema have shown significant improvements in lung function and exercise tolerance
[3-6]. The most significant functional and subjective improvements are seen when atelectasis develops after
the insertion of valves [7, 8]; however, EBV therapy may also be beneficial in the absence of atelectasis [9].

Given that lung volume reduction may be associated with improvements in airflow obstruction, exercise
capacity and/or dyspnoea, we hypothesised that the information obtained by quantitative volumetric
analysis prior to and after EBV therapy may be associated with changes in other important chronic
obstructive pulmonary disease (COPD)-related outcome measures, such as the integrated body mass index,
airflow obstruction, dyspnoea and exercise capacity (BODE) index.

The BODE index is a multidimensional grading system, which has been shown to be better than forced
expiratory volume in 1 s (FEV1) alone in predicting the risk of future COPD exacerbations, hospitalisations
and/or death in patients with COPD [10-13]. The BODE index has been shown to be responsive to
interventions such as pulmonary rehabilitation [14] and lung volume reduction surgery [15-17].
Furthermore, there is evidence that the BODE index has greater predictive value than individual outcome
measures alone [18]. Thus, changes in BODE could serve as a measure of treatment success and should
correlate with other important clinical outcomes in COPD patients undergoing EBV therapy. The
Endobronchial Valve for Emphysema Palliation Trial (VENT) provides an ideal dataset to examine the
relationship of changes in lung volume reduction to BODE index as it compared an active intervention with
optimal medical therapy in a randomised trial. Individual data sets from USA [3] and European [19] VENT
cohorts have already been published, and in these reports the analyses were confined to single outcome
measures. In the analysis presented here, we have used the complete VENT dataset to examine the impact of
EBV therapy upon the multidimensional BODE index and its relationship with target lobar volume
reduction measured 6 months after the procedure.

Methods

The study group consisted of all patients with emphysema who participated in the USA and European
VENT studies. The clinical protocols have identical inclusion/exclusion criteria, efficacy variables and
adverse event collection. Details of the trial design and study eligibility criteria for VENT have been reported
previously [18, 20]. Briefly, patients were randomly assigned in a ratio of 2:1 to receive EBV treatment along
with optimised medical care or optimised medical care alone. All patients provided written informed
consent as approved by the ethics committee overseeing each clinical site.

Clinical effectiveness measures were obtained 6 months after the intervention. These included FEV1, the
6-min walk test, cycle ergometry workload and health-related quality of life (assessed using the St George’s
Respiratory Questionnaire (SGRQ)). Safety was evaluated by determining the rates of major complications
(including death), a composite of pulmonary adverse events, cardiovascular events and implant-related
adverse events (online supplementary table E1).
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FIGURE 1 Study flow chart. EBV:
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tomography; TLVR: target lobe volume
reduction.
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TABLE 1 Characteristics of patients and controls at baseline

Total sample Treatment group Control group
Total treatment Complete Incomplete p-value
group fissure fissure

