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Abstract: In recent years a number of endoscopic methods have emerged to treat patients with severe

emphysematous type of chronic obstructive pulmonary disease (COPD), who are primarily symptomatic due

to hyperinflation despite optimal medical management. Of these techniques, implantation of endobronchial

one-way valves into targeted airways of isolated emphysematous lobes appears to be one of the most

promising innovations. Results from randomized controlled trials of valve therapy for emphysema show

consistent benefits in terms of lung function, exercise capacity, symptoms, and quality of life. This review

aims to provide a comprehensive summary of the currently available scientific data, discussion of typical

treatment related side effects, and recommendations for patient selection in clinical practice.
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Introduction

Subjects with severe emphysema remain significantly
disabled despite optimum medical therapy, pulmonary
rehabilitation and long-term oxygen therapy. These
therapies, however, have limited ability to reverse or remove
the hyperinflation caused by the alveolar destruction. Lung
volume reduction surgery (LVRS) involves resection of areas
of diseased lung to reduce hyperinflation and to improve
breathing mechanics (1). The National Emphysema
Treatment Trial (NETT) study demonstrated that this
procedure can provide clinical benefits in selected subject
groups: subjects with predominantly upper lobe disease and
low-exercise capacity (2). However, surgical Lung volume
reduction (LVR) is associated with significant morbidity and
mortality with a 3-month postoperative mortality rate of
5-10% and a nonfatal complication rate of 60% (3). Other
articles in this issue of the journal will focus in more depth
on appropriate patient selection and outcomes of LVRS.
Since the publication of the NETT study results a
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number of different, potentially less invasive methods have
been studied, to achieve the clinical benefits of surgical
LVR with a better safety profile. Of these, bronchoscopic
LVR through the implantation of one-way valves has the
largest body of scientific data available to date. The present
review will critically discuss the currently available literature
related to valve therapy, some procedural aspects, and the
potential impact of both for clinical practice.

Valve technology

Two valve systems have been designed to ensure volume
reduction and at the same time accommodate drainage
of mucus. The first is the Zephyr Endobronchial Valve
(EBV) system (Pulmonx Inc., Palo Alto, Calif., USA). It
is constructed from biocompatible materials and is easy
to deploy and remove. It has an outer cylindrical frame
with a circumferential wire mesh and a central lumen that
anchors a duck bill-shaped one-way valve. Different sizes
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Figure 1 Endobronchial valves (Zephyr valve system, Pulmonx) (A) and intrabronchial valves (Spiration valve system, Spiration/Olympus) (B).

and lengths of the valves are available to ensure lobar
occlusion, despite variable airway anatomy leading to the
target lobe (Figure 14). Spiration/Olympus (Spiration Inc.,
Redmond, Wash., USA) manufactures the second valve
system, the Intrabronchial Valve (IBV). This system has an
umbrella design in which an elastomer covering is stretched
over a nitinol wire frame that anchors the device in place
(Figure 1B). During breathing, expiratory flow under
pressure can escape from the lung around the edges of
the flexible covering, but is prevented from flowing in the
forward direction. Similar to the EBV, the IBV is available
in multiple sizes and deployed into the airways through a
flexible bronchoscope using a delivery catheter, and is easy
to remove.

Pathophysiologic impact of valve therapy

The aim of valve treatment is to block the inspiratory
airflow into targeted, hyperinflated regions of the lung,
while allowing air to escape upon exhalation (4). Reducing
the overall size of the hyperexpanded emphysematous
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lung produces space within the less compliant chest cavity
for the remaining lung to expand and thereby improving
overall lung mechanics and respiratory muscle function
during inspiration. Figure 2 shows X-rays from a patient
who underwent valve treatment in the left upper lobe,
with subsequent development of left upper lobe atelectasis.
Reducing hyperinflation through valve therapy has been
shown to be associated with improvements in chest-wall
asynchrony (5), and a reduction in the work of breathing
translating into increased exercise capacity (6). The latter
observation is most likely due to airflow redistribution into
areas of the lung with better elastomechanical properties,
thereby reducing not only static, but also dynamic
hyperinflation during exercise (6,7). Endobronchial
blockade with one-way valves is furthermore associated with
a reduction in regional perfusion. Pizarro e al. (8) studied
26 patients with heterogeneous emphysema who underwent
EBV therapy due to severe symptomatic hyperinflation.
Lung scintigraphy was done prior to valve therapy and
eight weeks thereafter. Target zone perfusion showed a
mean relative reduction of 43% and was associated with
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Pre valve treatment

Post valve treatment

Figure 2 Pre- and post-procedural X-rays from a patient who underwent valve therapy for severe emphysema. The left image shows the

preprocedural X-ray from a female patient with severe emphysema. The right image shows the X-ray obtained 1 week after valve therapy

in the left upper lobe. Note evidence of left upper lobe atelectasis (white arrow) and an elevated diaphragm (black arrow). The patient

responded favourably to the treatment with an improvement in her symptoms, lung function, and exercise capacity.

perfusional redistribution to untreated areas of the lung.

Benefits of volume reduction, however, extend beyond
improvements in respiratory function. In a pilot study with
a sample size of six patients, Eberhardt and colleagues (9)
reported a decrease in mean pulmonary artery pressure
and pulmonary capillary wedge pressure using right heart
catheterization prior to and at 90 days post successful valve
therapy. The hemodynamic changes were further associated
with improvements in cardiac index, an observation consistent
with effects of surgical LVR on cardiovascular function (10).
A similar observation was made by Pizarro et al.,
who demonstrated improved right ventricular function
using echocardiography before and after 8 weeks following
valve treatment in patients with severe emphysematous type
of chronic obstructive pulmonary disease (COPD) (11).

