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KEY POINTS

� Bronchoscopic lung volume reduction (BLVR) is a less invasive treatment option for patients with
advanced emphysema and hyperinflation.

� Following intervention, patients can anticipate improved quality of life, exercise tolerance, survival,
and potentially reduced exacerbation frequency.

� The most common complication of BLVR is pneumothorax, requiring inpatient admission for moni-
toring following the procedure.

� Pneumothorax risk can be reduced by anesthesia strategies.
BACKGROUND advanced forms of emphysema. BLVR3–6 and
Chronic obstructive pulmonary disease (COPD) is
one of the leading causes of death worldwide
with an increasing prevalence.1 COPD refers to a
group of diseases that cause airway obstruction
and breathing problems and includes bronchitis
and emphysema. The changes seen in emphy-
sema lead to impaired elastic recoil, dynamic
hyperinflation, and compromised pulmonary me-
chanics that are associated with dyspnea and ex-
ercise limitations.2

The management of advanced emphysema
involves medical and surgical interventions. Medi-
cations include inhaled therapies such as broncho-
dilators and inhaled steroids, oral therapies such as
oral steroids, phosphodiesterase-4 inhibitors, and
theophylline. Patients with moderate to severe
COPD may also be prescribed supplemental oxy-
gen or pulmonary rehabilitation. When symptoms
persist despite these therapies more invasive
options such as lung volume reduction surgery
(LVRS), bronchoscopic lung volume reduction
(BLVR), and lung transplantation are explored.
Lung volume reduction therapy has emerged as a
treatment option to address hyperinflation in
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and similar technologies.
LVRS7 are well-studied interventions and carefully
selected patients can improve their lung function,
quality of life, and increase exercise capacity
through this therapy.

BRONCHOSCOPIC LUNG VOLUME
REDUCTION PHYSIOLOGY

In advanced emphysema, impaired elastic recoil
and parenchymal loss presents as hyperinflation
and airway obstruction. To overcome the reduced
elastic recoil, large intrathoracic pressure changes
occur and these swings in pressure cause
compression of the pulmonary vascular bed. In
addition, the vascular bed reduction due to the
parenchymal loss causes an increase in pulmonary
vascular resistance, a driving force in the develop-
ment of pulmonary hypertension in COPD.8 The
increased intrathoracic pressures also lead to a
reduced venous return (cardiac preload) and
smaller size of the right and left ventricles.9,10 To
assess whether BLVR improves cardiac preload
or further reduces pulmonary vascular bed, cardiac
MRI was performed at baseline and at 8-week
postintervention. Acohort of 24patients underwent
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Abbreviations

AECOPD acute exacerbations of COPD
BLVR bronchoscopic lung volume

reduction
CI confidence interval
COPD chronic obstructive pulmonary

disease
CV collateral ventilation
CV� CV-negative
CV1 CV-positive
EBV endobronchial valve
FVC forced vital capacity
LVRS lung volume reduction surgery
SOC standard of care
TLVR target lobe volume reduction
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BLVR with significant improvement in hyperinfla-
tion. At the 8-week follow-up, improvements in car-
diac preload, myocardial contractility, and cardiac
output (10.9 L/min; SD, 1.5; P5.007) were noted,
without changes in pulmonary artery pressures.11

The main effects of lung volume reduction are
improved compliance via target lobe atelectasis
and matching of lung size to chest wall size.
These result in improved lung elastic recoil at
similar thoracic inspiratory volume, better expira-
tory airflow, and reduced dynamic and static hy-
perinflation.12 BLVR has well-established effects
on forced expiratory volume (FEV1), vital capac-
ity, total lung capacity, and residual volume, but
predicting the impact on gas exchange is less
certain, with some patients experiencing small
improvements in diffusing capacity of the lungs
for carbon monoxide (DLCO) even though there
is a reduction in gas-exchange surface. Improved
ventilation and perfusion of the ipsilateral and
contralateral lung lobe(s) are probably respon-
sible for the observed improvements in DLCO af-
ter successful lung volume reduction (LVR)
treatment,13 particularly in cases performed in
heterogeneous emphysema.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION KEY STUDIES

