
Bronchoscopic lung volume
reduction with valves:
What should the internist know?

T reatment of emphysema remains chal-
lenging. Standard therapies for chronic 

obstructive pulmonary disease (COPD) such 
as bronchodilators, anti-infl ammatory drugs, 
oxygen, and pulmonary rehabilitation are of 
limited effi cacy in the face of permanent struc-
tural changes of emphysema in the lung. 
 Some patients can get some relief from 
procedures that reduce lung volume to restore 
normal mechanics of the diaphragm and chest 
wall.1 Today, lung volume reduction is done 
primarily through surgery or by bronchoscopi-
cally placing 1-way valves in the airways. 
 In this review, we provide a clinical over-
view of valve therapy, the only approved bron-
choscopic lung volume reduction procedure in 
the United States for palliation of dyspnea in 
selected patients with emphysema.

 ■ LUNG CHANGES IN EMPHYSEMA

Emphysema is progressive and characterized 
by destruction of alveolar walls distal to the 
terminal bronchioles, resulting in permanent 
enlargement of airspaces. Loss of connective 
tissue corresponds to loss of elastic lung recoil 
and reduced tethering of the small airways 
with consequent air trapping, hyperinfl ation, 
and collapse of small airways.
 Hyperinfl ation increases the work of 
breathing by pushing the tidal volume loop to 
the less compliant portion of the respiratory 
volume-pressure curve, so that patients must 
generate more pressure to breathe in or out 
(Figure 1).2

 Hyperinfl ation and air trapping are ag-
gravated during exertion in a process called 
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ABSTRACT
Traditional therapies for emphysema such as bronchodila-
tors and anti-infl ammatory drugs have limited value due 
to permanent structural changes in the emphysematous 
lung that result in hyperinfl ation. Surgical lung volume 
reduction partially corrects hyperinfl ation by removing 
emphysematous lung and is an option in selected pa-
tients, but it carries a risk of morbidity and death. Valve 
therapy is a less-invasive option that involves broncho-
scopic implantation of 1-way valves in emphysematous 
lung segments to allow air fl ow and mucus clearance in 
the direction of central airways. The authors review the 
rationale, evidence, and applications of valve therapy.

KEY POINTS
After valve placement, the 1-way fl ow gradually leads to 
selective de-aeration and collapse of treated areas, thus 
reducing hyperinfl ation.

The US Food and Drug Administration has approved valve 
therapy for the treatment of emphysema.

This procedure may work best for patients who have 
heterogeneous involvement and complete separation 
between affected and unaffected lobes.
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dynamic hyperinfl ation, caused by progressive 
shortening of expiratory time at high respi-
ratory rates and consequent impaired lung 
emptying. At increased lung volumes, respi-
ratory muscle fi bers are shortened, creating a 
mechanical disadvantage in the ability to pro-
duce force. Moreover, in heterogeneous em-
physema, in which emphysema is localized to 
a certain region of the lung, hyperinfl ation of 
the more affected areas results in compression 
atelectasis of other “healthier” areas, creating 
unfavorable ventilation-perfusion matching 
and poor gas exchange.1 
 Hyperinfl ation and air trapping are often 
seen on chest imaging and can be recognized 
on pulmonary function testing as increases in 
total lung capacity (TLC), residual volume 
(RV), and ratio of RV to TLC. 

 ■ A BRIEF HISTORY 
OF LUNG VOLUME REDUCTION

In 1959, Brantigan et al3 reported that sur-
gically removing emphysematous lung in-
creased elastic recoil, increased radial traction 
on airways and restoration of a more normal 
confi guration of the respiratory muscles. But 
despite subsequent improvements in surgical 
technique,4 lung volume reduction surgery 
produced varying clinical results and had a 
mortality rate of 4% to 17%.5 
 Uncertainty persisted about the risks vs 
benefi ts of this surgery, the degree and dura-
tion of clinical improvement, and patient se-
lection criteria. 
 The National Emphysema Treatment 
Trial6 of the US Centers for Medicare and 
Medicaid Services and the National Heart, 
Lung, and Blood Institute, a multicenter 
randomized controlled trial, was designed to 
address these issues by assessing survival and 
exercise capacity 2 years after lung volume 
reduction surgery in 1,218 patients random-
ized (after pulmonary rehabilitation) to either 
undergo the procedure or continue medical 
therapy. 
 Key inclusion criteria were:
• Severe emphysema: forced expiratory vol-

ume in 1 second (FEV1) ≤ 45% of predict-
ed, TLC ≥ 100% of predicted, RV ≥ 150% 
of predicted

• Resting partial pressure of arterial carbon 
dioxide (Paco2) ≤ 60 mm Hg

Figure 1. Pressure-volume loops while breathing at rest 
and during exercise in a healthy individual (A) and in 
a patient with chronic obstructive pulmonary disease 
(COPD) (B). Inspiratory capacity (maximum volume of 
breath that can be taken in after exhalation) increases 
in healthy people during exercise owing to a fall in lung 
volume at the end of exhalation. The volume loop during 
normal breathing is situated in the central linear por-
tion of the pressure-volume relationship, which means 
that relatively small changes in pressure produce com-
paratively large changes in volume. In COPD, inspiratory 
capacity declines due to progressive air-trapping during 
exercise; thus, patients have to breathe at the upper and 
less compliant portion of the pressure-volume relation-
ship. This means that increasingly higher pressures must 
be generated for any given breath, increasing the work 
of breathing.