Subjects n 416 284 110 174 132
Age years 63.3+7.5 63.4+7.7 62.8+8.3 63.7+7.3 0.273 63.2+6.9
Male % 62 63 63 63 0.535 62
BMI kg-m™2 24.6+3.9 24.4+4.0 24.9+3.9 24.0+ 4.1 0.073 24.3+3.6
Smoking duration years 36.0+8.9 36.2+9.1 35.3+8.6 36.7+9.4 0.207 35.6+8.5
FEV1 L 0.88+0.27 0.88+0.27 0.87+0.28 0.89+0.26 0.530 0.88+0.28
FEV1 % pred 0.30+0.08 0.30+0.08 0.29 +0.09 0.30+0.07 0.710 0.30+0.08
FVCL 2.63+0.80 2.63+0.78 2.53+0.75 2.69+0.79 0.070 2.64+0.84
FVC % pred 0.67+0.15 0.66+0.15 0.64+0.16 0.68+0.14 0.034 0.67+0.17
FEV1/FVC 0.34+0.07 0.35+0.07 0.35+0.07 0.34+0.07 0.160 0.34+0.07
Total lung capacity L 7.66+1.44 7.68+1.44 7.66+1.50 7.69+1.41 0.850 7.61+1.44
Residual volume L 4.84+1.15 4.874+1.14 4.9441.22 4.83+1.08 0.415 4.784+1.19
IC/TLC 0.23+0.07 0.23+0.07 0.23+0.07 0.23+0.06 0.759 0.23+0.07
6-min walk distance m 342498 336+95 336492 335498 0.932 3564102
BODE index 46+1.6 4.7+1.6 4.6+1.6 47+1.6 0.548 Lb+1.4
mMRC dyspnoea scale 1.884+0.94 1.9140.96 1.904+0.95 1.924+0.98 0.848 1.8240.88
SGRQ 53.9+14.2 54.4+13.7 53.4+14.7 55.0+13.1 0.374 52.8+15.1
Cycle ergometry W 4714229 46.84+22.9 53.4+24.2 44.84+21.7 0.076 47.74+23.0
Heterogeneity % 0.18+0.16 0.18+0.16 0.20+0.17 0.17+0.16 0.166 0.17+0.16
Proportions of target

lobes per lung %

Left lung 38.4 40.1 61.8 26.5 <0.001 34.9

Right lung 61.6 59.9 38.2 73.5 <0.001 65.1
Patients with complete 39.1 38.6 100.0 0.0 40.1

fissures %

Data are presented as mean+spD, unless otherwise stated. p-values were obtained by comparison of means by t-tests for independent samples,
comparison of frequencies by crosstabs and Chi-squared tests. BMI: body mass index; FEV1: forced expiratory volume in 1 s; % pred: % predicted;
FVC: forced vital capacity; IC: inspiratory capacity; TLC: total lung capacity; BODE: BMI, airflow obstruction, dyspnoea and exercise capacity; mMRC:
modified Medical Research Council; SGRQ: St George’s Respiratory Questionnaire.

High-resolution computed tomography

A computer-based quantitative analysis of standardised multirow detector computed tomography (CT)
performed on the 10-mm reconstructed image set was analysed at a core laboratory to provide quantitative
indices of lobar emphysema severity and lobar volumes and to identify the target lobe. The methods for
evaluating the images have been reported previously [20]. When choosing the target lobe, both the degree of
emphysema and heterogeneity were taken into account (a thorough description of the algorithm used has
already been published [3]). In the case of the right lung, the middle lobe was ignored. Fissure integrity was
analysed on the thin-section (<3 mm) reconstructed image dataset, and defined as the completeness of the
fissure (>90% of the fissure present on thin-slice high-resolution CT) on at least one axis, as classified by
the consensus of two independent blinded readers at the core laboratory. Quantitative image analysis by the
core laboratory was used to measure and compare the volume of the targeted lobe at baseline and at
180 days in order to determine the target lobe volume reduction (TLVR). The CT scan obtained at
6 months was further used to determine lobar exclusion, i.e. correct placement of the valves in the targeted
airways with the intention to isolate a lobe from ventilation.

Procedure

Bronchoscopy and periprocedural preparations were performed as previously described [20]. Valves were
placed unilaterally in lobar, segmental or subsegmental bronchi based on individual anatomy with the
intention of completely isolating the target lobe. The valve used in this study was a one-way silicone duckbill
valve (Zephyr EBV; Pulmonx, Redwood City, CA, USA). The valve is available in two sizes, spanning airway
diameters of 4.0-7.0 mm and 5.5-8.5 mm.
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TABLE 2 Clinical, functional and radiological outcomes presented as percentage of population in patients treated with

endobronchial valve therapy and controls at 6 months according to fissure status

Treatment group

Control group

Complete fissure Incomplete fissure p-value
Subjects n 110 174 132
Radiological outcomes
TLVR >50% 325 4.1 <0.001 0.0
TLVR 20-50% 22.0 15.3 2.0
TLVR <20% 30.1 67.3 82.2
Missing 15.4 13.3 15.8
Clinical and functional outcomes (cut-off)
FEV1 (12% pred) 46.7 15.8 <0.001 16.5
6-min walk distance (26 m) 45.3 42.1 0.352 35.5
SGRQ (4 points) 41.7 bbb 0.394 30.2
mMRC (1 point) 35.7 32.8 0.385 14.7
BODE index (1 point) 41.0 46.9 0.242 24.7

