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Lung volume reduction surgery (LVRS) produces physiological,
symptomatic, and survival benefits in selected patients with ad-
vanced emphysema. Because it is associated with significant mor-
bidity, mortality, and cost, nonsurgical alternatives for achieving
volume reduction have been developed. Three bronchoscopic lung
volume reduction (BLVR) approaches have shown promise and
reached later-stage clinical trials. These include the following: (1)
placement of endobronchial one-way valves designed to promote
atelectasis by blocking inspiratory flow; (2) formation of airway
bypass tracts using a radiofrequency catheter designed to facili-
tate emptying of damaged lung regions with long expiratory times;
and (3) instillation of biological adhesives designed to collapse
and remodel hyperinflated lung. The limited clinical data currently
available suggest that all three techniques are reasonably safe.
However, efficacy signals have been substantially smaller and less
durable than those observed after LVRS. Studies to optimize pa-
tient selection, refine treatment strategies, characterize proce-
dural safety, elucidate mechanisms of action, and characterize
short- and longer-term effectiveness of these approaches are
ongoing. Results will be available over the next few years and will
determine whether BLVR represents a safe and effective alternative
to LVRS.
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OVERVIEW, DEFINITIONS, AND SOURCES OF
CLINICAL DATA

Bronchoscopic lung volume reduction (BLVR) is a general term
that refers to any of several recently developed endobronchial
procedures for treating hyperinflation in advanced emphysema
(1, 2). Although they share a common objective, these different
procedures are based on distinct technologies. None is currently
available for general clinical application. None has proven to be
consistently effective in generating volume reduction or pro-
ducing durable clinical benefit in patients. There are no published
data summarizing the results of randomized clinical trials in-
volving BLVR. Studies reported to date have all been open label,
nonrandomized, and of short duration. Only a fraction of the data
that has been collected has been published. Nevertheless, suffi-

cient data are available in manuscripts, abstracts, and scientific
presentations to allow a summary of the current state of BLVR
and speculation about the future role of BLVR in the treatment of
advanced emphysema.

RATIONALE FOR PURSUING BLVR

Enthusiasm for BLVR derives almost entirely from experiences
with lung volume reduction surgery (LVRS) (3–7). The early
success of LVRS in cohort studies between 1994 and 1997, and
subsequent clarification of the mechanistic basis for improve-
ment, provide a physiological rationale for BLVR (8–10). Re-
ducing the overall size of the hyperexpanded emphysematous
lung produces space within the less compliant chest cavity for the
remaining lung to expand and function during inspiration (Figure
1B). This ‘‘resizing’’ principle, initially proposed by Otto Branti-
gan in 1956 and defined more precisely by Fessler and Permutt in
1998, explains how resection of lung tissue in emphysema im-
proves overall function of the respiratory system (9, 11). In single-
center cohort studies, LVRS improved spirometry, lung volumes,
and exercise capacity in appropriately selected patients with em-
physema, observations subsequently confirmed in single-center,
randomized clinical trials and the multicenter National Emphy-
sema Treatment Trial (NETT).

Enthusiasm for nonsurgical volume reduction has also been
fostered by reports showing that LVRS is associated with a high
incidence of complications. Procedural (90-d) mortality has
ranged from 3 to 19% in cohort studies, and was 5.5% in the
NETT. Serious morbidity after LVRS was observed in 59% of
patients, with persistent air leak (3%), respiratory failure (22%),
pneumonia (18%), cardiac arrhythmias (24%), and myocardial
infarction (1%) being most common (12).

Successful development of BLVR has other potential theo-
retical benefits as well. Volume reduction procedures that do not
cause pleural scarring may be more effective than conventional
LVRS for treating lower-lobe emphysema by reducing lung
volume without causing formation of peridiaphragmatic scar
tissue that can restrict diaphragm motion (13, 14). BLVR pro-
cedures that can be performed at the bedside and administered
using a gradual, stepwise approach could potentially facilitate
weaning of patients with emphysema with chronic respiratory
failure from mechanical ventilation (15). Finally, BLVR proce-
dures that are substantially safer than LVRS could make volume
reduction therapy available to patients with emphysema with
comorbid conditions that preclude surgery.

EXISTING BLVR TECHNOLOGIES

Three different BLVR systems are currently undergoing clinical
trials. Two are device-based systems, and one is a biologic drug-
based system.