BLVR studies were initially performed in patients
with heterogeneous emphysema, similar to the
NETT trial. Over time, the inclusion criteria have
broadened and studies have included homoge-
neous disease, alpha-one antitrypsin deficiency,
and individuals with lower FEV1 and DLCO. The
criteria used in the trials have varied and lead to
small differences in potential valve candidates for
the 2 commercially available valves in the United
States (Table 1).
The TRANSFORM trial6 was a randomized, pro-
spective, multicenter study conducted at 17 sites
across Europe. It compared the effectiveness of
Zephyr endobronchial valve (EBV) treatment with
standard of care (SOC) in patients with severe het-
erogeneous emphysema and no collateral ventila-
tion. A total of 97 subjects were enrolled and
randomized in a 2:1 ratio to the EBV and SOC
groups, respectively.
Three months after the procedure, 55.4% of the

EBV group experienced an improvement of more
than 12% in FEV1 from baseline, compared to just
6.5% in the SOC group. On average, the EBVgroup
saw an increase of 140 mL (20.7%) in FEV1. The
TRANSFORMstudyalso showedstatistically signif-
icant improvements in exercisecapacity andquality
of life for the Zephyr EBV group compared to the
SOC group. In the EBV group, the 6-min walk dis-
tance improved by an average of 36.2 m, while the
SOC group saw a decline of 42.5 m. Additionally,
theEBVgroup hadchanges in themodifiedMedical
Research Council (mMRC) and body-mass index,
airflow obstruction, dyspnea, and exercise (BODE)
index scores of �0.56 and�0.97, respectively.
Pneumothorax was the most common serious

adverse event in the EBV group, occurring at a
rate of 21.5%; however, this did not appear to
negatively impact the overall clinical outcomes.
STELVIO14 is a randomized controlled trial that

evaluated the effectiveness of EBV in patients
with severe heterogeneous emphysema and
confirmed absence of collateral ventilation. A total
of 68 subjects were randomly assigned to the EBV
and SOC groups in a 1:1 ratio. The primary
outcome measures were improvements from
baseline to 6 months in FEV1, forced vital capacity
(FVC), and 6-min walk distance in the EBV group
compared to the control group.
Intention-to-treat analyses showed significantly

greater improvements in the EBV group compared
to the control group over 6 months. FEV1
increased by 140 mL more in the EBV group,
FVC by 347 mL more, and the 6-min walk distance
improved by an additional 74 m.
By 6 months, the EBV group reported 23 serious

adverse events, compared to 5 in the control
group. Serious treatment-related adverse events
in the EBV group included pneumothorax (18%
of patients) and events requiring valve replace-
ment (12%) or removal (15%).
The VENT trial15 is a randomized, prospective,

multicenter study that evaluated the efficacy and
safety of Zephyr EBV in patients with advanced
emphysema compared to standard care. A total
of 321 patients from 31 centers across the United
States were enrolled in a 2:1 ratio into the EBV
and SOC groups, respectively.



Table 1
Criteria for valve candidacy

Zephyr Spiration

Homogenous emphysema Yes No

Heterogeneous emphysema Yes Yes

Alpha-one antitrypsin deficiency No Yes

BMI <35 <35

Stable on prednisone dose <20 <15

FEV1 15%–45% <45%

Residual volume >175%
>200 (if homogeneous)

>150%

Total lung capacity >100% >100%

6-min walk distance 100–500 m
150–500 m (if homogeneous)

>140 m

Quit smoking > 4 mo ago >4 mo ago

Fissure integrity >80% and no CV by Chartis >90%
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The coprimary effectiveness endpoints were
the percent change in FEV1 and the distance on
the 6-min walk test in the EBV group compared
to the control group, measured 6 months after
randomization. In the EBV group, the confidence
interval (CI) ranged from 1.4 to 7.2, representing
an absolute increase of 1.0% point (95% CI,
0.2–1.8) of the predicted value. In contrast, the
control group saw a decrease of 2.5% (95% CI,
�5.4–0.4), equivalent to a drop of 0.9% points
(95% CI, �1.7 to �0.1) in the percent of the pre-
dicted value. Consequently, the mean between-
group difference in FEV1 was 6.8% (95% CI,
2.1–11.5; P5.005).