Data are presented as %, unless otherwise stated. p-values were obtained by comparison of frequencies by crosstabs and Chi-squared tests. TLVR:
target lobar volume reduction; FEV1: forced expiratory volume in 1 s; % pred: % predicted; SGRQ: St George’s Respiratory Questionnaire; mMRC:
modified Medical Research Council dyspnoea scale; BODE: body mass index, airflow obstruction, dyspnoea and exercise capacity scale.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 17.0 (IBM, Armonk, NY, USA). Simple descriptive
statistics were calculated for qualitative outcomes and standard measures were calculated for continuous
variables. Unless otherwise indicated, data are presented as mean =+ SD. Baseline characteristics for patients
in the treatment group were analysed according to the presence or absence of complete interlobar fissures.
Outcomes of interest were further presented according to TLVR cut-offs of <20%, 20-50% and >50%.
These thresholds were chosen on the basis of cluster analysis and are consistent with recent reports [21].
Group differences according to continuous data were evaluated using two-sample t-tests for one variable,
and the generalised linear model for multivariate analyses. Box’s M test was applied to check equality of
covariance matrices whenever required. For categorical data, crosstabs were generated and frequencies were
analysed via the Pearson Chi-squared test or Fisher exact test. Minimal clinically important differences were
defined according to recommended cut-offs for FEV1 [22], SGRQ [23], modified Medical Research Council
dyspnoea scale [23] and 6-min walking test [24]. For the BODE index, a reduction of 1 point was
considered clinically relevant [11]. Pearson’s correlation coefficient was used for interval-scaled data as a
measurement of the bivariate linear relationship. Multinomial logistic regression was applied to check the
effects of a set of predictor variables (factors (scale) or covariates (ordinal)) on a dependent variable
(ordinal variable with more than two categories).
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TABLE 3 Baseline predictors of change in body mass index, airflow obstruction, dyspnoea and
exercise capacity (BODE] score at 6 months using stepwise linear regression analysis

B SE p-value
BODE index baseline -3.40 0.06 <0.001
Age -0.005 -0.078 0.938
Sex 0.005 0.071 0.943
Residual volume 0.097 1.468 0.144
Baseline destruction score
Target lobe -0.098 -1.512 0.132
Ipsilateral lobe 0.046 0.705 0.482
Target lobe heterogeneity -0.087 -1.355 0.177
Fissure status -0.056 -0.873 0.384

Results

A total of 492 patients were enrolled across Europe (n=171) and the USA (n=321). For the purpose of this
analysis, only patients with follow-up CT scans at 6 months were included. Thus, 416 patients were finally
included in this study analysis (fig. 1). There were no significant differences in baseline characteristics
between those included and excluded (data not shown).

Of the 416 patients included, 284 received EBVs with optimised medical care (treatment group) and 132
received optimised medical care alone (controls). All patients were receiving bronchodilator therapy, 50%
received inhaled corticosteroids and 61% received long-term oxygen treatment. There were no statistically
significant differences in baseline characteristics between the treatment and control arms (table 1). Within
the treatment group, significantly more patients with complete fissures on pretreatment CT scans were
treated in the left lung than patients with incomplete fissures (p<<0.001).