Endobronchial Valves

Endobronchial valve (EV) systems represent a refinement of the
predecessor endobronchial blocker or ‘‘plug’’ initially proposed
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by Sabanathan and colleagues and Watanabe and colleagues (16,
17). EVs are deployed in the proximal airway through a flexible or
rigid bronchoscope using a catheter or guidewire. They are designed
to block air from entering the target area during inspiration, while
allowing gas to exit during exhalation. This is intended to cause
collapse and volume reduction by promoting progressive deflation
and adsorption atelectasis in damaged regions of lung. EV systems
have been designed to accommodate drainage of mucus, reducing
the potential for postobstructive pneumonia (2, 18).

Two EV systems are presently under evaluation; both are
intended primarily for treatment of heterogeneous upper lobe em-
physema. The first is the EV system manufactured by Emphasys
Medical (Redwood City, CA) (19–21). It is constructed from
biocompatible materials and is simple to deploy and remove. It
has an outer cylindrical frame with a circumferential wire mesh,
and central lumen that anchors a duck bill–shaped one-way valve.
The Emphasys system was the first BLVR device to enter clinical
trials, and has been the most extensively studied. Clinical expe-
riences using the Emphasys system in over 100 patients have
been published to date. This system is also being evaluated in the
multicenter Emphasys Bronchial Valve for Emphysema Pallia-
tion Trial (VENT) trial, a randomized, open-label study com-
paring EV therapy to medical therapy. Enrollment in the VENT
trial has been completed, and results are currently pending (22).

Spiration Incorporated (Redmond, WA) manufactures the
second EV system. This system has an umbrella design in which
an elastomer covering is stretched over a nitinol wire frame that
anchors the device in place. Gas under pressure can escape from
the lung around the edges of the flexible covering as the
umbrella-shaped frame partially collapses, but is prevented
from flowing in the forward direction. Similar to the Emphasys
system, the Spiration device is deployed into the proximal
airway through a flexible or rigid bronchoscope using a catheter,
and is easy to deploy and remove. This system has been tested
in pilot studies in over 40 patients, and clinical data are
available in the form of abstracts and one recently published
article (23). The Spiration system is entering clinical testing in
a multicenter, randomized, controlled clinical trial.

Airway Bypass System

The second BLVR system currently in clinical trials is the airway
bypass system developed by Broncus Incorporated (Mountain
View, CA). This system, based on the work of Macklem and
colleagues and pioneered by Joel Cooper, is designed to reduce
lung volume by altering flow dynamics (regional time constants)
and airway closure, rather than by promoting lung collapse (24,
25). A radiofrequency balloon catheter establishes a shunt path-
way, referred to as a ‘‘fenestration,’’ between a central airway and
a target region of damaged, hyperinflated lung. This newly created
passageway facilitates lung emptying, reducing end-expiratory
volume without altering lung recoil per se. This approach should
theoretically be beneficial for patients with either heterogeneous
or homogeneous emphysema, although trials have focused pri-
marily on patients with homogeneous disease.

Treatment using the Broncus system requires three separate
devices and three procedures. An initial endobronchial ultra-
sound is performed to identify vascular structures in the airway,
which must be avoided during subsequent steps. Next, a radio-
frequency ablation catheter forms the bypass tract through the
airway wall into the damaged lung parenchyma. Finally, a drug-
eluting stent is placed into the tract to help maintain patency.

This system has been tested in 19 patients, and clinical data
are available in the form of an abstract. Initiation of a random-
ized clinical trial involving the Broncus airway bypass system is
expected within the next year.

Biological Remodeling

The third type of BLVR system currently in clinical trials is the
biological sealant/remodeling system developed by Aeris Ther-
apeutics (Woburn, MA). Like valve-based systems, it is designed
to directly reduce lung volume by collapsing and sealing damaged
areas of hyperinflated lung in patients with heterogeneous upper
lobe emphysema. The site and mechanism of action are funda-
mentally different from EV systems, however (26). This system
acts at the alveolar rather than the airway level. Furthermore,
treatment is intended to produce a permanent change in tissue
configuration similar to LVRS, rather than reversible adsorption
atelectasis. Treatments are delivered to the alveolar compart-
ment as separate liquid components via a dual lumen catheter
passed through the instrument channel of a flexible broncho-
scope. The components polymerize distally at the target site to
produce collapse and remodeling over several weeks. This system
has been tested in 15 patients using single- and repeat-dose
regimens, and clinical data are available in the form of abstracts
and a single manuscript (34). The Aeris system is currently
undergoing evaluation in phase 2 clinical trials.