At 6 months, the distance covered in the 6-min
walk test increased by 2.5% (95% CI, �1.1–6.1)
in the EBV group and decreased by 3.2% (95%
CI, �8.9–2.4) in the control group, resulting in a
mean between-group difference of 5.8% (95%
CI, 0.5–11.2; P5.04). This corresponded to an in-
crease of 9.3 m (95% CI, �0.5–19.1) in the EBV
group compared to a decrease of 10.7 m (95%
CI, �29.6–8.1) in the control group (P5.02).

Post hoc analysis showed that patients in the
EBV group with complete fissures had incremental
improvements in FEV1 of 16.2% at 6 months and
17.9% at 12 months (P<.001 for both compari-
sons), compared to insignificant changes of 2.0%
and 2.8%, respectively, in those with incomplete
fissures. However, the between-group differences
in the 6-min walk test were not significant at either
6 or 12 months in either group.

In the EBV group, the volume of the adjacent
nontargeted lobes expandedcompared to the con-
trol group, with this effect being more pronounced
in patients with complete fissures. Although the
overall effect of EBV was modest, patients with
high values for disease heterogeneity and fissure
integrity on CT imaging were more likely to have a
clinically significant response.

The study titled “Radiological and clinical out-
comes of using ChartisTM to plan endobronchial
valve treatment”16 was a nonrandomized, multi-
center, prospective study conducted at 5 clinical
sites across 3 countries in Europe. The study
aimed to investigate whether Chartis assessment
of collateral ventilation (CV) could predict signifi-
cant target lobe volume reduction (TLVR) following
EBV placement.

Among the 80 patients who received Zephyr
EBV and underwent CV assessment with the Char-
tis system, 51 were classified as CV-negative (CV-)
and 29 as CV-positive (CV1). The CV-all group
achieved a median TLVR of 752.7 mL, surpassing
the threshold previously identified for significant
clinical improvement (350 mL). In contrast, the
CV1 all group achieved a TLVR of 98.6 mL, falling
short of this threshold. A significant difference in
TLVR was observed between the 2 groups. Chartis
demonstrated positive predictive and negative
predictive values of 71% and 83%, respectively,
resulting in an overall accuracy rate of 75%.

The IMPACT study3was a randomized, prospec-
tive, multicenter trial that compared EBV plus SOC
to SOC alone. The primary outcome measured the
percentage change in FEV1 at 3 months relative to
baseline in the EBV group versus the SOC group. A
total of 93 subjects with heterogeneous emphy-
sema and no collateral ventilation (CV-negative) in
the primary or secondary target lobewere random-
ized in a 1:1 ratio, with 50 subjects in theSOCgroup
and 43 subjects in the EBV group.



Fig. 2. Zephyr valves with duckbill-like shape in the
left upper lobe.
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At3monthspostprocedure, therewasanaverage
improvement from baseline in FEV1 of 13.7% in the
EBV group, while the SOC group experienced a
decline of 3.2%, resulting in a mean between-
groups difference of 17.0%. The study demon-
strated statistically and clinically significant
improvements in lung function, exercise capacity,
and quality of life associated with EBV therapy
compared to usual SOC.

