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ABSTRACT: The Endobronchial Valve for Emphysema Palliation Trial (VENT) was a multi-centre,

prospective, randomised, controlled trial conducted to evaluate the safety and effectiveness of

unilateral endobronchial valve (EBV) treatment. The purpose of this analysis was to assess

outcomes in the previously unreported European VENT study cohort.

Patients with advanced emphysema were randomly assigned (2:1) to receive Zephyr1 (Pulmonx

Inc., Redwood City, CA, USA) EBV treatment (n5111) or medical management (n560).

At 6 months, EBV patients demonstrated a significant improvement compared with the controls

for mean¡SD change in forced expiratory volume in 1 s (7¡20% versus 0.5¡19%; p50.067), cycle

ergometry (2¡14 W versus -3¡10 W; p50.04) and St George’s Respiratory Questionnaire (-5¡14

points versus 0.3¡13 points; p50.047). At 12 months, the magnitude of the difference between

groups for change from baseline was of similar magnitude to the differences seen at 6 months.

Rates for complications did not differ significantly. EBV patients with computed tomography (CT)

scans suggestive of complete fissure and lobar occlusion had a mean¡SD lobar volume reduction

of -80¡30% and .50% met minimal clinical difference thresholds. The degree of emphysema

heterogeneity did not preclude excellent outcomes.

Unilateral lobar volume reduction using EBV treatment is safe and superior clinical results

correlated with CT suggestive of complete fissures and successful lobar occlusion. Emphysema

heterogeneity was not critical for determining positive outcomes.
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E
mphysema is a debilitating and progres-
sive disease which presents a major health
problem around the world. Medical treat-

ment is well established and widely used but is of
limited efficacy [1, 2]. Lung volume reduction
surgery has been found to alleviate symptoms
and improve survival rate in a subgroup of pa-
tients with heterogeneous emphysema [3–5] but
the reported risks of procedure-related morbidity
and mortality are substantial [6].

Endobronchial methods designed to perform
lung volume reduction are being pursued as a
less invasive means to achieve the benefits
associated with surgical intervention [7–24]. The
Endobronchial Valve for Emphysema Palliation

Trial (VENT study) was a multi-centre, prospec-
tive, randomised, controlled study conducted at
31 clinical sites in the USA and 23 sites in Europe
to evaluate safety and effectiveness of endobron-
chial valve (EBV) therapy compared with optimal
medical management [25]. In the USA study, it
was reported that EBV treatment provided statis-
tically significant improvements in lung function,
exercise tolerance and symptoms with a moder-
ately higher risk of complications compared with
medical therapy [21].

Post hoc analysis in the USA study [21] indicated
that computed tomography (CT) assessment of
complete fissure and the presence of heteroge-
neous lung involvement were associated with a
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higher level of clinical response with EBV therapy. Complete
lobar fissures are indicative of absence of collateral ventilation.
The purpose of this analysis was to evaluate clinical outcomes
in the previously unreported European cohort of the VENT
study. In addition, this independent data set was used to
analyse the clinical effect of the factors found to be associated
with outcomes in the USA study cohort.

METHODS

Study design and participants
Details of the trial design and study eligibility criteria for the
VENT study have been reported previously [21, 25]. Selection
criteria were adopted from the surgical candidacy criteria from
the National Emphysema Treatment Trial (NETT) study [4].
Prior to undergoing screening to determine eligibility for study
participation, all patients provided written informed consent
as approved by the ethics committee overseeing each clinical
site. All patients underwent 6–8 weeks of a full pulmonary
rehabilitation programme. Patients who remained eligible for
the study after undergoing the pulmonary rehabilitation
programme (n5171) were randomly assigned 2:1 to receive
therapy using the Zephyr1 EBV (Emphasys Medical, now
Pulmonx Inc., Redwood City, CA, USA) (treatment group with
111 patients) or standard medical care (control group with 60
patients). Patients in both study groups were followed up at 1,
3, 6 and 12 months.

Clinical effectiveness measures included forced expiratory
volume in 1 s (FEV1), the 6-min walk distance (6MWD) 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, empyema, haemoptysis,
pneumonia distal to valves, pneumothorax, ventilator-depen-
dent respiratory failure and chronic obstructive pulmonary
disease (COPD) exacerbations. Multi-row detector high-resolu-
tion computed tomography (HRCT) was used to determine
study eligibility and to evaluate 6-month follow-up mechan-
istic outcome measures. The HRCT images were read and
analysed by a blinded core laboratory.