IC = inspiratory capacity; IRV = inspiratory reserve volume; P = pressure; RV = residual 
volume; TLC = total lung capacity; V = volume

Used with the permission of the American Thoracic Society.
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• Resting partial pressure of arterial oxygen  
(Pao2) on room air ≥ 45 mm Hg

• Body mass index ≤ 31 kg/m2 for men, ≤ 32 
kg/m2 for women

• Abstinence from smoking for at least 6 
months

• Completion of pulmonary rehabilitation.
 Exclusion criteria were signifi cant cardiac 
morbidity, pulmonary hypertension (mean 
pulmonary artery pressure ≥ 35 mm Hg or sys-
tolic pulmonary artery pressure ≥ 45 mm Hg), 
severe functional impairment (6-minute walk 
distance < 140 m), chronic prednisone use, 
and need for high volumes of supplemental 
oxygen at baseline (≥ 6 L/minute).
 At an early stage in the trial, a high-risk 
group with a 30-day mortality rate of 16% 
was identifi ed. These patients had very se-
vere homogeneous emphysema (FEV1 < 20% 
of predicted, emphysema distributed evenly 
throughout the lungs), or poor gas exchange 
(diffusion capacity < 20% of predicted). 
These features were added as trial exclusion 
criteria.6

 Overall, the National Emphysema Treat-
ment Trial showed an improvement in ex-
ercise capacity in the surgery group and no 
difference in mortality rate between the sur-
gical and medical therapy groups, even after 
excluding the high-risk group. In subgroup 
analysis, patients with low baseline exercise 
capacity (determined by cardiopulmonary 
exercise testing before surgery) and upper-
lobe-predominant emphysema had lower 

mortality risk if they received surgery (risk 
ratio for death 0.47, P = .005). In contrast, 
a higher mortality rate was observed in the 
surgical group in the subset of patients with 
high baseline exercise capacity and homoge-
neous emphysema (risk ratio 2.06, P = .02).7 
These fi ndings were reaffi rmed after a medi-
an follow-up of 5 years.8

 Therefore, lung volume reduction sur-
gery, when performed in a select group of 
patients with heterogeneous emphysema and 
low baseline exercise capacity, is a therapeu-
tic option that prolongs survival in COPD. 
Patients with heterogeneous emphysema and 
high exercise tolerance did not derive sur-
vival benefi t, although their quality-of-life 
scores improved.

 ■ THE NEED FOR NONSURGICAL OPTIONS

Lung volume reduction surgery has several 
limitations. It is associated with considerable 
rates of mortality (90-day mortality rate 5.2% 
for patients not at high risk) and morbidity 
(prolonged hospital stay and air leak in up to 
50% of patients).7 A study performed between 
2007 and 2013 showed that the in-hospital 
mortality rate was 5.5% and that 5.5% of pa-
tients required tracheostomy.9 
 While suboptimal patient selection may 
also have played a role in poor outcomes in 
this report (eg, secondary pulmonary hyper-
tension, a relative contraindication to this 
surgery, was prevalent in surgery patients), al-
ternative nonsurgical approaches to lung vol-
ume reduction are desirable. 
 Over the past 3 decades, several nonsurgi-
cal methods have been devised (Table 1).10–16 
Among these, endobronchial valve implanta-
tion (valve therapy) is considered the most 
promising and is currently the only approved 
bronchoscopic lung volume reduction proce-
dure in the United States.

 ■ VALVE THERAPY

Valve therapy involves implantation of 1-way 
valves that allow air fl ow and mucus clear-
ance in the direction of central airways—out, 
but not in. The 1-way fl ow gradually leads to 
selective de-aeration and collapse of treated 
areas and reduces hyperinfl ation and air trap-
ping, theoretically conducive to all the gains 

In emphysema, 
hyperinfl ation 
increases
the work
of breathing

TABLE 1

Bronchoscopic approaches
to lung volume reduction

 Valve therapy: Zephyr and Spiration

 Lung volume reduction coils: PneumRx10

 Airway bypass stents (abandoned due to lack of 
effi cacy and high complication rate)11

 Bronchoscopic thermal vapor ablation (inducing 
scarring in the diseased airways leading to lung 
volume reduction)12

 Biologic or polymeric lung volume reduction:
fi brin-thombin mixtures, glue, polymeric foam sealant 
(the AeriSeal System)13–16
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from lung volume reduction surgery (Figure 
2). Valve therapy, unlike in lung volume re-
duction surgery, is performed unilaterally due 
to the inherent procedural risk of pneumotho-
rax.
 There are currently 2 valve therapy options 
approved in the United States: the Zephyr 
valve system (PulmonX, Redwood City, CA) 
and the Spiration valve system (Olympus, 
Center Valley, PA).