PROCEDURE OVERVIEW

Two different types of valves—EBV (Zephyr, Pul-
monx Corp., Redwood City, CA, USA) and intra-
bronchial valves (IBV, Spiration, Olympus, Tokyo,
Japan)—are approved for bronchoscopic lung
volume reduction, and they differ in shape but
have a similar mechanism of action. The eligibility
criteria were determined by the clinical trials
outline above. The Spiration Valve (Fig. 1) is an
umbrella-shaped self-expanding device with a
Nitinol (nickel-titanium) frame with 5 distal anchors
and a polyurethane membrane held by 6 proximal
struts. The membrane is apposed to the bronchial
wall, thereby allowing the unidirectional valve to
block air from traveling distally, while allowing se-
cretions and air to drain.17 The Zephyr EBV (Fig. 2)
is a silicone-based, 1-way valve affixed in a self-
expanding nitinol retainer. The retainer stabilizes
the valve in the airway and provides an airtight
seal against the bronchial wall.17 The spiration
valve is available in a 5 mm, 6 mm, 7 mm, and
9 mm valve. The Zephry valve is available in a
4.0 EBV, 4.0-LP EBV, 5.5 EBV, and 5.5-LP EBV.
The low-profile sizes are for deployment in shorter
airways.
Each valve uses similar steps for placement. The

procedure is typically performed via a flexible
bronchoscopy using a bronchoscope with a work-
ing channel 2.6mmor greater. After analysis for fis-
sural integrity, via imaging or Chartis (Figs. 3 and
Fig. 1. Spiration valves with umbrella-like shape in
the right upper lobe.
4), sequential sizing of the airway and valve deploy-
ment in the target lobe occurs. The procedure
duration is typically less than 1 hour. The spiration
valve is sized with the accompanying sizing
balloon and calibration kit to determine which
size valve to deploy. The appropriately sized valve
is loaded into the catheter and then deployed
under direct (bronchoscopic) visualization. The
Zephyr valve is sized using a catheter that mea-
sures depth and diameter. The endobronchial de-
livery catheter is used for sizing and placement
and the catheter size is equivalent to the valve
size. The catheter is available in a J configuration
to improve access to angulated airways.
ANESTHESIA APPROACH

BLVR may be performed using general anesthesia
with an endotracheal tube or laryngeal mask
airway or be performed in the spontaneously
breathing patient under moderate sedation with
airway topicalization using monitored anesthesia
care.18 Procedures performed using an endotra-
cheal tube may be shorter, related to patient toler-
ance, and for the proceduralist provides increased
ease of collateral ventilation assessment, valve
sizing, and placement. In 1 study,19 the average
procedure duration was similar between the moni-
tored anesthesia care (MAC) (24.90 min) and gen-
eral anesthesia (GA) via ETT (20.70 min) group, but
the total anesthetic time was much longer for the
MAC group (61 min vs 37 min). An additional
benefit of performing the procedure using total
intravenous anesthesia and an endotracheal tube
is improving the speed and accuracy of the Chartis
assessment. This is particularly important given
the low ventilation rates of 8 to 10/min and pro-
longed expiration (I/E ratio 1:3–1:4) seen
intraprocedurally.



Fig. 3. Absence of collateral ventilation.
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The intraoperative management of mechanical
ventilation via an artificial airway may also be
used to minimize postprocedural complications.
Based on the hypothesis that a low intraproce-
dural fraction of inspired oxygen (FiO2) might slow
absorption atelectasis by preventing nitrogen
washout of the treated lung and reduce the inci-
dence of pneumothorax, 2 institutions adopted a
low FiO2 protocol.

20 Before protocol development,
FiO2 was per anesthesia preference, usually 1.0.
Under protocolized low FiO2, inspired oxygen
was reduced to the lowest possible concentration
needed to maintain and oxygen saturation of
greater than 89%. Valves were not placed until
exhaled O2 concentration approximated FiO2, sug-
gesting adequate alveolar partial pressure of oxy-
gen equilibration with delivered low inspired
oxygen. Minimized FiO2 during BLVR procedures
to the minimal concentration tolerated was associ-
ated with marked reduction in the incidence of
postprocedural pneumothorax, from an incidence
of 31% of cases in high FiO2 to 7% in the protocol-
ized low FiO2. Pneumothoraces occurred later in
the low group, likely due to pleural tears as atelec-
tasis progresses.
Fig. 4. Presence of collateral ventilation.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION BENEFITS

Improvements in quality of life, lung function, and
exercise capacity have been noted by various ran-
domized controlled trials. More recent data has
suggested that BLVR has an impact on exacerba-
tion frequency, cardiac hemodynamic, and
survival.