Study treatments
Medical therapy

Optimal medical therapy was defined as maximal medical
treatment for stable COPD as presented in the 2001 National
Institutes of Health (NIH)/World Health Organization (WHO)
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines [26]. As recommended in the GOLD standards, all
patients enrolled in the study received therapy that included:
1) education; 2) pharmacological treatment; and 3) non-
pharmacological treatments. The education component consisted
of smoking cessation support. Maintenance bronchodilator thera-
py included an inhaled long-acting b-agonist, an inhaled antic-
holinergic, or both, and was administered by metered dose
inhaler, dry powder inhaler or drug aerosol. These treatments
were initiated at randomisation, and for the patients randomised
to the treatment arm, it was required that the medical treatment
regime was stable for 1 month prior to the EBV procedure. All
patients received oxygen therapy as necessary and were strongly
encouraged to follow a maintenance pulmonary rehabilitation
programme at home.

EBV procedure
A flexible bronchoscope with or without rigid bronchoscopy
was used to perform valve placement. The procedural
anaesthetic was selected and administered according to the
standard local protocols followed for performing broncho-
scopy. Antibiotics (second- or third-generation cephalosporin
or fluoroquinolone) were given intravenously prior to and for
24 h after the procedure. Patients were provided with oral
antibiotics for 7 days.

The EBV used in the study was the Zephyr1 one-way, silicone
duckbill valve mounted in a nickel–titanium self-expanding
retainer covered with a silicone membrane. During the study,
the valve was provided in two sizes to accommodate different
airway diameters (4.0–7.0 mm and 5.5–8.5 mm). Valves were
placed unilaterally in lobar, segmental, or subsegmental bronchi
in the targeted lobe with the goal of complete occlusion. The
treating physician also determined the number of valves to
place. The EBV procedure has been previously described in
detail [21, 25].

Radiographic evaluation of CT scans
HRCT images were utilised in the study to perform subject
eligibility screening, treatment targeting, assessment of inter-
lobar fissure integrity and lobar volume reduction, and
examination of technical success achieved with EBV placement
(lobar occlusion). Acquisition of images was standardised
across clinical sites and radiographic evaluation of CT scans
included blinded assessment of images by a core reading
laboratory. The HRCT scans were collected at baseline and at
6 months. The HRCT images were analysed quantitatively
using automated software and qualitatively depending on the
variable of interest.

Study subject eligibility screening included review of radi-
ological findings associated with emphysema distribution.
Emphysema distribution was quantified by determining lobar
destruction scores and calculating the difference between the
target treatment lobe and the ipsilateral non-target lobe. Lobar
destruction scores were generated using specialised software to
calculate the proportion of image voxels within a lobe that fell
below a pre-defined Hounsfield unit threshold (-910 HU) and
reported as a density score (as a percentage) for each lung lobe.
For example, a density score of 75% meant that 75% of the volume
of that lobe met the Hounsfield threshold and was considered
destroyed by emphysema. The lobe targeted for EBV treatment
had the highest percentage of emphysema as determined by the
core laboratory. Emphysema heterogeneity score was defined as
the difference (in per cent) between the density scores of the
target lobe and the ipsilateral non-target lobe.

CT images were also reviewed to calculate volumetric change in
the target treatment lobe (atelectasis score). This was calculated
using the formula: volume in target lobe at day 180 subtracted
from volume in lobe at baseline, divided by volume in lobe at
baseline. The resulting value indicates progressive volume loss
up to a hypothetical complete atelectasis (-100% or -1.00). The
target lobe atelectasis score is a measure of target lobe volume
reduction (TLVR) over 6 months of study follow-up.