SUMMARY OF CLINICAL RESPONSES TO
BLVR THERAPIES

All BLVR procedures are designed to reduce hyperinflation
and achieve lung volume reduction. Available data suggest that
this is achieved inconsistently, and to varying degrees.

Results indicate that response patterns to BLVR have been of
four general types (Figures 1 and 2), defined here as patterns 1–4.
A pattern 1 response is one in which patients have reported
feeling ‘‘better’’ and subjective functional (dyspnea scores) and
composite (health-related quality of life [HRQOL]) outcomes
have improved without any meaningful change in objective phys-
iological outcome measures (i.e., changes < minimal clinically
important difference [MCID] standards). Although this pattern
of response may truly benefit patients, it is difficult to distinguish
from a placebo effect. Thus, attributing improvement to the
intervention based upon this pattern of response in the absence
of a randomized, blinded, placebo-controlled comparison is not
possible.

A pattern 2 response is one in which subjective outcomes as
well as objective measures of exercise capacity have improved.
However, spirometry and lung volumes are not substantially
improved (Figures 1 and 2). Although small changes in exercise
capacity measured by six-minute-walk distance (6MWD) may
reflect the combined effects of training and placebo, MCID
improvements are likely due to the effects of BLVR treatment
on dynamic hyperinflation. Such benefits can occur in the
absence of changes in static residual volume (RV) or VC.

A pattern 3 response is one in which subjective (dyspnea) and
objective (exercise capacity) functional measures improve, one or
more composite measures (HRQOL, exacerbations) improve,
and measures of lung volume (RV, inspiratory capacity, and VC)
improve. However, FEV1, long considered the standard for
assessing the effectiveness of treatments for obstructive lung
disease, does not improve (Figures 1 and 2). This pattern of
response is likely due to beneficial effects of BLVR on both static
and dynamic hyperinflation. FEV1, which is determined primarily
by lung recoil and airway resistance upstream of the site of flow
limitation, is unaffected, as neither recoil nor airway resistance is
affected by therapy with this kind of response.

A pattern 4 response is one in which subjective and objective
functional measures, composite measures, and physiological
measures of both lung volumes (RV, inspiratory capacity, and
VC) and expiratory flows (FEV1) improve in a meaningful way
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(Figures 1 and 2). This is the pattern of response observed with
successful LVRS and explained mechanistically by the Fessler-
Permutt analysis (9).

In studies published to date, declines in lung function within
the first 90 days of BLVR have been uncommon. When observed,
these have been attributed to procedural complications or
chronic obstructive pulmonary disease (COPD) exacerbations
rather than unexpected device failures or design faults. Whether
there are specific groups of patients with emphysema at high risk

for BLVR, analogous to those identified in the NETT as high risk
for LVRS, remains to be determined (27).

EVs

Data from abstracts and seven manuscripts using the Emphasys
valve, and from a single manuscript using the Spiration valve,
suggest that EVs are capable of producing initial responses that
span this entire spectrum in patients with upper lobe em-

Figure 2. Patterns of response to bronchoscopic lung

volume reduction (BLVR) pattern 1: treatment produces

no change in lung physiology. Pattern 2: treatment

reduces dynamic gas trapping (dynamic RV), which
improves exercise capacity. Static volumes and spirometry

are unaffected. Pattern 3: treatment reduces static and

dynamic gas trapping (static RV and dynamic RV), but has
minimal effect on total lung capacity (TLC). FVC increases,

but FEV1 does not. Pattern 4: treatment reduces static and

dynamic gas trapping (static RV and dynamic RV) and

TLC. FVC and FEV1 improve. Beyond a critical threshold,
further reductions in TLC have a negative impact on VC

and then FEV1, and the benefits of treatment diminish.

