
1https://doi.org/10.1183/20734735.0004-2020 Breathe | March 2020 | Volume 16 | No 1

reinposthuma@ciro-horn.nl

Rein Posthuma 1,2,3, Lowie E.G.W. Vanfleteren1,2,4

@ERSpublications
The STELVIO trial was crucial to ensure that bronchoscopic lung volume reduction using one-way 
valves has evolved from an experimental intervention into a state-of-the-art treatment option for 
specific patients with advanced emphysema http://bit.ly/2IgMrsp

Chronic obstructive pulmonary disease (COPD) is 
characterised by persistent respiratory symptoms 
and airflow limitation, which is caused by small 
airway disease (bronchiolitis) and alveolar 
destruction (emphysema) [1]. Patients primarily 
suffering from severe emphysema are often limited 
in exercise capacity due to the consequences of 
hyperinflation [2].

Reducing hyperinflation has already been 
proven effective in lung volume reduction surgery 
(LVRS), in which selected areas of hyperinflated 
lungs are resected [3]. The National Emphysema 
Treatment Trial, in which patients with severe 
emphysema were randomised to either undergo 
either bilateral LVRS or optimal medical treatment 
alone, demonstrated an improvement in forced 
expiratory volume in 1 s (FEV1) and exercise capacity 
in the intervention group. Lung volume reduction 
improves ventilatory mechanics through various 
mechanisms:

●● improving lung elastic recoil
●● reducing dead space
●● relieving alveolar compression on relative 

preserved lung parenchyma
●● improving respiratory muscle kinetics

While LVRS is effective, its invasive nature and 
potential complications make it underutilised, 
with low implementation in clinical practice. 
Bronchoscopic lung volume reduction (BLVR) arose 
as a potential minimally invasive intervention in 

which hyperinflation was targeted endoscopically by 
using various devices, such as endobronchial valves 
(EBVs), coils, sealant and thermal vapour [4–6].

EBVs are one-way valves placed in the bronchi 
via a bronchoscope aiming to seal an entire lobe 
where only air can escape without allowing new 
air to enter, which induces atelectasis and causes 
lung volume reduction [7].

BLVR using EBVs is now an evidence-based 
intervention for patients with advanced emphysema, 
incorporated into international guidelines such as 
those of the Global Initiative for Chronic Obstructive 
Lung Disease [1] and National Institute for Health 
and Clinical Care Excellence [8]. BLVR has come a 
long way since the first trials started decades ago. 
Indeed, it was an extensive learning journey in 
which adequate patient selection turned out to 
be a key factor in achieving clinically meaningful 
results (figure 1). The STELVIO trial was a real game 
changer for EBV therapy as for the first time, clear 
positive results were demonstrated by selecting the 
right patients to treat, based on a detailed post hoc 
responder analysis of the previous trials [9].

Indeed, the Endobronchial Valve for Emphysema 
Palliation Trial (VENT) [9] in 2010 was the first 
prospective randomised controlled trial using 
one-way valves unilaterally in patients with severe 
emphysema. It showed improvements in FEV1 and 
6-min walking distance (6MWD), but the effects 
were modest and did not meet the threshold 
of the minimal clinically important difference. 
Importantly, VENT also identified variables that were 
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possible predictors for response, like emphysema 
heterogeneity and fissure integrity. Fissure 
completeness and complete lobar occlusion were 
predictors of treatment success.

Fissure completeness is thought to be a 
surrogate marker for interlobar collateral ventilation 
(CV). If CV is present, air can enter the targeted lobe 
by its collaterals, in which case, atelectasis does 
not occur. The subgroup of patients in VENT with 
complete fissures demonstrated improvements in 
FEV1 of 16.2% at 6 months, while no difference 
was observed on the 6MWD.

Assessing fissure completeness and the size 
of fissure defect on high-resolution computed 
tomography (HRCT) is challenging, with known 
interobserver variability [10]. In addition, there is no 
clear cut-off value of percentage of fissure integrity 
that precisely predicts the absence of CV [11]. Hence, 
a direct measurement of CV before placing EBVs 
was needed to select patients who are most likely to 
achieve atelectasis and have clinical benefit.