Additional HRCT measures which were collected to support
post hoc analysis of factors related to treatment effect included
determination of inter-lobar fissure integrity (baseline HRCT)
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and evaluation of valve placement in the targeted lumen (6-
month HRCT). Determination of both inter-lobar fissure
integrity and valve placement was performed manually. A
‘‘complete’’ fissure was defined as having .90% of the fissure
present on thin-slice HRCT on at least one axis (sagittal, axial
or coronal views). Lobar occlusion was defined as the visual
identification of valves in all treated segmental airways being
situated without evidence of leak. The latter was determined
by identifying at least one valve in all segmental airways with
the EBV cylinder within the airway and no evidence of air
between the valve and the wall to suggest leak.

Statistical methods
The a priori sample size estimation for the VENT study was
designed to provide study power of 90% to detect a mean
improvement of 15% in the FEV1 and a mean improvement of
17% in distance on the 6MWD test for the EBV group

compared with the control group at 6 months, assuming an
alpha level of 0.05 [21, 25].

The European arm of the VENT study was initiated due to early
concerns over slow patient enrolment in the USA. Ultimately,
the rate of patient accrual in the USA exceeded expectations and
the sample size as determined a priori was attained by the USA
arm of the study. The initial publication of the VENT study data
[21] included only the USA arm since its size was sufficient to
support the a priori power calculation. The size of the European
arm of the VENT study was smaller than the a priori estimate.
Nevertheless, evaluation of this data set is important since the
European study sample, not included in the initial publication,
provides an opportunity to use an independent data set to
evaluate key factors observed in the USA study cohort as
important considerations for EBV therapy.

Between-group statistical comparisons for the treatment versus
control groups were made using the two-sided Fisher’s exact
test for proportions and two-sided unpaired t-tests for
continuous variables.

The USA VENT study indicated that CT assessment suggestive
of complete fissure between the target treatment and adjacent
lobes, and emphysema heterogeneity were independently
associated with higher treatment effect after EBV therapy [21].
In this study, the effect of CT assessment of fissure integrity on
clinical outcomes was evaluated by stratifying patients into four
groups: 1) EBV with complete fissure, 2) control with complete
fissure, 3) EBV with incomplete fissure, and 4) control with
incomplete fissure; and evaluating outcomes in all four groups.
The effect of lobar occlusion with EBV placement was
determined by evaluating clinical outcomes in patients having
CT suggestive of complete fissure, where EBV-treated patients
were stratified by CT findings for lobar occlusion (present or
absent). Between-group statistical comparisons for the post hoc
analyses of fissure integrity and lobar occlusion were made
using the two-sided Chi-squared or Fisher’s exact test for
proportions and two-sided t-tests for continuous variables.
Statistical comparisons were made using SAS (version 9.3; SAS
Institute Inc., Cary, NC, USA). Outcomes for control patients
having CT suggestive of complete fissure were included for
reference. The effect of emphysema heterogeneity was qualita-
tively examined by plotting outcomes using descriptive
statistics (median and range) for EBV-treated patients having
CT suggestive of complete fissure and either f15% or .15%
emphysema heterogeneity before treatment.

RESULTS

Patients and procedural details
Demographic variables, lung function parameters, blood gases
and exercise performance measures were comparable between
the treatment and control groups (table 1). The number of
patients on oxygen therapy differed significantly between the
groups, where a significantly higher number of EBV patients
(72%) required oxygen therapy compared with control patients
(48%; p50.002). A total of 157 (92%) patients completed the
study (fig. 1). During the 1-yr follow-up, 10 patients died, four
(7%) in the control group and six (5%) in the EBV group. None of
the deaths was related to the study procedure, as adjudicated by
the independent clinical events (safety) committee.

TABLE 1 Baseline characteristics of the patients

Variable EBV therapy Control p-value

Patients n 111 60

Demographic characteristics

Age yrs 59.7¡7.9 60.4¡7.4 0.576

Males 75 (68) 48 (80) 0.084

White# 111 (100) 59 (98)

BMI kg?m-2 22.9¡3.8 23.8¡3.8 0.168

Smoking history

Ever smoked 109 (98) 60 (100)

Yrs of smoking 33.7¡8.9 34.3¡8.1 0.700

Pack-yrs 76.9¡6.1 47.1¡19.6 0.413

Receiving oxygen therapy 80 (72) 29 (48) 0.002

Arterial blood gas"