The VENT trial of valve therapy
The Endobronchial Valve for Emphysema 
Palliation Trial (VENT) was the fi rst multi-
center randomized controlled trial to assess 
the effi cacy and safety of lung volume reduc-
tion with Zephyr endobronchial valves.17 The 
trial had 2 cohorts, 1 in the United States and 
1 in Europe. 
 In the US cohort, 321 patients with severe 
and very severe heterogeneous emphysema 
were randomized in a 2:1 fashion to undergo 

valve placement (n = 220) or medical treat-
ment (n = 101). Compared with medical 
therapy, the valve group had a modest 6.8% 
between-group difference in FEV1 and a 5.8% 
difference in 6-minute walk distance. Al-
though statistically signifi cant, these improve-
ments were not considered as reaching a mini-
mal clinically important difference. Adverse 
events, including pneumothorax, were more 
common in the valve therapy group (6.1% vs 
1.2%, P = .08).17 Similar results were obtained 
in the European cohort.18

 Given the modest benefi t and substan-
tial risk of adverse events, the US Food and 
Drug Administration recommended against 
approval of the Zephyr endobronchial valve 
based on the results of VENT.17 

Further lessons from VENT
Post hoc analyses from VENT laid the ground-
work for trials that delineated the role of en-
dobronchial valve implantation in the treat-

Endobronchial 
valve implanta-
tion is currently 
the only
approved
bronchoscopic 
lung volume 
reduction
procedure
in the United 
States

Figure 2. Valve therapy for bronchoscopic lung volume reduction involves implantation of 
1-way valves to allow air fl ow and mucus clearance outward to central airways. The 1-way 
fl ow leads to selective de-aeration and collapse of treated areas, reducing hyperinfl ation 
and air trapping. Unlike lung volume reduction surgery, the procedure is performed unilat-
erally due to the inherent procedural risk of pneumothorax.

During expiration:
One-way valve allows
air and mucus to exit

During inspiration:
One-way valve prevents
air from entering

Gradually leading to
lung volume reduction
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ment of emphysema. 
 First, improvement in lung function and 
6-minute walk distance correlated with the 
heterogeneity of emphysema: ie, the higher 
the difference of emphysematous involvement 
between the treated lobe and neighboring 
lobes, the more robust the clinical improve-
ment.17 
 Second, the presence of complete fi ssures 
between the lobes was associated with greater 
reductions in lung volume and improvement 
in lung function.17 This fi nding emphasized 
the importance of absence of collateral ven-
tilation in determining success of the proce-
dure. In essence, despite endobronchial occlu-
sion, the treated lobe could back-fi ll from the 
neighboring lobes through collateral ventila-
tion, thereby abrogating lung volume reduc-
tion. Absence of any interruption in the pleu-
ral lining between the lobes (so-called “fi ssure 
integrity”) was a surrogate for the absence of 
collateral ventilation.

 Third, complete lobar occlusion was nec-
essary for optimal results. In the VENT study, 
44% of the patients had incomplete occlusion 
of the treated lobe, which likely lessened the 
benefi ts from the procedure.17

 Fissure integrity (a surrogate for absence of 
collateral ventilation) can be assessed visually 
or by software analysis on high-resolution CT 
(Figure 3). Collateral ventilation can be di-
rectly investigated with diagnostic tools that 
can measure pressure and fl ow within the lung. 
 The Chartis Pulmonary Assessment Sys-
tem (PulmonX) can assess for collateral ven-
tilation during bronchoscopy. The system 
consists of a balloon catheter that is used to 
occlude the target airway. When the balloon 
is infl ated at the orifi ce of the target airway, 
only unidirectional (expiratory) airfl ow is al-
lowed through a catheter built into the bal-
loon. The presence of continuous expiratory 
airfl ow after balloon occlusion indicates the 
presence of collateral ventilation. In the ab-
sence of collateral ventilation, expiratory fl ow 
diminishes over time.

 ■ CLINICAL TRIALS OF VALVE THERAPY 
AFTER THE VENT STUDY

There were 7 randomized controlled trials of 
the clinical effi cacy of valve therapy with de-
signs that considered the experience from the 
VENT study (Table 2).19–25 Five of these tri-
als used the Zephyr system,19–23 and 2 used the 
Spiration system.24,25 All assessed collateral 
ventilation during bronchoscopy using fi ssure 
analysis, the Chartis system, or both. All but 
1 trial21 enrolled patients with heterogeneous 
emphysema in whom the treated lobe had 
10% to 15% more destruction from  emphy-
sema than the neighboring lobes, based on 
quantitative CT analysis. One trial enrolled 
both heterogeneous and homogeneous em-
physema patients.20 
 These trials utilized clinical responder 
analysis as effi cacy end points, defi ned as the 
proportion of patients who exhibited im-
provements over the minimal clinically im-
portant difference—ie, the smallest measured 
difference that the patient would deem signifi -
cant, representing the value patients placed 
on the change.26 Several thresholds were used 
in these trials.26–29

