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ABSTRACT

Background

Lung volume reduction surgery (LVRS) performed to treat patients with severe diffuse emphysema was reintroduced in the nineties. Lung
volume reduction surgery aims to resect damaged emphysematous lung tissue, thereby increasing elastic properties of the lung. This
treatment is hypothesised to improve long-term daily functioning and quality of life, although it may be costly and may be associated
with risks of morbidity and mortality. Ten years have passed since the last version of this review was prepared, prompting us to perform
an update.

Objectives

The objective of this review was to gather all available evidence from randomised controlled trials comparing the effectiveness of lung
volume reduction surgery (LVRS) versus non-surgical standard therapy in improving health outcomes for patients with severe diffuse
emphysema. Secondary objectives included determining which subgroup of patients benefit from LVRS and for which patients LVRS
is contraindicated, to establish the postoperative complications of LVRS and its morbidity and mortality, to determine which surgical
approaches for LVRS are most effective and to calculate the cost-effectiveness of LVRS.

Search methods

We identified RCTs by using the Cochrane Airways Group Chronic Obstructive Pulmonary Disease (COPD) register, in addition to the online
clinical trials registers. Searches are current to April 2016.

Selection criteria

We included RCTs that studied the safety and efficacy of LVRS in participants with diffuse emphysema. We excluded studies that
investigated giant or bullous emphysema.

Data collection and analysis

Two independent review authors assessed trials for inclusion and extracted data. When possible, we combined data from more than one
study in a meta-analysis using RevMan 5 software.

Main results

We identified two new studies (89 participants) in this updated review. A total of 11 studies (1760 participants) met the entry criteria of the
review, one of which accounted for 68% of recruited participants. The quality of evidence ranged from low to moderate owing to an unclear
risk of bias across many studies, lack of blinding and low participant numbers for some outcomes. Eight of the studies compared LVRS
versus standard medical care, one compared two closure techniques (stapling vs laser ablation), one looked at the effect of buttressing
the staple line on the effectiveness of LVRS and one compared traditional 'resectional' LVRS with a non-resectional surgical approach.
Participants completed a mandatory course of pulmonary rehabilitation/physical training before the procedure commenced. Short-term
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mortality was higher for LVRS (odds ratio (OR) 6.16, 95% confidence interval (CI) 3.22 to 11.79; 1489 participants; five studies; moderate-
quality evidence) than for control, but long-term mortality favoured LVRS (OR 0.76, 95% CI 0.61 to 0.95; 1280 participants; two studies;
moderate-quality evidence). Participants identified post hoc as being at high risk of death from surgery were those with particularly
impaired lung function, poor diffusing capacity and/or homogenous emphysema. Participants with upper lobe-predominant emphysema
and low baseline exercise capacity showed the most favourable outcomes related to mortality, as investigators reported no significant
differences in early mortality between participants treated with LVRS and those in the control group (OR 0.87, 95% Cl 0.23 to 3.29; 290
participants; one study), as well as significantly lower mortality at the end of follow-up for LVRS compared with control (OR 0.45, 95%
Cl 0.26 to 0.78; 290 participants; one study). Trials in this review furthermore provided evidence of low to moderate quality showing
that improvements in lung function parameters other than forced expiratory volume in one second (FEV;), quality of life and exercise
capacity were more likely with LVRS than with usual follow-up. Adverse events were more common with LVRS than with control, specifically
the occurrence of (persistent) air leaks, pulmonary morbidity (e.g. pneumonia) and cardiovascular morbidity. Although LVRS leads to an
increase in quality-adjusted life-years (QALYs), the procedure is relatively costly overall.

Authors' conclusions

Lung volume reduction surgery, an effective treatment for selected patients with severe emphysema, may lead to better health status
and lung function outcomes, specifically for patients who have upper lobe-predominant emphysema with low exercise capacity, but the
procedure is associated with risks of early mortality and adverse events.

PLAIN LANGUAGE SUMMARY

Lung volume reduction surgery for adults with diffuse emphysema
Review question

Does lung volume reduction surgery improve lung function and quality of life, without leading to an increased chance of death, higher
rates of illness after the procedure and higher costs for patients with severe emphysema, and which surgical methods lead to the best
results in these patients?

Background

Emphysema causes severe damage to the lungs, which leads to breathing problems. Lung volume reduction surgery (LVRS) may help
improve symptoms by removing the most diseased and non-functioning parts of the lung. However, this procedure has been the centre of
much controversy with its possible benefit being outweighed by potential harms and costs.

Study characteristics

This review examined the research published up to the 14th of April, 2016, and identified 11 studies involving 1760 participants. Eight of
the studies compared LVRS versus standard medical care, one compared two closure techniques (stapling vs laser ablation), one looked
at the effect of buttressing the staple line on the effectiveness of LVRS and one compared a traditional approach to LVRS with a 'non-
resectional' surgical approach. All participants completed a mandatory course of pulmonary rehabilitation/physical training before the
procedure commenced.

Key results

This review found that people undergoing LVRS were at increased risk of death at three months after the procedure. By the end of follow-up,
death rates were lower for participants treated with LVRS than for those given standard medical care. Participants who were characterised
by poor lung function with a particular distribution of diseased tissue in their lungs were at higher risk of death at three months and
throughout one large study. One study identified a group of participants who responded better to LVRS than other participants, making
them especially suitable for this treatment. The benefit of surgery for surviving participants was significant in terms of quality of life,
exercise capacity and lung function, but costs of the procedure are relatively high, and patients had a greater chance of adverse events
after the procedure.

Quality of the evidence

The quality of the data reported is low to moderate in nature owing to some methodological issues of the trials (lack of blinding, unclear risk
of bias). The results presented in this review are largely dominated by one influential study, which accounted for 68% of the participants.

Lung volume reduction surgery for diffuse emphysema (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Lung volume reduction surgery for diffuse emphysema

Patient or population: patients with diffuse emphysema

Setting: hospitals

Intervention: lung volume reduction surgery
Comparison: standard medical care

Outcomes Anticipated absolute effects* (95% Cl) Relative effect  No. of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with control Risk with surgery (studies) (GRADE)
Early mortality 13 per 1000 77 per 1000 OR6.16 1489 BDO
(90 days) (42 to 138) (3.22t0 11.79) (5RCTs) MODERATE®
Long-term 547 per 1000 478 per 1000 ORO0.76 1280 DDDO Substantial differences
mortality (> 36 (424 to 534) (0.61t0 0.95) (2 RCTs) MODERATE® in follow-up between
months) the 2 trials measuring
this construct
Change in to- End of treatment control Mean SGRQ score in the LVRS group - 1326 DDO Lower score indicates
tal scores SGRQ  group mean SGRQ scores was -13.78 units lower (-15.75 to (2 RCTs) MODERATED better quality of life. A
(end of fol- ranged from 57 units to 62.1  -11.78) difference of 4 units or
low-up) units more is thought to be
clinically important.
Walking dis- Control group walking dis- Standardised mean walking distance - 215 B0 Four studies reported
tance (end of tance ranged from 303 to in the LVRS group was 0.70 standard (5RCTs) Lowed 6MWD test and 1 shut-
follow-up) 350 metres (in the 4 studies  deviations higher (0.42 to 0.98) tle walking test.
reporting 6MWD)
0.7 standard devia-
tions equates to ap-
proximately 70 metres
for 6MWD.
FEV; (end of fol- ~ Control group FEV; ranged Mean FEV; in the LVRS group was 0.2 - 188 ®BOO
low-up) from 0.64 L to 0.7 L FEV; L higher (0.13 to 0.28) (4 RCTs) LOwec.e
RV (end of fol- Control group predicted RV Mean predicted RV in the LVRS group - 177 BPOO
low-up) ranged from 213% to 258% was 44.28% less (-57.80 to -30.75) (4 RCTs) LOWa,c

predicted
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TLC (end of fol-  Control group predicted RV~ Mean predicted TLC in the LVRS - 178 DO
low-up) ranged from 127% to 149% group was -14.83% less (-20.50 to (4 RCTs) Lowa,c
predicted -9.15)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

6MWD: six-minute walking distance; Cl: confidence interval; FEV;: forced expired volume in one second; L: litre; OR: odds ratio; MD: mean difference; RCT: randomised con-
trolled trial; RR: risk ratio; RV: residual volume; SGRQ: St George's Respiratory Questionnaire; SMD: standardised mean difference; TLC: total lung capacity.

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of effect.

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of effect but may be substantially different.
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of effect.

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

aDowngraded owing to overall high rates of high and unclear risk of bias in all trials.

bpowngraded owing to risk of performance and detection bias: Studies were not blinded and SGRQ is dependent on patients' subjective responses.
¢Downgraded owing to imprecision: low participant number.

dbowngraded owing to risk of performance and detection bias: Studies were not blinded and 6MWD is effort dependent.

eDowngraded owing to risk of performance and detection bias: Studies were not blinded and FEV; is effort dependent.
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BACKGROUND

Chronic obstructive pulmonary disease (COPD), one of the
leading causes of mortality in the world (Lozano 2012), is a
heterogeneous group of diseases that show similar symptoms
and include contrasting and overlapping underlying disease
processes (Stockley 2009). Most patients with COPD are given
a diagnosis of chronic bronchitis, chronic inflammation of the
central airways, emphysema or impaired and damaged lung
parenchyma epithelium; most commonly, they show symptoms
relating to both chronic bronchitis and emphysema (Kim 2008;
Tuder 2003). Chronic obstructive pulmonary disease is a chronic
progressive disease that is largely preventable and is characterised
by hyperinflation and decreased elasticity of the airways resulting
from structural degradation and inflammation of lung tissue; in
patients with COPD, efficient gas exchange between the alveoli and
the blood is impaired (Bourdin 2009; Sharafkhaneh 2008).

Patients with severe emphysema have limited treatment options
as a result of extensive damage to the airways (Berger 2010; Russi
1997). One available treatment is lung volume reduction surgery
(LVRS), in which unhealthy damaged parts of the lung are resected,
leading to improved mechanical efficiency of healthy parts of the
lung, and subsequently more efficient gas exchange. However, LVRS
is a complicated procedure with significant associated risks. This
review set out to determine the effectiveness of LVRS, to define
the mortality and morbidity related to LVRS and to identify optimal
surgical techniques.

This review is an update of previous Cochrane reviews (Hensley
1999; Tiong 2006), which identified several studies, including the
very large NETT 2003 trial. A considerable amount of time has
passed since the last version of the review, prompting us to revisit
literature published since that time. The current review focuses
only on surgical lung volume reduction; lung volume reduction
through endoscopic/bronchoscopic procedures will be addressed
in a separate Cochrane review (van Agteren 2016).

Description of the condition

Emphysema, one of the main conditions of COPD, is characterised
by destruction of the extracellular matrix in the walls of the
smaller airways and the lung parenchyma (Sharafkhaneh 2008).
Emphysema can be defined by disease distribution, as well as
location. An emphysematous lung can show a homogenous or
heterogeneous (regional) pattern of pathological lesions, which can
impact lung parameters characteristic of emphysema differently
(e.g. dynamic lung volume) (Boutou 2015; Mair 2009). Weder
1997 developed a more specific classification of emphysema
that divides patients into three classes: markedly heterogeneous,
intermediately heterogeneous and homogenous. Furthermore,
emphysema can be divided into subtypes based on the unit of lung
anatomy in which the emphysema is predominantly present (Hogg
2002).

« Centrilobular emphysema: most closely associated with
smoking and results from dilation and destruction of respiratory
bronchioles. Lesions associated with centrilobular emphysema
are located predominantly in the upper lung.

« Panlobular emphysema: found mainly in the lower lobes and
often associated with a genetic (alphaj-anti-trypsin) deficiency.

+ Paraseptal emphysema: occurs in the periphery of the lobules,
specifically in the subpleural region.

Emphysema, which develops as the result of an interplay of various
processes, is fuelled predominantly by exposure to cigarette smoke
or other noxious particles (e.g. air pollutants) (Stockley 2009).
Constant exposure to noxious particles leads to oxidative stress,
a proteinase-antiproteinase imbalance, increased apoptosis and
chronicinflammation, all leading to gradual destruction of the lung
tissue (Bagdonas 2015; Demedts 2006; Kirkham 2013; Suki 2003;
Taraseviciene-Stewart 2008).

The consistent destruction of healthy lung tissue results in
the classic physiological characteristics of severe emphysema:
hyperinflation of lungs, loss of elastic recoil, loss of surface
area for gas exchange and flow limitation (Ferguson 2006;
Ingenito 2005; Papandrinopoulou 2012). Emphysema causes a
decrease in elastic recoil pressure and an increase in lung
compliance. This in turn causes static and dynamic hyperinflation
of the lungs, which limits airflow and results in clinical
outcomes of lower functional capacity, higher levels of dyspnoea
and limited exercise performance. Respiratory symptoms can
worsen drastically, leading to physiological deterioration. These
respiratory exacerbations can be triggered by a variety of factors
and become more frequent in patients with severe emphysema
(Wedzicha 2003). Patients with emphysema often have to deal
with a significant number of concurrent diseases, including (lung)
cancer, cardiovascular disease, anxiety, depression, hypertension
and chronic infection (Sin 2006; Smith 2014), which further
significantly affect patient quality of life (QoL) and disease
manifestations.

Severe emphysema is diffuse by nature, meaning that
emphysematous lesions can be found throughout the lung and
are not localised. The focus of this review will be confined to
diffuse emphysema. Giant bullous emphysema, which is a separate
entity pathologically and radiologically (Mura 2005), is treated by a
different surgical procedure known as bullectomy; therefore we will
exclude this condition from the current review.

Description of the intervention

Lung volume reduction surgery was resurrected by Joel Cooper
and his colleagues at the Washington University School of Medicine
in the 1990s as treatment for patients with advanced COPD in
which emphysemais the predominant feature (Cooper 1995). Three
main surgical access techniques may be used for LVRS: median
sternotomy, the technique used by Cooper; the less invasive video-
assisted thoracoscopic surgery (VATS); and thoracotomy (Russi
1997). A detailed description of these surgical procedures can be
found in Fessler 2003.

Median sternotomy allows access to the pleural space by creating
a vertical inline incision across the sternum. The incision is made
just below the sternal notch and extends to the tip of the xyphoid
process; then a sternal saw is used to split the sternum. The
surgeon will usually proceed to operate on the worst affected
lung, as determined by preoperative imaging, through resection
of unhealthy lung tissue and use of unilateral or bilateral stapling
to close the open lung tissue. Cooper suggested that staple lines
should be secured with bovine reinforcement strips to prevent air
leakage - one of the most frequent complications in pulmonary
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resection. Furthermore, a pleural tent can be used (Venuta 1998) to
ensure that no air leakage occurs.

Video-assisted thoracoscopic surgery, a less invasive form of
surgery than median sternotomy (MS), was initially used for simple
diagnostic and therapeutic procedures (Brodsky 2000). Video-
assisted thoracoscopic surgery allows the surgeon to gain access to
all parts of the lung via placement of trocars and completion of a
procedure thatrequires only smallincisions to be made. Trocars are
generally placed between the seventh and eighth intercostal spaces
and between the fourth and fifth intercostal spaces to allow access
to the camera and the surgical instruments, respectively (Harris
1995). Video-assisted thoracoscopic surgery allows, in addition
to stapling, the use of newer techniques to shrink lung volume.
Specifically, thermal energy can be applied to facilitate reduction
via the use of a neodymium: yttrium-aluminium-garnet (Nd: YAG)
laser (Wakabayashi 1995).

Unilateral or bilateral thoracotomy is performed to a lesser extent
than the surgical approaches already described (Klepetko 1999).
Thoracotomy incisions are often made in the fourth intercostal
space for upper lobe and in the fifth or sixth intercostal space for
lower lobe emphysema, and provide especially good access to the
lower lobes.

How the intervention might work

Yusen 1996, in line with Cooper 1995, proposed that removal of
diseased and functionless lung may improve the function of the
remaining lung by:

« increasing elastic recoil pressure, thereby increasing expiratory
airflow;

« decreasing the degree of hyperinflation, resulting in improved
diaphragm and chest wall mechanics; and

« decreasing the inhomogeneity of regional ventilation and
perfusion, leading to improved alveolar gas exchange and
increased effectiveness of ventilation in maintaining blood gas
levels.

Zoumot 2015 adds that lung volume reduction can result
in decreased asynchronous movement of different chest wall
compartments, leading to improved ventilatory mechanics. The
overall result of the procedure is improvement of the 'fit' of
the lung in relation to the chest wall (Fessler 1998). This notion
has been supported by studies examining respiratory mechanics
after LVRS (Degano 2004; Hamnegard 2006; Teschler 1996). As
the main aim of LVRS is improvement of respiratory mechanics,
substantial improvement can still be expected in carefully selected
patients with homogenous emphysema despite the fact that LVRS
traditionally is not recommended for these patients (Weder 2009).

Why it is important to do this review

The burden of chronic illness is rising (Halbert 2006; Mannino
2007), with COPD currently the third leading cause of death
(Lozano 2012). Healthcare costs related to COPD in general rise
with disease severity, specifically owing to (exacerbation-related)
hospitalisations (Dal Negro 2008; Perera 2012). Lung volume
reduction surgery might significantly benefit patients in the short
and long term through improvements in exercise capability,
dyspnoea, QoL and survival time (Teschler 1999). This will lead to
an overall increase in the capability of disease management for

patients who undergo LVRS. Finding effective treatments to help
patients with severe emphysema to manage their illness, thereby
preventing them from coming to hospital, can have a tremendously
positive impact on the healthcare system and the lives of individual
patients.

OBJECTIVES

The primary objective of this review was to gather all available
evidence from randomised controlled trials comparing the
effectiveness of lung volume reduction surgery (LVRS) versus
non-surgical standard therapy in improving health outcomes for
patients with severe diffuse emphysema.

Secondary objectives were as follows.

« To determine which subgroup of patients benefit from LVRS
+ To determine for which patients LVRS is contraindicated

« To establish the postoperative complications of LVRS

« To define morbidity and mortality related to LVRS

« To determine which surgical approaches for LVRS are most
effective

« To calculate the cost-effectiveness of LVRS
METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) that studied the
safety, efficacy and/or cost efficiency of LVRS in patients with diffuse
emphysema.

Types of participants

Participants with severe diffuse emphysema. We excluded studies
that recruited participants with giant or bullous emphysema.

Types of interventions

We considered any of the variety of approaches and techniques
used in LVRS for emphysema, including:

« median sternotomy with bilateral stapling of non-functional
lung tissue with bovine reinforcement strips or pleural tenting
technique;

« video-assisted thoracoscopic surgery (VATS) with neodymium:
yttrium-aluminium-garnet (Nd: YAG) laser ablation to contract
non-functional tissue;

« median sternotomy with unilateral stapling to resect
approximately 20% of non-functional tissue; and

» Video-assisted thoracoscopic surgery with unilateral laser
ablation of non-functional tissue.

Control groups consisted of usual follow-up or different surgical
techniques. We did not include in this review studies that focused
on bronchoscopic lung volume reduction (BLVR) procedures.

Types of outcome measures
Primary outcomes

+ Short-term (90 days) and long-term (> 36 months) mortality
« Quality of life (e.g. St George Respiratory Questionnaire (SGRQ))
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Secondary outcomes

« Lung function parameters (e.g. forced expiratory volume in one
second (FEV;))

« Exercise performance (e.g. six-minute walk distance (6MWD))

« Hospital utilisation (e.g. perioperative length of stay, re-
admission rate (hospitalisations, emergency department visits))

« Adverse events (e.g. persistent air leaks, pneumothorax,
dyspnoea)
« Cost-benefit analysis of LVRS

Search methods for identification of studies
Electronic searches

The previously published version of this review included searches
up to September 2008. The search period for this update was
September 2008 to April 2016. We identified trials by using the
Cochrane Airways Group Specialised Register of trials, which
is derived from systematic searches of bibliographic databases
including the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) (see Appendix 1 for details).
We searched all records in the Specialised Register coded as 'COPD'
using the strategy presented in Appendix 2, with no restrictions on
language or type of publication.

Searching other resources

We reviewed reference lists of all primary studies and review
articles to look for additional references. We contacted authors
of identified trials and asked them to identify other published
and unpublished studies. We searched online clinical trials
registers, including the ISRCTN registry, the UK Clinical Trials
Gateway, ClinicalTrials.gov and the World Health Organization
(WHO) International Clinical Trials Registry Platform, to look for
ongoing and recently completed studies.