Improvements in cardiovascular function after effective
LVR may be due to improvements in preload and
reductions in the afterload, therefore promoting improved
cardiac function (10). Furthermore, there is evidence of
a more effective work of breathing after LVR, which may
lead to an attenuation of oxygen consumption of respiratory
muscles (12). It has also been hypothesized that the increase
in cardiac index is in part due to capillary recruitment of the
previously compressed lung zones (13).
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Early phase clinical trials and predictors of
success

The first randomized controlled trial (RCT), the
Endobronchial Valve for Emphysema Palliation Trial
(VENT) prospectively studied the efficacy and safety
of EBV therapy (14). The study had a US cohort and a
European cohort. Eligibility criteria included a diagnosis
of heterogeneous emphysema (based on quantitative and
visual indices of lobar emphysema severity using the NET'T
scoring criteria), a forced expiratory volume in 1 s (FEV))
of 15-45% predicted, and evidence of hyperinflation with
a total lung capacity of more than 100% and a residual
volume (RV) of more than 150% predicted despite
optimized medical management. Before randomization,
patients underwent 6-8 weeks of pulmonary rehabilitation.
High-resolution computed tomography (HRCT) performed
at baseline and at 6 months was used to determine eligibility
as well as treatment outcomes. All images were analyzed
at a core laboratory. The target lobe was the one with the
most emphysematous destruction and the most severe
hyperinflation. In the US cohort of this study, 220 patients
were randomized to valve therapy and were compared
with 101 patients randomised to a control group that

7 Thorac Dis 2018;10(Suppl 23):52780-S2796



Journal of Thoracic Disease, Vol 10, Suppl 23 August 2018

continued to receive standard medical care (14). Primary
end points were changes in FEV, and 6-minute walking
distance (6MWD). A total of 820 valves were inserted in the
treatment group (median 4, range 1-9 per patient). Results
showed statistically significant improvements in lung
function, exercise tolerance and quality of life, however,
failed to meet criteria for the minimal clinically important
difference (MCID) for these outcomes. The FEV,
improvement of the treatment arm was 4.3% as compared
with a decrease of 2.5% in the control group, resulting in a
mean between-group difference of 6.8%.

Two main factors have contributed to the lack of clinical
benefits in response to valve therapy in this study:

(I) Collateral ventilation: In the context of valve
therapy, it is characterised as ventilation between
adjacent lobes of the lung, a phenomenon both
present in normal human lungs and in patients
with emphysema (15). The reported prevalence of
incomplete fissures is as high as 85% for the right
major fissure, 74% for the left major fissure, and
90% for the minor fissure (16). As a result, when
endobronchial valves are placed, lobar volume
reduction is not achieved as air is still able to
enter the lobe via interlobar collateral pathways.
Incomplete interlobar fissures detected on a high-
resolution scan may be indicative for the underlying
parenchymal fusion between adjacent lobes, and
consequently predict collateral ventilation via
channels that bypass the usual airways. However, as
the impact of collateral ventilation on the outcome
of valve therapy was not appreciated at the time of
designing the VEN'T study, both patients with and
without collateral ventilation were included;

(II) Lobar occlusion: of those patients who underwent
a 6 months follow-up CT scan in the VENT
study, 44% were found to have incomplete lobar
occlusion due to malpositioning, expectoration,
and/or migration of at least one valve (14).
Incomplete lobar occlusion with valves allows air
to enter upon inspiration, thus preventing lobar
volume reduction in the presence of intersegmental
collateral ventilation.

When these two major criteria (complete fissures
and lobar occlusion) were met, the minimally clinically
important difference thresholds for FEV, cycle ergometry
workload, 6MWD and St. George’s Respiratory
Questionnaire (SGRQ) based on an analysis of the
European cohort of the VENT study were met by 67%,
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44%, 56%, 67% of emphysema patients at 12 months,
respectively (17). Importantly and in contrast to the NETT
study results, valve therapy appears to be equally effective in
upper and lower lobe predominant emphysema (18).

The above-mentioned predictors for treatment success
are similarly responsible for the absence of clinically
meaningful outcomes in the randomized multicenter, sham-
controlled European IBV treatment study (19). Patients
with upper lobe predominant severe emphysema were
randomised to bronchoscopy with (n=37) or without (n=36)
IBV valves for a 3-month blinded phase. Per protocol, one
segment or sub-segment of the right upper lobe and the
lingula segments of the left upper lobe were not treated
to achieve incomplete occlusion of the upper lobes and to
prevent lobar atelectasis. The aim of this treatment strategy
was to shift the ventilation to adjacent untreated lobes, but
avoiding full lobar atelectasis, due to an increased risk of
complications observed with atelectasis in an earlier pilot
study (20). In the European IBV study a mean 7.3%+9%
lobar volume reduction evaluated by CT volumetry was
achieved, which did not translate into clinically meaningful
improvements in lung function, symptom scores, exercise
capacity, or arterial blood gas analysis.

In a direct comparison of the above mentioned two
strategies, Eberhardt and colleagues (21) previously
confirmed superiority of unilateral lobar occlusion over
bilateral segmental upper-lobe treatment with incomplete
lobar occlusion. In this prospective, randomized, single-
center study, 22 patients were randomized, 11 patients
treated with IBV in each arm. Both at 30 and 90 days,
significant differences were seen in lung function, symptom
scores, and exercise capacity, in favor of unilateral
treatment.

Assessing collateral ventilation

The assessment of collateral ventilation can currently by
achieved via two different methods, CT-based assessments
of fissure integrity and real-time flow measurement-based
recordings of collateral ventilation using the Chartis system.