Figure 3. Specialized computed tomography software al-
lows objective quantifi cation of fi ssure integrity. The arrow 
indicates a complete fi ssure, and the arrowhead indicates 
incomplete fi ssure. Collateral ventilation is considered 
highly likely when the fi ssure is incomplete by > 20% 
across its span. This is a contraindication to valve therapy.
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Pneumothorax 
was the most 
common serious 
complication of
endobronchial
valve 
placement

 These 7 trials recruited patients with se-
vere to very severe COPD (mean FEV1 28% 
to 31% of predicted) and severe hyperinfl a-
tion (mean TLC 130–144 and RV 216–277% 
of predicted).19–24 Compared with baseline 
values, patients who received valve therapy 
experienced lung volume reduction (mean 
RV reduction 0.26–0.86 L), improvement in 
lung function (mean increase in FEV1 8.7% 
to 20.9% of predicted), exertional capacity 
(mean intergroup difference in 6-minute walk 
distance 6.9–60 m) and quality-of-life scores 
(mean reduction of 7.2–17.3 in St. George 
Respiratory Questionnaire score).
 Pneumothorax was the most common seri-
ous complication, occurring in 8.6% to 34.3% 
of patients. Some patients required the remov-
al of valves due to recurrent pneumothorax. 
Two-thirds of cases occurred within the fi rst 3 
days. Consequently, patients are typically hos-
pitalized for 3 to 5 days in anticipation of this 
adverse event.
 Other complications included COPD ex-
acerbations, arrhythmia, pneumonia, respira-
tory failure, empyema, hemoptysis, chest pain, 
valve expectoration or migration, bronchial 
trauma, and bronchial torsion. Importantly, 
death related to postprocedural pneumotho-
rax was reported in some trials.
 In 6 of the 7 trials, investigators and pa-
tients were not blinded to group assignment, 
thus introducing performance bias. In the 
double-blinded trial by Davey et al,19 a sham 
procedure was performed for the control 
group; this was the only study not to show 
a signifi cant improvement in quality-of-life 
scores.19 The design of the study by Davey et al 
provided insight into the relative importance 
of performing both high-resolution CT and 
the Chartis procedure to assess collateral ven-
tilation. The presence of collateral ventilation 
was confi rmed by the Chartis system when 
compared with high-resolution CT, but the 
decision to proceed with bronchoscopic lung 
volume reduction was based on fi ndings on 
high-resolution CT. Accordingly, 4 of the 25 
patients who had intact fi ssures on CT were 
found to have collateral ventilation on assess-
ment with the Chartis system. These patients 
did not experience complete lobar collapse 
and consequent benefi ts from the procedure.19 
Therefore, concurrent use of the 2 assessment 

modalities has been advocated to increase the 
detection of collateral ventilation.
 In the Endobronchial Valves for Emphy-
sema Without Interlobar Collateral Ventila-
tion (STELVIO) trial, valve replacement was 
needed in 17% of patients and valve removal 
in 22% due to recurrent pneumothorax, lack of 
clinical effi cacy, or malpositioning.20 This fi nd-
ing underscores the importance of continued 
follow-up and personalization of care for valve 
therapy patients. Initial experience suggested 
that valve therapy worked better in patients 
with heterogeneous emphysema, as was seen in 
studies of lung volume reduction surgery.20 
 Both the STELVIO study and the Improv-
ing Patient Outcomes by Selective Implanta-
tion of the Zephyr EBV Study (IMPACT)21 
recruited patients with homogeneous emphy-
sema, with STELVIO using a higher threshold 
for air-trapping (RV > 200%) for inclusion.20,21 
A meta-analysis of these data for homoge-
neous patients30 suggested reduction in lung 
volume reduction and improvement in lung 
function, walking distance, and quality-of-
life scores comparable to that seen in patients 
with heterogeneous emphysema. These fi nd-
ings are promising for patients with homoge-
neous emphysema and severe hyperinfl ation.
 In the 2 randomized controlled trials using 
the Spiration valve system,24,25 fi ssure integrity 
was assessed by CT. Patients were included in 
the trial if they had greater than 90% fi ssure 
integrity. Bronchoscopic confi rmation of the 
absence of collateral ventilation was not re-
quired. Improvements in lung function and 
quality of life were similar to those in trials 
of the Zephyr valve. Of note, 6-minute walk 
distance did not improve compared with con-
trols in the EMPROVE trial (Improving Lung 
Function in Severe Heterogeneous Emphy-
sema With the Spiration Valve System).25 
This was attributed to a lack of pulmonary re-
habilitation in the study protocol. The pneu-
mothorax rate was 7.6% to 28.3% in these 2 
trials.24,25