Data collection and analysis
Selection of studies

We identified potentially relevant articles and retrieved titles,
abstracts and key words through the search strategy. Two review
authors (JA and KC) worked together to determine whether
potentially relevant articles met the inclusion criteria for RCTs of
LVRS for emphysema. We obtained full-text copies of those articles.
Upon reviewing article texts, we determined which studies should
be included or excluded. We resolved disagreements by consensus
following discussion with a third review author (BS).

Data extraction and management

Two review authors (JA and KC) independently extracted the data
from included studies using a standardised data extraction form
before entering data into Review Manager 5.3. Review authors also
corresponded with study authors to request missing or raw data as
required. Extracted data included study characteristics and risk of
bias of the interventions, as well as details and outcomes.

Assessment of risk of bias in included studies

Two independent review authors (JA and KC) independently
evaluated risk of bias (ROB) according to recommendations
provided in the Cochrane Handbook for Systematic Reviews

of Interventions (Higgins 2011). This evaluation consisted of
random sequence allocation, allocation concealment, blinding of
participants and outcome assessors, incomplete outcome data,
selective outcome reporting and other potential threats to validity.
We assessed ROB for each domain as low (low risk of bias),
high (high risk of bias) or unclear (uncertain risk of bias), as
per the guidelines given in Table 8.5a of the Cochrane Handbook
for Systematic Reviews of Interventions. During assessment, we
resolved conflicts by consensus or by referral to a third party.

Measures of treatment effect

We analysed outcomes as continuous or dichotomous data using
standard statistical techniques with a fixed-effect model up to the
end of follow-up.

« For continuous outcomes, we used weighted mean difference
and 95% confidence intervals.

o For dichotomous outcomes, we used the Mantel-Haenszel
method to calculate an odds ratio (OR) with 95% confidence
intervals (Cls). We did not use Peto ORs in the updated review,
as large effects sizes are underestimated by this method.

We attempted to calculate from pooled ORs the numbers needed
to treat for an additional harmful effect (NNTHSs) for postoperative
mortality, taking control group event rate data as baseline risk. We
have reported these alongside the results of outcomes for which we
have undertaken this calculation.

Unit of analysis issues

In the case of multi-arm trials, we included each pair-wise
comparison separately but divided out shared intervention
groups approximately evenly among the comparators. However, if
intervention groups were deemed similar enough to be pooled, we
combined the groups using appropriate formulas, as stated in the
Cochrane Handbook for Systematic Reviews of Interventions: Table
7.7a for continuous data, and Chapter 16.5.4 for dichotomous data
(Higgins 2011).

Dealing with missing data

We evaluated missing information regarding participants on an
as-available case analysis basis, as described in Chapter 16.1.2
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). When statistics essential for analysis were missing
(e.g. group means and standard deviations for both groups were
not reported) and could not be calculated from other data,
we attempted to contact the study authors to obtain data. We
assumed that loss of participants that occurred before baseline
measurements were performed had no effect on eventual outcome
data of the study. We assessed and discussed any losses that
occurred after the baseline measurement was taken.

Assessment of heterogeneity

We measured statistical heterogeneity by using the I? statistic and
by visually inspecting the data.

Assessment of reporting biases

When a minimum of 10 studies were included, we explored
potential reporting biases by using a funnel plot. When we included
fewer than 10 studies, we extrapolated potential reporting biases
within the other bias section in the risk of bias tables.
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Data synthesis
'Summary of findings' table

We created a 'Summary of findings' table that includes the
following outcomes.

o Early mortality (90 days).

« Long-term mortality (> 36 months).

« Change in total SGRQ scores (at end of follow-up).
« Walking distance (at end of follow-up).

« FEV; (at end of follow-up).

« Residual volume (RV) (at end of follow-up).
« Total lung capacity (TLC) (at end of follow-up).

We combined data by using Review Manager software, version 5.3.
We reported studies by intention-to-treat (ITT) analysis. We used
the five GRADE considerations (study limitations, consistency of
effect, imprecision, indirectness and publication bias) (GRADEpro
GDT) to assess the quality of a body of evidence as it relates to
studies that contributed data to meta-analyses for prespecified
outcomes. We adhered to the methods and recommendations
described in Section 8.5 and Chapter 12 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011) and used
GRADEpro software. We justified all decisions to downgrade or
upgrade the quality of studies by using footnotes, and, when
necessary, we made comments to aid the reader's understanding
of the review.

Subgroup analysis and investigation of heterogeneity

We planned the first subgroup analysis per comparator, specifically:

« surgical technique (MS and VATS) versus standard medical care;
« LVRS with stapling versus Nd: YAG laser ablation; and
« LVRS with or without buttressing of the staple line.

Furthermore, we planned several additional post hoc analyses.

« High- versus low-risk participants.

+ Distribution of emphysema (upper vs non-upper lobe) and
exercise capacity (high vs low) of participants.

We conducted these subgroup analyses for primary outcomes only.
Sensitivity analysis

We planned re-analyses of data with a random-effects model when
the I? statistic exceeds 50% (Higgins 2011). We reported both fixed-
effect and random-effects analyses when these yielded discordant
results.

RESULTS

Description of studies

We have provided a full description of each study in the
Characteristics of included studies table.

Results of the search

We identified a total of 462 citations through electronic literature
searches (search dates: all years to April 2016). Since the last
search, we retrieved 111 citations (Figure 1). We have provided a
breakdown of the total search history in Table 1. We identified two
new trials (Clarenbach 2015; Pompeo 2012) since the last update
of this review in 2006, and we added data on long-term follow-up
reported by two other trials (CLVR 2005; NETT 2003).
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Figure 1. Study flow diagram: review update.
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Included studies
Study designs

Allincluded studies were RCTs, four of which were conducted in the
United States (Criner 1999; McKenna 1996; NETT 2003; OBEST 2005)
and two in Canada (CLVR 2005; Goldstein 2003). One study took
place in the United Kingdom (Geddes 2000), one in Switzerland
(Clarenbach 2015), one in Italy (Pompeo 2012) and one in Sweden
(Hillerdal 2005). The final study took place across three countries
(Stammberger 2000: Switzerland, Austria and Germany).

Participants

Atotal of 1760 participants were randomised to a total of 11 studies.
Two studies failed to describe screening procedures (McKenna
1996; Stammberger 2000). In the remaining trials, screening
procedures excluded approximately 71% of screening populations
(Table 2).

All participants were given a diagnosis of severe emphysema,
which was confirmed by computed tomography (CT) (CLVR
2005; Criner 1999; Geddes 2000; Hillerdal 2005; McKenna 1996;
NETT 2003; OBEST 2005; Pompeo 2012; Stammberger 2000), by
lung ventilation/perfusion (V/Q) scans (Goldstein 2003) or by a
combination of the two (Clarenbach 2015). All participants had to
have significant airflow obstruction, and criteria of studies ranged
between FEV; < 30% and < 40% of predicted value. Participants
had to show severe airflow obstruction and hyperinflation of the
lung as indicated by a TLC > 100% predicted (criteria in studies
ranged between > 100% predicted and > 120% predicted) and an
RV > 150% predicted (criteria in studies ranged between > 150%
predicted and > 200% predicted). Furthermore, hypercapnia and
hypertension were exclusion criteria in all trials. Clarenbach 2015,
NETT 2003 and OBEST 2005 also required that participants must be
able to cover a minimum of 140 meters or 492 feet walking distance.
See Characteristics of included studies for the inclusion criteria per
study.

The mean age of trial participants ranged between 58.9 and 69
years and was reported in all but one paper (Geddes 2000 reported
a median instead of a mean age of 60 for the medical group and
62 for the surgery group). Most of the randomised participants
(68%) included in this review were recruited to NETT 2003 (1218
participants). The other studies had a considerably smaller number
of participants (Clarenbach 2015: 30, CLVR 2005: 62, Criner 1999: 37,
Geddes 2000: 48, Goldstein 2003: 55, Hillerdal 2005: 93, McKenna
1996: 72, OBEST 2005: 35, Pompeo 2012: 63 Stammberger 2000: 65).

Interventions
Presurgical and postsurgical pulmonary rehabilitation

In many of the included studies, a prerequisite for study entry
was completion of a course of pulmonary rehabilitation, which
was routinely undertaken by participants in usual medical care
treatment groups or was completed as an additional part of
postintervention treatment (Clarenbach 2015; CLVR 2005; Criner
1999; Geddes 2000; Goldstein 2003; Hillerdal 2005; NETT 2003;
OBEST 2005). This additional aspect of care usually incorporated
educational, nutritional and physical exercise components (Criner
1999; Geddes 2000; NETT 2003). In only one of the studies
was rehabilitation not undertaken as part of the study protocol
(Stammberger 2000). McKenna 1996 offered rehabilitation to
participants in both treatment groups , postoperatively. One

study, Pompeo 2012, indicated that included patients needed to
show severe disability despite maximum medical therapy, which
includes pulmonary rehabilitation.

Surgical techniques

Eight studies compared a surgical technique with a control group
(Clarenbach 2015; CLVR 2005; Criner 1999; Geddes 2000; Goldstein
2003; Hillerdal 2005; NETT 2003; OBEST 2005). In these studies,
LVRS was performed as VATS or median sternotomy (MS). CLVR
2005 and Criner 1999 reported that one technique was used
exclusively (MS). In NETT 2003, 70% of procedures were MS, and
the remainder were performed as VATS. Geddes 2000 reported
that either MS or thoracoscopy was used. In Goldstein 2003, most
surgical procedures were performed as VATS, with MS undertaken
at the discretion of the attending surgeon, whereas in Hillerdal 2005
and OBEST 2005, MS was the predominant surgical intervention
and VATS was used in a few cases. Clarenbach 2015 and Pompeo
2012 exclusively used VATS.

McKenna 1996, Pompeo 2012 and Stammberger 2000 did
not compare LVRS with a medical control group. McKenna
1996 compared two different resection techniques using VATS,
stapled lung reduction and laser bullectomy (via Nd: YAG), and
Stammberger 2000 compared LVRS with or without buttressing
using bovine pericardium.

Pompeo 2012 compared "traditional" resectional LVRS with a non-
resectional surgical approach performed on awake participants.
They performed the non-resectional technique via VATS; this
involved pushing down the most seriously damaged portions of the
lung, grasping the redundant lung edges and stapling the plicated
lung area to form a linear, uninterrupted suture. The aim was to
reduce lung volume by 20% to 30%.

Control group interventions

Seven studies compared a surgical intervention versus usual
medical care. This entailed optimised medical therapy for all
but Hillerdal 2005, in which the control group was given a
prolonged physical conditioning intervention. Criner 1999 included
an additional three-month pulmonary rehabilitation course in the
control group. Geddes 2000 also vaccinated all participants against
influenza and pneumococcus.

Outcomes
Mortality

All but two studies (Clarenbach 2015; Stammberger 2000) reported
mortality at a variety of follow-up times. OBEST 2005 insufficiently
reported mortality for the medical group, making it impossible to
determine mortality at the end of follow-up.

Baseline quality of life

Investigators used a variety of measures to determine quality of life,
specifically:

o SGRQ: Hillerdal 2005 and NETT 2003 reported baseline mean
QoL scores for the SGRQ.

« Chronic Respiratory Questionnaire (CRQ): Goldstein 2003, CLVR
2005 and OBEST 2005 used the CRQ, but only the former
reported baseline values (separated per domain).

« Short Form-36 (SF-36): Hillerdal 2005 and NETT 2003 reported
baseline values for the SF-36 separated per domain. OBEST 2005
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reported the baseline utility score for the SF-36. CLVR 2005 and
McKenna 1996 did report data from the SF-36 but did not report
baseline values. Pompeo 2012 reported values on the physical
functioning domain of the SF-36. Criner 1999 mentioned the
SF-36in a figure (page 2020, top of the page) as part of the data
collection but did not mention the SF-36 anywhere else in the
text.

o Quality of Well Being Scale (QWB): NETT 2003 mentioned
baseline values for the QWB.

« SanDiego Shortness of Breath Questionnaire (SOBQ): NETT 2003
reported baseline values for the SOBQ.

« Sickness Impact Profile: Criner 1999 reported baseline values for
the SIP.

These questionnaires can be divided into two categories: general
QoL and disease-specific QoL questionnaires. SGRQ, CRQ and
SOBQ are questionnaires that measure QoL that have a specific
focus on respiratory disease; SF-36, QWB and SIP measure general
QoL. Clarenbach 2015 did not report on QoL.

Baseline lung function

All studies but one reported a variety of lung function measures at
baseline. The severity of emphysema across studies indicated that
trial populations suffered significant functional impairment.

« Average baseline FEV; (0.65 to 0.82 L) was similar across all
groups, and mean % predicted values (25% to 33%) were similar
across studies reporting FEV,. Geddes 2000 reported median
values of 0.74 L and 0.75 L for surgery and control, respectively.

« Mean total lung capacity (TLC) % predicted (124.5% to 151%)
was reported by Clarenbach 2015, CLVR 2005, Criner 1999,
Goldstein 2003, Hillerdal 2005, NETT 2003, Pompeo 2012 and
Stammberger 2000. Geddes 2000 reported median values of
136% and 129% for surgery and medical care, respectively.
OBEST 2005 and McKenna 1996 provided only mean TLC in litres.

« Mean residual volume (RV) % predicted at baseline was between
217% and 287% (reported by Criner 1999, Goldstein 2003,
Hillerdal 2005, NETT 2003, Pompeo 2012 and Stammberger
2000. Geddes 2000 reported median values of 226% and 220%
for surgery and medical care, respectively. CLVR 2005, OBEST
2005 and McKenna 1996 reported only RV in litres. Clarenbach
2015 did not report baseline RV.

« All but two studies (Clarenbach 2015; Goldstein 2003) reported
baseline partial arterial pressure of oxygen (PaO;) and carbon
dioxide (PaCO,). Geddes 2000 reported median values and
Goldstein 2003 did not provide baseline values for PaO, and
PaCO,. Clarenbach 2015 reported only oxygen saturation as
measured by blood analysis (Sa0,) %.

« Clarenbach 2015, CLVR 2005, Criner 1999, Goldstein 2003, OBEST
2005, NETT 2003 and McKenna 1996 mentioned baseline mean
values for diffusing capacity of the lungs for carbon monoxide
(DLCO) or transfer factor for carbon monoxide (TLCO). Geddes
2000 reported median values. Hillerdal 2005 mentioned DLCO
in text but did not report the values. Stammberger 2000 and
Pompeo 2012 did not measure DLCO (and did not mention itin
text).

Exercise capacity

Researchers measured exercise capacity via walking distance
or cycle ergometry. Clarenbach 2015, CLVR 2005, Criner 1999,
Goldstein 2003, NETT 2003, OBEST 2005 and Pompeo 2012 reported
baseline values for six-minute walking distance (6MWD), and
Hillerdal 2005 and Geddes 2000 used the shuttle walking test
to determine walking distance. Briefly, the 6MWD measures the
distance a patient is able to walk in a period of six minutes on a
flat hard surface. The shuttle walk requires patients to walk a set
distance of 10 metres between cones within a time period marked
by auditory beeps. The auditory beeps decrease in time, requiring
the patient to walk faster the more (s)he progresses. Average mean
walking distance reported in these studies ranged between 260
metres and 340 metres. Geddes 2000 reported a median baseline
shuttle walk of 210 metres for LVRS versus 220 metres for control.
Average shuttle walk distance in the Hillerdal 2005 study was
237 metres for LVRS versus 198 metres for control. Furthermore,
cycle ergometry was used in the following studies: Goldstein 2003,
Hillerdal 2005, NETT 2003 and Criner 1999.

Hospital utilisation

Clarenbach 2015, CLVR 2005, OBEST 2005, Goldstein 2003, NETT
2003 and Pompeo 2012 reported hospitalisation rates after the start
ofthetrial. Criner 1999 mentioned hospitalisation rates for the LVRS
group before and after surgery but did not compare this group with
the control group. McKenna 1996 and Stammberger 2000 reported
on operating times between the two procedures and length of stay
for each group.

Adverse events

All studies but CLVR 2005 and OBEST 2005 reported adverse events
resulting from different surgical procedures.

Cost-effectiveness of LVRS

Only NETT 2003 and CLVR 2005 reported on cost-effectiveness of
LVRS versus medical care. NETT 2003 reported quality-adjusted life-
years (QALYs) up to six years, as well as direct medical costs, and
CLVR 2005 reported QALYs calculated via the Health Utility Index
(HUI3) up to two years after the trial.

Duration of follow-up

Study authors described variation in the follow-up of participants.
Two studies (Clarenbach 2015 and Criner 1999) reported outcome
assessments at three months postoperatively. OBEST 2005
reported values for up to six months. Geddes 2000, Goldstein
2003 and Hillerdal 2005 reported data for up to 12 months post
intervention. CLVR 2005 reported most data for a 24-month follow-
up, with the exception of long-term follow-up for survival of eight
to 10 years. NETT 2003 reported outcomes at an average follow-up
of three years, with some new data on QoL and mortality at follow-
up of six years. Pompeo 2012 reported most data for follow-up until
24 months but provided rates of survival for up to 48 months.

Excluded studies

The main reason for exclusion of screened studies involved
problems related to their design. Daniel 1996, Keenan 1996, Kotloff
1996, Little 1995, Nickoladze 1992 and Wakabayashi 1995 were case
series studies. Martinez 1997, O'Brien 1999, Sciurba 1996, Szekely
1997, Tan 2000 and Teschler 1996 were prospective case series.
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We have provided in Figure 2 an overview of our judgements of the
risk of bias of each study.
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Figure 2. Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Allocation

Random sequence generation was adequate in CLVR 2005,
Goldstein 2003, Hillerdal 2005, OBEST 2005 and Pompeo 2012. The
other studies had unclear risk of selection bias owing to random
sequence generation. Clarenbach 2015, Criner 1999, Geddes 2000,
McKenna 1996, NETT 2003 and Stammberger 2000 mentioned
randomisations in the text but did not specify the specific methods
used nor by whom these were conducted.

Clarenbach 2015, Goldstein 2003 and Hillerdal 2005 reported
information on allocation concealment and were rated to be at low
risk of selection bias. All other studies had an unclear status, as
they did not report on allocation concealment (Criner 1999; Geddes
2000; McKenna 1996; NETT 2003; Pompeo 2012; Stammberger
2000) or indicated only that the allocation lists were kept at a
separate data centre without further specification (CLVR 2005;
OBEST 2005).

Blinding

Lung volume reduction surgery does not lend itself to blinding
within ethical guidelines. None of the studies comparing LVRS
versus standard medical care specifically reported on blinding of
participants and personnel, which, in light of the expected lack of
blinding, led to assessment of high risk of performance bias.

Clarenbach 2015, CLVR 2005, Goldstein 2003, Hillerdal 2005 and
OBEST 2005 indicated that outcome assessment was performed by
staff who were unaware of allocation of groups, thereby having low
risk of detection bias. The other studies (Criner 1999; Geddes 2000;
McKenna 1996; NETT 2003; Pompeo 2012; Stammberger 2000)
did not mention blinding of outcome assessment; therefore, we
assigned these studies unclear risk of detection bias.

Incomplete outcome data

Five out of 11 studies (Criner 1999; Geddes 2000; McKenna
1996; NETT 2003; Stammberger 2000) did not provide a sufficient
description of handling missing outcome data from questionnaires
(if any). Hillerdal 2005, Pompeo 2012; and Clarenbach 2015
reported attrition but did not report the presence or absence of
missing data from questionnaires. CLVR 2005, Goldstein 2003 and
OBEST 2005 reported attrition and percentages of participants with
missing outcome data.

Selective reporting

Most studies (Criner 1999; Geddes 2000; Goldstein 2003; Hillerdal
2005; McKenna 1996; OBEST 2005; Stammberger 2000) did not
publish a prespecified protocol, making it difficult to judge selective
reporting; we assessed these studies as having unclear risk of
reporting bias. Criner 1999 indicated that investigators used the
SF-36, butthey did notreportonitin the text, leading to assessment
of high risk of reporting bias.

CLVR 2005 performed a pilot study in which study authors stated
most of the variables of interest. Lack of a formal protocol

made it difficult to assess whether study authors stuck to the
specific variables tested in the pilot study. NETT 2003 published
an extensive document on the rationale behind the trial, indicating
the main variables of interest. Clarenbach 2015 and Pompeo 2012
were registered on clinicaltrials.gov, but performed a per-protocol
analysis rather than an ITT, possibly introducing a source of bias.