TLVR and COPD-related outcomes at 6 months

TLVR was significantly higher in the total group of patients receiving EBV therapy at 6 months than in
controls (-242 4302 mL versus 0.5+ 74 mL, p<<0.001). Of those randomised to the treatment group, 32%
of patients with complete fissures showed a TLVR >50% at 6 months following intervention, 22% a TLVR
between 20% and 50%, and 30% a TLVR <20% (table 2). In contrast, only 4% of patients with incomplete
fissures had a TLVR >50% and the majority of patients (67%) had TLVR <20% (p<0.001 for intergroup
differences).

The distribution of BODE scores at 6 months in EBV-treated patients and controls is displayed in figure 2.
44% of patients randomised to EBV treatment compared to 24.7% of controls had improvement in BODE
index at 6 months (p<<0.001). In contrast, worsening of BODE was observed in 39% of controls compared
with 25% of patients in the treatment arm (p<<0.001). Patients with TLVR >50% at 6 months
demonstrated greater improvements in lung function, exercise capacity, quality of life, dyspnoea and BODE
index compared to the other groups (online supplementary table E2). Improvements in the BODE index of
>1 point were observed in 67%, 37% and 41% of patients with TLVR >50%, TLVR 20-50% and TLVR
<20%, respectively (p=0.011 for intergroup differences). There were no statistically significant differences
with respect to the percentage of patients with either improvement or worsening of BODE index between
centres with fewer than five, between five and 10, and those with >10 EBV-treated patients in the study
(online supplementary table E3). These findings did not change after correction for the prevalence of
complete versus incomplete fissures.

Predictors of a successful outcome

We conducted linear regression analysis using a number of variables to determine baseline predictors of
change in BODE index at 6 months, including age, sex, baseline BODE, fissure integrity, target lobe
heterogeneity and baseline destruction scores of the treated and untreated ipsilateral lobe. Baseline BODE
index score was the only independent predictor of changes in BODE index at 6 months (table 3). When
removing baseline BODE from this analysis, baseline destruction score of the target lobe was revealed as the
only independent predictor of change in BODE at 6 months (online supplemementary table E4).

Correlates of a successful outcome

At 6 months only 55.9% of the EBV-treated patients demonstrated CT evidence of lobar exclusion. A post
hoc analysis was performed to investigate factors that were associated with changes in BODE index at
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TABLE 4 Correlates of change in body mass index, airflow obstruction, dyspnoea and exercise
capacity (BODE) score at 6 months using stepwise linear regression analysis

B SE p-value
Lobar exclusion -0.823 0.210 <0.001
Change in residual volume 0.762 0.175 <0.001
Change in total lung capacity 0.593 0.206 0.004
Age 0.019 0.297 0.767
Sex -0.107 -1.650 0.101
Change in IC/TLC ratio -0.058 -0.687 0.493
Target lobar volume reduction 0.115 1.437 0.152
Target lobe -0.075 -1.122 0.263

IC: inspiratory capacity; TLC: total lung capacity.

6 months using changes in lung volumes, target lobar volume reduction and lobar exclusion as potential
correlates of a successful outcome (table 4). Changes in BODE index were associated with lobar exclusion,
changes in residual volume and total lung capacity. Both patients with incomplete and those with complete
fissures had significantly larger improvements in BODE index in the presence of lobar exclusion (fig. 3).

TLVR and safety

The relationship between treatment response and safety was assessed by analysing individual adverse events
at 6 months. There were no significant differences in mortality between the intervention and control group
(data not shown). The rate of pulmonary/thoracic adverse events, however, was higher in EBV-treated
subjects compared with controls (table 5). This difference was mainly driven by the following subcategories
of adverse events: haemoptysis (42% of EBV subjects compared with 2% of control subjects, p<<0.0001) and
noncardiac chest pain (16% of EBV subjects compared with 3% of control subjects, p=0.0018). There were
no statistically significant differences in cumulative cardiovascular, pulmonary or implant-related adverse
events groups between patients with complete and those with incomplete fissures. With respect to
individual adverse events, however, there was a significantly higher pneumothorax rate (10.2%) in patients
with TLVR >50% compared with the other groups (1.2% pneumothorax rate in the TLVR 20-50% group
and 0.6% pneumothorax rate in TLVR <20% group) (online supplementary table E5). Of these, one
patient with a prolonged pneumothorax underwent surgical oversew of the air leak. Removing these data
from the analysis did not alter outcomes.