 ■ PATIENT SELECTION IS KEY

Valve therapy is not for all emphysema pa-
tients. Strict adherence to clinical selection 
guidelines is necessary for optimal results.
 Internists should consider referral for lung 
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volume reduction for patients with severe em-
physema and poor quality of life despite opti-
mal pharmacologic treatment and pulmonary 
rehabilitation.
 The key elements for patient selection for 
valve therapy are listed in Table 3. 
 Valve therapy is approved for patients 
with severe obstruction, hyperinfl ation, and 
air trapping and with no collateral ventilation 
to ensure complete lobar collapse. Collateral 

ventilation is assessed serially by high-reso-
lution CT and the Chartis procedure before 
placement of the Zephyr valve. For the Spi-
ration valve system, this is accomplished vi-
sually using high-resolution CT, and fi ssure 
integrity greater than 90% is required. For 
the Zephyr valve, if the fi ssure analysis indi-
cates less than 80% completeness of the fi s-
sure adjacent to the target lobe, the likelihood 
of collateral ventilation is high enough that 

TABLE 2

Randomized controlled trials of bronchoscopic lung volume reduction

BELIEVER-HIFI19

2015 (N=50)
STELVIO20

2015 (N=68)
IMPACT21

2016 (N=93)
TRANSFORM22

2017 (N=97)
LIBERATE23

2018 (N=190)
REACH24

2019 (N=107)
EMPROVE25

2018 (N=172)

Design Single-center 1:1; 
BLVR vs sham 
procedure over 3 
months

Single-center 
1:1;BLVR vs 
standard care 
over 6 months

Multicenter 
1:1;  BLVR vs 
standard care 
over 3 months

Multicenter 2:1; 
BLVR vs standard 
of care over 3 
months

Multicenter 2:1; 
BLVR vs stan-
dard care over 
12 months

Multicenter 2:1; 
BLVR vs standard 
care over 3 
months

Multicenter 2:1; 
BLVR vs standard 
care over 12 
months

Emphysema type Heterogeneousa Heterogeneous,
homogeneous

Homogeneousb Heterogeneousc Heterogeneousd Heterogeneousd Heterogeneousc

Valve system Zephyr Zephyr Zephyr Zephyr Zephyr Spiration Spiration

Pulmonary 
function test 
criteria

FEV1 ≤ 50%
TLC ≥ 100%
RV ≥ 150%

FEV1 ≤ 60%
TLC ≥ 100%
RV ≥ 150%

FEV1 ≤ 
15–45%
TLC ≥ 100%
RV ≥ 200%

FEV1 ≤ 15–45%
TLC ≥ 100%
RV ≥ 180%

FEV1 ≤ 15–45%
TLC ≥ 100%
RV ≥ 150%
DLCO ≥ 20% 

FEV1 ≤ 45%
TLC ≥ 100%
RV ≥ 150%

FEV1 ≤ 45%
TLC ≥ 100%
RV ≥ 150%

Collateral 
ventilation, 
fi ssure integrity 
assessment

High-resolution CT Chartis system Chartis system Chartis system Chartis system High-resolution CT High-resolution CT

Clinical outcome, change from baseline

  FEV1, % of
  predicted

8.7 20.9 13.7 20.7 17.1 13.5 12.1

  6-min walk 
  distance (m)

25 60 22.6 36.2 12.9 27.1 6.9

  Reduction
  in RV (L)

0.26 0.86 0.42 0.66 0.49 0.52 0.36

  Quality of life
  scoree

8.6 17.3 8.6 7.2 7.5 7.6 9.5

Pneumothorax 
occurrence, %

8.6 17.6 27.9 23 34.3 7.6 12.4

a Defi ned as a National Emphysema Treatment Trial score of > 2 and a difference of > 1 emphysema score from ipsilateral lobes. Emphysema score ranges from 
0–4; 0 represents absence of emphysema, and 1–4 represents quartiles of emphysematous lung involvement. For example, a score of 3 means 50% to 75% 
involvement with emphysema.
b Defi ned as a < 15% difference in destruction score by quantitative high-resolution computed tomography (CT).
c Defi ned as a > 10% difference in destruction score by quantitative high-resolution computed tomography.
d Defi ned as a ≥ 15% difference in destruction score by quantitative high-resolution computed tomography.
e St. George Respiratory Questionnaire score.

DLCO = diffusing capacity for carbon monoxide; FEV1 = forced expiratory volume in 1 second; RV = residual volume; TLC = total lung capacity
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the patient should not be considered for valve 
therapy. For fi ssure integrity between 80% and 
95%, patients undergo the Chartis procedure 
as the defi nitive diagnostic study for collateral 
ventilation. Patients with fi ssure integrity of 
95% or greater can proceed to valve place-
ment without the Chartis procedure.
 Valves are placed in the lobe with the high-
est emphysema destruction score and with a 
greater than 10% to 15% difference compared 
with the neighboring lobe. These analyses are 
available through software systems that auto-
matically assess fi ssure integrity and degree of 
emphysematous destruction based on x-ray at-
tenuation.