Other potential sources of bias

Clarenbach 2015, CLVR 2005, Geddes 2000, Hillerdal 2005, McKenna
1996, NETT 2003, OBEST 2005, Pompeo 2012 and Stammberger
2000 are not at risk for other potential biases. Criner 1999 reported
potential risk of cross-over effects, as participants in the medical
group were allowed to cross over to the treatment group after
completion of the follow-up period by the control group. As the
study authors separately reported results including and excluding
cross-over participants, review authors assessed this study as
having low risk of other bias. Goldstein 2003 indicated that lack
of a sham surgery group may have led to some placebo effects,
but this was a problem in all groups owing to lack of blinding.
Furthermore, this study may have conducted selective recruitment,
as participants were referred by respiratory physicians, and a
physician and a surgeon reassessed those wishing to proceed and
made the final decision regarding eligibility, causing this study to
be rated at high risk of bias .

Effects of interventions

See: Summary of findings for the main comparison

We will present the results for effects of the intervention separately
per comparator. First, we will discuss all studies comparing LVRS
versus standard medical care (Comparison 1). This will be followed
by the trial comparing stapled lung reduction versus laser ablation
(Comparison 2) and the trial determining the effect of buttressing
the staple line (Comparison 3). Finally, we will discuss the trial
comparing traditional resectional LVRS with awake non-resectional
LVRS (Comparison 4).

LVRS versus usual medical care (Comparison 1)
Mortality (Analyses 1.1 to 1.5)

Data from five clinical trials were available for outcomes reporting
mortality at different endpoints (Figure 3). Early mortality (90 days)
was significantly higher for participants treated with LVRS than for
those given standard care (odds ratio (OR) 6.16, 95% confidence
interval (Cl) 3.22 to 11.79; 1489 participants; five studies; moderate-
quality evidence). Long-term mortality (> 36 months), however,
favoured LVRS over control (OR 0.76, 95% CI 0.61 to 0.95; 1280
participants; two studies; moderate-quality evidence). We did not
include Criner 1999 and OBEST 2005 in the meta-analysis. Criner
1999 did not specifically mention mortality in the control group
but did report on mortality for all participants treated with LVRS
(including cross-over participants), which was 9.4% (three of 32).
OBEST 2005 did not provide sufficient detail to allow determination
of mortality.
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Figure 3. Forest plot of comparison: 1 Surgery versus control, outcome: 1.3 Overall mortality (stratified by follow-

up period).
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Mortality in subgroups: high risk versus non-high risk

NETT 2003 re-analysed data on the basis of risk of early mortality
identified ad hoc by an independent data and safety monitoring
board. The monitoring board determined that high-risk' candidates
were those with low FEV; predicted (< 20%) and either low carbon
monoxide diffusing capacity (< 20% predicted) or homogeneous
emphysema at baseline. Stratifying mortality for high risk versus
non-high risk shows a significant difference in mortality at
completion of follow-up (24 months) for the high risk subgroup

(OR 2.00, 95% Cl 1.02 to 3.92) and no differences in mortality for
the non-high risk subgroup (OR 0.86, 95% CI 0.64 to 1.14; Figure
4). NETT 2003 furthermore reported on 90-day mortality for the
risk subgroups, showing that the high risk subgroup of participants
(N = 140), as well as the non-high risk group, had considerably
higher 90-day mortality than participants in the control group (OR
57.24, 95% Cl 3.38 to 968.54; and OR 3.65, 95% CI 1.65 to 8.09,
respectively). Two other trials (Geddes 2000 and Hillerdal 2005)
also revised entry criteria following identification of characteristics
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that suggested higher risk of postoperative mortality (Geddes 2000:
DLCO < 30% predicted and low exercise capacity; Hillerdal 2005:
DLCO = 20% predicted). However, these trials did not provide

sufficient information to justify pooling of their results with the
results of NETT 2003. The NNTH is six for high risk and 38 for non-
high risk subgroups.

Figure 4. Forest plot of comparison: 1 Surgery versus control, outcome: 1.4 Overall mortality (stratified by risk, to

end of follow-up).

LVRS Control Odlds Ratio Odds Ratio
Study or Subgroup  BEwvents Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 High risk
METT 2003 42 7o ao 0 105% 200[1.02, 3.82]
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1.4.2 Non-high risk
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Testfor overall effect £=1.06 (F=0.29
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Testfor overall effect: Z=017 (F= 087
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Testfor subagroup differences: Chi*= 816, df=1 (P=0.02), F=806%

Arecent publication on mortality of the high risk subgroup showed
that after 14 years, almost all participants from the LVRS (96%)
and medical treatment (97%) 'high risk' group in the NETT trial
have died. Although mortality was higher for the LVRS group at the
start of the trial, the mortality curves crossed at around 4.4 years,
and afterwards showed a non-significant trend favouring the LVRS
group. Overall survival for both groups did not significantly differ
(P =0.95), with median survival in the LVRS and medical treatment
groups reported as 2.14 (95% Cl 1.20 to 4.07) and 3.12 (95% CI 2.79
to 4.37) years, respectively.

Mortality in non-high risk subgroups: emphysema location and
exercise capacity

End of follow-up

NETT 2003 post hoc defined subgroups for non-high risk
participants on the basis of specific participant characteristics

that could influence the efficacy of LVRS: presence of upper
or non-upper lobe-predominant emphysema and/or low or high
postrehabilitation exercise capacity. Participants with upper lobe-
predominant emphysema with a low exercise capacity at baseline
in the LVRS group had lower mortality than those in the medical
group (OR 0.45, 95% Cl 0.26 to 0.78; 290 participants). Participants
with non-upper lobe-predominant emphysema and low exercise
capacity in the LVRS group had higher mortality at the end of follow-
up (OR2.28,95% Cl 1.12 to 4.64; 257 participants) than those in the
control group. For the remaining categories, upper lobe with high
exercise capacity and non-upper lobe with high exercise capacity
did not show significant differences in mortality between LVRS and
control groups (OR 0.88, 95% Cl 0.53 to 1.46; 419 participants; and
OR 0.75, 95% Cl 0.38 to 1.47; 149 participants). See Figure 5 for an
overview of mortality based on subgroup.
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Figure 5. Forest plot of comparison: 1 Surgery versus control, outcome: 1.5 Overall mortality (stratified by

subgroup, to end of follow-up).
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Follow-up after 4.3 years showed that the survival benefit of
LVRS remained for participants with upper lobe-predominant
emphysema with low exercise capacity (risk ratio (RR) 0.57; P =
0.01). Mortality was similar at the end of follow-up for the other
three subgroups.

Three-month follow-up

NETT 2003 provided differences in mortality at three months for
each of the subgroups. Participants with upper lobe-predominant
emphysema, regardless of baseline exercise status, did not show
significantly higher mortality at 90 days when treated with
LVRS compared with those in the control group: low exercise
capacity, OR 0.87, 95% CI 0.23 to 3.29; 290 participants; high
exercise capacity, OR 3.17, 95% CI 0.63 to 15.86; 419 participants.
Participants with non-upper lobe-predominant emphysema and
low exercise capacity did not show significantly higher early
mortality when treated with LVRS versus control (OR 12.68, 95% Cl
0.71t0 226.19; 149 participants). The only subgroup of participants
showing significantly higher early mortality when treated with LVRS
compared with similar participants in the control group consisted
of participants with non-upper lobe emphysema and high exercise
capacity (OR 12.35,95% Cl 1.57 to 97.37; 220 participants).

Mortality in subgroups: residual volume

Finally, post hoc re-analysis of NETT 2003 data based on mortality
indicators recently discovered via bronchoscopic lung volume
reduction (BLVR) showed that participants who underwent LVRS
with residual volume > 225% predicted had higher mortality at 24
months than participants with residual volume < 225% predicted
(P value not reported). We found no such difference in mortality
among participants who received standard medical care.

Quality of life (Analyses 1.6 to 1.10)
Disease-specific quality of life

Studies including SGRQ, SF-36, CRQ and QWB used a variety of
health status measurements focused on disease-specific quality
of life. Censored mean changes in SGRQ from NETT 2003 were
drawn from surviving participants. We pooled this information with
ITT data from the much smaller Hillerdal 2005 study, noting a
difference in mean change from baseline in total SGRQ scores at
end of follow-up (-13.78 SGRQ units, 95% CI -15.75 to -11.80; 1324
participants; moderate-quality evidence) significantly favoured
LVRS over standard medical care (Figure 6). Furthermore, Hillerdal
2005 reported that baseline SGRQ scores were inversely related
to changes in the domains of SGRG (P < 0.05), indicating that
participants with the lowest QoL scores at baseline showed greatest
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improvement at the end of follow-up. Data from NETT 2003 and
Hillerdal 2005 were also pooled for six- and 12-month follow-up for
total scores on SGRQ, indicating favourable QoL scores for LVRS at

six months (mean difference (MD) -13.48, 95% Cl -15.13 to -11.84)
and at 12 months (MD -13.77, 95% CI -15.75 to -11.80).

Figure 6. Forest plot of comparison: 1 Surgery versus control, outcome: 1.6 Change in SGRQ (end of follow-up).
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As a countermeasure to the potential overestimation of effect
mediated as a continuous variable, NETT 2003 reported long-term
follow-up data on the number of participants with an increase, no
change or a decrease in their quality of life, describing those who
had died or whose data were missing as unchanged/deteriorated.
Clinically significant improvement, defined as a decrease in SGRQ
greater than eight units, was significantly greater for the LVRS group
than for the control group up to 4 years (P < 0.01). Goldstein 2003
and CLVR 2005 reported significant differences in favour of surgery
on allfour domains of a different questionnaire - the CRQ - at 12 and
24 months, respectively. OBEST 2005 reported six-month follow-up
for the CRQ, which showed significantly better outcomes in three
(dyspnoea, fatigue and mastery) of the four domains.

Disease-specific quality of life in subgroups

As reported previously, NETT 2003 reported dichotomised data
on quality of life (clinically significant improvement defined as a
decrease in SGRQ scores greater than eight units) for each of the
subgroups. Analysis of subgroups stratified by risk revealed no
significant differencein the number of respondersin the LVRS group
compared with the control group among high risk participants (OR
12.01, 95% CI 0.66 to 218.88). However, significantly more non-
high risk participants showed clinically significantimprovement on
SGRQ compared with those in the medical group (OR 5.06, 95%
Cl 3.31 to 7.72). The number of responders reporting quality of
life from subgroups based on emphysema location and exercise

Favours LVRES Favours control

capacity favoured the LVRS group over the medical care control
group in all but one category (non-upper lobe with high exercise
capacity - no difference; OR 1.35, 95% Cl 0.48 to 3.81). Long-
term data indicate that among participants with upper lobe-
predominant emphysema with low exercise capacity, a significant
decrease in SGRQ remained significant for five years.

General quality of life

Geddes 2000 reported significant median changes in total SF-36
scores at six and 12 months post randomisation favouring surgery,
whereas Hillerdal 2005 and CLVR 2005 reported mean domain
differences for all domains of this health status measurement.
CLVR 2005 specifically used quality-adjusted values to derive a total
change score over the course of the trial (24 months). We pooled
these quality-adjusted values over 24 months with completion of
follow-up data (12 months) from Hillerdal 2005 to discover that
SF-36 scores significantly favoured LVRS for all but one (emotional
role) domain of the SF-36, indicating an overall significant
advantage for the surgical group over the medical care group.
OBEST 2005 reported six-month differences between LVRS and
medical care on the SF-36 but did not provide enough information
for inclusion in the meta-analysis. However, investigators reported
the composition scores of the two overall domains (mental vs
physical) at six months, revealing no differences for either score.
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NETT 2003 conducted long-term (six-year) follow-up on the Quality
of Wellbeing Scale for 114 LVRS participants and 122 medical care
participants (out of 608 and 610 participants, respectively) who
entered the trial early enough to be followed up before the trial
ended. This follow-up imputed missing data to counteract the
significant problems associated with loss of follow-up for measures
such as quality of life. On the imputed model, the surgery group
showed significantly better quality of life over the medical care
group for all follow-up years (P < 0.001). This analysis further
indicated that LVRS produced about 3.6 quality-adjusted extra
months of life compared with medical care. Criner 1999 used the
SIP to determine general quality of life and found that at three
months, the LVRS group showed better quality of life (P < 0.008)
versus baseline, but this was not the case for the control group.

Change in exercise capacity (Analysis 1.11)
Walking distance

Clarenbach 2015, Criner 1999, Goldstein 2003 and OBEST 2005
provided information on 6MWD, and Hillerdal 2005 used the shuttle
walking test to determine walking distance for participants at a
variety of follow-up times. Pooling of data from these studies
revealed that participants in the LVRS group showed significantly
better improvement in walking distance compared with those in
the medical control group at the end of follow-up (standardised
mean difference (SMD) 0.70, 95% CI 0.42 to 0.98; 215 participants;
five studies; 12 = 51%); low-quality evidence). CLVR 2005 reported
quality-adjusted scores for 6MWD over the total 24-month period
(cannot be pooled with the other results) that favoured the LVRS
group (P = 0.02). In CLVR 2005, 22 of 32 participants in the LVRS
group (69%) compared with eight of 30 participants in the medical
care group had higher 6MWD scores over the two-year period (P
< 0.0009). Geddes 2000 reported median values for the shuttle
walk test at three-, six- and 12-month follow-up but failed to find
a difference between LVRS and medical care at the end of follow-
up (P =0.26). NETT 2003 reported that non-high risk participants
who underwent LVRS showed significant improvement in 6MWD
compared with control participants (P <0.001).

Cycle ergometry

Intention-to-treat data from NETT 2003 indicate that LVRS-treated
participants were more likely to have improved baseline exercise
capacity as measured by cycle ergometry than those treated with
usual medical care at one (23% vs 5%), two (15% vs 3%) and three
years (9% vs 1%) (P < 0.001) at each follow-up time. Criner 1999
found no significant differences in exercise capacity between the
medical care group and the LVRS group at three months. Goldstein
2003 reported a significant increase in peak incremental exercise
power of 13 Watts (P <0.05) for LVRS (44 +2) versus control (31+2) at
six months. Hillerdal 2005 found a significant mean difference of 9
W (95% CI 0 to 18) at 12 months favouring LVRS. CLVR 2005, Geddes
2000 and OBEST 2005 did not report values for cycle ergometry.

Lung function outcomes (Outcomes 1.12 to 1.16)

FEV,

We pooled results from Criner 1999, Goldstein 2003, Hillerdal 2005
and OBEST 2005 showing improvement in FEV (in litres) until end
of follow-up, which significantly favoured LVRS (MD 0.20, 95% ClI
0.13 to 0.28; 188 participants; four studies; low-quality evidence).
Furthermore, NETT 2003 reported non-ITT data for this outcome.
The validity of statistically significant differences of 8.5%, 6.3%

and 5.4% predicted at six, 12 and 24 months should be weighed
against the censored nature of the data, whereby the proportion of
randomised participants contributing to this outcome diminished
from 66% to 54% to 31% over the course of two-year follow-up.
NETT 2003 also reported the number of participants achieving
percentage changes, describing those who had died or whose data
were missing as unchanged/deteriorated. Participants were more
likely to demonstrate an increase in FEV; post LVRS than those in

the control group at six, 12 and 24 months.

CLVR 2005 reported quality-adjusted scores for FEV; over the
24-month period favouring the LVRS group (P = 0.007). Geddes
2000 reported only median values and interquartile ranges (IQRs),
among which only three-month values significantly favoured LVRS,
with no difference in FEV; between groups at six- and 12-month
follow-up. Clarenbach 2015 found that LVRS led to a change in
baseline FEV; % predicted of 8.1% compared with a decrease of
1.6% for control, with a total positive effect of +9.7% favouring LVRS
over control at three months (P <0.001).

Absolute residual volume

Data from four studies (Clarenbach 2015; Criner 1999; Goldstein
2003; Hillerdal 2005) could be pooled at end of follow-up to
compare RV % predicted. Participants in the LVRS group had
significantly lower % predicted RV at the end of follow-up compared
with the medical group (MD -44.28, 95% CI -57.80 to -30.75;
177 participants; four studies; low-quality evidence). Geddes 2000
provided median values for three, six and 12 months, all of which
favoured LVRS. OBEST 2005 reported a mean difference of -1.32 L
favouring the LVRS group (P =0.0012).

Absolute total lung capacity

We pooled data from four studies (Clarenbach 2015; Criner
1999; Goldstein 2003; Hillerdal 2005) showing that LVRS led to
a significant reduction in total lung capacity % predicted (MD
-14.83%, 95% CI -20.50 to -9.15; 178 participants; four studies; low-
quality evidence). Geddes 2000 did not report a difference at the
end of follow-up (P=0.17). OBEST 2005 reported a mean difference
of -1.11 L favouring the LVRS group (P =0.0019).

Arterial blood gases

Criner 1999 and OBEST 2005 measured PaCO, in mmHg, and
Hillerdal 2005 in kPA; therefore, we could not pool the data
indicating that LVRS led to a significantly lower PaCO, compared
with medical treatment (SMD -0.43, 95% CI -0.78 to -0.08). Criner
1999 measured Pa0O, in mmHg,and Hillerdal 2005 in kPa; we pooled
data to find an SMD of 0.10 (95% CI -0.30 to 0.50). NETT 2003 found
a significant reduction in PaCO, and increase in PaO, for LVRS
compared with medical treatment at all moments in follow-up (six,
12 and 24 months). CLVR 2005 did not find significant differences
in PaCO, and PaO, over the two years. Geddes 2000 found no
differences in PaCO, (P = 0.70) and PaO, values (P = 0.08) between
LVRS participants and those given medical care.

Carbon monoxide diffusing capacity

Clarenbach 2015 reported a non-significant % change to end of
follow-up of median -1 (IQR -4 to 0) for control versus 5.0 (IQR 1-7)
for LVRS (P =0.06). CLVR 2005 did not report the final values of DLCO
in their final paper but did report values in the intermittent report
for CLVR 2005 and OBEST 2005. CLVR 2005 found an increase of
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1.615 mL/min/mmHg (P =0.067),and OBEST 2005 found a decrease
of -0.21 mL/min/mmHg, between control and LVRS (P = 0.85).
Criner 1999 reported final values for DLCO, with control showing
59% predicted (standard deviation (SD) 17) and LVRS showing 55%
predicted (SD 22). Changes between eight weeks post rehabilitation
and three months of follow-up were significant only for the LVRS
condition (P =0.05). Goldstein 2003 reported final values for DLCO,
with control showing 33% predicted (SE 2) and surgery showing
37% predicted (SE 2); these findings were not significant between
groups. Geddes 2000, Hillerdal 2005 and NETT 2003 did not report
on DLCO values at the end of follow-up.

Adverse events

Clarenbach 2015 reported that two participants in the LVRS
group developed a pneumothorax and one developed a persistent
fistula. Criner 1999 reported that two participants required
intubation and mechanical ventilation for an exacerbation and
one developed pneumonia during the follow-up period. Geddes
2000 reported that three participants had persistent air leaks
and two developed an infection. Goldstein 2003 reported a
variety of adverse events during hospitalisation for surgery, with
two participants requiring prolonged ventilation, one significant
bleeding and one a sternal dehiscence. Furthermore, these
researchers reported on 10 participants with prolonged air leakage,
six benign dysrhythmias, six respiratory tract infection, six transient
confusion, two small bowel ileus, two vocal cord dysfunction
and one a transient ischaemic attack. During 12-month follow-up,
investigators noted only ischaemic heart disease (one LVRS, one
control) and respiratory tract infection (30 LVRS, 35 control).

NETT 2003 conducted a non-randomised comparison of the effects
of two surgical techniques and of different buttressing materials
used in the study on postoperative air leaks, but found no
significant difference in duration or prevalence of air leaks. NETT
2003 found that COPD exacerbations (P = 0.0005) and time to
first exacerbation (P < 0.0002) were reduced in the LVRS group
versus the medical group, specifically among those with a big
improvement in FEV; (P = 0.04). Furthermore, NETT 2003 reported
major pulmonary morbidity in 29.8% and cardiovascular morbidity
in 20.0% of participants, and pointed out that 58.7% of participants
in the LVRS group developed at least one complication.