Thoracic HRCT scan, which has been used for
detection of emphysema severity and disease distribution,
can further be used to assess the integrity of interlobar
fissures. Visual evaluation of fissure completeness requires
assessment of fissure continuity on multiple planes of chest
CT scan reconstructions, a time-consuming process with
considerable inter-reader variability, particularly with
respect to the minor fissure (22). In fact, it has previously
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Figure 3 Chartis measurements during mechanical ventilation. The left image demonstrates a Chartis recording of a patient without

collateral ventilation, characterized by a gradual reduction in target lobar flow. The right image demonstrates a Chartis recording of a

patient with persistent flow in the target lobe, despite occlusion with a balloon, indicating collateral ventilation.

been demonstrated that there is only little agreement
between chest physicians and experienced radiologists
in visual fissure analysis (22). Alternatively, automated
computer-based schemes assessing fissure integrity have
been described and tested (23,24). These measurements
are potentially more robust, precise, and reproducible. On
the other hand, they usually require specific software, with
significant measurement variations for emphysema between
different software tools (25).

Real-time assessment of collateral ventilation can be
achieved via an endoscopic catheter-based technique (26).
The Chartis Pulmonary Assessment System consists of
a single-patient-use catheter with a compliant balloon
component at the distal tip, which upon inflation
blocks the airway. Air can then flow out from the target
compartment into the environment through the Chartis
catheter’s central lumen, and is displayed on a connected
console. Airway resistance can be calculated and collateral
ventilation identified in isolated lung compartments. The
assessment can be performed during spontaneous breathing
or mechanical ventilation under general anesthesia.
With increasing experience, measurement artifacts are
observed in as little as 8% of recordings, thus providing
physicians a reliable tool for the detection of collateral
ventilation (27). A flow reduction below 20% of baseline
measurements is being considered the threshold for the
exclusion of clinically meaningful collateral ventilation (27)
(Figure 3). Clinical applicability of the Chartis System was
prospectively investigated in a prospective multicenter
trial of 96 patients (of which only 80 were available for
final analysis) (28). In this study, patients without collateral
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ventilation demonstrated a median target lobar volume
reduction (TLVR) of 752 mL and a mean 16%=+22%
FEV, improvement from baseline, together with quality
of life improvements (SGRQ: -10 points) at 30 days
postprocedurally. Expectedly, there was no significant
TLVR and no clinical benefits in patients with collateral
ventilation. Overall, the Chartis assessment was able to
predict the response to valve therapy with 71% accuracy.

In a direct comparison of both techniques, HRCT fissure
analysis and the Chartis System were found to be equally
effective for predicting the response to valve therapy (29).
According to a study by Gompelmann ez 4/. (30) the Chartis
method had an accuracy of 74% and fissure analysis an
accuracy of 77%, when using a TLVR of 350 mL or greater
as a surrogate of treatment success. Both methods were
concordant in two-thirds of the patients, thus a certain
proportion of patients may require assessment with both
techniques to provide a high likelihood of treatment
response.

RCTs in patients with low collateral ventilation

The following RCTs conducted with the EBV subsequently
examined the efficacy of valve therapy only in those with
low or absent collateral ventilation. In the “Bronchoscopic
lung volume reduction with endobronchial valves for
patients with heterogeneous emphysema and intact
interlobar fissures” (BeLieVeRHiF1i) study, patients with
complete fissures on CT (n=25) were treated with valve
therapy and were compared to a control group that received
sham bronchoscopy without valve placement (n=24) (31).
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The primary endpoint was the percentage change in
postbronchodilator FEV| measured 90 days postprocedure.
Four treated patients, despite having complete fissures on
CT as a criterion for study entry, had collateral ventilation
detected by the Chartis system. The data for these patients
were included in the intention-to-treat analysis. In the
treatment group FEV| increased by a mean of 24.8%
(median 8.7%) in the valve group and 3.9% in the control
group at 3 months. This result was accompanied by
significant improvements in lung volumes and exercise
capacity, however, symptom improvements using COPD
Assessment Test (CAT) and SGRQ were not statistically
significant between the groups. Importantly, improvements
in exercise capacity were associated with treatment related
improvements in spirometry (FEV)) and lung volumes. A
follow-up report including patients from the control group
crossing over to valve treatment confirmed the results
reported in the initial treatment arm, with a mean 27%
FEV, improvement (32).

In the STELVIO (Endobronchial Valves for Emphysema
without Interlobar Collateral Ventilation) trial, eighty-
four patients were screened and underwent baseline
bronchoscopy (33). Of these patients, 16 were excluded
because they had collateral ventilation or because the airway
anatomy was not suitable for valve placement, resulting
in a total of 68 patients who were randomly assigned to
a valve treatment group (n=34) or control group (n=34).
A median of 4 endobronchial valves (range, 2-7) were
placed per patient, with a median procedure time of
18 minutes (range, 6-51 minutes). In the intention-to-treat
population, improvements in FEV| (mean 20.9% EBV us.
3.1% control), forced vital capacity, and 6-minute walk test
(6MWT) were significantly greater in the valve treatment
group compared with the control group. Noteworthy,
repeated bronchoscopy was deemed necessary in 35% of
patients in the EBV group, due to permanent valve removal
because of recurrent pneumothorax, changes in airway
anatomy after atelectasis, pneumonia or lack of efficacy.
Outcomes were expectedly of larger magnitude in the 25
EBV treated patients who completed the study, with mean
improvements in exercise capacity of 106 meters in the
6MWT and -14.7 points in the SGRQ. Patients in the
control group who crossed over to valve treatment at 6 and
12 months had similarly improved COPD outcomes (34).