 ■ CONCLUSION AND FUTURE DIRECTIONS

While valve therapy is a revolutionary ad-
vance in emphysema treatment, several issues 
deserve special attention.
 First, when selection criteria are followed, 
only a minority of patients qualify for the 
procedure, principally due to lack of fi ssure 
integrity and thus the presence of collateral 
ventilation. For instance, in a multicenter 
randomized controlled trial of the Zephyr 
valve in patients with heterogeneous emphy-
sema,23 of the 909 patients screened, only 190 
qualifi ed for the procedure (280 did not meet 
destruction score and heterogeneity criteria, 
156 did not meet pulmonary function test cri-
teria, and 65 had positive collateral ventila-
tion, among other reasons).23 
 Consequently, patients should be informed 
about the need to have a thorough evalua-
tion to determine candidacy. The evaluation 
should be holistic, exploring other options in-
cluding maximizing current medical therapy, 
pulmonary rehabilitation, lung volume reduc-
tion surgery, and lung transplant. 
 Second, the impact of endobronchial 
valve placement on mortality rates in emphy-
sema has not been established. None of the 
valve trials had death as an end point, but 
procedure-related deaths have been reported. 
The initial reports regarding mortality are en-
couraging31,32 but not conclusive due to the 
absence of an appropriate control group.
 Third, valve therapy is associated with 
less periprocedural morbidity compared with 
lung volume reduction surgery. Nonetheless, 

surgery remains the treatment gold standard, 
with established benefi ts for selected patients. 
Although air leak remains very common af-
ter lung volume reduction surgery, periopera-
tive mortality has been drastically reduced in 
experienced centers.33–36 The CELEB study 
(ISRCTN19684749) in the United King-
dom is prospectively comparing surgery vs 
valve placement; it completed recruitment 
in March 2020 and will provide important 
clinical insight to patient selection.37 Even 
so, most patients who do not qualify for valve 
therapy due to collateral ventilation will re-
main viable candidates for lung volume reduc-
tion surgery.
 Fourth, the clinical trials to date have not 
addressed the effects of the procedure on ex-
acerbations and on the need for less-intense 
pharmacotherapy. Since the procedure is as-

TABLE 3

Selection criteria
for valve therapy in emphysema  

Severe airfl ow obstruction:
FEV1 between 15% and 45% of predicted

Severe air trapping and hyperinfl ation:
TLC > 100% and RV > 175% of predicted

Severe emphysematous destruction in target lobe:
> 50% involvement

Absence of collateral ventilation between target lobe and neighboring 
lobe or lobes

Adequate gas exchange:
diffusion capacity > 20% of predicted, PaCO2 < 50  mm Hg, 
PaO2 > 45 mm Hg at baseline

No history of frequent severe exacerbations:
≥ 2 hospitalizations over the past year

Absence of clinically signifi cant sputum production:
“signifi cant” production, > 4 tablespoons per day

No signifi cant comorbidities:
eg, cor pulmonale, ejection fraction < 45%,
recent myocardial infarction

No prior lung volume reduction surgery, lobectomy, lung transplant 

FEV1 = forced expiratory volume in 1 second; PaCO2 = partial arterial pressure of carbon 
dioxide; PaO2 = partial arterial pressure of oxygen; RV = residual volume; 
TLC = total lung capacity

Adapted from reference 23.
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sociated with exacerbations of COPD, studies 
with longer follow-up are needed to assess the 
end point of COPD exacerbations, in particu-
lar.
 Finally, the cost-effectiveness of the bron-
choscopic procedure has not yet been estab-
lished, although preliminary estimates provide 
optimisim.38

 Valve therapy offers new hope for palliation 
for some patients with emphysema. A recent 
iteration of the Global Initiative for Chronic 

Obstructive Lung Disease report included 
valve therapy in the treatment algorithm.39 
The treatment also represents an advance in 
personalized care for COPD. Patient selection, 
procedural expertise, and postprocedural care 
are equally important components of a suc-
cessful outcome. We recommend that COPD 
patients undergo a thorough evaluation in spe-
cialized centers to determine the appropriate 
therapy for optimal outcome. 

 ■ REFERENCES
 1. Russi EW, Stammberger U, Weder W. Lung volume reduction sur-

gery for emphysema. Eur Respir J 1997; 10(1):208–218. 
doi:10.1183/09031936.97.10010208

 2. O’Donnell DE. Hyperinfl ation, dyspnea, and exercise intolerance in 
chronic obstructive pulmonary disease. Proc Am Thorac Soc 2006; 
3(2):180–184. doi:10.1513/pats.200508-093DO

 3. Brantigan OC, Mueller E, Kress MB. A surgical approach to pulmo-
nary emphysema. Am Rev Respir Dis 1959; 80(1, Part 2):194–206. 
doi:10.1164/arrd.1959.80.1P2.194

 4. Cooper JD, Patterson GA, Sundaresan RS, et al. Results of 150 con-
secutive bilateral lung volume reduction procedures in patients with 
severe emphysema. J Thorac Cardiovasc Surg 1996; 112(5):1319–
1330. doi:10.1016/S0022-5223(96)70147-2

 5. Geddes D, Davies M, Koyama H, et al. Effect of lung-volume-reduc-
tion surgery in patients with severe emphysema. N Engl J Med 2000; 
343(4):239–245. doi:10.1056/NEJM200007273430402