Pa,O2 mmHg 69.3¡10.6 69.7¡11.5 0.814

Pa,CO2 mmHg 38.9¡4.6 38.6¡5.3 0.691

Lung function

FEV1 L 0.91¡0.29 0.94¡0.30 0.529

FEV1 % pred 29¡8 30¡8 0.451

FVC L 2.50¡0.73 2.67¡0.86 0.158

FVC % pred 61¡13 65¡17 0.158

DL,CO mL?min-1?mmHg-1 9.77¡3.83 9.67¡3.51 0.861

RV L 5.02¡1.16 4.98¡1.07 0.814

RV % pred 240¡51 240¡47 0.948

TLC L 7.82¡1.47 7.94¡1.18 0.597

TLC % pred 127¡15 129¡14 0.117

Exercise performance, quality of life

Cycle ergometry peak workload W 46.9¡20.3 52.2¡23.4 0.117

6MWD m 341¡108 360¡117 0.396

SGRQ 59¡13 56¡18 0.150

Data are presented as mean¡ SD or n (%), unless otherwise stated. EBV:

endobronchial valve; BMI: body mass index; Pa,O2: arterial oxygen tension;

Pa,CO2: arterial carbon dioxide tension; FEV1: forced expiratory volume in 1 s; %

pred: % predicted; FVC: forced vital capacity; DL,CO: diffusing capacity of the

lung for carbon monoxide; RV: residual volume; TLC: total lung capacity;

6MWD: 6-min walk distance; SGRQ: St George’s Respiratory Questionnaire.
#: race was self-reported; ": measurements were performed while the patient

was breathing ambient air.
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Most valves were placed with the patient under general
anaesthesia (89.1%) but 12 (10.9%) cases received only mo-
derate sedation. Half of the procedures (50.5%) were per-
formed using a combination of flexible and rigid bronchoscopy
while the other half (49.5%) had flexible bronchoscopy alone.
Patients received between one and five valves (mean 3). The
procedure time for valve placement ranged from 16 min to
105 min (mean¡SD 27¡18 min). The right upper lobe was
most frequently targeted for treatment (46%), followed by the
left upper lobe, including the lingula (27%), the right lower lobe
(14%), and the left lower lobe (13%). Because the study protocol
explicitly specified that patients were to receive unilateral
treatment of a single upper or single lower lobe only, the right
middle lobe was not considered as a target treatment lobe in this
study. In 9% of cases, valves were not successfully placed as
planned because of complex local anatomy.

Outcome variables

EBV group versus control group

At 6 months, the EBV patients demonstrated significant or
borderline significant (pf0.05) improvement (mean¡SD)
compared with the controls for FEV1 absolute percentage
change (7¡20% versus 0.5¡19%; p50.067), cycle ergometry
workload change (2¡14 W versus -3¡10 W; p50.04) and
change in SGRQ score (-5¡14 points versus 0.3¡13 points;
p50.047). The average distance change from baseline for the
6MWD test was comparable for both groups (15¡91 m versus

10¡78 m; p50.696). At 12 months, EBV treatment patients had
significantly improved FEV1 (6¡26% versus -2¡20%; p50.0499)
and cycle ergometry workload (1¡13 W versus -5¡12 W;
p50.03) scores compared with controls.

Effect of fissure integrity

A little over one-third of patients (n563) were found to have
had CT suggestive of complete fissure while the other two-
thirds (n5107) had CT suggestive of incomplete fissure. The
EBV patients with CT suggestive of complete fissure tended to
have higher improvements in FEV1, SGRQ and cycle ergome-
try workload than the other subgroups at 6 and 12 months
(table 2). In these patients, EBV therapy was associated with
significant (pf0.05) or borderline significant (pf0.10) impro-
vement for FEV1, cycle ergometry workload and SGRQ score.
Median (interquartile range) TLVR in EBV patients with CT
suggestive of complete fissure was -55 (-24– -96)% compared
with -13 (-3– -22)% for the incomplete fissure EBV subgroup.
Neither of the control subgroups (having CT suggestive of
complete or incomplete fissure, respectively), demonstrated
TLVR (-1 (-4–3)% and 1 (-1–5)%).