The TRANSFORM study was a prospective, multicenter
2:1 RCT of EBVs plus standard of care versus standard of
care alone (35). Primary outcome was the percent of patients
with a FEV, improvement from baseline of 12% or greater
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at 3 months post-procedure. Ninety-seven subjects were
randomized to EBV (n=65) or standard of care (n=32). At
3 months, 55.4% of EBV and 6.5% of SoC subjects had an
FEV, improvement of 12% or greater. Improvements were
maintained with patients in the EBV group demonstrating a
20.7%+29.6% increase in FEV| at 6 months compared with
baseline. The mean TLVR derived from HRCT analysis
was 1.09£0.62 L, which translated in significant reductions
in RV measured using body plethysmography (-700 mL
AEBV-SoC).

The recently published LIBERATE trial is the
first multicentre RCT in patients with heterogeneous
emphysema that provides follow-up data at 12 months
post-EBV therapy (36). The primary outcome was the
responder rate of treated patients vs. controls with a >15%
post-bronchodilator FEV| improvement from baseline. In
fact, at 12 months 48% of EBV treated patients fulfilled
this criterion, the responder rate in controls was 17%.
Consistent with above mentioned studies, there were
statistically and clinically meaningful improvements in
exercise capacity, quality of life, and hyperinflation. In a
previously unreported analysis supplemental oxygen usage
at 12 months was evaluated postprocedurally. A larger
proportion of EBV subjects compared to SoC (16% wvs. 7%,
respectively) used less oxygen whereas a larger proportion
of SoC subjects compared to EBV (22% vs. 11%,
respectively) used more oxygen at 12 months as compared
to their baseline usage. In the majority of patients,
however, there was no substantial change in oxygen usage,
despite substantial improvements in hyperinflation related
symptoms.

The IMPACT study was the first major prospective
trial to evaluate the efficacy and safety of EBV in patients
with exclusively homogeneous emphysema and absence
of collateral ventilation (37). For patients with severe
homogeneous emphysema, treatment options are limited in
general. LVRS is not recommended in this specific cohort of
patients due to its variable success and increased mortality
risk (2). As subgroup analysis from previous reports (17,33)
indicated beneficial outcomes for valve therapy independent
of interlobar heterogeneity, the IMPACT study was
designed as a prospective, multicenter 1:1 RCT of valve
therapy versus standard of care. The primary outcome was
the percentage change in FEV, at 3 months relative to
baseline in the EBV group vs. the standard of care group.
Secondary outcomes included changes in FEV|, SGRQ,
6MWD and target lobe volume reduction. Collateral
ventilation was assessed using the Chartis System. Potential
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subjects underwent HRCT to confirm homogeneity in a
core-lab using computerized software. Only those subjects
with a heterogeneity index (difference in destruction scores
between potential target and ipsilateral lobes) below 15%
were considered eligible for the study. A potential target
lobe was identified on the basis of the highest destruction
score and lowest perfusion using perfusion scintigraphy.
Qualifying subjects were randomized at a 1:1 ratio into
the EBV treatment or no EBV treatment arm. Both
groups continued to receive standard of care treatment for
COPD. The results demonstrated statistically significant
and clinically meaningful improvements in lung function,
exercise capacity and quality of life in EBV-treated patients
versus the standard of care only group. There was a mean =
standard deviation between group difference for the change
in FEV, of 18.8%+22.1%, 40-meter difference in 6MWD,
and a 10-point difference in SGRQ, both in favor of the
EBV group.

Table 1 provides responder rates for the above mentioned
RCTs in the per-protocol population, i.e. for patients who
were treated with valves and were available for follow-up
assessments.

In addition to the above-mentioned studies with the
EBV, a RCT utilizing the IBV System in patients with
severe emphysema and complete fissures has been presented
recently (38). The REACH study included 101 patients
who were randomized 2:1 to receive either IBV valves
(with the intention of achieving lobar occlusion) or optimal
medical management. Statistically significant and clinically
meaningful improvement in mean FEV, were observed for
the treatment group at the 1-, 3-, 6- and 12-month visits
(16.8%, 14.2%, 20.7%, 22.8%). Significant improvements
were also observed for quality of life measures and 6MWD,
however, further information is lacking at this moment due
to pending publication of the manuscript.

Safety of valve therapy

The most common severe complications of endobronchial
valve placement include pneumothorax, COPD
exacerbations, pneumonia, and/or valve dislocations.

Valve associated pneumothorax

The pneumothorax rate associated with valve treatment
is between 20% and 30% according to the most recent
clinical trials (33,35-37). As every pneumothorax can be
life threatening in these patients with limited respiratory
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reserve, there is a need for a standardized pneumothorax
management in this particular patient population.
An algorithm for the management of valve associated
pneumothorax has been previously published, which
provides a useful guidance for physicians performing
valve therapy (39). These recommendations outline a
strategy depending on the size and clinical impact of the
pneumothorax, involving valve removal in the presence
of prolonged air leak and subsequent medical and/or
surgical pneumothorax management. As the large majority
of pneumothorax events occur within the first 48 hours
and require chest tube placement, current practice in
many institutions is to admit patients to hospital for at
least 5 days following insertion of valves for emphysema.
Particularly, patients with significant volume reduction
on post procedure chest X-rays and those with pre-
procedural pleural adhesions (in the adjacent untreated
lobe) may present a higher risk of pneumothorax (40).
Patients should be instructed to report to medical
institutions immediately in the presence of signs and
symptoms of a pneumothorax. Herzog and co-workers (41)
recommend limiting physical activity with bed rest
and pharmaceutical cough suppression within the first
48 hours of valve therapy to reduce the periinterventional
pneumothorax event rate. The authors hypothesized
that biomechanical forces during breathing (during
exertion) and coughing may promote the development of
pneumothorax. In a retrospective study they were able to
observe a lower pneumothorax risk (5%) with the above
mentioned modified postinterventional approach, when
compared with standard medical care (25%), that did
not include specific restrictions on physical activity or
cough suppression. Given the magnitude of difference
in pneumothorax risk observed and the potential clinical
relevance, these findings need to be formally replicated in
a prospective, randomized study, before introducing them
into routine clinical care.