Hospital utilisation (Outcome 1.17)

NETT 2003 reported long-term hospitalisation rates and revealed
no difference in mean hospitalisations between LVRS and control
groups for zero to 12 months (MD -0.15, 95% CI -0.33-0.03) or for 25
to 36 months (MD -0.15, 95% CI -0.33 to 0.03). The mean difference
favours LVRS between 13 and 24 months (MD -0.20, 95% Cl -0.34
to -0.06). Goldstein 2003 reported on four re-admissions during
the follow-up period of 12 months in the surgical group and zero
in the control group. NETT 2003 furthermore performed a non-
randomised comparison between VATS and median sternotomy
and found that more participants who had VATS (80.9%) than
median sternotomy (70.5%) were living independently after 30
days (P = 0.02). The other studies did not report data on hospital
utilisation. Mean emergency room visits after the trial were
significantly different for 13 to 24 months at -0.2 days (95% CI -0.34
to -0.06) favouring LVRS, but not for at zero to 12 months and after
24 months. Clarenbach 2015 reported an average hospitalisation
time of 14 days (range, 7 to 28 days) for the LVRS group.

Cost-effectiveness (Outcome 1.18)

NETT 2003 provided data at different time points that were
available for those surviving and contributing data at 12, 24 and
36 months. Direct medical costs (in 1000 United States Dollar
(USD)) significantly favoured medical therapy between zero and 12
months (MD 45.41, 95% Cl 40.05 to 50.77; N = 1066) and between
13 and 24 months (MD 79.09, 95% CI 76.12 to 82.06; N = 1066). Total
costs of health care favoured medical therapy between zero and 12
months (MD 48.15, 95% Cl 42.10 to 54.20; N = 1066), but between 13
and 24 months, LVRS on average was cheaper than medical therapy
(MD -8.10, 95% Cl -11.85 to -4.35; N = 831). Direct (MD -2.10, 95%
Cl -5.19 to 0.99; N = 455) and total costs of care (MD -3.65, 95%
Cl -7.74 to 0.44; N = 455) were not significantly different between
conditions for 25 and 36 months. At three years, the average cost of
LVRS was around 36,000 USD more expensive than medical therapy
(P <0.001). Furthermore, a non-randomised comparison between
VATS and median sternotomy showed that VATS had lower costs of
hospitalisation (P = 0.03) and total medical and non-medical costs
(P =0.005) compared with median sternotomy.

CLVR 2005 found that the mean cost for LVRS was 49.776 Canadian
Dollar (CAD) versus 28.119 CAD for the medical group over the
total two-year period. As they found a 0.21 QALY increase for the
LVRS group over the medical group, this led to a cost-effectiveness
ratio of 133.900 CAD per QALY. NETT 2003 found similar results
($190.000 USD at three years and $140.000 USD at five years) but
projected costs for 10 years between $54.000 USD and $58.000
USD per QALY gained for the overall population. Over six years of
follow-up, LVRS produced an average of 0.30 QALYs in the NETT 2003
study. Projections up to 10 years for the group of high responders
- participants with upper lobe-predominant emphysema and low
exercise capacity - were as low as $48,000 USD per QALY.

Stapled lung reduction versus laser bullectomy (Comparison
2)

One study reported data for this comparison (McKenna 1996).

Mortality

In the laser group, one participant died of respiratory failure three
months after surgery. One participant died of other causes six
weeks after surgery, and another died during sleep three months
after surgery. In the staple-treated group, one died after surgery as
a result of a contralateral tension pneumothorax.

Disability and health status

The Medical Outcomes Study (MOS) SF-36 quality of
life questionnaire was reported to improve significantly.
Breathlessness showed improvement in dyspnoea by more than
one grade in 26 of 39 in the staple-treated group (66%) compared
with eight of 33 (24%) in the laser-treated group (P < 0.003). The
supplemental oxygen requirement was reduced from 25 to 12
participants in the laser group and from 27 to five in the staple-
treated group.

Lung function

The mean improvement in FEV; at six months was 0.09 L (13.4%,
SD 5.5) for the laser group and 0.22 L (32.9%, SD 4.8) for the staple-
treated group (P < 0.01). Forced vital capacity (FVC) increased
similarly: laser 0.13 L (6%, SD 3); staple 0.35 L (21%, SD 6) (P =
0.07). Improvement in FEV; and FVC from baseline was statistically
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significant (P < 0.006) only in the staple-treated group. Residual
volume, gas exchange and blood gases were not reported.

Exercise performance

Exercise performance was not reported.

Adverse events

Air leaks that persisted for longer than seven days were not
statistically different between the two groups: 11 in the laser-
treated group and 19 in the staple-treated group. One participant
in each group underwent reoperation for closure of a persistent air
leak. The re-admission rate was not reported. One participant in
the staple-treated group had a suspected tension pneumothorax
in the contralateral lung. Additionally, the postoperative death in
this group was due to a contralateral tension pneumothorax. Six
participants in the laser group developed delayed pneumothorax
compared with none in the staple-treated group (P < 0.005). One
participant in the staple-treated group and none in the laser-
treated group experienced deep vein thrombosis.

Hospital stay

The mean hospital stay was 11 (SD = 12) days and 13 (SD = 11) days
forthe laser- and staple-treated groups, respectively. Postoperative
infection was not reported.

Cost-effectiveness

No data on cost-effectiveness were reported.

Buttressed versus non-buttressed stapling devices
(Comparison 3)

One study reported data for this comparison (Stammberger 2000).

Mortality

Two participants in the control group died on the third day after
surgery, but neither of these deaths was related to the surgical
technique.

Quality of life

No data on quality of life were reported.

Lung function outcomes

We noted no significant differences between treatment groups for
TLC, RV or FEV; % of predicted.

Exercise capacity

Investigators reported no data on exercise capacity.

Hospital utilisation

We noted no significant differences in hospital stay between
buttressed and non-buttressed treatment groups (12.7 vs 15.7 days,
respectively; P =0.14).

Adverse events

A higher percentage of participants in the non-buttressed group
(77%) versus the buttressed group (39%) had persistent air leaks
(P < 0.001). Air leak duration (P = 0.002) and drainage time (P
= 0.045) favoured the buttressed group. Researchers reported no
significant differences between treatment groups in the number

of participants with pneumothorax (five vs seven in treatment
and control groups, respectively). Three and four participants,
respectively, in the buttressed and control groups had to undergo
reoperation following these leaks.

Cost-effectiveness

Investigators provided no data on cost-effectiveness.

Non-awake resectional LVRS versus awake non-resectional
LVRS (Comparison 4)

Mortality

Pompeo 2012 indicated that one operative death occurred in the
traditional LVRS condition versus none in the non-resectional LVRS
condition; this finding was non-significant (P = 1.0). No differences
in survival at 36 months were determined via Kaplan-Meier curves
(P=0.5).

Quality of life

Pompeo 2012 reported that the physical functioning subscale of the
SF-36 showed no difference between traditional LVRS and the non-
resectional condition at 24-month follow-up. Scores on the SF-36
were significantly improved for both groups from baseline to end of
follow-up (P <0.0009).

Exercise capacity

Investigators reported no overall difference in exercise capacity
between LVRS and the non-resectional condition (P = 0.17), but
exercise capacity was increased for both groups compared with
baseline (P < 0.0009).

Lung function parameters

At six months, median change from baseline in FEV; was 0.29 L in
the traditional LVRS group (P <0.00001) compared with 0.28 L (P <
0.00001) in the non-resectional group (between-group difference;
P =0.81). At 24 months, 63% of participants in the LVRS group and
54% in the non-resectional group had a change from baseline FEV;
greater than 0.1 L; this finding did not differ significantly between
groups (P =0.48). Study authors described no significant differences
between groups at 24-month follow-up (P = 0.55). Both RV and TLC
were significantly improved at 24 months compared with baseline
for the traditional LVRS group and the non-resectional group (P =
0.0009), but investigators reported no significant differences from
baseline in Pa0O, or PaCO, for either condition at the end of follow-

up.
Adverse events

Participantsin the traditional LVRS group had a significantly greater
number of adverse events (16 participants) compared with those
in the awake group (seven participants; P = 0.019). Adverse events
included air leaks (six in the non-resectional group vs 15 in
the traditional LVRS group), atrial fibrillations (one in the non-
resectional group vs three in the traditional group) and pneumonia
(one case in the traditional LVRS group). Researchers noted no
differences between the two groups in the need for contralateral
treatment in the case of deterioration.

Hospital utilisation

Median stay was shorter in the non-resectional group (median 6.0
days) thanin the traditional LVRS group (median 7.5 days; P = 0.04).
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Furthermore, more participants in the non-resectional group than
in the traditional LVRS group were discharged earlier (66% vs 32%;
P = 0.01). Time spent in the recovery room was less in the non-
resectional group than in the traditional LVRS group, 93 min (SD =
43) versus 228 min (SD =68), P <0.0001. None of the participants in
either group required intensive care unit admission.

Cost-effectiveness

Researchers did not report data on cost-effectiveness.
DISCUSSION

Summary of main results

This updated review identified two new studies and found extra
citations for two previously included studies, leading to changes
to the conclusions of this review. Short-term mortality was overall
higher for lung volume reduction surgery (LVRS) than for control,
but long-term mortality favoured LVRS. Participants identified post
hoc as having high risk of early death from surgery were those
with particularly impaired lung function and poor diffusing capacity
and/or homogenous emphysema, but these participants did not
show higher mortality at the end of follow-up (i.e. initial higher
mortality was offset by later lower mortality). Participants with
upper lobe-predominant emphysema and low exercise capacity
benefited the most from LVRS, as they showed no increased
short-term mortality and more favourable long-term mortality.
Improvements in lung function, quality of life and exercise capacity
were more likely with LVRS than with usual follow-up. Although
LVRS leads to an overall increase in quality-adjusted life-years
(QALYs), the procedure is relatively costly overall.

The findings in terms of mortality in the identified subgroups merit
consideration, as statistical significance for any one of them may
be a function of the numerous categorisations (six in total) of study
participants, rather than reflecting a true difference predicted by
participant disposition. These subgroups furthermore were tested
in only one trial, although the Geddes 2000 and Hillerdal 2005 trials
revised entry criteria similarly to the high risk subgroup identified
in NETT 2003 after determining higher risk of early mortality. It is
unlikely that additional studies of similar statistical power to NETT
2003 will be conducted, making it difficult to confirm that these are
valid distinctions to make in deciding which patients stand to gain
the most benefit, and which are at greatest risk of postoperative
death.

Additional outcomes of clinical importance, including quality of
life, exercise capacity and lung function, overall favoured LVRS.
Statistically significant differences in quality of life scores favouring
LVRS at the end of follow-up indicated thatimprovements persisted
over a long time. The decrease of 13.6 units for NETT 2003 and
14.7 for Hillerdal 2005 on the St George's Respiratory Questionnaire
(SGRQ) is clearly in excess of the minimum clinically important
difference (a reduction of 4 points) for this questionnaire (Jones
2005; Welling 2015). The censored nature of available continuous
outcome data means however that the observed difference in
favour of surgically treated patients may overestimate the true
effect. Dichotomised data from NETT 2003 incorporated data
from all randomised participants, indicating that participants
treated by LVRS were more likely to experience clinically important
improvements in SGRQ scores, exercise capacity and lung function
than those treated with usual medical care. Although differences

for these endpoints favoured surgery throughout the study, the
number of participants with improvements in these variables in
the LVRS groups was reduced over time as a result of death
and/or withdrawal. Given the progressive nature of chronic
obstructive pulmonary disease (COPD), the decline in health status
and lung function and the poor survival observed in long-term
pharmacotherapy studies (Bale 2008; Burge 2000), this could imply
that surgery mitigates deterioration in the health of these patients
in the long run.

Current information on exacerbations and hospitalisations is
available via resource utilisation as a measurement of the cost of
treatment in NETT 2003. These data suggest no difference in the
mean number of emergency visits between groups at 12, 24 and
36 months. Optimised medical therapy administered to both LVRS
and control groups during study monitoring may have reduced
the potential for LVRS to modify this endpoint. Furthermore,
the number of exacerbations and time until first exacerbation
are reduced after LVRS. Cost analysis undertaken in NETT 2003
indicates that LVRS was associated with high costs at 12 months
of follow-up (by an average of around 45,000 USD for both direct
(insurer related) and total (pertaining to all costs including those
of carers and individuals undergoing treatment) medical costs). By
three years, the total costs of LVRS were significantly higher than
those incurred by participants given medical therapy. Calculation
of QALYs in CLVR 2005 and NETT 2003 revealed that LVRS is a
relatively costly procedure, as the procedure costs more than
the standard $100.000 dollars per QALY gained threshold at end
of follow-up. Projections up to 10 years however paint a more
favourable cost benefit, with projections as low as $54,000 USD
for the overall population and $48,000 USD for the group of high
responders. Given that costs should be weighed against benefit and
harm, the judgement of whether this intervention is indeed cost-
effective should be made against two considerations: first, that the
effects of surgery may be overestimated because of the absence
of a placebo arm in these studies; and conversely, that favourable
effects sustained throughout the study could be expected to have
outlasted a placebo effect.

The relative merits of two of the most commonly employed
surgical techniques (video-assisted thoracoscopic surgery (VATS)
and median sternotomy (MS)) have been assessed as a randomised
comparison within one of the studies. In most trials, the decision to
perform one technique over the other was left to the discretion of
the attending surgeon. In a small substudy (N = 148), randomisation
between MS and VATS occurred at a small number of the study
centres in NETT 2003. These findings indicate that air leak and
30 day mortality rates were similar between the two randomised
groups (P = 0.08 and 0.39, respectively). Although investigators
noted no significant differences between groups in terms of within-
hospital costs, they reported a significant difference in total medical
costs of treatment in favour of VATS. However, this difference
represents only a snapshot of the total costs of treatment in this
study, and the longer-term costs of surgery appeared to fluctuate in
relation to those of usual medical care.

The two studies comparing laser versus stapling (McKenna 1996)
and buttressing versus use of a non-buttressed staple line
(Stammberger 2000) provide some evidence for the use of specific
resection techniques. Using a stapler rather than a neodymium:
yttrium-aluminium-garnet (Nd: YAG) laser led to better quality
of life (QoL), less oxygen use after the procedure and better
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improvement in forced expiratory volume in one second (FEV;).

Butrressing the staple line led to fewer air leaks and shorter air leak
duration and drainage time compared with control.

Finally, the Pompeo 2012 trial added further evidence for the
favourable results of traditional LVRS, with favourable results for
quality of life, lung function outcomes and exercise capacity,
and showed that traditional LVRS was comparable with a unique
innovative awake non-resectional method for performing LVRS,
without leading to higher risk of death.

Overall completeness and applicability of evidence

Studies recruited highly selected patient populations (on average
29% of the screening population), and this statistic bears testimony
to the fact that people with a particular type of emphysema
are considered most likely to benefit and therefore are the most
operable (Yusen 2003; Zoumot 2014). This is supported by trials
assessing patient eligibility. Akuthota 2012 conducted an analysis
on a COPD patient database and found that up to 15% of the patient
population could be eligible for LVRS on the basis of NETT 2003
criteria, highlighting that LVRS is an option only for a subgroup of
emphysematous patients.

Pulmonary rehabilitation adds an additional layer of selection and
introduces an important aspect of presurgical and post surgical
management. Benefits of respiratory rehabilitation in COPD include
reduced daily functional impairment as measured by health-
related quality of life and exercise capacity (McCarthy 2015).
Although these effects are consistently superior to 'usual follow-
up' in the context of randomised studies, the take-up of LVRS
may be hindered in part by the large numbers of patients who
do not complete pulmonary rehabilitation following initial referral
(Cockram 2006; Garrod 2006). In the context of LVRS, pulmonary
rehabilitation may play an important role in establishing optimal
care before a decision is made on whether to proceed with
surgery, especially if the outcome of rehabilitation is delay in
or even rejection of surgery. Subsequent to the procedure, it
may be advantageous that in the phase of postsurgical recovery,
a routine of sustained physical activity and self-management
is established. The study design for most of the trials in this
review incorporated pulmonary rehabilitation programmes in both
intervention and control groups; therefore, the significant impact
of surgery on exercise capacity at long-term follow-up may reflect a
favourable effect of LVRS in improving exercise tolerance. Although
the enhanced lifestyle and exercise intervention may have limited
the generalisability of review findings, this review, may in fact
be an accurate reflection of the rigorous screening procedures
recommended in guidance for LVRS (NICE 2005; NICE 2010).

Limited data from studies comparing the different available
surgical techniques may also hinder the provision of clear guidance
as to the risks and benefits of particular procedures. NETT 2003
provided a non-randomised comparison between VATS and MS,
indicating some advantages of VATS over MS; Stammberger 2000
showed that buttressing the staple line has advantages over non-
stapling; and McKenna 1996 indicated that stapling was superior
to laser ablation, but overall the evidence comparing different
methods is not strong.

Quality of the evidence

This review is based on a total of 11 trials that have contributed
data on a range of clinically relevant endpoints, including
postoperative mortality, determination of whether the risk carried
by this intervention is sufficient to justify withholding its use and
information on well-defined patients who can derive benefit from
surgery. Evidence from NETT 2003 dominates this review and has
largely influenced the wider debate about whether the cost of
LVRS is justified in terms of the health benefit the intervention
confers weighed against the potential harm it poses to those
who opt to undergo the procedure. Although the other trials are
substantially smaller, their results further strengthen the evidence
provided by NETT 2003 and add valuable information on a large
number ofimportant endpoints. Specifically, the long-term survival
data provided by CLVR 2005 strengthen conclusions regarding the
mortality risk associated with LVRS.

The quality of evidence provided in this review ranges from low to
moderate (see Summary of findings for the main comparison for
an overview). We graded data on early and long-term mortality as
moderate because of the overall high rates of unclear and high risk
of bias, and thus risk of methodological flaws, found in all trials.
Specific focus on mortality data for subgroups identified in NETT
2003 reveals that the evidence is of low quality because of the small
number of participants included in each subgroup.

We rated the quality of evidence provided for quality of life,
measured via the SGRQ, as moderate, and the quality of evidence
on exercise capacity, specifically measured via the six-minute
walking distance (6MWD), as low. We downgraded evidence on
quality of life, as the SGRQ is a subjective measure and can thus
be subject to performance and detection bias in unblinded trials.
We downgraded the quality of evidence for 6MWD as a result of the
small participant number (and thus resulting imprecision), and the
fact that the 6MWD is effort-dependent. Similarly, we downgraded
the quality of evidence for FEVy, as this is an effort-dependent
measure, and only a small participant number was available for
this outcome. We rated the quality of evidence for remaining lung
function parameters - RV and TLC - as low because meta-analysis
of the small participant number was possible for this outcome, and
because overall rates of unclear and high risk of bias were high in
all trials.

Potential biases in the review process

This review has several limitations that are important to address.
First is the issue of subgroup analysis. Provision of LVRS will likely
be limited to those participants who do not fall into the high risk
categorisation of the NETT 2003. We were unable to test the validity
of this definition across trials because of the absence of stratified
data in the remaining trials (although Geddes 2000 and Hillerdal
2005 seemed to report similar findings). Additional work in those
who have shown a survival benefit (i.e. those with predominantly
upper lobe emphysema and low exercise capacity from NETT 2003)
would help to confirm this finding. Studies using eligibility criteria
similar to NETT 2003, which have been conducted more recently
(Clark 2014; Ginsburg 2011), however, provide evidence to support
the beneficial effects of LVRS for the subgroups identified by NETT.

Second is the issue of censored data. Meta-analysis of variables
likely to feature in a clinical setting such as exercise capacity
and lung function should ideally reflect the metrics on which
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they would be measured on a day-to-day basis (i.e. % predicted,
L/min, metres). However, the primary data available for NETT
2003 are reported as dichotomised endpoints (i.e. the number of
participants achieving an increase in FEV and exercise capacity). A
balance is needed between adequate adjustment for missing data
and analysis and reporting of data in a clinically meaningful way.

Agreements and disagreements with other studies or
reviews

Results of the randomised controlled trials (RCTs) included in this
review are largely in line with the results of early prospective studies
indicating favourable results of LVRS in selected patients (Ciccone
2003; Daniel 1996; Keenan 1996; Kotloff 1996; Little 1995; Martinez
1997; O'Brien 1999; Pompeo 2000; Sciurba 1996; Tan 2000; Teschler
1996; Wakabayashi 1995). None of these studies, however, matched
the power and rigorousness obtained in the NETT 2003 trial and the
other RCTs featured in this review (with the notable exception of the
RCT by Pompeo 2000, which was excluded from this review, as it
included patients with bullous emphysema).