Effect of complete fissure and lobar occlusion

CT evidence of lobar occlusion was found in less than half (53 out
of 111; 48%) of the EBV-treated patients. Incomplete lobar
occlusion would mean that air could still enter the lobe on
inspiration via a partially occluded airway(s). Within the patients
with CT suggestive of complete fissure, the EBV patients

 

    

 

 

  
 

 

171 participants underwent random assignment

111 participants assigned 
to EBV group

3 months
  1 died
  0 withdrawn
  1 lost to follow-up
  110 eligible
    8 no visit

3 months
  1 died
  0 withdrawn
  1 lost to follow-up
  59 eligible
    11 no visit

6 months
  3 died
  0 withdrawn
  5 lost to follow-up
  108 eligible
    5 no visit

6 months
  2 died
  0 withdrawn
  1 lost to follow-up
  58 eligible
    1 no visit

12 months
  6 died
  4 withdrawn
  8 lost to follow-up
  101 eligible
    9 no visit

12 months
  4 died
  0 withdrawn
  2 lost to follow-up
  56 eligible
    2 no visit

60 participants assigned 
to control group

FIGURE 1. Accountability of participants in the European Endobronchial Valve

for Emphysema Palliation Trial (VENT study) showed loss to follow-up as expected

for an emphysema cohort. EBV: endobronchial valve.

TABLE 2 Clinical outcomes at 6 and 12 months in
endobronchial valve (EBV)-treated and control
patients stratified by computed tomography
fissure integrity

Complete fissure Incomplete fissure

EBV Control# p-value EBV Control p-value

Patients n 44 19 67 40

D FEV1 %

6 months 16¡21 2¡14 0.02 1¡18 -1¡21 0.7

12 months 15¡29 -2¡22 0.04 0¡23 -2¡19 0.6

D 6MWD %

6 months 11¡34 19¡54 0.6 7 ¡36 2¡19 0.4

12 months 13¡35 10¡44 0.8 5¡30 0 ¡34 0.5

D cycle work-

load W

6 months 4¡14 -3¡7 0.03 0¡14 -3¡11 0.4

12 months 4¡14 -2¡9 0.10 -2¡13 -6¡13 0.2

D SGRQ points

6 months -6¡15 3¡15 0.09 -4¡14 -1¡14 0.2

12 months 0¡15 4¡11 0.4 -1¡14 -1¡14 0.9

Lost to follow-up 7 (16) 0 6 (9) 2 (5)

Died 2 (5) 1 (5) 4 (6) 3 (8)

Data are presented as mean¡SD or n (%), unless otherwise stated. D: change;

FEV1: forced expiratory volume in 1 s; 6MWD: 6-min walk distance; SGRQ: St

George’s Respiratory Questionnaire. #: n51 control missing fissure integrity

data.
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classified as having lobar occlusion demonstrated substantially
higher lobar volume reduction compared with both the EBV
patients classified as not having lobar occlusion and the controls
(table 3). In EBV-treated patients classified as having lobar
occlusion, clinical outcomes at both 6 and 12 months were better
than outcomes for EBV-treated patients who were classified as
not having lobar occlusion and those for controls. At 12 months,
minimal clinically important difference thresholds for FEV1, cycle
ergometry workload, 6MWD test and SGRQ were met by 67% (12
out of 18), 44% (8 out of 18), 56% (10 out of 18) and 67% (8 out of
12) of this patient subgroup.

Effect of complete fissure, lobar occlusion and distribution of
emphysema

In this analysis, 20 EBV patients had CT assessment suggestive
of complete fissure and lobar occlusion: 11 had emphysema
heterogeneity scores .15% while the other nine patients had

scores f15%. Clinically significant improvements were ob-
served in patients with emphysema heterogeneity scores ,15%,
which were sustained through 12 months (fig. 2).

Adverse events
The rates for serious complications did not differ significantly
between EBV and control patients (table 4). Occurrence of
COPD exacerbations did not differ significantly between the
EBV and control groups. The EBV patients demonstrated
relatively higher rates for pneumothorax compared with the
group where there was no bronchoscopic intervention. Pneu-
mothorax is a known effect of thoracic procedures. In the five
EBV cases of pneumothorax requiring hospitalisation for
longer than 7 days, high TLVR and a positive clinical response
was confirmed in four cases (91%, 93%, 93%, and 97%); in the
last case, the CT scan was not collected and therefore TLVR
was not known. There was a low incidence of pneumonia