Lower respiratory tract infections and COPD exacerbations

Prophylactic antibiotics and a short course of systemic
steroids has been obligatory throughout all clinical trials
of valve therapy, and is being continued as part of standard
of care at most institutions since then. Despite this
pharmaceutical strategy, up to 20% of patients develop
lower respiratory tract infections within the first three
months after the procedure, manifesting as acute COPD
exacerbations, bronchitis, and/or pneumonia events
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Table 1 Responder rates in the valve treatment group based on Chartis assessment in patients with severe, emphysematous type of COPD

(per protocol population for all studies, intention-to-treat analysis for the Liberate study)

Clinical trial*

Parameters BelieverHiFi (31) STELVIO (34) TRANSFORM (35) LIBERATE (36) IMPACT (37)

(n=19) (n=25) (n=50) (n=128) (n=33)
Baseline FEV,, 3110 29+7 30+9 28+7 286
Y%predicted
Residual volume, 219+39 216+36 249+52 224+42 277+55
Y%predicted
Responder variable Outcome at Qutcome at Qutcome at Outcome at Outcome at
(MCID threshold) 3 months 6 months 6 months 12 months 3 months
FEV, (=10%, 12%, or 47 78 66 48 42
15%) (%)
6MWD (26 m) (%) 63 87 65 42 48
SGRQ (-4 points) (%) 58 79 66 56 67
Pneumothorax rate, 8 18 29 27 25
%treated patients
Remarks Sham-controlled Single-center; Multicenter trial; Multicenter trial; Multicenter trial;

trial; single-center;
FEV, responder

FEV, responder
based on >10%

based on =15% improvement;
improvement; NETT ~ homogeneous and
scoring system heterogeneous
for heterogeneity; patients included;
procedures conscious

performed under
moderate sedation

sedation or general

anesthesia used

FEV, responder
based on >12%
improvement;
heterogeneous
emphysema with
>10% difference
in destruction
score between
lobes; conscious

sedation or general

anesthesia used

FEV, responder
based on =15%
improvement;
heterogeneous
emphysema with
>15% difference
in destruction
score between
lobes; conscious

sedation or general

anesthesia used

FEV, responder
based on >12%;
exclusively
homogeneous
emphysema with
<15% difference
in destruction
score between
lobes; conscious

sedation or general

anesthesia used

In all of the above-mentioned studies statistically significant differences were observed compared with responder rates in controls.
*, patient numbers (N) for outcomes based on available results for FEV, responder data. MCID, minimal clinical important difference; FEV;,
forced expiratory volume in 1 s; 6BMWD, 6-minute walking distance; SGRQ, St George’s Respiratory Questionnaire.

(31,33,35,37). While the true origin of these events is
not entirely clear, recent studies have provided evidence
of bacterial growth in the presence of endobronchial
valves, which were detected during sampling of secretions
at follow-up bronchoscopies (42). It remains yet to be
established whether these microorganisms are responsible
for the above-mentioned adverse events or whether they
should be considered colonisation without clinical impact.
However, in the presence of repeated exacerbations and/
or postobstructive pneumonia, removal of valves should be
considered until full clearance of the infection and clinical
stability is ensured. Replacing valves may be an option after
careful risk-benefit assessment and patient shared decision
making.
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Valve dislocation and migration

Valve dislocation is rare and usually associated with
inappropriate sizing and/or placement. It should be
suspected in patients with sudden loss of efficacy and/or in
the presence of a severe intractable cough. A chest CT scan
with or without bronchoscopy may be necessary to confirm
the correct position of the valves in the target region. Valve
replacement may be necessary in more distal airways to
ensure sufficient (Iobar) occlusion.

Patient selection in clinical practice today

In order to be considered eligible for valve therapy, a
number of selection criteria should be applied prior to
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Table 2 Patient selection criteria for valve therapy in emphysema (based on Slebos et 4/.) (43)

Clinical and medical history

Symptomatic despite optimal medical management

Patient should not have >3 severe exacerbations in previous 12 months

6MWD >100 m (consider pulmonary rehab if <200 m)

Rule out bronchiectasis with chronic sputum production

Rule out patients with lobectomy, surgical lung volume reduction and/or pleural procedures on the treatment side

Lung function

FEV, <50%, TLC >100%, RV >175%
Arterial blood gas analysis

paO, >45 mmHg on room air

paCO, <60 mmHg on room air
Thoracic CT scan

Perform HRCT with coronal, sagittal and axial reconstructions

Confirm evidence of severe emphysema with regional signs of hyperinflation

Rule out severe bullous emphysema adjacent to target lobe

Rule out interstitial lung disease, pulmonary nodule or infiltrate in the target lobe, and severe pleural thickening or pulmonary scarring on

the target side

Cardiac assessment

Rule out moderate and heart failure with left ventricular function <35%

Treat patients with pulmonary hypertension (sPAP >45 mmHg) with caution (experienced centres, only)

Rule out unstable cardiovascular disease, i.e., recent (<6 months) myocardial infarction, malignant arrhythmias, and/or stroke, aortic

aneurysm requiring surgery

FEV,, forced expiratory volume in 1 s; TLC, total lung capacity; RV, residual volume; 6MWD, 6-minute walking distance; sPAP, systolic

pulmonary artery pressure.

potential valve placement (7able 2). For more information
please refer to a recent standard of practice review, which
provides a more in-depth review of the below eligibility
criteria and procedural aspects (43).