More recent trials have found similarimprovements (e.g. functional
outcomes), as reported in this review, complemented by improved
survival. Ginsburg 2011, using the entry criteria defined by NETT
2003, found no operative or 90 day mortality and a 0.95 probability
of survival at three years. Clark 2014 reported on a range
of functional outcomes showing clear improvement after both
bilateral and unilateral LVRS, and showed no additional mortality
in patients treated unilaterally (as opposed to bilaterally, with a 90
day mortality rate of 21.7%).

Other reviews on the topic of LVRS (Huang 2011; Pompeo 2014;
Zahid 2011) have come to the same conclusion as was reached
for the specific outcomes measured in this review. Huang 2011
furthermore included the Moser 2008 (fibrin sealant vs no sealant)
and Rathinam 2009 (BioGlue vs buttressing of staple line) studies
looking at different sealants, and concluded that fibrin sealant
reduces air leakage and chest tube drainage duration and that
results for BioGlue are comparable with those reported for
buttressing of the staple line.

AUTHORS' CONCLUSIONS

Implications for practice

Evidence available to-date indicates that LVRS can lead to
improved health outcomes and improvement in disease status
(e.g. reduction in frequency of exacerbations) for selected
patients with severe emphysema. Specifically, patients must have
completed a course of pulmonary rehabilitation and must have had
their candidacy for surgery established through high-resolution
computed tomography if disease severity and distribution of
emphysema are to be determined (DeCamp 2008). Patient selection
ideally involves a multi-disciplinary team consisting of respiratory
physicians, radiologists and surgeons (Rathinam 2014). NETT 2003
(supported in part by Geddes 2000 and Hillerdal 2005) findings
reveal that the subgroups of participants identified as being at
high risk of death from surgery are those with particularly impaired
lung function and poor diffusing capacity and/or homogeneous
emphysema. Evidence furthermore points out that LVRS seems
particularly effective for patients with heterogeneous upper lobe-
predominant emphysema (and low baseline exercise capacity).

This review has highlighted that lung volume reduction surgery
confers risk of early-stage postoperative death, but the degree
to which patients are at risk could be predicted by specific
characteristics. Guidance on the estimate of differential risk is
drawn from a post hoc analysis performed in one large study
conducted in the USA (NETT 2003). In this trial, long-term follow-up
of the highrrisk participants suggested that the initialincrease in the
odds of death did not remain significant and crossed after 4.3 years
- afinding further supported by a Canadian trial (CLVR 2005).

The results presented in this review are not new (most trials were
completed over 10 years ago), but remaining therapeutic nihilism
for this specific set of vulnerable patients (Zoumot 2014) is thought
to be due to misconceptions about the safety of the procedure
(McNulty 2014). More recent observational research (Clark 2014;
Ginsburg 2011) suggests that improved patient selection and
maturity of procedures performed in highly specialised centres
may have led to a substantially lower risk of death over time. This
suggestion holds promise that the positive health outcomes of LVRS
may be even furtherimproved compared with the results presented
in this review.

Implications for research

Additional work in this area should consider the effects of LVRS on
hospitalisation, and the requirement for oral steroid and antibiotic
therapy in the management of exacerbations of COPD, and should
seek to determine whether LVRS slows this rate of decline in
health, as measured by lung function, quality of life and frequency
of hospital admission. Furthermore, it would be interesting to
see more centres that routinely perform LVRS publish mortality
and morbidity data for their patients, in accordance with the
example of Clark 2014 and Ginsburg 2011, preferably via the use of
controlled studies, thereby further strengthening the evidence for
the potential effectiveness of LVRS in selected patients.

Although the palliative effects of LVRS have been shown, uptake
of this procedure is limited because of the costs involved and
perceived mortality (Lenfant 2006; McNulty 2014). This fact, among
others, has pushed towards the development of techniques that
can help to deliver the benefits of LVRS without the risk of death
and costs associated with it. Recent advantages in the field of
non-surgical bronchoscopic techniques have sparked hope for
patients with emphysematous destruction of lung tissue who
are unresponsive to medical therapy, do not meet the strict
criteria for LVRS or do not wish to undergo surgery (Ingenito
2008). Non-surgical techniques and interventions used to perform
bronchoscopic lung volume reduction (BLVR) are distinct but aim
to achieve the same result: increasing the mechanical efficiency
of the lung, thereby improving the health status of the patient
(Fessler 2008; Maxfield 2004). By aiming to achieve similar results
as those witnessed in LVRS but without the potential morbidity,
mortality and costs involved, these treatments may prove to be
a valuable addition to or substitute for LVRS in the treatment of
patients with severe emphysema. Several studies have been done
orare currently under way on an array of techniques, including one-
way valves (Davey 2015; Ninane 2012; Sciurba 2010; Toma 2003;
Venuta 2005), endobronchial coils (Deslée 2016; Klooster 2014;
Klooster 2014a; Shah 2013; Zoumot 2015), airway stents (Choong
2006; Higuchi 2006; Shah 2011), sealants (Come 2015; Criner 2009;
Refaely 2010) and vapour ablation (Herth 2016); these techniques
may open up a new frontier in the treatment of patients with severe
emphysema. Future research should compare the effectiveness of
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these new BLVR techniques versus LVRS in the treatment of severe
emphysema, as, for instance, is planned for the CELEB study.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Clarenbach 2015

Methods Randomised controlled trial
Method of randomisation: not described
Allocation concealment: performed via opaque envelopes
Outcome assessor blinding: not described
Withdrawals/Dropouts: fully accounted for

Participants Screened: 40
Randomised: 30

Completed: 27 (LVRS 14; control 13)
Mean age in years: 63
Diagnosis: CT scan

Emphysema: heterogeneous and homogenous
Diseases included: not stated
Entry criteria (similar to NETT): FEV; < 45% predicted (= 15% predicted among participants = 70 years

of age); TLC = 100% predicted; RV = 150% predicted; partial pressure of resting arterial carbon dioxide
<60 mmHg; resting partial pressure of arterial oxygen =45 mm Hg; ability to walk = 140 metres (m) in
6 minutes; ability to complete 3 minutes on bicycle ergometer; abstinence from smoking for 6 months
before randomisation

Exclusion criteria: concurrent medical conditions precluding surgery or that might interrupt follow-up

Baseline
QoL: not stated

6-minute walk, metres: 326 for LVRS vs 287 for control

FEV; in % predicted (SD): 27.8 (7.2) for LVRS vs 26.2 (5.9) for control

RV: not stated
TLC in % predicted (SD): 124.5 (9.1) for LVRS vs 137.2 (19.8) for control
Pa0,: not stated

PaCO5: not stated

DLCO median % predicted (IQR): 35 (27 to 39) for LVRS vs 33 (31 to 38) for control

Interventions CT scan and perfusion scintigraphy were used to determine the target area, after which surgery was
conducted via VATS. For participants with homogenous emphysema, LVRS was performed in the upper
lobes.

Outcomes - Assessment of endothelial function by FMD

- Determination of systemic inflammation
- Blood pressure and heart rate
- Daily physical activity and physical activity level

- Exercise capacity
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Clarenbach 2015 (continued)

- Lung function values including FEVy, FVC, RV, DLCO % predicted

Notes Support was received from "Lunge Zurich."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation was mentioned, but methods were not described.

tion (selection bias)

Allocation concealment Low risk "Allocation concealment was performed by the use of sealed envelopes."

(selection bias)

Blinding of participants High risk LVRS does not permit blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk "All measurements were analyzed by one examiner, who was blinded to the

sessment (detection bias) randomization protocol (M.K.)."

All outcomes

Incomplete outcome data  Low risk Attrition was reported.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No protocol was published, but trial was registered at Clinicaltrials.gov: NCT

porting bias) 01020344. Data analysis was performed on a per-protocol basis.

Other bias Low risk No evidence of contamination was found other than that reported above, but
post hoc analysis was performed to adjust for imbalance in baseline character-
istics.

CLVR 2005
Methods Randomised clinical trial

Method of randomisation: not described

Allocation concealment: conducted off-site at a data co-ordinating centre
Outcome assessor blinding: described

Withdrawals/Dropouts: fully accounted for

Participants

Screened: 467

Randomised: 62 (LVRS 32; control 30)
Completed: 59 (LVRS 29; control 30)

Mean age in years: 63.6

Diagnosis: CT and VP scan

Emphysema: heterogeneous and homogenous

Diseases included: not stated

Entry criteria: advanced emphysema, CRQ < 4, < 80 years, 15% to 40 FEV; % predicted, FEV; response
to bronchodilator < 30% predicted and 300 mL, TLC and RV > 120% predicted, RV >200% predicted, RV/
TLC ratio % predicted 60%, PaCO, <55 mmHg, 17 to 32 BMI, compliance with rehabilitation

Exclusion criteria: mechanical ventilation, antitrypsin deficiency, bullous emphysema, bronchiecta-
sis, obliterated pleural space, pulmonary node, prednisolone > 10 mg, hypertension > 30 mmHg, life ex-
pectancy <1 year, registered for lung transplant

Lung volume reduction surgery for diffuse emphysema (Review)

36

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

CLVR 2005 (Continued)

Baseline
SF-36 utility score (SD): 0.648 (0.110) for LVRS vs 0.622 (0.128) for control *

CRQ: 3.42(0.98) for LVRS vs 3.37 (0.79) for control *

6-minute walk, metres: 340 for LVRS vs 319 for control

FEV; in litres (% predicted): 0.73 (25) for LVRS vs 0.65 (23) for control
RV in litres: 5.4 for LVRS vs 5.37 for control

TLC in litres (% predicted): 8.2 (136) for LVRS vs 7.78 (138) for control

Pa0, in mmHg: 687.38 for LVRS vs 65.93 for control *
PaCO, in mmHg: 45.93 for LVRS vs 45.46 for control *

DLCO in mL/min/mmHg (% predicted): 8.18 (31) for LVRS vs 8.92 (35) for control

* Conditional data obtained from Miller 2005 paper. Final values for complete cohort in CLVR study not
reported

Interventions

LVRS via median sternotomy vs usual medical care
Optimal care standardised (including PR, bronchodilators, vaccination, steroids and antibiotics)

Pulmonary rehabilitation: 6 week course before randomisation (and continued for the duration of the
study in both groups)

Participants followed up for 2 years post randomisation

Outcomes Difference QALYs by HUI, morbidity; lung function; quality of life (SF-36, CRDQ); 6MWD

Notes "The Canadian Institute of Health Research (CIHR), MT-14386, funded the Canadian Lung Volume Re-
duction Surgery Study trial."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Surgeon stratification and blocking were performed at each centre (2 to 4

tion (selection bias) group blocks).

Allocation concealment Unclear risk Study authors reported that allocation was concealed, as it was performed at

(selection bias) the data co-ordinating centre, but did not describe methods.

Blinding of participants High risk LVRS does not lend itself to blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Study authors reported, “Every effort was made to blind those persons who

sessment (detection bias) were administering outcome measures tests to the allocation group of the

All outcomes study participants. However, as in all surgical clinical trials, blinding was diffi-
cultto ensurein all instances.”
Furthermore, they added, “A trained individual who was blinded to the patient
treatment allocation administered all measurement.”

Incomplete outcome data  Low risk Study authors reported attrition and percentages of participants with missing

(attrition bias)

outcome data for SF-36 and 6MWD.
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CLVR 2005 (Continued)

All outcomes

Selective reporting (re- Low risk Prespecified protocol was not available for comparison, but pilot study was

porting bias) published.

Other bias Low risk Low - No other bias was detected.
Criner 1999

Methods Prospective, randomised controlled trial. Allows cross-over of participants from medical to surgical

arm after they had completed evaluation after 3 additional months of medical therapy and rehabilita-
tion.

Method of randomisation: not described

Allocation concealment: unclear

Outcome assessor blinding: not described

Withdrawals/Dropouts: fully accounted for

Participants

Screened: 200
Randomised: 37 (LVRS 19; control 18)

Completed: LVRS 19; control 18
Mean age in years: 59

Diagnosis: CT scan
Emphysema: diffuse, heterogeneous, bullae <5 cm

Entry criteria: non-smokers (= 6 months); symptomatic despite optimised medical therapy; NYHA Class-
es Il and 1V; evidence of airflow obstruction and hyperinflation by pulmonary function studies (i.e. FEV;

<30% of predicted, postbronchodilator administration, FRC or TLC > 120% of predicted), hyperinflation
documented by chest X-ray and diffuse bullous emphysema documented by high-resolution computed
tomography (CT) scan, decreased or absent perfusion documented in planned resected lung tissue by
quantitative perfusion lung scan

Exclusion criteria: severe and refractory hypoxaemia (PaO,/FiO, ratio < 150); severe hypercapnic res-

piratory failure requiring mechanical ventilation; presence of significant cardiovascular disease; pres-
ence of severe pulmonary hypertension (mean pulmonary artery pressure > 35 mmHg); severe debili-
tated state with total body weight < 70% of ideal body weight; presence of significant extrapulmonary
end-organ dysfunction expected to limit survival; psychosocial dysfunction; continued smoking

Baseline
QoL: not reported (SF-36 was administered to participants but was not reported on)

6-minute walk in metres (SD): 260 (92) for LVRS vs 273 (90) for control
FEV7 in litres (% predicted): 0.69 (28) for LVRS vs 0.72 (29) for control

RV in litres (% predicted): 4.9 (253) for LVRS vs 4.4 (230) for control

TLC in litres (% predicted): 7.0 (140) for LVRS vs 6.8 (135) for control
Pa0,: not stated

PaCO, in mmHg: 46.50 for LVRS vs 46.40 for control

DLCO in L/min/mmHg (SD): 1.97 (0.6) for LVRS vs 1.9 (0.66) for control

Interventions

LVRS via MS and bilateral stapling resection vs usual medical care (including pulmonary rehabilitation)

Pulmonary rehabilitation: 8-week programme with additional 3 months for participants randomised to
control. PR had educational, physical, psychosocial supportive components. All participants had indi-
vidualised programmes based on exercise test results.
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Criner 1999 (Continued)

Outcomes were assessed after 8 weeks of outpatient pulmonary rehabilitation, and 3 months after ad-
ditional pulmonary rehabilitation or LVRS.

Outcomes Lung function (performed according to ATS guidelines); arterial blood gases; Sickness Impact Profile
(SIP); mortality

Notes No funding source was stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Described as randomised; no other information available

tion (selection bias)

Allocation concealment Unclear risk Information not available

(selection bias)

Blinding of participants High risk LVRS does not lend itself to blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No mention of blinding for outcome assessors

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Methods of handling missing outcome data from questionnaires (if any) not

(attrition bias) described

All outcomes

Selective reporting (re- High risk No protocol available. SF-36 mentioned but not reported on.

porting bias)

Other bias Low risk Potential risk of cross-over effects, but results reported separately. Study au-
thors note: "The crossover design of the study may potentially bias the results
toward LVRS because patients on the rehabilitation arm may not be as moti-
vated as patients on the LVRS arm given the often dramatic account of LVRS in
the lay press."

Geddes 2000
Methods Randomised parallel-group trial

Method of randomisation: not described
Allocation concealment: off-site

Outcome assessor blinding: not described
Withdrawals/Dropouts: fully accounted for

Participants

Screened: 174
Randomised: 48 (LVRS 24; control 24)

Completed: 47
Median age in years: 61
Diagnosis: CT scan

Emphysema: no restriction on pattern and distribution

Lung volume reduction surgery for diffuse emphysema (Review)
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Entry criteria: CT-confirmed severe emphysema; < 75 years; FEV; > 500 mL; CS dose <10 mg/d

Exclusion criteria: O, use > 18 hours/d; asthma; previous thoracic surgery or other serious medical con-
ditions

Baseline
SF-36 median in units (IQR): 50 (40 to 59) for LVRS vs 51 (48 to 56) for control

Median shuttle walk in metres: 210 for LVRS vs 220 for control
Median FEV in litres: 0.74 for LVRS vs 0.75 for control

Median RV % predicted: 226 for LVRS vs 220 for control

Median TLC % predicted: 136 for LVRS vs 129 for control
Median PaO, in mmHg: 74 for LVRS vs 70 for control

Median PaCO, in mmHg: 37 for LVRS vs 38 for control

Median DLCO % predicted: 36 for LVRS vs 37 for control

Interventions

LVRS via median sternotomy or thoracoscopy vs continued medical care
Continued medical care included rehabilitation and optimised drug therapy.

Pulmonary rehabilitation: 6-week programme consisting of physical, occupational health and nutri-
tional education components Participants were telephoned to encourage them to adhere with the ex-
ercise programme.

Outcome assessment took place at 3-, 6- and 12-monthly intervals.

Outcomes Mortality; FEVq; FVC; TLC; RV; shuttle-walking distance and quality of life; inspiratory and expiratory
mouth pressures; arterial blood gas values

Notes Supported by research funding from the Royal Brompton Hospital

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation was performed by an ‘independent institute’, but specific
tion (selection bias) method was not given.

Allocation concealment Unclear risk Allocation concealment not mentioned

(selection bias)

Blinding of participants High risk LVRS does not lend itself to blinding

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors not mentioned

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Methods of handling missing outcome data from questionnaires (if any) not
(attrition bias) described

All outcomes

Selective reporting (re- Unclear risk Prespecified protocol not available for comparison

porting bias)

Lung volume reduction surgery for diffuse emphysema (Review)
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Geddes 2000 (continued)
Other bias

Low risk Low - No other bias was detected.

Goldstein 2003

Methods

Randomised controlled trial

Method of randomisation: random numbers table, block randomisation in groups of 4
Allocation concealment: adequate

Outcome assessor blinding: described

Withdrawals/Dropouts: fully accounted for

Participants

Screened: 328
Randomised: 55 (LVRS 28, control 27)

Completed: 50 (LVRS 24, control 26)
Mean age in years: 65
Diagnosis: CT or V/Q scan

Emphysema: heterogeneous distribution

Entry criteria: <75 years; FEVy <40% predicted; TLC > 120% predicted; evidence of heterogenous em-
physema on CT or V/Q scan

Exclusion criteria: asthma; prior lung surgery; pleural disease; contraindications for surgery; inability to
attend PR or follow-up; pulmonary hypertension

Baseline
QoL: not reported (SF-36 administered to participants, but not reported on)

6-minute walk in metres (SE): 387 (15) for LVRS vs 372 (17) for control
FEV; in litres (% predicted): 0.8 (33) for LVRS vs 0.7 (32) for control

RV in % predicted: 228 for LVRS vs 253 for control

TLC in % predicted: 142 for LVRS vs 155 for control
Pa0,: not stated

PaCO5: not stated

DLCO: not stated

Interventions

LVRS via video-assisted thoracic surgery (VATS) (or less often by median sternotomy at the discretion of
the surgeon) vs ongoing medical treatment including pulmonary rehabilitation. A short course of pul-
monary rehabilitation was offered to participants in the surgery group.

Pulmonary rehabilitation: 6-week programme with supervised physical exercise, educational and psy-
chosocial components

Outcomes assessed at 3, 6, 9 and 12 months after randomisation

Outcomes Quality of life (measured by the CRDQ); 6-minute walking distance, submaximal cycle endurance time;
FEVy; FEV;/FVC; RV; FRC; TLC; mortality
Notes "This study was supported, in part, by the Physician's Services Incorporated Foundation (Ontario,
Canada) and by West Park Healthcare Centre Foundation."
Risk of bias
Bias Authors' judgement  Support for judgement
Lung volume reduction surgery for diffuse emphysema (Review) 41
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Goldstein 2003 (continued)

Random sequence genera-  Low risk Random numbers table, block randomisation in groups of 4

tion (selection bias)

Allocation concealment Low risk Study authors reported that allocation was concealed, with the physician and

(selection bias) surgeon remaining unaware of the arm to which the participant would be allo-
cated; however, they did not describe methods.

Blinding of participants High risk LVRS does not lend itself to blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Research assistants who were blind to the participant's group allocation con-

sessment (detection bias) ducted all outcome assessments at 3, 6,9 and 12 months after randomisation.