Discussion

One-way EBV therapy is intended to produce volume reduction, mimicking the health benefit effects of
surgical lung volume reduction with overall lower morbidity and mortality [25]. Using data from two large
randomised clinical trials of EBV therapy in patients with severe emphysema, the present analysis revealed a
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TABLE 5 Most important adverse events (serious and non-serious) at 6 months according to fissure status

Treatment group Control group
Complete fissure Incomplete fissure p-value
Subjects n 110 174 132
Pulmonary/thoracic adverse events 71 72 0.547 51
Pneumothorax 4.1 2.0 0.356 0.7
Respiratory failure 4.1 3.6 0.522 2.6
Implant-related adverse events 13 11 0.378 NA
Pneumonia distal to valve 6.5 2.6 0.157 NA
Cardiovascular adverse events 4.1 6.1 0.300 6.6

Data are presented as %, unless otherwise stated. NA: not applicable.

DOI: 10.1183/09031936.00133012

relationship between TLVR and clinically meaningful changes in relevant COPD outcome measures, such as
the multidimensional BODE index. These changes were predominantly observed in the presence of
complete fissures and lobar exclusion.

The BODE index, evaluated at baseline in clinical trials, has been shown to exhibit greater predictive value
than its individual components with respect to quality of life, exacerbation rates, morbidity and mortality in
patients with COPD [10, 12, 13]. Furthermore, a recent study demonstrated that longitudinal changes in the
BODE index, and not FEV1, were independently associated with an increased risk of dying [19]. Conversely,
a few intervention studies have suggested that the BODE index changes after therapeutic intervention and
that this change appears to be related to subsequent health outcomes. IMFELD et al. [15] found that
improvement in the BODE index 3 months after surgical lung volume reduction was associated with lower
subsequent mortality. Similar findings have been observed in a small cohort of patients who underwent EBV
therapy for emphysema. DE OLIVEIRA et al. [26] demonstrated smaller improvements in BODE at 3 months
following EBV implantation. However, these studies have been limited by small numbers and/or lack
of controls.

Improvements in BODE index in the present cohort were predicted by baseline BODE index, an observation
that is consistent with recent findings from bronchoscopic lung volume reduction trials [27]. These findings
suggest that improvements in ventilatory mechanics after EBV may have a higher impact in patients with
more severe disease at baseline, a hypothesis that is further supported by post hoc evidence of an
independent association between changes in lung volumes and BODE index at 6 months. However,
clinically meaningful improvements in BODE in the present report were seen predominantly in the
subgroup of patients who had lobar exclusion at 6 months and thus developed >50% lobar volume
reduction. The majority of these patients (67%) had an improvement in BODE index of >1 point. Results
from lung volume reduction surgery in the National Emphysema Treatment Trial [11] have shown that
32% of patients who underwent lung volume reduction surgery similarly had a 1-point improvement in
BODE index at 6 months following randomisation. Importantly, this change in BODE was associated with a
significant 43% decrease in subsequent mortality in that report. Thus, the magnitude of improvement in
BODE index in patients with >50% lung volume reduction is in a range suggestive of potential benefits
such as a reduction in mortality. This hypothesis is further supported by two recent studies that were able to
demonstrate long-term survival benefits in the presence of significant lung volume reduction [7, 28].