Figure 1. Patterns of response to bronchoscopic lung volume reduction (BLVR) therapy in terms of exercise capacity, lung volumes and recoil, and

expiratory flows. Pattern 1 produces no change in any objective parameters. Pattern 2 produces a beneficial effect in exercise capacity by altering

dynamic hyperinflation during exercise (A) through changes in regional lung impedance, without affecting static lung volumes and recoil (B) or
expiratory flows (C). Pattern 3 produces larger changes in exercise capacity by altering both static lung volumes (A and B) and dynamic

hyperinflation (A), but because lung recoil is not affected, maximal expiratory flows and FEV1 (C) do not substantially change. Pattern 4 produces

changes in exercise capacity (A) and residual lung volume (B) similar to pattern 3, but also results in an increase in FEV1 by improving maximal

expiratory flows (C) as a result of an increase in recoil pressure.
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physema (19–21, 27, 29–31). Experience to date suggests that
the most effective therapeutic approach has involved placement
of valves into subsegmental and segmental airways to occlude
airways to an entire lobe.

The initial experience with EV in eight patients treated with
the Emphasys valve demonstrated pattern 4 responses in three,
with improvements in FEV1 (D 5 134%), RV (D 5 211%),
and DLCO (D 5 129%) at 30 days. Several of these patients had
radiographic confirmation of partial lobar collapse at treatment
sites. Similar beneficial effects have been described by Yim and
colleagues and by Venuta and colleagues (20, 28). Other studies
have documented less impressive results, however. Cohort studies
from Australia, England, Belgium, and Brazil have demonstrated
pattern 1 and 2 responses (21, 29–32). The Spiration valve has also
generated pattern 1 responses, without post-treatment functional
or physiological benefit at 6 months (23).

Hopkinson and colleagues has shown that EV therapy
reduces dynamic hyperinflation during exercise (30). In a cohort
of 19 patients demonstrating a pattern 2 response, EV therapy
reduced gas trapping and ventilatory limitation during cycle
ergometry, confirming that despite the absence of reductions in
static lung volumes, EBV therapy can have beneficial physio-
logical effects.

A recent publication summarizing the broad experience using
EV therapy in 98 patients confirms wide variability in therapeutic
response (33). Overall, the 98-patient cohort showed small
improvements in physiological parameters that failed to meet
MCID criteria for FEV1 (DFEV1 5 60 6 210 ml, 10.7 6 26.2%),
VC (120 6 470 ml, 9 6 23.9%), or 6MWD (36.9 6 90 m) at 90-day
follow-up, most consistent with a pattern 1 long-term response.
Subjective outcomes were not reported in this study.

These data suggest that EV therapy is capable of producing
initial responses similar to that to LVRS (pattern 4 responses) in
selected cases, but responses are variable, criteria for identifying
responders are poorly defined, and benefits are often short lived.
However, even in the absence of changes in FEV1, FVC, and RV,
these devices can produce physiological benefit by altering
regional airflow impedance and reducing dynamic hyperinflation.

EV systems have proven quite safe in clinical trials. Mortal-
ity has been on the order of 1%. Serious procedure-related
morbidity, manifest as pneumothorax, pneumonia, or COPD
exacerbations, has been reported to be 3–17%. Average length
of stay after EV therapy has been 2–4 days; length of stay
as long as 90 days has been reported in patients with serious
complications.

Airway Bypass Formation

The published experience with the Broncus Technologies bypass
tract system is quite limited. A report summarizing the initial
clinical results is available in abstract form (25).

Data from 19 patients showed an immediate improvement in
dyspnea score and lung physiology (FEV1, FVC, and RV), which
was not sustained at 30 days (25). In a subset of patients (8 of 19)
with homogeneous disease and marked baseline hyperinflation
(total lung capacity . 133% predicted), reductions in RV (21.1
L), improvements VC (1189 ml), and improvements in dyspnea
(Medical Research Council Dyspnea Score) and HRQOL were
observed out to 6 months.

Morbidity and mortality data associated with bypass tract
therapy have not yet been published.

Biological Remodeling

The published experience with the Aeris biological remodeling
system is also limited. Clinical data are available in several
abstracts and a single peer-reviewed manuscript (34, 35). Initial

studies have focused on demonstrating system safety; subthera-
peutic dosing at two subsegmental sites and low therapeutic
dosing at four subsegmental sites have been evaluated in patients
with heterogeneous upper lobe emphysema.