Hartman and colleagues developed a study to
explore survival benefit.21 The study goal was to
investigate survival rates among patients evalu-
ated for BLVR treatment and to compare the sur-
vival outcomes between those who underwent
BLVR treatment and those who did not. A total
of 1471 patients were included in the study, with
483 patients (33%) undergoing BLVR treatment.
Patients treated with BLVR had a significantly
longer median survival time compared to those
not treated with BLVR (3133 days (95% CI 2777–
3489) versus 2503 days (95%CI 2281–2725),
P<.001), reflecting a difference of 630 days,
approximately equivalent to 1.7 years. Addition-
ally, undergoing BLVR treatment independently
predicted survival when adjusted for other factors
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influencing survival such as age, gender, and dis-
ease severity.
In a study of 129 patients undergoing BLVR, a

reduction in exacerbation was noted with the
largest decrease noted in those with complete
lobar atelectasis.22 Patients experienced a mean
of 2.5 � 2.2 moderate and severe exacerbations
in the year before BLVR. The number of exacerba-
tions decreased significantly to 1.8� 2.2 exacerba-
tions in the first year after intervention (P5.009). The
decrease in exacerbation rate was associated with
the development of complete lobar atelectasis,
from 2.8� 2.0 to 1.4� 1.8 exacerbations (P<.001).
In a smaller study of only 24 patients,23 improve-

ment in cardiac function was also noted. In this
study, cardiac magnetic resonance imaging was
obtained 1 day before treatment and at 8-week
follow-up. At follow-up imaging, right ventricle
end-diastolic volume index was significantly
improved (17.9 mL/m2; SD, 10.0; P 5 .001). Pa-
tients also had significantly higher ejection frac-
tions and strain measurements. Although cardiac
output was significantly increased (10.9 L/min;
SD, 1.5; P 5 .007), there were no changes in
pulmonary artery pressures demonstrating that
BLVR could improve cardiac preload, myocardial
contractility, and cardiac output without changing
pulmonary pressures.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION COMPLICATIONS

BLVR is a valuable new option in the treatment of
patients with advanced emphysema. Despite
careful patient selection, following the procedure
individuals are at risk of complications including
pneumothorax, exacerbation of COPD, postob-
structive pneumonia, and hemoptysis as well as
failure to achieve TLVR. After valve treatment, it
is recommended to monitor the patient for clinical,
radiological, and lung functional improvement (or
deterioration). Valve revision should be considered
if there is no improvement after initial treatment, or
if there is loss of the initially observed benefit dur-
ing the follow-up.
Acute exacerbations of COPD (AECOPD) are

common following BLVR and the practices of pre-
scribing prophylactic corticosteroids or antibiotics
is variable and often center specific. Though small,
a 6-center retrospective review evaluated the
management of 170 patients who underwent
BLVR.24 The rate of exacerbations was 21.2%
for the full cohort. Prophylaxis was antibiotics, ste-
roids, antibiotics plus steroids, or no prophylaxis.
Patients who received prophylaxis had a signifi-
cantly lower rate of AECOPD compared with those
who did not (16.7% vs 46.2%; P5.001). The rate
was lowest in patients who received antibiotics
alone (9.2%). The antibiotics prescribed included
levofloxacin, azithromycin, ceftriaxone, or a beta
lactam.
After treatment with valves, TLVR occurs (Fig. 5).