Medical history and comorbidities

A prerequisite for further evaluation of a patient for
endoscopic valve therapy is optimum medical management
of the underlying disease per national or international
guidelines. This includes, but is not limited to maximum
inhaler therapy, ensuring treatment adherence, smoking
cessation prior to valve therapy, vaccinations, and/or
oxygen therapy if required. Patients that are considered
clinically unstable despite optimal medical management,
with more than three severe COPD exacerbations in the
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previous 12 months should be excluded until stabilized.
Similarly, endoscopic valve therapy should not be performed
in patients with symptomatic bronchiectasis and chronic
sputum production with microbiological colonization, such
as pseudomonas or methicillin-resistant Staphylococcus aureus
(MRSA). Patients with unstable cardiovascular disease such as
severe heart failure [left ventricular ejection fraction (LVEF)
<35% despite optimal medical management], unstable cardiac
arrhythmia, myocardial infarction or stroke within the past
6 months should also be excluded until stabilized or
improved. Although not an absolute contraindication,
patients with evidence of pulmonary hypertension and
systolic pulmonary artery pressure greater than 45 mmHg
(using echocardiography and/or right heart catheter
measurement) should be treated with caution at experienced
centers.
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Hyperinflation with emphysema

Figure 4 Radiological phenotypes of severe COPD. CT scans from two patients with similar age, gender, body-mass-index, smoking

history, lung function impairment, and degree of hyperinflation. However, one CT scan demonstrates severe emphysema (right), while the

other scan (left) demonstrates substantial airway wall thickening and some degree of bronchiectasis. COPD, chronic obstructive pulmonary

disease.

Surgical bistory

Patients who have had thoracic surgical procedures, such
as bullectomies, lobar, segmental- or wedge resections on
the contralateral lung may be potential candidates for valve
therapy if they meet the other eligibility criteria. Patients
with prior surgery on the same side as the target lobe
(including bilateral lung transplant or previous bilateral
LVRS), or patients with previous pleurodesis should
be excluded due to pleural adhesions and compliance
restrictions in the remaining lobes.

Lung function and exercise capacity

There are no absolute spirometry cut-offs when considering
patients for valve therapy. In clinical practice, however, most
patients have a post-bronchodilator FEV, below 50% and
as low as 15% (44). Since valve therapy works primarily by
reducing lung hyperinflation, it is crucial to select patients
with evidence of hyperinflation, as measured by a total
lung capacity >100% and RV >175%. While the role of
diffusing capacity of the lung for carbon monoxide (DLCO)
has been questioned in more recent trials of valve therapy
for emphysema, it should be remembered that a diffusion
capacity below 20% of predicted value has been associated
with an increased mortality in surgical LVR procedures (2).
The periinterventional risk may also be increased in
patients with very low baseline exercise capacity, thus expert
recommend a trial of pulmonary rehab in patients with a
6MW'T <200 meters and then reassessment (42).
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Arterial blood gas analysis

Patients with severe hypercapnia (>60 mmHg on room air)
and/or severe hypoxemia (<45 mmHg on room air) should
be excluded from valve treatment. Patients with hypercapnia
may be reevaluated after at least 3 months of regular non-
invasive ventilation and subsequent clinical stability and
improvements in paCO, levels.

Chest CT

A thin slice (0.5 to 1.5 mm) volumetric HRCT should
be performed to evaluate the degree and distribution of
emphysema. Figure 4 provides example CT scan images
from a patient with and without severe emphysema, despite
similar clinical and functional characteristics. Coronal,
sagittal and axial reconstructions of the HRCT are useful to
determine potential target lobe(s), based on regional signs
of hyperinflation, parenchymal destruction, heterogeneity
between lobes, and interlobar fissure integrity. When assessing
these scans, it should be noted that some patients may
exhibit a degree of intralobar segmental heterogeneity (45).
In the presence of “preserved” lung tissue segments within
a diseased lobe, lobar atelectasis may potentially worsen
ventilation perfusion ratio, thus compromising oxygenation
levels. Furthermore, the HRCT should be carefully reviewed
for findings, such as bulla and/or pleural adhesions in
adjacent lobes, but also other pulmonary pathologies, such as
suspicious nodules, infiltrates, cavities, severe bronchiectasis,
paraseptal emphysema, interstitial lung disease, fibrosis or

7 Thorac Dis 2018;10(Suppl 23):52780-52796
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Summary

Results
RUL RUL+RML
% fissure
completeness @ 1899
% voxel density
less than =910 HU
% voxel density
less than —950 HU 52 46
Inspiratory 1332 1690
volume (mL) ’ )
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>70% voxel density
less than -910 HU

60-70% voxel density
less than =910 HU

50-60% voxel density
less than -910 HU

<50% voxel density
less than =910 HU

- >95% fissure completeness

s 80-95% fissure completeness

<80% fissure completeness

RML LUL LLL
900 899 98.8 98.8
56 59 0 52
24 27 54 28
358 1,493 1,393 1,435

Figure 5 Emphysema quantification and interlobar fissure integrity report. The report indicates severe, bilateral, upper-lobe predominant

emphysema with complete major fissures. Based on the report the patient may qualify for valve treatment in either left upper or right upper lobe.

other abnormalities that may be associated with an increased
periinterventional risk or poor outcomes (43).