 6. National Emphysema Treatment Trial Research Group; Fishman A, 
Fessler H, Martinez F, et al. Patients at high risk of death after lung-
volume-reduction surgery. N Engl J Med 2001; 345(15):1075–1083. 
doi:10.1056/NEJMoa11798

 7. Fishman A, Martinez F, Naunheim K, et al; National Emphysema 
Treatment Trial Research Group. A randomized trial comparing 
lung-volume-reduction surgery with medical therapy for severe 
emphysema. N Engl J Med 2003; 348(21):2059–2073. 
doi:10.1056/NEJMoa030287

 8. Naunheim KS, Wood DE, Mohsenifar Z, et al; National Emphysema 
Treatment Trial Research Group. Long-term follow-up of patients 
receiving lung-volume-reduction surgery versus medical therapy 
for severe emphysema by the National Emphysema Treatment Trial 
Research Group. Ann Thorac Surg 2006; 82(2):431–443. 
doi:10.1016/j.athoracsur.2006.05.069

 9. Attaway AH, Hatipoglu U, Murthy S, Zein J. Lung volume reduction 
surgery in the United States from 2007 to 2013: increasing volumes 
and reason for caution. Chest 2019; 155(5):1080–1081. 
doi:10.1016/j.chest.2019.01.032

 10. Global Initiative for Chronic Obstructive Lung Disease (GOLD). 2020 
Global strategy for the diagnosis, management and prevention of 
COPD. https://goldcopd.org/gold-reports/. Accessed April 3, 2020.

 11. Sciurba FC, Criner GJ, Strange C, et al; RENEW Study Research 
Group. Effect of endobronchial coils vs usual care on exercise toler-
ance in patients with severe emphysema: the RENEW randomized 
clinical trial. JAMA 2016; 315(20):2178–2189. 
doi:10.1001/jama.2016.6261

 12. Shah PL, Slebos DJ, Cardoso PF, et al; EASE Trial Study Group. 
Bronchoscopic lung-volume reduction with Exhale airway stents for 
emphysema (EASE trial): randomised, sham-controlled, multicentre 
trial. Lancet 2011; 378(9795):997–1005. 
doi:10.1016/S0140-6736(11)61050-7

 13. Herth FJ, Valipour A, Shah PL, et al. Segmental volume reduction 
using thermal vapour ablation in patients with severe emphysema: 
6-month results of the multicentre, parallel-group, open-label, 

randomised controlled STEP-UP trial. Lancet Respir Med 2016; 
4(3):185–193. doi:10.1016/S2213-2600(16)00045-X

 14. Reilly J, Washko G, Pinto-Plata V, et al. Biological lung volume 
reduction: a new bronchoscopic therapy for advanced emphysema. 
Chest 2007; 131(4):1108–1113. doi:10.1378/chest.06-1754

 15. Criner GJ, Pinto-Plata V, Strange C, et al. Biologic lung volume 
reduction in advanced upper lobe emphysema phase 2 results. Am J 
Respir Crit Care Med 2009; 179(9):791–798. 
doi:10.1164/rccm.200810-1639OC

 16. Refaely Y, Dransfi eld M, Kramer MR, et al. Biologic lung volume re-
duction therapy for advanced homogeneous emphysema. Eur Respir 
J 2010; 36(1):20–27. doi:10.1183/09031936.00106009

 17. Sciurba FC, Ernst A, Herth FJ, et al; VENT Study Research Group. A 
randomized study of endobronchial valves for advanced emphy-
sema. N Engl J Med 2010; 363(13):1233–1244. 
doi:10.1056/NEJMoa0900928

 18. Herth FJ, Noppen M, Valipour A, et al; International VENT Study 
Group. Effi cacy predictors of lung volume reduction with Zephyr 
valves in a European cohort. Eur Respir J 2012; 39(6):1334–1342. 
doi:10.1183/09031936.00161611

 19. Davey C, Zoumot Z, Jordan S, et al. Bronchoscopic lung volume re-
duction with endobronchial valves for patients with heterogeneous 
emphysema and intact interlobar fi ssures (the BeLieVeR-HIFi study): 
a randomised controlled trial. Lancet 2015; 386(9998):1066–1073. 
doi:10.1016/S0140-6736(15)60001-0

 20. Klooster K, ten Hacken NH, Hartman JE, Kerstjens HA, van Rikxoort 
EM, Slebos DJ. Endobronchial valves for emphysema without inter-
lobar collateral ventilation. N Engl J Med 2015; 373(24):2325–2335. 
doi:10.1056/NEJMoa1507807

 21. Valipour A, Slebos DJ, Herth F, et al. Endobronchial valve therapy 
in patients with homogeneous emphysema. Results from the 
IMPACT Study. Am J Respir Crit Care Med 2016; 194(9):1073–1082. 
doi:10.1164/rccm.201607-1383OC

 22. Kemp SV, Slebos DJ, Kirk A, et al; TRANSFORM Study Team. A mul-
ticenter randomized controlled trial of Zephyr endobronchial valve 
treatment in heterogeneous emphysema (TRANSFORM). Am J Respir 
Crit Care Med 2017; 196(12):1535–1543. 
doi:10.1164/rccm.201707-1327OC