TABLE 3 Clinical effectiveness outcomes at 6 and 12 months in patients having computed tomography (CT) suggestive of
complete fissure, with endobronchial valve (EBV) therapy patients stratified by CT assessment of lobar occlusion

Complete fissure

Lobar occlusion No lobar occlusion p-value# Controls

Patients n" 20 17 19

D TLVR %+

6 months -80¡0.30 -29¡0.25 ,0.0001 0¡0.08

o55% reduction1 15 (79) 3 (18) 0.0002 0 (0)

D TLC L

6 months -0.5¡0.7 -0.4¡1.0 0.7 -0.2¡0.5

12 months -0.3¡0.7 -0.2¡1.2 0.6 -0.4¡0.7

D FEV1 %

6 months 26¡24 6¡12 0.004 3¡14

12 months 28¡32 2¡10 0.005 -2¡22

o15% improved 12 (67) 1 (8) 0.002 1 (6)

D cycle ergometry workload W

6 months 8¡15 0¡14 0.10 -3¡7

12 months 6¡16 5¡10 0.9 -2¡9

o10 W improved 8 (44) 3 (27) 0.4 1 (7)

D 6MWD %

6 months 22¡38 -2¡19 0.03 19¡54

12 months 22¡40 0¡20 0.06 10¡44

o35 m improved 10 (56) 3 (25) 0.1 6 (38)

D SGRQ points

6 months -10¡15 -2¡14 0.2 3¡15

12 months -4¡16 2¡16 0.4 4¡11

o4 pts improved 8 (67) 4 (40) 0.4 2 (17)

D RV/TLC %

6 months -14¡11 -1¡9 0.001 -4¡11

12 months -14¡11 0¡13 0.003 -2¡10

Lost to follow-up 2 (10) 3 (18) 0 (0)

Died 0 (0) 2 (12) 1 (5)

Data are presented as mean¡SD or n (%), unless otherwise stated. D: change; TLVR: target lobe volume reduction; TLC: total lung capacity; FEV1: forced expiratory

volume in 1 s; 6MWD: 6-min walk distance; SGRQ: St George’s Respiratory Questionnaire; RV: residual volume. #: t-test comparison of the EBV-treated subgroup having

lobar occlusion and the EBV-treated subgroup not having lobar occlusion (the control subgroup having CT suggestive of complete fissure is shown for reference); ": lobar

occlusion determination was not available for seven patients; +: TLVR based on CT collected at 6 months; 1: 55% is presented as the threshold for TLVR since it was the

median shown by EBV patients with CT suggestive of complete fissure.
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distal to the valve in patients receiving EBV therapy. For EBV-
treated patients with evidence of pneumonia in the non-treated
lobe, approximately half of the pneumonias originated in the
ipsilateral lobe and half originated in the opposite lung. No
cases of empyema or massive haemoptysis were observed.

EBV-related events
Over the 12-month follow-up, the rates for valve expectoration,
aspiration or migration were 7.2% (eight out of 111) at
f90 days, 0.90% (one out of 111) between 98 and 194 days,
3.60% (four out of 111) between 195 and 284 days and 0.90%
(one out of 111) between 285 and 386 days.

DISCUSSION
The results of this study showed that greater lobar volume
reduction with EBV therapy was found in those patients who
had CT suggestive of complete fissure and lobar occlusion.
These patients had much greater improvements in FEV1,
exercise tolerance and quality of life than either the EBV
patients without these conditions or control patients. The
group of patients having successful outcomes with EBV
therapy included patients with lower emphysema heterogene-
ity. Furthermore, the subgroup of patients who were observed
to have a good clinical response to EBV therapy at 6 months
were also likely to demonstrate sustained results at 12 months.

Post hoc analyses of the results of both the USA and European
cohorts participating in the VENT study demonstrated the
strong influence that anatomical factors, such as collateral

ventilation, and technical factors, such as lobar occlusion, have
on outcomes with EBV therapy. Both of these factors are
strongly associated with lobar volume reduction elicited by
EBV treatment. In the analysis of the European cohort, we
found that the EBV-treated patients having CT suggesting
complete fissure and lobar occlusion had significantly reduced
volume reduction in the treated lobe, along with significantly
improved clinical outcomes, compared with patients who did
not have CT suggestive of complete fissure and lobar
occlusion. Our results confirmed the finding from the USA
VENT study cohort [21] that presence of complete fissure was
associated with enhanced clinical results with EBV treatment.
Notably, it has recently been reported that 5-yr survival rates
in EBV-treated patients having HRCT evidence of visible
fissures exceeded 80% [27].