After radiological exclusion criteria have been ruled out
by visual assessment, emphysema quantification may be
applied to quantify severity and distribution of emphysema
beyond the limitations of the naked eye. Multiple software
solutions exist to date and both valve producing companies
provide a service for analysis of anonymized HRCT scans,
to guide physicians in the treatment planning. These reports
provide data on lobar volumes, emphysema destruction
scores, fissure integrity and heterogeneity indices, based
on -910, -920, and/or -950 HU. Figure 5 provides an
example report for emphysema quantification (StratX
report, Pulmonx). However, it is important to acknowledge
that there is substantial inter-software variability with
disagreement in the assessments of lobar volumes and
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emphysema indices between different software protocols
applied (46). Thus, it is recommended to keep the scanning
protocol and quantification software for longitudinal
emphysema monitoring constant.

Perfusion scintigraphy

The information obtained by perfusion scintigraphy is
limited by the methodologically inevitable stratification
into craniocaudal lung zones rather than lobes. In
patients with multiple potential target lobes, however,
perfusion scintigraphy, especially in homogeneous or mild
heterogeneous emphysema, may be additionally helpful
to identify the target lobe (37). On the other hand, a
high perfusion in the untreated ipsilateral lobe is a strong
predictor of exercise capacity after valve therapy (47).
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The bronchoscopic procedure

A treatment plan should be developed prior to the
procedure, starting with the selection of the target lobe,
based on disease distribution and presence or absence of
complete interlobar fissures. Based on the information
obtained from quantitative CT assessment an individualized
approach is recommended when to use the Chartis System
and when there is no need for real-time confirmation of
collateral ventilation. In this context, a lobe with an adjacent
fissure integrity score below 80% should not be considered
eligible for valve treatment, due to a high predictive value
of treatment failure based on HRCT alone (48). On the
other hand, a patient with a fissure integrity score greater
than 95% next to the target lobe may be offered valve
treatment with a high success rate, the Chartis assessment
being optional in those cases. If the fissure integrity is
between 80% and 95%, the Chartis System is currently
recommended to assess collateral ventilation in real time,
as the CT scan does not reliable rule in or rule out patients
who may benefit from valve therapy (48).

Both the Chartis procedure and subsequent placement of
valves are ideally performed during the same bronchoscopic
procedure. The procedure itself can be performed during
conscious sedation or general anesthesia (43). Absence of
collateral ventilation is confirmed by a gradual decrease and
subsequent cessation of expiratory airway flow in addition
to a corresponding increase in resistance. Occasionally,
testing for collateral ventilation in the target lobe can
be inconclusive due to coughing artifacts, mucus plugs,
obstruction of the catheter tip by an airway wall, and/
or the “low-flow” or “collapse” phenomenon. The latter
is a sudden stop of flow during Chartis assessment, as
a consequence of dynamic expiratory airway collapse
in emphysema (49). Clinical studies have reported this
to occur in about 20% of patients undergoing Chartis
assessment, with a larger proportion in the lower lobes
(27,48). Under such circumstances, the ipsilateral lobe
may be evaluated as a surrogate for absence of collateral
ventilation in the target lobe (43). This is straightforward
for the left lower lobe, because there is only one interlobar
fissure. For measurements of the right upper or lower lobe,
the right middle lobe needs to be plugged temporarily;
using a regular balloon catheter or another occluding
device, and use the Chartis balloon in either upper or lower
lobe. In patients with a collapse phenomenon in either
lobe, however, decisions should be based on fissure analysis.
In a study by Gesierich et /. (49), most of the collapse
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phenomenon patients with complete fissures that received
EBV responded well to treatment, but the entire collapse
phenomenon patients with fissure defects treated were
nonresponders.

With respect to the actual treatment, both valve types,
the EBV and the IBV, can be implanted by a delivery
catheter through the working channel of a 2.8-mm or
greater bronchoscope. Different sizes of the valves are
available to ensure lobar occlusion despite variable airway
anatomy leading to the target lobe (Figure I). Furthermore,
there have been advancements in catheter technology to
facilitate valve placement in difficult to treat segments.

Follow-up care

Post-valve placement, a chest X-ray should be performed
within 4 and 24 hours after the procedure. Cough
suppression can be helpful for patient comfort in the first
few days. Some authors furthermore recommend bed rest
for at least 48 hours to reduce the risk of pneumothorax
as mentioned earlier (41). Significant volume reduction
or atelectasis of the treated lobe may be observed within
the first few days, although in some patients it may take
up to several weeks (43). Prior to discharge the patient
should be informed about the potential risks associated
with valve treatment. In most cases, the complications can
be managed by the patient’s primary care pulmonologist,
but coordinated and collaborative communication with
the treating center is recommended. A follow-up schedule
at 1, 3, 6 months and yearly after the procedure has been
recommended to maintain surveillance of patient outcomes
and possible complications (43).

If there is no evidence of volume reduction on X-ray
and/or improvements in lung function (lung volumes)
within the first three months, a low dose CT scan should
be performed to ensure correct valve positioning and lobar
occlusion. A repeat bronchoscopy may be necessary to
replace valves that do not provide sufficient segmental or
subsegmental occlusion. Also, patients with a persistent
cough, hemoptysis, and/or pneumonia in the target lobe
may undergo bronchoscopy to check for valve migration,
granulation tissue, or secretion obstruction, potentially
prompting (temporary) valve removal.

Discussion points

Beyond the scientific data and clinical recommendations
presented above there are a number of aspects related to

7 Thorac Dis 2018;10(Suppl 23):52780-52796



$2792

valve therapy that deserve further attention, some of which
are outlined below.

Do improvements in lung function and exercise capacity
translate into changes in physical activity after valve
treatment?