All outcomes

Incomplete outcome data  Low risk Missing data due to treatment complications displayed graphically; attrition

(attrition bias) also reported

All outcomes

Selective reporting (re- Unclear risk Protocol was not available for comparison.

porting bias)

Other bias High risk Possible selective recruitment, as participants were referred by respiratory

physicians, and a physician and a surgeon reassessed those wishing to pro-
ceed and made the final decision regarding eligibility; no other information
was provided.

Furthermore, no sham-surgery group, which might lead to some placebo ef-
fects (as mentioned by study authors)

Hillerdal 2005

Methods

Randomised controlled trial

Method of randomisation: randomised number lists (blocks of 4)
Allocation concealment: off-site, concealed from participants (adequate)
Outcome assessor blinding: not described

Withdrawals/Dropouts: fully accounted for

Participants

Screened: 304 (eligible: 114)

Randomised: 106 (LVRS 53; control 53)

Completed: 83 (LVRS 42; control 41)

Mean age in years: 62

Diagnosis: CT scan

Emphysema: diffuse

Major exclusions: asthma or bronchitis; smoking; DLCO = 20% predicted age; sequelae of pleurisy/
pleural adhesions; long-term OCS treatment

Baseline

SGRQ total score in units (SD): 59.1 (13.3) for LVRS vs 58.7 (15.5) for control
Shuttle walk in metres (SD): 237 (122) for LVRS vs 198 (104) for control

FEV; in litres (% predicted): 0.72 (26) for LVRS vs 0.69 (27) for control
RV in % predicted: 255 for LVRS vs 267 for control

TLC in % predicted: 135 for LVRS vs 142 for control

Lung volume reduction surgery for diffuse emphysema (Review)
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Hillerdal 2005 (continued)

Pa0, in kPa: 8.83 for LVRS vs 8.79 for control
PaCO, in kPa: 5.31 for LVRS vs 5.39 for control

DLCO: not stated

Interventions Bilateral LVRS by median sternotomy (N = 42) or video-assisted thoracoscopy (N = 3) vs continued phys-
ical training. Physical training offered to both treatment groups

Study duration: participants followed up for 1 year post randomisation

Outcomes Mortality, lung function, withdrawal, quality of life (SGRQ and SF-36), exercise capacity (6-minute walk
test and shuttle walk test)

Notes "Supported by a generous grant from the Swedish Heart-Lung Foundation"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random numbers table with block randomisation in groups of 4

tion (selection bias)

Allocation concealment Low risk Lists kept at the study computer centre, but methods not described
(selection bias)

Blinding of participants High risk Study authors reported, “...randomisation procedure was concealed from the
and personnel (perfor- participants,” but it is unclear if the ‘procedure’ refers just to the method of
mance bias) randomisation or actual blinding of participants throughout the study period.

All outcomes

Blinding of outcome as- Low risk Questionnaires and other data sent to the ‘computer centre’, where secre-
sessment (detection bias) taries unaware of participants' surgical status ‘processed and fed the data into
All outcomes the computer’

Incomplete outcome data  Low risk Attrition reported

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Published protocol not available for comparison

porting bias)

Other bias Low risk No other bias detected

McKenna 1996

Methods Randomised controlled trial of 2 interventions
Method of randomisation: not described
Allocation concealment: not described
Outcome assessor blinding: not blinded
Withdrawals/Dropouts: fully accounted for

Participants Screened: not stated
Eligible: 72
Randomised: 72 (laser 33; staple 39)
Completed: 62 (laser 26; staple 36)
Mean age in years (SD): 67 (7)
Diagnosis: CT scan

Lung volume reduction surgery for diffuse emphysema (Review) 43
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McKenna 1996 (Continued)

Emphysema: diffuse, heterogeneous, bullae <5 cm
Diseases included: not stated
Major exclusions: smoking, no prior thoracic surgery, age > 75 years, CO, retention > 55 mmHg, severe

cardiac disease, cancer within the past 5 years, ventilator dependency, presence of a lung mass, bullae
>5cm

Baseline

SF-36: not stated
6MWD (SD): not tested

FEV; in litres (SD): 0.7 (0.2) for laser vs 0.7 (0.2) for staple
RV in litres (SD): 5.1 (1.1) for laser vs 5.4 (0.2) for staple
TLC in litres (SD): 7.6 (1.4) for laser vs 7.9 (1.3) for staple

Pa0, in mmHg: 65 for laser vs 66 for staple
PaCO, in mmHg: 43 for laser vs 44 for staple

DLCO in mL/min/mmHg: 5.4 for laser vs 8.6 for staple

Interventions

Laser

Extent: bilateral/unilateral - unsure

Approach: thoracoscipic

Resection method: Nd: YAG (neodymium yttrium-aluminium-garnet laser)

Non-surgical: postop pulmonary rehab continued for 2 to 3 weeks after discharge

Medications: not clear

Stapling

Extent: unilateral

Approach: thoracoscipic

Resection method: stapling with bovine pericardium reinforcement

Non-surgical: postoperative pulmonary rehabilitation continued for 2 to 3 weeks after discharge
Medications: not clear

Other: All participants in both groups were educated and were encouraged to join a Better Breathers
Club.

Outcomes Morbidity, air leaks, delayed pneumothorax, FEV;, MOS-36, operation time (hours), length of stay, sup-
plemental oxygen therapy, repiratory failure

Notes "Supported in part by Department of Education grant DEf603- 91 ER61227 and National Institutes of
Health grant R01192"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation mentioned but methods not described

tion (selection bias)

Allocation concealment Unclear risk Unclear - Study authors mention that “...patients were blindly randomized...”,

(selection bias) but methods were not described.

Blinding of participants High risk LVRS does not lend itself to blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No mention of blinding of outcome assessors

sessment (detection bias)
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McKenna 1996 (Continued)
All outcomes

Incomplete outcome data  Unclear risk Methods of handling outcome data missing from questionnaires (if any) not
(attrition bias) described
All outcomes

Selective reporting (re- Unclear risk Prespecified published protocol not available for comparison
porting bias)

Other bias Low risk No other biases identified
NETT 2003
Methods Randomised controlled trial

Method of randomisation: computer-generated random number sequence
Allocation concealment: adequate
Outcome assessor blinding: not described

Participants Screened: 3777
Randomised: 1218 (LVRS 608; control 610)
Mean age in years: 66.6
Emphysema: heterogeneous and homogenous
Diagnosis: CT scan
Entry criteria: FEV; < 45 % predicted (= 15 % predicted among participants = 70 years of age); TLC =
100% predicted; RV = 150% predicted; partial pressure of resting arterial carbon dioxide < 60 mmHg;
resting partial pressure of arterial oxygen = 45 mmHg; ability to walk = 140 metres in 6 minutes; ability
to complete 3 minutes on a bicycle ergometer; abstinence from smoking for 6 months before randomi-
sation

Exclusion criteria: concurrent medical conditions precluding surgery or that might interrupt follow-up

SGRQ total score in units (SD): 52.5 (12.6) for LVRS vs 53.6 (12.7) for control
6MWD in metres (SD): 370.78 (95.28) for LVRS vs 377.55 (96.32) for control

FEV; in % predicted (SD): 26.8 (7.4) for LVRS vs 26.7 (7.0) for control
RV in % predicted (SD): 220.5 (49.9) for LVRS vs 223.4 (48.9) for control
TLC in % predicted (SD): 128 (15.3) for LVRS vs 128.5 (15.0) for control

Pa0, in mmHg: 64.5 for LVRS vs 64.2 for control
PaCO, in mmHg: 43.3 for LVRS vs 43.0 for control

DLCO in % predicted: 28.3 for laser vs 28.4 for control

Interventions LVRS via VATS or MS vs usual medical care according to ATS recommendations

Usual care tailored to each participant in the control group included smoking cessation (for those re-
suming smoking during course of the study); drug therapies (including CS and inhaled bronchodila-
tors); LTOT; immunisations; and continued pulmonary rehabilitation.

Pulmonary rehabilitation: 3 phases: prerandomisation (6 to 10 weeks); post randomisation: 8 to 9
weeks) and long-term maintenance (duration of the trial). PR consisted of physical, educational and
psychosocial components (including nutritional counselling). Offered to both treatment groups

Outcomes Mortality; exercise capacity; quality of life; FEVy; FVC; RV; cost; complications; length of hospital stay
Notes Funding received by National Heart, Lung and Blood Institute (NHLBI)
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Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

NETT 2003 (Continued)
Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation mentioned but methods not described
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants High risk Study is indicated to be unmasked
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No mention of blinding for outcome assessors
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Methods of handling outcome data missing from questionnaires (if any) not
(attrition bias) described
All outcomes
Selective reporting (re- Low risk Prespecified published protocol is not available for comparison, but rationale
porting bias) behind the trial is published.
Other bias Low risk No other biases identified
OBEST 2005
Methods Randomised clinical trial

Method of randomisation: not described

Allocation concealment: conducted off-site at a data co-ordinating centre
Outcome assessor blinding: described

Withdrawals/Dropouts: fully accounted for

Participants

Screened: 332

Randomised: 35 (LVRS 24; control 11)
Completed: 29 (LVRS 20; control 9)
Mean age in years: 63.9

Diagnosis: CT scan

Emphysema: heterogeneous
Diseases included: not stated

Entry criteria: advanced emphysema, MRC > 1, < 75 years, <40 FEV; % predicted, FEV; response to
bronchodilator <30% pred and 300 mL, TLC and RV > 125% pred, PCO, < 55 mmHg, heterogeneous em-
physema by CT, 75% to 125% ideal body weight, compliance with rehabilitation, BMWD > 492 feet

Exclusion criteria: mechanical ventilation, antitrypsin deficiency, bullous emphysema, bronchiectasis,
obliterated pleural space, pulmonary node > 0.7 cm, prednisolone > 10 mg, hypertension > 30 mmHg,
life expectancy <2 years, registered for lung transplant

Baseline

SF-36 utility score in units (SD): 0.687 (0.121) for LVRS vs 0.673 (0.078) for control
6MWD in metres (SD): 309.98 (99.06) for LVRS vs 330.40 (96.32) for control
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OBEST 2005 (Continued)

FEV; in litres (SD): 0.65 (0.02) for LVRS vs 0.78 (0.02) for control
RVin litres (SD): 5.68 (0.28) for LVRS vs 4.9 (0.26) for control
TLC in litres (SD): 6.71 (2.34) for LVRS vs 8.42 (2.57) for control

Pa0, in mmHg: 69.42 for LVRS vs 69.18 for control
PaCO, in mmHg: 43.88 for LVRS vs 42.46 for control

DLCO in mL/min/mmHg: 6.71 for laser vs 8.42 for staple

Interventions

LVRS via median sternotomy vs usual medical care at 5 of 6 centres. The other centre performed VATS.
Optimal care standardised (including PR, bronchodilators, vaccination, steroids and antibiotics)

Pulmonary rehabilitation: 6-week course before randomisation (continued for the duration of the study
in both groups)

Participants followed up for 6 months

Outcomes Morbidity; lung function; quality of life (CRDQ); exercise capacity; withdrawal
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Low - randomisation in 6 participant blocks for each referring centre
tion (selection bias)
Allocation concealment Unclear risk Unclear - Study authors reported that allocation was concealed, as it was per-
(selection bias) formed at the Data Co-ordinating Centre, but they did not describe methods.
Blinding of participants High risk LVRS does not lend itself to blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Low - Study authors reported, “Every effort was made to blind those persons
sessment (detection bias) who were administering outcome measures tests to the allocation group of
All outcomes the study participants. However, as in all surgical clinical trials, blinding was
difficult to ensure in all instances.”

Incomplete outcome data  Low risk Low - Study authors reported attrition and percentages of participants with
(attrition bias) missing outcome data for SF-36 and 6MWD
All outcomes
Selective reporting (re- Unclear risk Unclear - Published protocol is not available for comparison
porting bias)
Other bias Low risk Low - No other bias was detected.

Pompeo 2012
Methods Randomised clinical trial

Method of randomisation: not described
Allocation concealment: conducted off-site at a data co-ordinating centre
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Pompeo 2012 (Continued)

Outcome assessor blinding: described
Withdrawals/Dropouts: fully accounted for

Participants

Screened: 87

Randomised: 63 (LVRS 31; control 32)

Completed: 62 (laser 30; staple 32)

Age in years (SD): LVRS 65 (7) and control 64 (9)

Diagnosis: CT scan

Emphysema: diffuse, upper lobe predominant

Inclusion: severe smoking-related emphysema with upper lobe predominance; severe disability de-
spite maximised medical therapy, including respiratory rehabilitation with Modified Medical Research
Council dyspnoea grade 3; no clinically significant sputum production, bronchiectasis or asthma; post-
bronchodilator FEV; 40% predicted; plethysmographic RV 180% predicted with TLC > 120% predicted;
peak systolic pulmonary artery pressure <50 mmHg on colour Doppler echocardiography; arterial car-
bon dioxide <50 mmHg; diffusion capacity of carbon monoxide > 20% predicted; quit smoking for at
least 4 months;

age 80 years; ASA score 3; body mass index > 18 and < 29; no unstable angina or ventricular arrhythmia;
no comorbid condition that would significantly increase operative risk or negatively affect participa-
tion in a vigorous respiratory rehabilitation programme; no neoplastic disease with life expectancy <12
months; no previous pleurodesis or thoracotomy in the hemithorax targeted for LVRS

Major exclusions: smoking, no prior thoracic surgery, age > 75 years, CO, retention > 55 mmHg, severe
cardiac disease, cancer within the past 5 years, ventilator dependency, presence of a lung mass, bullae
>5cm

Baseline

SF-36 units (SD): 29 (13) for LVRS vs 28 (13) for control
6MWD in metres (SD): 329 (98) for LVRS vs 300 (329) for control

FEV; in litres (% predicted): 0.78 (27) for LVRS vs 0.82 (29) for control
RV in % predicted: 229 for LVRS vs 217 for control
TLC in % predicted: 140 for LVRS vs 129 for control

Pa0, in mmHg: 67 for LVRS vs 68 for control
PaCO, in mmHg: 41 for LVRS vs 41 for control

DLCO: not stated

Interventions

Control: LVRS via VATS

Experimental: non-resectional technique performed via VATS, which involves pushing down the most
damaged parts of the lung, grasping the redundant lung edges and stapling the plicated lung area to
form a linear, uninterrupted suture

Outcomes Primary: hospital stay, FEV;
Secondary: 90 day mortality, ratio of arterial oxygen tension to fraction of inspired oxygen (PaO,/FiO,),
arterial carbon dioxide tension (PaCO,), RV, FVC, 6MWD, MMRC, SF-36

Notes Study authors state that they "have nothing to disclose with regard to commercial support."

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization was carried out centrally by means of a computer generated
sequence of casual numbers in which treatment arms were assigned to paired
and unpaired numbers, respectively."
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Pompeo 2012 (Continued)

Allocation concealment Unclear risk No information provided
(selection bias)

Blinding of participants High risk LVRS does not lend itself to blinding.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information provided
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No participant was lost to follow-up.
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study was registered at ClinicalTrials.gov site (trial No. NCT00566839). Per-pro-

porting bias) tocol instead of intention-to-treat analysis; 1 participant converted from VATS
to open approach; 2 participants who could not tolerate awake procedure ex-
cluded

Other bias Low risk No other bias other than that reported above. Study groups relatively well

matched in main baseline data

Stammberger 2000

Methods Randomised controlled trial
Method of randomisation: not described
Allocation concealment: not clear
Blinding of assessors: not described

Participants Screened: not reported
Randomised: 74 (65 analysed: buttressed group 32; non-buttressed group 33)
Completed: 65 (LVRS 32; control 33)
Mean age in years: 60
Diagnosis: CT scan
Entry criteria: radiological evidence of emphysema; breathlessness leading to impaired quality of life;
consent; FEV; < 35% predicted; optimal medical therapy; candidature for lung transplantation

Major exclusions: current smoker; > 75 years; 'vanishing lung' on CT; TLCO < 20% predicted; hypercap-
nia; pulmonary hypertension; bronchiectasis; chest infection; OCS therapy > 15 mg/d

Baseline

QoL: not tested

6MWD: not tested

FEV; in litres (% predicted): 0.77 (27) for buttressing vs 0.76 (27) for control
RV in % predicted: 287 for LVRS vs 284 for control

TLC in L (% predicted): 8.15 (139) for buttressing vs 8.45 (138) for control

Pa0, in mmHg: 65.3 for LVRS vs 64.2 for control
PaCO, in mmHg: 40.1 for LVRS vs 41.3 for control

DLCO: not stated
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Stammberger 2000 (Continued)

Interventions Buttressed vs non-buttressed stapling device in LVRS procedures

Pulmonary rehabilitation not undertaken as part of study protocol

Outcomes Length of hospital stay; FEVy; dyspnoea; PaO; and PaCO,; complications; mortality

Notes "Supported by grant 3200-043358;95.1 from the Swiss National Science Fund and by a grant from the
Zurich Lung League"

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Described as randomised; other information not available

tion (selection bias)

Allocation concealment Unclear risk Unclear - no mention of allocation concealment
(selection bias)

Blinding of participants High risk No mention of attempted blinding for participants
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No mention of blinding for outcome assessors
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Missing outcome data not mentioned
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No online protocol available
porting bias)

Other bias Low risk No other biases identified

6MWD: 6-minute walk distance; ATS: American Thoracic Society; BMI: body mass index; CRDQ/CRQ: Chronic Respiratory Disease
Questionnaire; CS: corticosteroid; CT: computed tomography; DLCO: diffusing capacity of the lungs for carbon monoxide; FEV;: forced
expiratory volume in one second; FiO,: fraction of inspired oxygen; FRC: functional residual capacity; FVC: forced expiratory vital capacity;
HUI: Health Utilities Index; IQR: interquartile range; LTOT: long-term oxygen therapy; LVRS: lung volume reduction surgery; mmHg:
millimetres of mercury; MS: median sternotomy; MOS-36: Medical Outcomes Study-36 questionnaire; MRC: Medical Research Council
breathlessness scale; NYHA: New York Heart Association; OCS: oral corticosteroids; PaCO,: partial pressure of carbon dioxide; PaO,: partial
pressure of oxygen; PR: pulmonary rehabilitation; QALY: quality-adjusted life-year; QoL: quality of life; RV: residual volume; SD: standard
deviation; SGRQ: St George's Respiratory Questionnaire; SF-36: Short-Form 36 questionnaire; TLC: total lung capacity; TLCO: transfer factor
for carbon monoxide; VP: ventilation/perfusion; V/Q scan: ventilation/perfusion scan; VATS: video-assisted thoracic surgery.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Daniel 1996 Case series
Keenan 1996 Case series
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Study Reason for exclusion
Kotloff 1996 Case series
Little 1995 Case series

Martinez 1997

Prospective case series

Moser 2008

Participants acted as own controls.

Nickoladze 1992

Case series in patients with bullous emphysema

O'Brien 1999

Prospective case series

Pompeo 2000

Includes diffuse bullous emphysema (with heterogeneous distribution)

Rathinam 2009

Participants acted as own controls.