The initial experience in six patients with upper lobe disease
demonstrated that unilateral treatment at two sites produced no
symptomatic or physiological benefit. At 6-month follow-up,
treatment at four sites unilaterally produced small improve-
ments in symptom scores (change in Medical Research Council
dyspnea 5 21.3 6 1.2 U) and HRQOL (change in St. George’s
Respiratory Questionnaire total score 5 211.0 6 11.6 U), and
small improvements in physiological parameters (DFEV1 5

120 6 67 ml, 13.0 6 10.2%; DFVC 5 1250 6 151 ml, 19.2 6

6.5%; DRV 5 2630 6 360 ml, 211.8 6 5.8%) and exercise
capacity (D6MWD 5 171.9 6 61.8 m) that generally failed to
meet MCID criteria (34). Two of three patients receiving four-
site treatment experienced pattern 3 responses; the overall
response for all six patients was a pattern 1 response with
failure to meet MCID criteria for exercise capacity or physio-
logical parameters.

These data suggest that, at low doses in patients with hetero-
geneous emphysema, the Aeris biological system produces mild
volume reduction and small changes in physiology and exercise
capacity. It is likely that the benefits of therapy are due to
reductions in both static and dynamic hyperinflation. However,
because only limited data are available for this system at a very
limited number of clinical sites, additional information is re-
quired to assess the effectiveness of this approach.

Preliminary safety data using the Aeris biological remodel-
ing system have been favorable. There have been no deaths in
the 15 patients treated to date. COPD exacerbations have
occurred in two patients. All patients have been discharged to
home on the day after treatment.

BLVR VERSUS LVRS

Results from clinical trials suggest that subsets of patients treated
with EV, bypass tract therapy, and biological remodeling have
achieved meaningful physiological and clinical benefit. In gen-
eral, however, these treatments have produced pattern 1 re-
sponses, with at best small overall objective improvements. By
contrast, pattern 3 and 4 responses have consistently been
observed in randomized clinical trials involving bilateral LVRS
in patients with upper lobe–predominant disease (Table 1) (3, 5,
36–46). BLVR responses also appear to be less durable than those
of LVRS (29, 32). Although the therapeutic benefits of LVRS
diminish over time due to disease progression and possibly
treatment-related acceleration of lung function loss, objective
benefit has been observed for years after treatment. This is
particularly true for patients with upper lobe–predominant
emphysema (47). By contrast, physiological benefits after BLVR
often diminish substantially within months.

The reasons for limited effectiveness of BLVR therapy in
early trials are modality dependent. Variability in response to
EV therapy has been attributed to extensive collateral ventila-
tion pathways distal to sites of valve placement in patients with
advanced emphysema (48). These pathways allow continued
access of inhaled gas to the target zone, preventing effective
collapse. Even with ‘‘lobar targeting,’’ substantial, lasting vol-
ume reduction is rarely achieved with EV therapy (29, 32).

The effectiveness of airway bypass therapy has been limited
by premature closure of newly formed fenestrations. To address
this, placement of a drug-eluting stent into each tract has
become a standard part of treatment. These stents are intended
to maintain airway bypass tract patency. Whether this approach
will prove successful is yet to be determined.
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Biological remodeling therapy, which is designed to block
collateral ventilation and promote volume reduction at the
alveolar level, has shown early signs of promise, but insufficient
data are currently available to determine whether this strategy
will ultimately prove effective. The subtherapeutic dosing em-
ployed in early safety trials has not allowed a thorough assessment
of potential efficacy. Early benefit observed with four-site treat-
ments has diminished with time, possibly due to metabolism and
partial dissolution of the biological hydrogel (49). A more durable
hydrogel formulation is currently entering clinical trials.

The lack of effectiveness of BLVR therapy cited above is not
meant to imply that it does not or cannot work. Some of the
reasons for the apparent clinical and physiological limitations of
BLVR are obvious. Testing to date has primarily involved uni-
lateral treatment. EV results suggest that responses to unilateral
treatment may be superior to bilateral treatment for reasons that
are unclear (33). With biological remodeling, bilateral therapy is
expected to be more effective than unilateral therapy. Currently,
it is reasonable to conclude that, for all BLVR approaches, ‘‘full
dose’’ treatment (i.e., number of sites to treat) and strategies for
delivering this dose (single session vs. sequential treatment) are
still being determined.

In addition, differences in patient selection undoubtedly
account for some of the differences in clinical outcomes between

BLVR therapy and LVRS as well. Some patients included in
initial BLVR trials were individuals excluded from consideration
for LVRS, and were therefore likely suboptimal candidates for
BLVR. Selection criteria for identifying ‘‘optimal candidates’’ for
BLVR have not yet been established. Although most studies have
relied heavily upon NETT patient selection criteria, refinements
will likely be required to optimize outcomes to BLVR therapy
(5, 50).