Part of this volume reduction is compensated for
by the expansion of the untreated ipsilateral lobe
and as the volume loss occurs, the negative
pressure dropmay cause rupture of bullae or blebs
in the expanding lung tissue.25 Symptomatic
pneumothoraces require intervention with the
placement of a tube thoracostomy. Not all pneu-
mothoraces require intervention as pneumothorax
ex vacuo is another presentation seen due to TLVR
but is not associated with an air leak and does not
require drainage. A wait-and-see approach is rec-
ommended in these cases as the pneumothorax
will slowly resolve.
Pneumothorax is the most common complica-

tionofBLVRandwhether toproceedwith tube thor-
acostomy, to remove a valve, or remove all of the
valves is guided by expert consensus. The greatest
risk of this complication is in patients in whom the
second-best target was chosen and the emphy-
sema destruction in the contralateral lung was
greater than 60% (measured at �910 Hounsfield
Units), the patient would be at a higher risk of death
or require removal of all valves.5 In symptomatic
pneumothorax, a chest drain is recommended
without the use of wall suction. In the unstable pa-
tient, suction should be used and early removal of
1 to 2 valves considered. In stable patients with
no air leak, the chest tube can be removed when
lung expansion is noted or if partial expansion and
stable. In stable patients with an air leak after
3 days or with incomplete lung expansion despite
tube placement, suction should be considered
and 1 to 2 valves removed.26 If the leak resolves,
the chest tube can be removed and replacement
of the removed valves can be considered 5 to
6 weeks postprocedure. If the leak persists, chest
computed tomography (CT) should be performed
to identify potential etiologies of the leak and a
Heimlich may be placed for discharge or additional
valves may be removed.
Additional complications are related to the

valves themselves and include valve migration,
incomplete airway occlusion, granulation tissue,
and hemoptysis related to the placement of the
valves or to the development of granulation tis-
sue.25 When these complications occur, this can
lead to the loss of target lobe volume loss. Granu-
lation tissue is a common cause for loss of effect
requiring revision bronchoscopy. In a prospective
analysis of patients undergoing BLVR in one cen-
ter, 74 (41%) patients underwent at least one revi-
sion bronchoscopy for an indication related to the



Fig. 5. Pre-procedure chest x-ray versus post-procedure chest x-ray with volume loss and elevated
hemidiaphragm.
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valves. A second revision bronchoscopy was
indicated in 24 patients and a third revision bron-
choscopy in 6 patients. Revision bronchoscopy
was performed for the lack of desire effect or for
the loss of an initial effect.27 Granulation tissue
causing valve dislocation or air leakage was noted
in 53% of patients. In 63% of the patients, the revi-
sion bronchoscopy led to an improvement in FEV1
and in 64% there was a reduction in the RV.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION IN MARGINAL CANDIDATES

BLVR can achieve a significant increase in lung
function, exercise capacity, and quality of life
and a decrease in hyperinflation and dyspnea on
exertion. The impact in patients with low FEV1
(<20%), low DLCO (<20%), and group 3 pulmo-
nary hypertension is less clear as a limited number
of patients meeting these criteria were included in
the existing clinical trials.

In the NETT trial, patients with an FEV1 lesser
than 20% undergoing LVRS had increased mortal-
ity and as a result, few patients with very severe
airway obstruction were included in the studies of
BLVR. In a small study published in 2016, they
evaluated the safety and outcomes of procedures
performed in patients with an FEV1 lesser than
20% and FEV1 greater than 20%.28 Twenty pa-
tients with FEV 1� 20%predicted underwent valve
placement. Complete or partial atelectasis was
achieved in 65% of the cases. Pneumothorax
occurred in 4 cases (20%), a rate similar to patients
with a higher FEV1. Both lung function and exercise
tolerance were improved at 1 and 3 months.

Based on the NETT trial, patients with low DLCO
(<20%), were also excluded from clinical trials on
BLVR. Recognizing the limited data in the area,
van Dijk and colleagues evaluated the impact of
BLVR in 20 patients with a diffusion capacity less
than 20%.29 There were no other significant differ-
ences between the low diffusion capacity and con-
trol group. The most common serious adverse
event was pneumothorax, occurring in 15% of pa-
tients. They also demonstrated statistically signifi-
cant and clinically relevant improvements in lung
function, exercise capacity, and quality of life in
the low DLCO group compared to the control
group and these similarities were seen up to the
6-month follow-up period.