Sciurba 1996

Prospective case series

Szekely 1997

Prospective case series with retrospective review of preoperative characteristics

Tan 2000

Prospective case series (not randomised)

Teschler 1996

Prospective case series

Wakabayashi 1995

Case series using laser pneumoplasty

Characteristics of studies awaiting assessment [ordered by study ID]

Goodnight 2001

Methods

Participants

People with severe emphysema

Interventions

LVRS vs medical care

Outcomes

Quality of life, lung function, mortality, exercise capacity

Notes

Interim analysis of data presented at 2001 ATS conference. No follow-up publication identified

Characteristics of ongoing studies [ordered by study ID]

CELEB

Trial name or title

Lung volume reduction in COPD - surgery vs endobronchial valves

Methods

Randomised parallel trial. Follow-up: unknown

Estimated enrolment: 152 participants

Participants

Patients suffering from heterogeneous emphysema
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CELEB (Continued)

Interventions Lung volume reduction surgery vs endobronchial valves

Outcomes Primary: change in iBODE score (a composite of BMI, FEV;, MRC dyspnoea score and shuttle walk
test distance) 1 year post procedure

Secondary

« Health-related quality of life is measured by the COPD assessment test score (CAT).
« Physical activity level

« Changein residual volume (RV)

« Fat-free mass

Starting date April 2016
Contact information Dr Nick Hopkinson
Notes ISRCTN19684749

DATA AND ANALYSES

Comparison 1. Surgery versus control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Early mortality (90 days) 5 1489 0Odds Ratio (M-H, Fixed, 95% 6.16[3.22,11.79]
cl)

2 Long-term mortality (> 36 2 1280 0dds Ratio (M-H, Fixed, 95% 0.76 [0.61, 0.95]

months) Cl)

3 Overall mortality (stratified by 5 Odds Ratio (M-H, Fixed, 95% Subtotals only

follow-up period) Cl)

3.13 months 5 1489 0Odds Ratio (M-H, Fixed, 95% 6.16[3.22,11.79]
Cl)

3.2 6 months 3 209 0Odds Ratio (M-H, Fixed, 95% 4.36[1.19, 15.91]
cl)

3.3 12 months 3 209 0dds Ratio (M-H, Fixed, 95% 3.60[1.26,10.29]
cl)

3.4 24 months 3 1328 0Odds Ratio (M-H, Fixed, 95% 1.00[0.78, 1.28]
Cl)

3.53 years or more 2 1280 0Odds Ratio (M-H, Fixed, 95% 0.76 [0.61, 0.95]
Cl)

4 Overall mortality (stratified by 1 1218 0dds Ratio (M-H, Fixed, 95% 0.98[0.75, 1.27]

risk, to end of follow-up) Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 High risk 1 140 0dds Ratio (M-H, Fixed, 95% 2.0[1.02,3.92]
Cl)

4.2 Non-high risk 1 1078 0Odds Ratio (M-H, Fixed, 95% 0.86 [0.64, 1.14]
Cl)

5 Overall mortality (stratified by 1 1078 0dds Ratio (M-H, Fixed, 95% 0.83[0.62,1.11]

subgroup, to end of follow-up) Cl)

5.1 Upper lobe - low exercise ca- 1 290 0Odds Ratio (M-H, Fixed, 95% 0.45[0.26,0.78]

pacity Cl)

5.2 Upper lobe - high exercise ca- 1 419 0dds Ratio (M-H, Fixed, 95% 0.88[0.53, 1.46]

pacity Cl)

5.3 Non-upper Lobe - High exercise 1 149 0Odds Ratio (M-H, Fixed, 95% 0.75[0.38, 1.47]

capacity Cl)

5.4 Non-upper Lobe - Low exercise 1 220 0Odds Ratio (M-H, Fixed, 95% 2.28[1.12, 4.64]

capacity Cl)

6 Change in SGRQ (end of fol- 2 Mean Difference (Fixed, 95% Subtotals only

low-up) Cl)

6.1 Symptoms 1 Mean Difference (Fixed, 95% -8.8 [-17.57,-0.03]
cl)

6.2 Activity 1 Mean Difference (Fixed, 95% -17.1[-22.65,
cl) -11.55]

6.3 Impacts 1 Mean Difference (Fixed, 95% -14.6 [-20.05, -9.15]
Cl)

6.4 Total 2 Mean Difference (Fixed, 95% -13.78 [-15.75,
cl) -11.80]

7 Change in SGRQ (total score, 2 Mean Difference (Fixed, 95% Subtotals only

stratified by follow-up period) Cl)

7.1 6 months 2 Mean Difference (Fixed, 95% -13.48 [-15.13,
cl) -11.84]

7.2 12 months 2 Mean Difference (Fixed, 95% -13.77 [-15.75,
cl) -11.80]

8 SGRQ responders (stratified by 1 749 0Odds Ratio (M-H, Fixed, 95% 5.21[3.43,7.92]

risk, to end of follow-up) Cl)

8.1 High risk 1 106 0dds Ratio (M-H, Fixed, 95% 12.01[0.66,218.88]
Cl)

8.2 Non-high risk 1 643 0Odds Ratio (M-H, Fixed, 95% 5.06[3.31,7.72]

cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

9 SGRQ responders (stratified by 1 643 0dds Ratio (M-H, Fixed, 95% 5.14[3.37,7.83]

subgroup, to end of follow-up) Cl)

9.1 Upper Lobe - Low exercise ca- 1 176 0Odds Ratio (M-H, Fixed, 95% 8.38[3.73, 18.85]

pacity Cl)

9.2 Upper Lobe - High exercise ca- 1 253 0Odds Ratio (M-H, Fixed, 95% 5.67[2.95, 10.88]

pacity Cl)

9.3 Non-upper Lobe - High exercise 1 90 0Odds Ratio (M-H, Fixed, 95% 7.35[1.98,27.29]

capacity Cl)

9.4 Non-upper Lobe - Low exercise 1 124 0dds Ratio (M-H, Fixed, 95% 1.35[0.48, 3.81]

capacity Cl)

10 Difference on SF-36 (end of fol- 3 Mean Difference (Fixed, 95% Subtotals only

low-up) Cl)

10.1 Physical functioning 2 Mean Difference (Fixed, 95% 18.82[12.61,25.03]
Cl)

10.2 Role Physical 2 Mean Difference (Fixed, 95% 21.52 [8.96, 34.09]
cl)

10.3 Bodily pain 2 Mean Difference (Fixed, 95% 9.92[3.06, 16.78]
cl)

10.4 General Health 3 Mean Difference (Fixed, 95% 12.01[6.56, 17.46]
Cl)

10.5 Vitality 2 Mean Difference (Fixed, 95% 10.46 [2.69, 18.24]
Cl)

10.6 Social functioning 2 Mean Difference (Fixed, 95% 15.77[6.21, 25.33]
Cl)

10.7 Role emotional 2 Mean Difference (Fixed, 95% 10.07 [-2.15, 22.28]
cl)

10.8 Mental health 2 Mean Difference (Fixed, 95% 12.55[5.76, 19.35]
cl)

11 Walking Distance (Mtrs, end of 5 215 Std. Mean Difference (IV, Fixed,  0.70[0.42, 0.98]

follow-up) 95% Cl)

12 FEV1 (L, end of follow-up) 4 188 Mean Difference (IV, Fixed, 95%  0.20[0.13,0.28]
Cl)

13 RV (% predicted, end of fol- 4 177 Mean Difference (IV, Fixed, 95%  -44.28 [-57.80,

low-up) Cl) -30.75]

14 Mean number of emer- 1 Mean Difference (IV, Fixed, 95%  Totals not selected

gency-room visits

cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
14.1 0-12 months 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
Cl)
14.2 13-24 months 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
Cl)
14.3 25-36 months 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
Cl)
15 PA02 (mm Hg, end of follow-up) 2 97 Std. Mean Difference (IV, Fixed,  0.10[-0.30, 0.50]
95% Cl)
16 PAC02 (mm Hg, end of fol- 3 132 Std. Mean Difference (IV, Fixed,  -0.43[-0.78,-0.08]
low-up) 95% Cl)
17 TLC (% predicted, end of fol- 4 178 Mean Difference (IV, Fixed, 95%  -14.83 [-20.50,
low-up) Cl) -9.15]
18 Mean direct medical costs and 1 Mean Difference (IV, Fixed, 95%  Totals not selected
total healthcare-related costs ac- Cl)
cording to time after randomisa-
tion (USD 000s)
18.1 Direct Medical Costs 0-12 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
Months after randomisation (USD Cl)
000s)
18.2 Total Costs 0-12 months after 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
randomisation (USD 000s) Cl)
18.3 Direct medical costs 13-24 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
months after randomisation (USD Cl)
000s)
18.4 Total costs 13-24 months after 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
randomisation (USD 000s) Cl)
18.5 Direct medical costs 25-36 1 Mean Difference (IV, Fixed, 95% 0.0 [0.0, 0.0]
months after randomisation (USD Cl)
000s)
18.6 Total costs 25-36 months after 1 Mean Difference (IV, Fixed, 95%  0.0[0.0, 0.0]

randomisation (USD 000s)

cl)

Analysis 1.1. Comparison 1 Surgery versus control, Outcome 1 Early mortality (90 days).

Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CLVR 2005 2/32 1/30 + 9.62% 1.93[0.17,22.5]
Geddes 2000 4/24 1/24 + > 8.28% 4.6[0.47,44.6]
Goldstein 2003 2/28 0/27 + > 4.62% 5.19[0.24,113.22]
Favours LVRS 005 02 1 5 20 Favours control
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Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hillerdal 2005 6/53 0/53 ——) 437% 14.64[0.8,266.87]
NETT 2003 48/608 8/610 —B— 73.11% 6.45[3.02,13.75]
Total (95% CI) 745 744 - 100% 6.16[3.22,11.79]
Total events: 62 (LVRS), 10 (Control)
Heterogeneity: Tau?=0; Chi*=1.29, df=4(P=0.86); 1>=0%
Test for overall effect: Z=5.49(P<0.0001)
Favours LVRS 005 02 1 5 20 Favours control

Analysis 1.2. Comparison 1 Surgery versus control, Outcome 2 Long-term mortality (> 36 months).

Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CLVR 2005 24/32 26/30 < 3.74% 0.46[0.12,1.73]
NETT 2003 283/608 324/610 —.— 96.26% 0.77[0.61,0.96]
Total (95% Cl) 640 640 P 100% 0.76[0.61,0.95]
Total events: 307 (LVRS), 350 (Control)
Heterogeneity: Tau?=0; Chi*=0.56, df=1(P=0.46); 1>=0%
Test for overall effect: Z=2.46(P=0.01)

Favours LVRS 05 o7 1 15 Favours control

Analysis 1.3. Comparison 1 Surgery versus control, Outcome 3 Overall mortality (stratified by follow-up period).

Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 3 months
CLVR 2005 2/32 1/30 + } 9.62% 1.93[0.17,22.5]
Geddes 2000 4/24 1/24 } 8.28% 4.6[0.47,44.6)
Goldstein 2003 2/28 0/27 + } 4.62% 5.19[0.24,113.22]
Hillerdal 2005 6/53 0/53 —4} 437% 14.64[0.8,266.87]
NETT 2003 48/608 8/610 —B— 73.11% 6.45[3.02,13.75]
Subtotal (95% CI) 745 744 - 100% 6.16[3.22,11.79]
Total events: 62 (LVRS), 10 (Control)
Heterogeneity: Tau?=0; Chi*=1.29, df=4(P=0.86); 1>=0%
Test for overall effect: Z=5.49(P<0.0001)
1.3.2 6 months
Geddes 2000 4/24 1/24 —4-—} 31.26% 4.6[0.47,44.6)
Goldstein 2003 2/28 1/27 = } 35.47% 2[0.17,23.44]
Hillerdal 2005 6/53 1/53 —4-—} 33.27% 6.64[0.77,57.19]
Subtotal (95% CI) 105 104 —— 100% 4.36[1.19,15.91]
Total events: 12 (LVRS), 3 (Control)
Heterogeneity: Tau?=0; Chi*=0.53, df=2(P=0.77); 1>=0%
Test for overall effect: Z=2.23(P=0.03)
1.3.3 12 months

Favours LVRS 0102 05 1 2 10 Favours control
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Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Geddes 2000 5/24 2/24 L 37.77% 2.89[0.5,16.67]
Goldstein 2003 4/28 1/27 * } 20.82% 4.33[0.45,41.55]
Hillerdal 2005 7/53 2/53 ——.—’ 41.41% 3.88[0.77,19.63]
Subtotal (95% Cl) 105 104 —— 100% 3.6[1.26,10.29]
Total events: 16 (LVRS), 5 (Control)
Heterogeneity: Tau?=0; Chi?=0.09, df=2(P=0.95); 1>=0%
Test for overall effect: Z=2.39(P=0.02)
1.3.4 24 months
CLVR 2005 5/32 4/30 e 2.8% 1.2[0.29,4.98]
Geddes 2000 5/24 3/24 1.91% 1.84[0.39,8.77]
NETT 2003 157/608 160/610 - 95.29% 0.98[0.76,1.26]
Subtotal (95% Cl) 664 664 ‘ 100% 1[0.78,1.28]
Total events: 167 (LVRS), 167 (Control)
Heterogeneity: Tau?=0; Chi*=0.68, df=2(P=0.71); 1>=0%
Test for overall effect: Z=0.01(P=0.99)
1.3.5 3 years or more
CLVR 2005 24/32 26/30 — 3.74% 0.46[0.12,1.73]
NETT 2003 283/608 324/610 . 96.26% 0.77[0.61,0.96]
Subtotal (95% Cl) 640 640 <& 100% 0.76[0.61,0.95]
Total events: 307 (LVRS), 350 (Control)
Heterogeneity: Tau?=0; Chi*=0.56, df=1(P=0.46); 1>=0%
Test for overall effect: Z=2.46(P=0.01)
Test for subgroup differences: Chi*=46.82, df=1 (P<0.0001), 1?=91.46% ‘ ‘ ‘ ‘ ‘ ‘
Favours LVRS 0102 05 1 2 5 10 Favours control
Analysis 1.4. Comparison 1 Surgery versus control, Outcome
4 Overall mortality (stratified by risk, to end of follow-up).
Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 High risk
NETT 2003 42/70 30/70 S — 10.52% 2[1.02,3.92]
Subtotal (95% CI) 70 70 i 10.52% 2[1.02,3.92]
Total events: 42 (LVRS), 30 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.02(P=0.04)
1.4.2 Non-high risk
NETT 2003 115/538 130/540 -.' 89.48% 0.86[0.64,1.14]
Subtotal (95% Cl) 538 540 ‘ 89.48% 0.86[0.64,1.14]
Total events: 115 (LVRS), 130 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.06(P=0.29)
Total (95% Cl) 608 610 s 2 100% 0.98[0.75,1.27]
Total events: 157 (LVRS), 160 (Control)
Heterogeneity: Tau?=0; Chi?*=5.16, df=1(P=0.02); 1°=80.62%
FavoursLVRS 01 0.2 0.5 1 2 10 Favours control
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Study or subgroup LVRS
n/N

Control
n/N

0dds Ratio
M-H, Fixed, 95% CI

Weight Odds Ratio
M-H, Fixed, 95% CI

Test for overall effect: Z=0.17(P=0.87)

Test for subgroup differences: Chi*=5.16, df=1 (P=0.02), 1>=80.62%

Favours LVRS

0.1

0.2

0.5 1 2

5 10 Favours control

Analysis 1.5. Comparison 1 Surgery versus control, Outcome 5
Overall mortality (stratified by subgroup, to end of follow-up).

Study or subgroup LVRS
n/N

Control
n/N

0dds Ratio
M-H, Fixed, 95% CI

Weight 0Odds Ratio
M-H, Fixed, 95% CI

1.5.1 Upper lobe - low exercise capacity

NETT 2003 26/139
Subtotal (95% CI) 139
Total events: 26 (LVRS), 51 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=2.87(P=0)

1.5.2 Upper lobe - high exercise capacity

NETT 2003 34/206
Subtotal (95% CI) 206
Total events: 34 (LVRS), 39 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.49(P=0.63)

1.5.3 Non-upper Lobe - High exercise capacity
NETT 2003 28/84
Subtotal (95% Cl) 84
Total events: 28 (LVRS), 26 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=0.84(P=0.4)

1.5.4 Non-upper Lobe - Low exercise capacity

NETT 2003 27/109
Subtotal (95% CI) 109
Total events: 27 (LVRS), 14 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=2.28(P=0.02)

Total (95% Cl) 538
Total events: 115 (LVRS), 130 (Control)

Heterogeneity: Tau?=0; Chi*=12.78, df=3(P=0.01); 1>=76.53%

Test for overall effect: Z=1.25(P=0.21)

51/151
151

39/213
213

26/65
65

14/111
111

540

Test for subgroup differences: Chi?=12.78, df=1 (P=0.01), 1>=76.52%

—B—
>

b

39.06% 0.45[0.26,0.78]
39.06% 0.45[0.26,0.78]

31.47% 0.88[0.53,1.46]
31.47% 0.88[0.53,1.46]

19.21% 0.75[0.38,1.47]
19.21% 0.75[0.38,1.47]

10.26% 2.28[1.12,4.64]
10.26% 2.28[1.12,4.64]

100% 0.83[0.62,1.11]

Favours LVRS

0.05

0.2 1 5

20 Favours control
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Analysis 1.6. Comparison 1 Surgery versus control, Outcome 6 Change in SGRQ (end of follow-up).

Study or subgroup LVRS Control Mean Dif- Mean Difference Weight Mean Difference
ference

N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
1.6.1 Symptoms
Hillerdal 2005 1 1 -8.8(4479) = 100% -8.8-17.57,0.03]
Subtotal (95% CI) e 100% -8.8[-17.57,-0.03]
Heterogeneity: Not applicable
Test for overall effect: Z=1.97(P=0.05)
1.6.2 Activity
Hillerdal 2005 1 1 oaries) 100% -17.1[-22.65,-11.55]
Subtotal (95% Cl) e 100% -17.1[-22.65,-11.55]
Heterogeneity: Not applicable
Test for overall effect: Z=6.04(P<0.0001)
1.6.3 Impacts
Hillerdal 2005 1 1 -146(2781) - 100% -14.6-20.05,-9.15]
Subtotal (95% CI) P 100% -14.6[-20.05,-9.15]
Heterogeneity: Not applicable
Test for overall effect: Z=5.25(P<0.0001)
1.6.4 Total
Hillerdal 2005 1 1 -14.7 (2.526) — 15.95% -14.7[-19.65,-9.75]
NETT 2003 1 1 -13.6 (1.1) . 84.05% -13.6[-15.76,-11.44]
Subtotal (95% Cl) . 2 100% -13.78[-15.75,-11.8]
Heterogeneity: Tau?=0; Chi*=0.16, df=1(P=0.69); 1>=0%
Test for overall effect: Z=13.66(P<0.0001)
Test for subgroup differences: Chi*=2.64, df=1 (P=0.45), 1>=0% ‘ ‘ ‘ ‘

Favours LVRS 20 -10 0 10 20 Favours control
Analysis 1.7. Comparison 1 Surgery versus control, Outcome
7 Change in SGRQ (total score, stratified by follow-up period).
Study or subgroup LVRS control Mean Dif- Mean Difference Weight Mean Difference
ference

N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% Cl
1.7.1 6 months
Hillerdal 2005 0 0 -14.3(2.73) — 9.41% -14.3[-19.65,-8.95]
NETT 2003 115 138 -13.4(0.88) . 90.59% -13.4[-15.12,-11.68]
Subtotal (95% Cl) ¢ 100% -13.48[-15.13,-11.84]
Heterogeneity: Tau?=0; Chi?=0.1, df=1(P=0.75); 1>=0%
Test for overall effect: Z=16.1(P<0.0001)
1.7.212 months
Hillerdal 2005 0 0 -14.7 (2.53) — 15.9% -14.7[-19.66,-9.74]
NETT 2003 49 41 -13.6(1.1) . 84.1% -13.6[-15.76,-11.44]
Subtotal (95% Cl) < 100% -13.77[-15.75,-11.8]
Heterogeneity: Tau?=0; Chi*=0.16, df=1(P=0.69); 1>=0%
Test for overall effect: Z=13.66(P<0.0001)
Test for subgroup differences: Chi*=0.05, df=1 (P=0.82), 1>=0%

Favours LVRS 20 -10 0 10 20 Favours control
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Analysis 1.8. Comparison 1 Surgery versus control, Outcome
8 SGRQ responders (stratified by risk, to end of follow-up).

Study or subgroup LVRS

n/N

Control
n/N

0dds Ratio
M-H, Fixed, 95% CI

Weight

0dds Ratio

M-H, Fixed, 95% CI

1.8.1 High risk

NETT 2003

Subtotal (95% Cl)

Total events: 6 (LVRS), 0 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=1.68(P=0.09)

1.8.2 Non-high risk

NETT 2003

Subtotal (95% Cl)

Total events: 115 (LVRS), 34 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=7.51(P<0.0001)

Total (95% Cl)
Total events: 121 (LVRS), 34 (Control)

6/58
58

115/313
313

371

Heterogeneity: Tau?=0; Chi*=0.34, df=1(P=0.56); 1>=0%

Test for overall effect: Z=7.74(P<0.0001)

0/48
48

34/330
330

378

Test for subgroup differences: Chi*=0.33, df=1 (P=0.56), 1>=0%

e

<‘

2.27%
2.27%

97.73%
97.73%

100%

12.01[0.66,218.88]
12.01[0.66,218.88]

5.06[3.31,7.72]
5.06[3.31,7.72]

5.21[3.43,7.92]

Favours control

0.001

1 10

1000 Favours LVRS

Analysis 1.9. Comparison 1 Surgery versus control, Outcome 9
SGRQ responders (stratified by subgroup, to end of follow-up).

Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.1 Upper Lobe - Low exercise capacity
NETT 2003 40/84 9/92 —— 21.59% 8.38[3.73,18.85]
Subtotal (95% CI) 84 92 - 21.59% 8.38[3.73,18.85]
Total events: 40 (LVRS), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=5.14(P<0.0001)
1.9.2 Upper Lobe - High exercise capacity
NETT 2003 47/115 15/138 —— 38.69% 5.67[2.95,10.88]
Subtotal (95% CI) 115 138 - 38.69% 5.67[2.95,10.88]
Total events: 47 (LVRS), 15 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=5.21(P<0.0001)
1.9.3 Non-upper Lobe - High exercise capacity
NETT 2003 18/49 3/41 s — 9.92% 7.35[1.98,27.29]
Subtotal (95% CI) 49 41 i 9.92% 7.35[1.98,27.29]
Total events: 18 (LVRS), 3 (Control)
Heterogeneity: Not applicable

Favours control ~ 0-01 0.1 1 10 100 Favours LVRS
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Study or subgroup LVRS Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Test for overall effect: Z=2.98(P=0)

1.9.4 Non-upper Lobe - Low exercise capacity
NETT 2003 10/65 7/59 — 29.8% 1.35[0.48,3.81]
Subtotal (95% Cl) 65 59 - 29.8% 1.35[0.48,3.81]
Total events: 10 (LVRS), 7 (Control)

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.57(P=0.57)

Total (95% CI) 313 330 <> 100% 5.14[3.37,7.83]
Total events: 115 (LVRS), 34 (Control)

Heterogeneity: Tau?=0; Chi*=8.15, df=3(P=0.04); 1?=63.17%

Test for overall effect: Z=7.59(P<0.0001)

Test for subgroup differences: Chi*=8.14, df=1 (P=0.04), 1’=63.16%

Favours control ~ 0-01 0.1 1 10 100 Favours LVRS

Analysis 1.10. Comparison 1 Surgery versus control, Outcome 10 Difference on SF-36 (end of follow-up).

Study or subgroup LVRS Control Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
1.10.1 Physical functioning
CLVR 2005 0 0 17.1(5.5) —— 33.2% 17.06[6.28,27.84]
Hillerdal 2005 0 0 19.7 (3.878) —.— 66.8% 19.7[12.1,27.3]
Subtotal (95% CI) <o 100% 18.82[12.61,25.03]
Heterogeneity: Tau?=0; Chi*=0.15, df=1(P=0.69); 1>=0%
Test for overall effect: Z=5.94(P<0.0001)
1.10.2 Role Physical
CLVR 2005 0 0 17.6 (9.209) —i— 48.45% 17.61[-0.44,35.66]
Hillerdal 2005 0 0 25.2(8.929) —— 51.55% 25.2[7.7,42.7]
Subtotal (95% CI) - 100% 21.52[8.96,34.09]
Heterogeneity: Tau?=0; Chi*=0.35, df=1(P=0.55); 1>=0%
Test for overall effect: Z=3.36(P=0)
1.10.3 Bodily pain
CLVR 2005 0 0 10.9 (5.123) —— 46.71% 10.85[0.81,20.89]
Hillerdal 2005 0 0 9.1(4.796) —l— 53.29% 9.1[-0.3,18.5]
Subtotal (95% CI) S 4 100% 9.92[3.06,16.78]
Heterogeneity: Tau?=0; Chi*=0.06, df=1(P=0.8); 1>=0%
Test for overall effect: Z=2.83(P=0)
1.10.4 General Health
CLVR 2005 0 0 17.5(5.102) —— 29.7% 17.48[7.48,27.48]
Hillerdal 2005 0 0 9.7 (3.316) -.— 70.3% 9.7[3.2,16.2]
OBEST 2005 0 0 0(0) Not estimable
Subtotal (95% CI) <o 100% 12.01[6.56,17.46]
Heterogeneity: Tau?=0; Chi*=1.63, df=1(P=0.2); 1>=38.82%
Test for overall effect: Z=4.32(P<0.0001)
Favours control -50 25 0 S 50 Favours LVRS
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Study or subgroup LVRS Control Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
1.10.5 Vitality
CLVR 2005 0 0 9.2 (6.128) — 41.9% 9.16[-2.85,21.17]
Hillerdal 2005 0 0 11.4(5.204) —— 58.1% 11.4[1.2,21.6]
Subtotal (95% Cl) S 4 100% 10.46[2.69,18.24]

Heterogeneity: Tau?=0; Chi*=0.08, df=1(P=0.78); 1>=0%
Test for overall effect: Z=2.64(P=0.01)

1.10.6 Social functioning

CLVR 2005 0 0 12 (6.388) —il— 58.29% 12.03[-0.49,24.55)
Hillerdal 2005 0 0 21 (7.551) R 41.71% 21[6.2,35.8]
Subtotal (95% CI) - 100% 15.77[6.21,25.33]

Heterogeneity: Tau?=0; Chi*=0.82, df=1(P=0.36); 1>=0%
Test for overall effect: Z=3.23(P=0)

1.10.7 Role emotional

CLVR 2005 0 0 10.3 (7.72) —F— 65.18% 10.26[-4.87,25.39]
Hillerdal 2005 0 0  9.7(10.561) —— 34.82% 9.7[-11,30.4]
Subtotal (95% Cl) e 100% 10.07[-2.15,22.28]

Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.97); 1>=0%
Test for overall effect: Z=1.61(P=0.11)

1.10.8 Mental health
CLVR 2005 0 0 10.6 (5.888) — 34.63% 10.58[-0.96,22.12]
Hillerdal 2005 0 0 13.6(4.286) —- 65.37% 13.6[5.2,22]
Subtotal (95% Cl) < 100% 12,55[5.76,19.35]
Heterogeneity: Tau?=0; Chi*=0.17, df=1(P=0.68); 1>=0%
Test for overall effect: Z=3.62(P=0) ‘ ‘ ‘ ‘

Favours control -50 -25 0 25 50 Favours LVRS

Analysis 1.11. Comparison 1 Surgery versus control, Outcome 11 Walking Distance (Mtrs, end of follow-up).

Study or subgroup LVRS Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% CI
Clarenbach 2015 14 392 (120) 13 311 (94) — 12.99% 0.73[-0.06,1.51]
Criner 1999 15 321(88) 14 303 (113) —_—T 14.96% 0.17[-0.56,0.9]
Goldstein 2003 24 389 (63.7) 26 323(61.2) —‘—’ 22.58% 1.04[0.45,1.64]
Hillerdal 2005 36 300 (129) 38 180 (106) —— 33.82% 1.01[0.52,1.49]
OBEST 2005 24 353 (86.9) 11 350 (125.9) — 15.65% 0.03[-0.68,0.74]
Total *** 113 102 e 100% 0.7[0.42,0.98]
Heterogeneity: Tau?=0; Chi*=8.21, df=4(P=0.08); 1?=51.3%
Test for overall effect: Z=4.87(P<0.0001)
Favours control 105 0 05 1 Favours LVRS
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Analysis 1.12. Comparison 1 Surgery versus control, Outcome 12 FEV1 (L, end of follow-up).

Study or subgroup LVRS Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Criner 1999 15 0.9(0.3) 15 0.7(0.2) _— 18.64% 0.2[0.03,0.37]
Goldstein 2003 24 1(0.5) 26 0.7(0.5) S E— 7.18% 0.3[0.02,0.58]
Hillerdal 2005 34 0.9(0.3) 39 0.6(0.2) —— 57.57% 0.22[0.12,0.32]
OBEST 2005 24 0.8(0.3) 11 0.7(0.3) . — 16.61% 0.11[-0.07,0.3]
Total *** 97 91 L 100% 0.2[0.13,0.28]
Heterogeneity: Tau?=0; Chi*=1.52, df=3(P=0.68); 1>=0%
Test for overall effect: Z=5.39(P<0.0001) ‘ ‘ ‘ ‘

Favours control 05 -025 0 0.25 0.5 Favours LVRS

Analysis 1.13. Comparison 1 Surgery versus control, Outcome 13 RV (% predicted, end of follow-up).

Study or subgroup LVRS Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Clarenbach 2015 14 202 (39.8) 13 213 (38.6) —_—— 20.92% -11[-40.58,18.58]
Criner 1999 15 192 (61) 15 258 (58) ‘—’— 10.09% -66[-108.6,-23.4]
Goldstein 2003 24 192 (44.1) 26 239 (40.8) —— 32.86% -47[-70.6,-23.4]
Hillerdal 2005 35 199 (50) 35 254 (46) —— 36.13% -55[-77.51,-32.49]
Total *** 88 89 S 2 100% -44.28[-57.8,-30.75]
Heterogeneity: Tau?=0; Chi*=6.78, df=3(P=0.08); 1°=55.78%
Test for overall effect: Z=6.41(P<0.0001)

Favours LVRS ~ -100 -50 0 50 100 Favours control

Analysis 1.14. Comparison 1 Surgery versus control, Outcome 14 Mean number of emergency-room visits.

Study or subgroup LVRS Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

1.14.1 0-12 months
NETT 2003 531 0.6 (1.2) 535 0.8(1.8) — -0.15[-0.33,0.03]

1.14.2 13-24 months
NETT 2003 407 0.5(1) 424 0.7(1.1) — -0.2[-0.34,-0.06)

1.14.3 25-36 months
NETT 2003 277 0.5(0.9) 278 0.7 (1.3) — -0.15[-0.33,0.03]

FavoursLVRS -1 0.5 0 0.5 1 Favours control

Analysis 1.15. Comparison 1 Surgery versus control, Outcome 15 PA02 (mm Hg, end of follow-up).

Study or subgroup Experimental Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Criner 1999 15 321 (60) 14 341 (89) —-‘— 29.87% -0.26[-0.99,0.47]
Favours LVRS 4 2 0 2 4 Favours control
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Study or subgroup Experimental Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Hillerdal 2005 33 9.1(1.7) 35 8.8(1.1) ‘.‘ 70.13% 0.25[-0.23,0.73]
Total *** 48 49 # 100% 0.1[-0.3,0.5]
Heterogeneity: Tau?=0; Chi*=1.31, df=1(P=0.25); 1?=23.5% ‘
Test for overall effect: Z=0.49(P=0.63) ‘
Favours LVRS -4 -2 0 2 4 Favours control

Analysis 1.16. Comparison 1 Surgery versus control, Outcome 16 PAC02 (mm Hg, end of follow-up).

Study or subgroup LVRS Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Criner 1999 15 43 (7) 14 45 (5) —_— 23.05% -0.32[-1.05,0.42]
Hillerdal 2005 33 5.1(0.6) 35 5.4(0.9) —E— 53.89% -0.37(-0.85,0.11]
OBEST 2005 24 39.9(7.8) 11 44.7 (4) I e 23.05% -0.68[-1.42,0.05]
Total *** 72 60 - 100% -0.43[-0.78,-0.08]
Heterogeneity: Tau?=0; Chi*=0.62, df=2(P=0.73); 1>=0%
Test for overall effect: Z=2.39(P=0.02)

FavoursLVRS -2 -1 0 1 2 Favours control

Analysis 1.17. Comparison 1 Surgery versus control, Outcome 17 TLC (% predicted, end of follow-up).

Study or subgroup Control LVRS Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Clarenbach 2015 13 121(13.7) 14 127(20.3) — 19.1% -6[-18.98,6.98]
Criner 1999 15 125 (21) 15 146 (26) — 11.25% -21[-37.91,-4.09]
Goldstein 2003 24 134 (19.6) 26 149 (20.4) —=— 26.19% -15[-26.09,-3.91]
Hillerdal 2005 35 120 (18) 36 137(19) = 43.46% -17[-25.61,-8.39]
Total *** 87 91 L 2 100% -14.83[-20.5,-9.15]
Heterogeneity: Tau?=0; Chi>=2.53, df=3(P=0.47); 1>=0%
Test for overall effect: Z=5.12(P<0.0001)

Favours LVRS ~ -100 -50 0 50 100 Favours control

Analysis 1.18. Comparison 1 Surgery versus control, Outcome 18 Mean direct medical
costs and total healthcare-related costs according to time after randomisation (USD 000s).

Study or subgroup LVRS Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% ClI
1.18.1 Direct Medical Costs 0-12 Months after randomisation (USD 000s)
NETT 2003 531 61.2 (59.7) 535 15.7 (20.4) —+ 45.41[40.05,50.77]
1.18.2 Total Costs 0-12 months after randomisation (USD 000s)
NETT 2003 531 71.5(65.8) 535 23.4(27.3) —+ 48.15[42.1,54.2]
Favours LVRS 50 25 0 25 50 Favours control

Lung volume reduction surgery for diffuse emphysema (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

64



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study or subgroup LVRS Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

1.18.3 Direct medical costs 13-24 months after randomisation (USD 000s)
NETT 2003 407 9.5(12.5) 424 15.7 (28.5) + -6.18[-9.15,-3.2]

1.18.4 Total costs 13-24 months after randomisation (USD 000s)
NETT 2003 407 13.2(17.9) 424 21.3(34.8) -+ -8.1[-11.85,-4.35]

1.18.5 Direct medical costs 25-36 months after randomisation (USD 000s)
NETT 2003 277 10.2 (17.3) 278 12.3(19.8) + -2.1[-5.19,0.99]

1.18.6 Total costs 25-36 months after randomisation (USD 000s)
NETT 2003 277 14.2 (22.8) 278 17.9(26.2) —+ -3.65[-7.74,0.44]

Favours LVRS S0 25 0 25 50 Favours control

ADDITIONAL TABLES

Table 1. Search history

Search dates Detail

1. All years to December 1999 References identified: 65
Full-text articles retrieved: 13
Unique studies identified: 13
Studies failing to meet review entry criteria: 12
Studies meeting entry criteria: 1

2. December 1999 to Septem- References identified: 253
ber 2005 Full-text articles retrieved: 45
Unique studies identified: 11
Studies failing to meet review entry criteria: 4
Studies meeting entry criteria: 7
Total number of included studies (sum previous number and new included studies): 8

3. September 2005 to October ~ References identified: 24

2006 Full-text articles retrieved: 7
Unique studies identified: 0 (the references were subsequent publications of either NETT 2003 or
Hillerdal 2005)

4. October 2006 to September  References identified: 7
2007 Full-text articles retrieved: 3
Unique studies identified: 0 (the references were subsequent publications of NETT 2003)

5. September 2007 to May References identified: 112

2016 Full-text articles retrieved: 19
Unique studies identified: 0 (the references were subsequent publications of NETT 2003 and CLVR
2005)

Table 2. Study populations

Study ID Screened Entered (% Screened)
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Table 2. Study populations (continued)

CLVR 2005 406 62 (15)
Clarenbach 2015 40 30 (75)
Criner 1999 200 37(19)
Geddes 2000 174 48 (28)
Goldstein 2003 328 55 (17)
Hillerdal 2005 304 106 (35)
McKenna 1996 Unclear 72 (unclear)
NETT 2003 3777 1218 (32)
OBEST 2005 332 35(11)
Pompeo 2012 Unclear 63 (unclear)
Stammberger 2000 Unclear 74 (unclear)
Total 5561 1591 (29)*

*Excludes data from McKenna 1996, Pompeo 2012 and
Stammberger 2000.

APPENDICES

Appendix 1. Sources and search methods for the Cochrane Airways Group Specialised Register (CAGR)

Electronic searches: core databases

Database Frequency of search
CENTRAL (The Cochrane Library) Monthly

MEDLINE (Ovid) Weekly

Embase (Ovid) Weekly

PsycINFO (Ovid) Monthly

CINAHL (EBSCO) Monthly

AMED (EBSCO) Monthly

Handsearches: core respiratory conference abstracts
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Conference

Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI)

2001 onwards

American Thoracic Society (ATS)

2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards
British Thoracic Society Winter Meeting (BTS) 2000 onwards
Chest Meeting 2003 onwards

European Respiratory Society (ERS)

1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG)

2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ)

1999 onwards

MEDLINE search strategy used to identify trials for the CAGR
COPD search

1. Lung Diseases, Obstructive/
2. exp Pulmonary Disease, Chronic Obstructive/
3. emphysema$.mp.

4. (chronic$ adj3 bronchiti$).mp.

5. (obstruct$ adj3 (pulmonary or lung$ or airways$ or airflow$ or bronch$ or respirat$)).mp.

6. COPD.mp.
7. COAD.mp.
8. COBD.mp.
9. AECB.mp.
10.0r/1-9

Filter to identify RCTs
1. exp "clinical trial [publication type]"/

2. (randomized or randomised).ab;ti.
3. placebo.abiti.

4. dt.fs.

5.randomly.abti.

6. trial.abti.

7. groups.abti.

8.or/1-7

9. Animals/

10. Humans/

Lung volume reduction surgery for diffuse emphysema (Review)
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11.9 not (9 and 10)

12.8 not 11

The MEDLINE strategy and RCT filter are adapted to identify trials in other electronic databases

Appendix 2. Search strategy to identify relevant trials from the CAGR

#1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All

#2 MeSH DESCRIPTOR Bronchitis, Chronic

#3 (obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*)

#4 COPD:MISC1

#5 (COPD OR COAD OR COBD):TI,AB,KW
#6 emphysem*

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 surgery

#9 "lung volume reduction”

#10 "lung reduction”

#11 "volume reduction"

#12 LVRS

#13 LVR

#14 "reduction pneumoplasty"

#15 pneumonectomy

#16 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15

#17 #7 and #16

[In search line #4, MISC1 denotes the field in the record where the reference has been coded for condition, in this case, COPD]

WHAT'S NEW

Date Event

Description

14 April 2016 New citation required and conclusions

have changed

Newly available data on long-term survival from CLVR and NETT
and the inclusion of 2 new studies (Clarenbach 2015; Pompeo
2012) have led to changes in the conclusions provided in this up-
dated review that further confirm the already reasonably posi-
tive findings of the original review.

14 April 2016 New search has been performed

The literature search was updated: 21 references were added to
the NETT study. The previous review included the OBEST and
CLVR studies as a single study (Miller 2005). However, review au-
thors used only CLVR preliminary data. As the trial has been com-
pleted, we have separated the 2 individual studies in this version
of the review and have incorporated additional data from CLVR
(2 citations).
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HISTORY

Protocol first published: Issue 1, 1998
Review first published: Issue 1, 2000

Date Event Description
4 July 2008 Amended We have converted this review to new review format.
1 September 2006 New search has been performed A new search run in September 2006 revealed 7 references to

studies already included in the review.

8 August 2006 New citation required and conclusions This review was updated with the addition of 7 new studies

have changed (Criner 1999; Geddes 2000; Goldstein 2003; Hillerdal 2005; Miller
2005; NETT 2003; Stammberger 2000). Most randomised partici-
pants were drawn from 1 large multi-centre trial. Altered review
conclusions stated that LVRS conferred benefit in the long term
in terms of exercise capacity and quality of life in surviving pa-
tients, but that in the short term, risk of death within 3 months of
surgery was increased. By the end of follow -up, risk of death was
not significantly different. The subgroup of participants at great-
est risk of postsurgical death had particularly low lung capacity,
and risk of death in these patients was significantly higher at all
time points.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The protocol did not take into account the subgroups identified by NETT 2003. Owing to the significance of this trial (most likely no other
trial on LVRS will have the power of this trial), we decided to take the identified subgroups into account in our analyses, although they
were identified ad hoc and post hoc.

o High-risk versus low-risk patients: Participants with an FEV; of 20% or less predicted with a low carbon monoxide diffusing capacity (<
20%) or a homogenous pattern of emphysema were found to have higher risk of mortality.
« Further analyses based on distribution of emphysema (upper vs non-upper lobe) and exercise capacity (high vs low) of participants.
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Furthermore, the protocol specified end of follow-up as the endpoint for mortality. Owing to significant differences between trials at the
end of follow-up, we have changed this outcome to early (90 days) and late (> 36 months) mortality.

We have updated the Methods section to bring the review into line with current Cochrane best practice methods (e.g. inclusion of a
'Summary of findings' table and GRADE assessments).

INDEX TERMS

Medical Subject Headings (MeSH)

Laser Therapy; Lung [*surgery]; Pneumonectomy [*methods] [mortality]; Pulmonary Emphysema [mortality] [rehabilitation]
[*surgery]; Randomized Controlled Trials as Topic; Surgical Stapling; Sutures

MeSH check words

Adult; Humans
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