In the USA VENT study, it was reported that the mean
response to EBV treatment was significantly increased in
patients having higher emphysema heterogeneity over patients
with lower emphysema heterogeneity [21]. For the analysis of
the European study cohort, we investigated clinical outcomes
in patients stratified by fissure integrity, lobar occlusion and
level of emphysema heterogeneity. In the European cohort,
some patients who demonstrated CT suggestive of complete
fissure and lobar occlusion with EBV treatment also had lower
emphysema heterogeneity scores. We found that these patients
benefited from EBV therapy. Post-procedure FEV1 and cycle
ergometry scores in this subset of patients were improved and
the subgroup median scores exceeded the scores shown by
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FIGURE 2. a) Forced expiratory volume in 1 s (FEV1), b) cycle ergometry maximum workload, c) 6-min walk distance (6MWD) test and d) St George’s Respiratory

Questionnaire (SGRQ) scores (median bounded by minimum and maximum values) at baseline and 6 and 12 months for endobronchial valve (EBV) patients having

computed tomography scans suggestive of complete fissure and lobar occlusion. The EBV patients with emphysema heterogeneity scores f15% responded well through

12 months’ follow-up compared with EBV patients with heterogeneity scores .15%. One patient in each subgroup was lost to follow-up at 6 and 12 months.
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patients with more heterogeneous emphysema. In the USA
study cohort, patients with lower emphysema heterogeneity
scores were found, on average, to have a mediated response to
EBV treatment. However, results for individual patients were
not reported. The results of the European study group suggest
that in patients having evidence of complete fissure and lobar
occlusion with EBV treatment, level of emphysema hetero-
geneity did not preclude achieving TLVR and having excellent
clinical outcomes.

The safety profile of the EBV procedure reported in the USA
cohort of patients was further validated by this study. Although
morbidity related to the procedure was observed, it was
generally minor and managed medically using conventional
therapies, such as antibiotic treatment. The EBV group demon-
strated a rate of approximately 5% for pneumothorax early after
the procedure; this is an expected event following a thoracic
procedure. In the patients who had a pneumothorax associated
with lobar volume reduction, all had substantial lobar volume
changes seen on HRCT, along with excellent clinical outcomes in
most cases. Of note, COPD exacerbations did not differ sig-
nificantly between the EBV and control groups. In fact, the rates
for both groups were almost identical at 3, 6, 9 and 12 months.

High lobar volume reduction with EBV therapy was associated
with CT suggestive of complete fissure between the treated
and adjacent lobes, an observation which suggests a lack of
collateral ventilation between lobes [19, 20] and complete lobar
occlusion. The identification of the criteria enabling successful
treatment of emphysema patients should allow clinicians to
eliminate some restrictions on patient selection, such as low
heterogeneity. A catheter-based system is showing promise in
the assessment of collateral ventilation. In a feasibility study,
collateral ventilation was quantified using the catheter system
to predict atelectasis after EBV placement [20].

In the VENT study, CT scans collected at 6 months were
evaluated for evidence that valve placement resulted in lobar
occlusion. We observed that lobar occlusion was an important
adjunct to complete fissure for achieving good clinical response
with EBV therapy. In the EBV-treated patients, those who were
classified by the core reading laboratory as showing evidence of
well-seated valves in the airways of the treated segment had
significantly improved clinical outcomes over patients who
demonstrated radiological evidence of air flow between the
valve and airway wall. Since the VENT study was completed,
technical improvements have been made to the EBV delivery
system, most notably introduction of a depth marker on the
deployment catheter, which are designed to facilitate accurate
valve placement. The depth marker ensures full seating of the
EBV device within the target lumen and minimises the risk of
incomplete lobar occlusion or potential migration.