It remains unclear whether EBV-treated patients may experience clinical benefits in the absence of
atelectasis. HOPKINSON et al. [9] demonstrated improvements in lung function, dynamic hyperinflation,
oesophageal pressure—time product and a reduction in static compliance in a group of 19 patients who
underwent valve treatment. Improvements in exercise capacity were independently associated with
improvements in diffusing capacity and with reductions in static lung volumes, both in the presence and
absence of atelectasis. This suggests that valve insertion may direct airflow into less affected areas of the
lung, reducing dynamic hyperinflation during exercise [9]. This is of particular importance, as the daily
physical activity of patients with COPD is mainly associated with dynamic hyperinflation, regardless of
severity classification [29]. However, when the patients with atelectasis (defined as a change in the position
of the interlobar fissure adjacent to the targeted area) in the report of HOPKINSON et al. [9] were excluded,
the exercise improvement in the remaining group was no longer significant.
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It has to be acknowledged that the majority of patients in the present report did not have clinically relevant
lobar volume reduction. A number of factors may have prevented benefits in a larger proportion of the
treated patient population. Recent studies suggest that fissure status is an important predictor of treatment
response [18]. Incomplete fissures suggest collateral ventilation across lobes, a phenomenon that is more
common in emphysematous than in normal lungs [30]. There is evidence that the interlobar fissures are
more often incomplete on the right than on the left side of the lung [31], thus left-side treated patients were
more likely to develop greater TLVR. More recently, a catheter-based system (Chartis; Pulmonx) has been
developed, which enables real-time assessment of collateral ventilation and, thus, can be used to predict
lobar volume reduction in response to valve placement [32, 33].

However, the success of valve treatment may largely depend on lobar exclusion (i.e. all airways to the lobe
are blocked by EBVs). A post hoc stepwise linear regression analysis identified lobar exclusion as the
strongest independent correlate of changes in BODE index at 6 months. This observation is further
supported by a recent report from NINANE et al. [34]. The authors intended to place valves bilaterally in the
upper lobes. Per protocol, one segment of each upper lobe was not treated to achieve incomplete occlusion
of the upper lobes. Using this approach, the authors reported a mean +sb 7.3 +9% TLVR at 3 months, with
no clinically meaningful changes in lung function. Thus, one could argue that their entire study cohort
matches the low-TLVR subgroup in our analysis. Moreover, a recent study by EBERHARDT et al. [35]
confirms that a unilateral lobar approach with lobar exclusion is superior to a bilateral approach with
incomplete lobar exclusion with respect to improvements in lung function and exercise capacity.

A number of methodological issues need to be addressed. The present report is an intention-to-treat
analysis. Thus, outcomes data presented at 6 months included patients with incomplete lobar exclusion due
to bronchoscopic valve removal because of adverse events or migration of valves, coughing up valves, and/
or technical failure to place valves in the first place. Furthermore, lobar exclusion was assessed using CT
analysis rather than bronchoscopic inspection at follow-up, and it yet remains to be established whether one
is superior to the other. The absence of a sham procedure and the lack of longer follow-up are other
potential limitations in the study design. Finally, with low overall mortality in the present report, we were
unable to determine whether changes in the BODE index were in fact associated with actual long-term
prognosis. Nevertheless, the consistent relationship between TLVR and clinical and functional parameters,
and the magnitude of effects in patients with more than 50% TLVR, support a true intervention effect. As all
patients and investigators were blinded to the magnitude of lobar volume collapse, one might speculate that
results in lobar nonresponders (TLVR <20%), which are similar to controls in most outcome measures,
may be comparable to those with sham procedures. Furthermore, we have to acknowledge that patients
with >50% TLVR had a higher likelihood of developing a pneumothorax, a phenomenon which is most
likely due to sheer stress on the ipsilateral adjacent untreated lobe. The majority of these events resolved
with observation or chest tube placement, and only two patients reportedly underwent surgical air leak
closure. As these patients experience substantial lobar volume reduction with large clinical benefits, the risk
of developing a pneumothorax appears to be linked to the likelihood of a positive clinical response at
6 months [18].

In summary, the current study has shown that a minority subgroup of patients in the VENT trial
experienced substantial TLVR with subsequent important health outcomes of patients with emphysema.
Predictors of success identified in the present report need to be considered in the design of future valve
treatment trials for emphysema.
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