CURRENT STATUS AND FUTURE DIRECTIONS OF BLVR

Presently, BLVR remains an experimental procedure of un-
proven benefit. More objective data are needed to determine
the clinical utility of each BLVR procedure. As these treat-
ments undergo evaluation, it will be important for physicians to
interpret responses in the context of the trial design and study
endpoints. In an open-label (unblinded) study, where every
patient knows that he/she is receiving a theoretically beneficial
treatment, even statistically significant improvements in sub-
jective functional (dyspnea scores) and composite outcomes
(HRQOL), with little or no change in physiological parameters,
must be viewed with skepticism. Dr. Carl Simonton, in his book
Getting Well Again, has convincingly argued that the placebo

TABLE 1. PUBLISHED RESPONSES TO BLVR AND LVRS

Volume Reduction

Therapy

Exercise Capacity

(6MWD meters) Spirometry Lung Volumes

Overall

Response Pattern

Emphasys endobronchial valve* Range of group mean

responses across 6 studies

(10 to 1152m)

Range of group mean

responses 6 studies (24% to

146%) Meta analysis

Range of group mean responses

6 studies (0% to 211%)

Pattern 1

Meta analysis FEV1 5 11 6 26% Meta analysis

137 6 90 m FVC 5 9 6 24% 25 6 17%

Biological sealant/

remodeling system†

Combined mean response of

2 and 4 site treatments

Combined mean response of

2 and 4 site treatments

(n515 patients)

Range of group mean responses

(n515 patients)

Pattern 1

1 30 6 34 m FEV1 5 21 6 13% 23 6 7%

FVC 5 10 6 14%

Bypass tract system Sufficient published data not currently available

Unilateral LVRS‡

(includes responses for

heterogeneous and

homogeneous patients)

Summary 3 month responses

from 3 studies

Summary 3 month responses

from 3 studies

Summary 3 month responses

from 3 studies

Pattern 4

56 m FEV1 5 124% 216%

FVC 5 118%

Bilateral LVRS for homogeneous

diseasex (includes results from

patients with alpha-1 trypsin

deficiency)

Summary 3 month responses

from 3 studies

Summary 3 month responses

from 3 studies

Summary 3 month responses

from 3 studies

Pattern 4

75 m FEV1 5 135% 222%

FVC 5 123%

Bilateral LVRS for heterogeneous

diseasek
Summary 3-6 month responses

from 4 small randomized

studies

Summary 3-6 month responses

from 4 small randomized

studies

Summary 3-6 month responses

from 4 small randomized studies

47 m FEV1 5 134% RV 5 223% Type 4

FVC 5 116%

* Results summarized from references 18, 20, 21, 29, 30, 31.
† Results summarized from references 34 and 40.
‡ Results summarized from references 36, 38, 39.
x Results summarized from references 40, 41, 42.
k Results summarized from references 3, 6, 7, 43.
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effect can be quite real in patients with chronic debilitating
diseases (51). The ability of the human body to heal when an
individual believes he or she is healed can be substantial, albeit
poorly understood. Thus, improvements in subjective outcomes
should be accompanied by improvements in physiological param-
eters that can rationally explain them.

CONCLUSIONS AND RECOMMENDATIONS

Beyond smoking cessation and oxygen therapy, LVRS is the only
treatment shown to alter the natural history of emphysema.
Patients with upper lobe–predominant disease, low exercise ca-
pacity, and both FEV1 and DLCO . 20% of predicted receive the
most benefit, demonstrating improvements in symptoms and
physiology, and reduced mortality (5, 50). LVRS should be rec-
ommended for these individuals.

Is there currently a role for BLVR in this subpopulation?
Proponents of BLVR could argue that its relative safety, and the
option for subsequent LVRS in the event of a suboptimal BLVR
response, make trial participation a reasonable first option.
However, it is difficult to justify recommending an unproven
experimental treatment when an established, effective, reason-
ably safe alternative exists.

What is the role of BLVR in the treatment of other forms of
advanced emphysema? That will ultimately be determined by the
results of ongoing clinical trials. It is reasonable to consider
BLVR for the patients who refuse LVRS, or who are not
candidates for LVRS but still qualify for trial participation. Only
through completion of these studies will the pulmonary commu-
nity learn whether BLVR therapy is in fact a clinically useful
therapeutic modality.
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