This study had two limitations. The size of the European study
cohort lacked the power to support drawing discrete conclu-
sions in regard to the a priori clinical investigation plan. How-
ever, the findings support those of the USA VENT study [21].
The EBV treatment was associated with significantly improved
clinical outcomes over medical management, although the
difference, in some cases, was of borderline statistical signi-
ficance. Additionally, CT suggestive of fissure integrity and
lobar occlusion were important correlates of clinical response.
One potential disadvantage of the VENT study design was the
choice of control group. A sham procedure was not performed
as the control, as this was not deemed an appropriate com-
parator at the time the study was planned. Sham procedures
may be important, particularly when clinical assessments
include quality of life measures. Nevertheless, the principal
clinical measures in this study included objective parameters,
such as volume reduction as determined using blinded
assessment of CT scans, pulmonary function, and exercise

TABLE 4 Serious complications in endobronchial valve (EBV) therapy and control patients (0–386 days)

Event Up to 3 months

(,97 days)

3–6 months

(98–194 days)

6–9 months

(195–284 days)

9–12 months

(285–386 days)

EBV

therapy

Control p-value EBV

therapy

Control p-value EBV

therapy

Control p-value EBV

therapy

Control p-value

Patients n 111 60 111 60 111 60 111 60

Death 1 (0.9) 1 (1.7) 1.00 2 (1.8) 0 0.54 2 (1.8) 0 0.54 1 (0.9) 3 (5.0) 0.12

Respiratory failure 4 (3.6) 1 (1.7) 0.66 3 (2.7) 3 (5.0) 0.42 3 (2.7) 1 (1.7) 1.00 0 1 (1.7) 0.35

o24 h ventilation 2 (1.8) 0 0.54 2 (1.8) 1 (1.7) 1.00 3 (2.7) 0 0.55 0 1 (1.7) 0.35

Haemoptysis 6 (5.4) 1 (1.7) 0.42 4 (3.6) 0 0.30 1 (0.9) 0 1.00 3 (2.7) 0 0.55

Massive 0 0 1 (0.9) 0 1.00 0 0 0 0

Pneumothorax or air leak 5 (4.5) 0 0.16 1 (0.9) 0 1.00 1 (0.9) 0 1.00 2 (1.8) 0 0.54

.7 days 4 (3.6) 0 0.30 1 (0.9) 0 1.00 1 (0.9) 0 1.00 0 0

Empyema 0 0 0 0 0 0 1.00 0 0

Pneumonia not distal to valve 4 (3.6) 1 (1.7) 0.66 2 (1.8) 0 0.54 4 (3.6) 1 (1.7) 0.66 3 (2.7) 0 0.55

Pneumonia distal to valve 4 (3.6) 2 (1.8) 0 1 (0.9) 0

COPD exacerbation 47 (42.3) 28 (46.7) 0.63 36 (32.4) 19 (31.7) 1.00 16 (14.4) 9 (15.0) 1.00 17 (15.3) 12 (20.0) 0.52

With hospitalisation 13 (11.7) 6 (10.0) 0.80 13 (11.7) 7 (11.7) 1.00 12 (10.8) 3 (5.0) 0.26 4 (3.6) 2 (3.3) 1.00

Without hospitalisation 31 (27.9) 23 (38.3) 0.17 21 (18.9) 13 (21.7) 0.69 6 (5.4) 6 (10.0) 0.35 13 (11.7) 10 (16.7) 0.36

Data are presented as n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease.
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performance, which are all less likely to be influenced by a
placebo effect.

Unilateral lobar occlusion with EBV therapy proved effective
in achieving TLVR and improving lung mechanics, exercise
performance, and health-related quality of life measures in
European patients with emphysema. Patients having CT
suggestive of complete fissure and lobar occlusion with the
EBV demonstrated significantly improved clinical results with
EBV therapy. Results of EBV therapy in emphysema patients
are optimised when the target treatment lobe shows no
evidence of collateral ventilation and where valves are placed
to achieve lobar occlusion. This data suggests that the most
important factors determining success are related to anatomi-
cal factors (collateral ventilation) and technical factors (com-
plete lobar occlusion). Further study should be conducted to
determine whether broader groups of emphysema patients can
achieve the significant clinical benefits demonstrated by this
subgroup of patients. This study showed that EBV therapy was
used to achieve good results when a lobe having no evidence
of collateral ventilation is completely occluded with EBVs.
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