 23. Criner GJ, Sue R, Wright S, et al; LIBERATE Study Group. A multi-
center randomized controlled trial of Zephyr endobronchial valve 
treatment in heterogeneous emphysema (LIBERATE). Am J Respir 
Crit Care Med 2018; 198(9):1151–1164. 
doi:10.1164/rccm.201803-0590OC

 24. Li S, Wang G, Wang C, et al. The REACH trial: a randomized con-
trolled trial assessing the safety and effectiveness of the Spiration 
valve system in the treatment of severe emphysema. Respiration 
2019; 97(5):416–427. doi:10.1159/000494327

 25. Criner GJ, Delage A,Voelker KG; for the EMPROVE Trial Investigator 
Group. The EMPROVE trial – a randomized, controlled multicenter 
clinical study to evaluate the safety and effectiveness of the Spira-
tion® valve system for single lobe treatment of severe emphysema. 
Am J Respir Crit Care Med 2018; 197:A7753. https://www.atsjournals.
org/doi/pdf/10.1164/ajrccm-conference.2018.197.1_MeetingAb-

 on April 4, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 5  MAY 2020 287

ALSHABANI AND COLLEAGUES

stracts.A7753. Accessed April 3, 2020.
 26. McGlothlin AE, Lewis RJ. Minimal clinically important difference: 

defi ning what really matters to patients. JAMA 2014; 312(13):1342–
1343. doi:10.1001/jama.2014.13128

 27. Donohue JF. Minimal clinically important differences in COPD lung 
function. COPD 2005; 2(1):111–124. doi:10.1081/copd-200053377

 28. Puhan MA, Chandra D, Mosenifar Z, et al; National Emphysema 
Treatment Trial (NETT) Research Group. The minimal important 
difference of exercise tests in severe COPD. Eur Respir J 2011; 
37(4):784–790. doi:10.1183/09031936.00063810

 29. Jones PW. St. George's Respiratory Questionnaire: MCID. COPD 
2005; 2(1):75–79. doi:10.1081/copd-200050513

 30. Hartman JE, Ten Hacken NH, Klooster K, Boezen HM, De Greef MH, 
Slebos DJ. The minimal important difference for residual volume 
in patients with severe emphysema. Eur Respir J 2012; 40(5):1137–
1141. doi:10.1183/09031936.00219111

 31. Labarca G, Uribe JP, Pacheco C, et al. Bronchoscopic lung volume 
reduction with endobronchial Zephyr valves for severe emphysema: 
a systematic review and meta-analysis. Respiration 2019; 98(3):268–
278. doi:10.1159/000499508

 32. Garner J, Kemp SV, Toma TP, et al. Survival after endobronchial valve 
placement for emphysema: a 10-year follow-up study. Am J Respir 
Crit Care Med 2016; 194(4):519–521. 
doi:10.1164/rccm.201604-0852LE

 33. Gompelmann D, Benjamin N, Bischoff E, et al. Survival after endo-
scopic valve therapy in patients with severe emphysema. Respiration 
2019; 97(2):145–152. doi:10.1159/000492274

 34. Ciccone AM, Meyers BF, Guthrie TJ, et al. Long-term outcome 

of bilateral lung volume reduction in 250 consecutive patients 
with emphysema. J Thorac Cardiovasc Surg 2003; 125(3):513–525. 
doi:10.1067/mtc.2003.147

 35. Clark SJ, Zoumot Z, Bamsey O, et al. Surgical approaches for lung 
volume reduction in emphysema. Clin Med (Lond) 2014; 14(2):122–
127. doi:10.7861/clinmedicine.14-2-122

 36. Caviezel C, Schaffter N, Schneiter D, et al. Outcome after lung vol-
ume reduction surgery in patients with severely impaired diffusion 
capacity. Ann Thorac Surg 2018; 105(2):379–385. 
doi:10.1016/j.athoracsur.2017.09.006

 37. Horwood CR, Mansour D, Abdel-Rasoul M, et al. Long-term results 
after lung volume reduction surgery: a single institution’s experi-
ence. Ann Thorac Surg 2019; 107(4):1068–1073. 
doi:10.1016/j.athoracsur.2018.10.014

 38. Buttery S, Kemp SV, Shah PL, et al. CELEB trial: comparative effec-
tiveness of lung volume reduction surgery for emphysema and bron-
choscopic lung volume reduction with valve placement: a protocol 
for a randomised controlled trial. BMJ Open 2018; 8(10):e021368. 
doi:10.1136/bmjopen-2017-021368

 39. Pietzsch JB, Garner A, Herth FJ. Cost-effectiveness of endobronchial 
valve therapy for severe emphysema: a model-based projec-
tion based on the VENT study. Respiration 2014; 88(5):389–398. 
doi:10.1159/000368088

Address: Umur Hatipoglu, MD, Respiratory Therapy, Respiratory Institute, 
A90 Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195; 
hatipou@ccf.org

 on April 4, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