Patients with severe COPD often have concomi-
tant lowFEV1and lowDLCOandwhether broncho-
scopic lung volume reduction is safe, feasible, and
yields clinically meaningful benefit was evaluated
via a retrospective cohort in Germany.30 In 20 pa-
tients, there was an overall improvement in lung
function with an increase in FEV1, a decrease in re-
sidual volume, total lung capacity, and 6-min walk
distance, with greatest improvement in walk dis-
tance seen with complete lobar atelectasis. There
was not significant increase in complications but
pneumothorax with air leak was more likely to be
prolonged in this group.

Another group frequently excluding from clinical
trials are those patients with established pulmo-
nary hypertension. A small feasibility study of 6
patients with group 3 pulmonary hypertension
evaluated the safety and clinical impact of BLVR
in patients with severe heterogeneous emphy-
sema.31 Lung volume reduction was documented
radiologically in 5 patients. At 90-day follow-up,
an improvement was seen in mean pulmonary
arterial pressure, wedge pressure, cardiac index,
and 6-min walk distance. There were no pulmo-
nary hypertension related complications.

BLVR is intended for patients with hyperinflation
and symptoms despite optimal medical therapy
and conditioning via pulmonary rehabilitation and
is of utmost importance in marginal candidates.
The small number of pulmonary rehabilitation
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centers is insufficient to meet the need and are
often inaccessible to those in rural areas. Home
pulmonary rehabilitation and telerehabilitation are
options that increase access but whether the
home-based options perform at the same level is
an area of concern. In candidates with marginal
walk distances, hospital-based pulmonary rehabil-
itation should be encouraged, based on data from
a prospective study by Pehlivan and colleagues.32

In their study of 67 patients, home-based and
hospital-based pulmonary rehabilitation provided
significant and similar improvements in the
mMRC and CAT scores but 6MWDwas only signif-
icantly increased in the hospital-based programs.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION STAGED AND BILATERAL
PROCEDURES

To minimize the risk of pneumothorax, a 2-step
valve-implantation in staged procedures was hy-
pothesized to allow for progressive TLVR and ipsi-
lateral lung expansion.33 In the staged protocol,
during the first procedure, valves were placed in
all but the most proximal segment or subsegment
(1 segment or subsegment left untreated in both
right middle lobe (RML) and right upper lobe
(RUL) lobe for RUL/RML treatments). Four weeks
later, patients underwent a second procedure
with valve-implantation in the remaining seg-
ment(s) or subsegment(s). In the 58 patients,
only 4 pneumothoraxes (7%) occurred. Two
pneumothoraces occurred after the first proced-
ure. One patient was treated for RUL and RML
resulting in complete atelectasis of the RML and
a 31% TLVR of the RUL. In the other case, valves
were implanted in the RUL resulting in its com-
plete atelectasis. Two patients suffered from
pneumothorax immediately after the second pro-
cedure. There was similar radiological and pulmo-
nary function improvement as well as symptom
improvement when compared to the conventional
single-step procedure.
The functional improvement obtainedwith unilat-

eral BLVR may progressively decline to the pre-
BLVR level and whether bilateral procedures yield
the same benefit as bilateral LVRS was a question
to be answeredonce the safety and efficacy of con-
ventional BLVRwas known. Via retrospective anal-
ysis, a total of 49 patients were evaluated.34 In this
cohort, 14 (28%) received a repeated BLVR after a
median interval of 18 months from the initial pro-
cedure. Significant improvements in FEV1 (P<.05),
FVC (P<.05), RV(P<.05), 6-min walking test
(P<.05), and St. George respiratory questionnaire
(P<.02) were achieved after the second procedure
demonstrating efficacy in improving pulmonary
function in patients with emphysema who have
lost the benefit from their first procedure.
BRONCHOSCOPIC LUNG VOLUME
REDUCTION AS A BRIDGE TO LUNG
TRANSPLANT OR LUNG VOLUME REDUCTION
SURGERY