Hartman et a/. (50) thus studied physical activity, measured
by a triaxial accelerometer, in 43 patients with severe
COPD at baseline and 6-month follow-up after EBV
treatment and compared with standard medical care in
a RCT. After 6 months, the valve treatment group had
significantly improved step counts and locomotion time
per day compared to controls. In the absence of long term
survival data from RCTSs, yet, this piece of scientific work
becomes particularly important to patients, physicians,
and health-care payers alike, as measurements of physical
activity are considered the strongest independent predictors
of COPD related morbidity and mortality.

Is there a long-term survival benefit associated with valve
therapy?

To date survival data for valve treated patients is rather
scarce. Two published studies, both with rather small sample
sizes, reported on functional outcomes and survival rates
beyond 12 months. Venuta ez a/. (51) followed 33 patients
with severe emphysema with a median postinterventional
follow-up of 32 months. Patients with complete interlobar
fissures (as a surrogate for successful valve therapy and
functional benefits) treated with valves demonstrated a
statistically significant survival benefit compared with
patients with incomplete interlobar fissures. Hopkinson
et al. (52) similarly reported on 19 patients treated with
valves, of which five patients developed atelectasis after the
procedure and none of them died during a follow-up of
around 7 years, as opposed to a 57% mortality rate in those
without radiological signs of atelectasis. These findings
have been recently confirmed in another retrospective
study of 449 patients who underwent valve treatment at
an experienced institution in Germany (53). Patients were
followed for a mean time of 37 months, of which about
30% developed complete lobar atelectasis. Patients with
atelectasis in that study had a statistically significant survival
benefit compared to patients without atelectasis (5-year
survival rate 63% vs. 44%). Thus, on the basis of non-
randomized case series there appears to be a survival benefit
for those patients with evidence of “significant” volume
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reduction after valve therapy, albeit the previously used
MCID of 350 mL TLVR has been questioned recently.
Using an anchor-based method on data from more than 300
patients with severe emphysema from two valve treatment
trials, Wellling and co-workers (54) identified a threshold of
at 560-mL or greater TLVR to be required for a clinically
meaningful benefit. Alternatively, a post-hoc analysis of
the VENT study observed a relationship between the
proportional magnitude of TLVR and clinical benefits (55).
Patients with 50% or greater TLVR in that report had
statistically significant improvements in the BODE index,
another strong predictor of long-term COPD mortality.
The latter observation is consistent with results from
recent trials (35,56). In summary, given the aforementioned
survival benefits in patients with atelectasis, it appears
reasonable to aim for a larger magnitude of volume
reduction, in order to “deflate” the treated lung as much as
possible and thereby achieving the neuromechanical and
ventilatory benefits associated with the procedure.

How will valve therapy perform in a real-life
environment?

Transferring treatment success rates of a novel technology
from clinical trials into real-life is frequently challenging
for various reasons. The LIVE study aimed to provide such
an information using collected data from more than 50
different treatment centers, that participated in a prospective
registry in Germany (57). Six-month follow-up data were
reported for 321 treated patients with a mean predicted
FEV, of 31% and RV of 252% at baseline, respectively. The
FEV, increased by 100 mL and RV decreased by 420 mL
after treatment, thus providing efficacy results comparable
to those observed in RCTs. Equally important, the number
of serious adverse event (SAEs) in that report demonstrated
an acceptable safety pattern with pneumothorax rates and
COPD exacerbation frequency observed within the range
of previous clinical trials. It can therefore be assumed that
valve therapy can be successfully performed in clinical
routine at dedicated treatment centers.

Is valve therapy cost-effective?

As health-care payers are increasingly more restrictive,
any intervention in COPD needs to demonstrate health-
economic benefits. There is only limited data available for
valve therapy. Pietzsch and co-workers (58) attempted to
provide cost-effectiveness data for EBV therapy compared
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to medical management, using Germany as a reference
country and calculations based on the high-responder
subgroup analysis from the VENT study. Therapy related
and clinical event costs were weighed against quality-
adjusted life years (QALYs) gained and direct medial costs
of the disease. Higher upfront costs for the EBV cohort
related to procedural and postprocedural costs were in
part compensated by savings in the subsequent years that
resulted from lower annual treatment costs compared with
a control cohort. The projected EBV-associated 5-year
gain of 0.24 QALYs was reportedly higher than the QALY
gains estimated in analyses of pharmaceutical interventions,
but lower than the gains projected for continuous oxygen
therapy and lung transplantation. Obviously more studies
are needed to convince health-care budget representatives
unanimously to reimburse valve treatment for patients with
emphysema.

Conclusion and final remarks

Based on the above-mentioned data, valve therapy has
now been included in the most recent Global Strategy
document for the management of COPD and should
therefore be considered as a therapeutic option in selected
patients with symptomatic emphysema (59). Nevertheless,
a number of questions have not been addressed in this
review, predominantly due to the lack of scientific data. As
such, there is no published data from RCTs comparing the
two different types of valves (EBV vs. IBV) on the market,
or valves compared with some of the other endoscopic
interventions, such as coils, steam, or sealant. Similarly,
it remains unknown whether valve treatment in selected
patients may outperform LVRS in terms of safety, efficacy,
and/or patient preference. There also has been a debate as
to the need for pre- and/or post-interventional pulmonary
rehabilitation within the clinical community, as few
countries have the respective resources and infrastructure to
offer both. While it may be hypothesized that rehabilitation
prior to the procedure may potentially reduce the
periprocedural risk profile and promote postprocedural
recovery, postprocedural rehab may be more efficient, due
to improvements in work of breathing as a consequence
of lung deflation. Finally, future studies may also provide
additional information on potential extrapulmonary outcomes
of valve therapy, such as effects on comorbidities (metabolic
disorders, osteoporosis, reflux disease), depression and anxiety,

and/or sleep physiology and sleep quality.
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