Lung transplantation and surgical LVRS are both
well-studied interventions for individuals with
end-stage COPD with strict criteria to qualify
for each intervention. In patients who qualify for
lung volume reduction, the selection of BLVR
over LVRS is related to concerns that LVRS
leads to increased pleural adhesions and an
increased surgical time and bleeding risk at the
time of lung transplantation. While not statisti-
cally significant in the analysis performed by
Backhus and colleagues,35 the impact of prior
LVRS on the development of adhesions and the
difficulty of explant should be considered, partic-
ularly in individuals who are also candidates for
BLVR.
BLVR is a successful tool to bridge potential

transplant candidates. Lung transplantation for
end-stage COPD is often associated with a longer
period of time on the transplant waitlist and the 5-
year survival after transplantation for COPD is only
70.4%,36 BLVR can be used as a bridge to delay
transplant evaluation and listing. A concern with
this strategy is that this potentially leads to older
transplant recipients with increased comorbidities
undergoing lung transplantation. A recent Euro-
pean cohort evaluated the outcomes of 82 pa-
tients undergoing lung transplant for COPD. 28
of the 82 patients had undergone prior BLVR.37

The BLVR patients spent comparable time on the
waitlist; however, they were older at the time of
transplant. Both groups showed comparable 90-
day (92%) and long-term survival (BLVR 1-/5-/
10-year survival: 92/88/77%, vs control: 89/77/
67%, P5.5). The odds for postoperative pulmo-
nary complications were similar in both groups.
This adds to the growing data to support the use
of BLVR as a bridge to lung transplant without an
increase in complications or reduced posttrans-
plant survival.
Whether LVRS can be used in patients who

failed to achieve atelectasis after their procedure
(primary failure) or in patients who have declining
benefit after BLVR (secondary failure) has been
evaluated in small cohort studies. One such cohort
of 38 patients evaluated 19 patients who had pri-
mary failure, 15 secondary failure, and 4 were
treated as an emergency due to severe air leak af-
ter BLVR.38 Primary failure was defined as no
improvement at 3 months and despite valve
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revision in cases without lobar atelectasis. Sec-
ondary failure was the loss of subjective or objec-
tive improvement after initial gains. 3 patients had
loss of effect despite persistent atelectasis after
initially successful treatment, and 12 patients had
both loss of effect and atelectasis. At 3 months
post-LVRS, there was a significant improvement
in FEV1 but considering subgroups, patients with
primary failure after BLVR seem to profit more
than those with secondary failure and how to
manage the existing valves in those with second-
ary failure remains unclear.

BRONCHOSCOPIC LUNG VOLUME
REDUCTION SUMMARY

BLVR is an option for patients with advanced
emphysemawith hyperinflationwhen symptomatic
onmaximalmedical therapy including inhaled ther-
apies, oxygen as indicated, and conditioned with
pulmonary rehabilitation. The procedure is compli-
cated by pneumothoraces requiring close obser-
vation as an inpatient following the procedure.
This risk can be reduced by close attention to pro-
cedural technique. Patients experience improved
exercise tolerance, survival, and potentially a
reduced frequency of exacerbations. Patients un-
dergoing BLVR may be successfully bridged to
lung transplantation or LVRS when procedural
impact wanes but BLVR postpones or prevents
the need for these invasive procedures.

CLINICS CARE POINTS

� Bronchoscopic lung volume reduction (BLVR)
is a minimally invasive therapeutic interven-
tion for patients with advanced emphysema.

� Following BLVR, patients can expect an
improved quality of life and survival.

� Patients should be counseled on the pneumo-
thorax risk.

� The proceduralist should know procedural
techniques to reduce the risk and how to
manage complications when they occur.
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