The Chartis system (PulmonX, Redwood City, CA, 
USA) allows measurement of CV [12]. It entails the 
insertion of a catheter trough the working channel of 
a bronchoscope. The catheter has a balloon at the end 
that when inflated, seals off the target lobe. At the tip 
of the catheter, a central lumen allows air only to flow 
out. Measurement of this flow permits assessment 
of CV: if the flow slowly decreases to zero, there is no 
indication of interlobar CV and EBVs can be placed. 
The BeLieVeR-HIFi study showed that the Chartis 
measurement could reliably identify the absence of 
CV and predicted treatment success [13]. The four 
patients in this study who had visual intact fissures 
on computed tomography but were CV-positive with 
Chartis measurements showed no benefit after valve 
placement.

The STELVIO trial, a single-centre randomised 
controlled trial, published in December 2015 in 

the New England Journal of Medicine, combined the 
knowledge gained from VENT with the reliable new 
way of measuring collateral ventilation to accurately 
select patients with severe emphysema and static 
hyperinflation to treat with one-way EBVs compared 
to standard medical care [14]. The exclusion of 
candidates who were CV-positive was unique in 
this trial design.

Patients with severe emphysema who had 
stopped smoking for ≥6 months were considered 
study candidates if they had post-bronchodilator 
FEV1 <60% of the predicted value, increased 
total lung capacity and a residual volume >150% 
of the predicted value. Aside from lung function 
criteria, patients had to be highly symptomatic, 
with a dyspnoea score on the modified Medical 
Research Council scale >1. Furthermore, specific 
radiological characteristics were required: visual 
severe emphysema on HRCT with a complete or 
nearly complete fissure between the target lobe 
and an adjacent lobe. Quantification of emphysema 
to classify the distribution as homogenous or 
heterogenous was performed after study completion 
using computerised quantification software on the 
baseline HRCT. Patients who met inclusion criteria 
underwent randomisation 1:1 between the EBV 
intervention arm and the control group. Baseline 
characteristics of the two groups were similar except 
for a difference for female sex, which was more 
prevalent in the control group.

84 patients were screened, of whom 13 were 
excluded due to CV and three because of unsuitable 
airways for EBV placement. A total of 68 patients 
underwent randomisation, of whom 34 received 
EBV placement.

The study demonstrated, in the intention-to-
treat population, a between-group difference of 
+140 mL in FEV1 and +74 m in 6MWD in favour of 
the EBV group. These outcomes are fairly impressive 
in this highly symptomatic patient population for 
which few treatments options exist.

Serious adverse advents were significantly 
higher in the EBV group (23%) as compared to the 
control group (5%), of which pneumothorax and 
exacerbation leading to hospitalisation were the 
most frequent.

The STELVIO showed that EBV treatment in 
patients with severe emphysema and proven absence 
of CV offers an improvement in lung function, exercise 
capacity and quality of life (as measured by the St 
George’s Respiratory Questionnaire and Clinical COPD 
Questionnaire). The elimination of patients with 
CV in this trial led to better outcomes than earlier 
studies and was the landmark study that lit the way to 
designing multicentre studies confirming the results 
and clinical implementation [15–18].

The success of STELVIO undoubtedly led to an 
incentive for research for interventional pulmonology, 
specifically BLVR, as well as developments in 
imaging of emphysema and renewed interest in 
LVRS. STELVIO helped to ensure that BLVR using 
one-way valves has evolved from an experimental 
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Figure 1 Timeline of important studies in the field of interventional lung volume reduction (LVR). 
RCT: randomised controlled trial; EU: European Union; FDA: Food and Drug Administration.
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intervention into a state-of-the-art treatment option 
included in international leading guidelines. BLVR 
with EBV is currently being implemented worldwide. 

Monitoring implementation in real-life practice and 
efficacy of long-term results are now key aspects of 
this therapy.

Affiliations

Rein Posthuma1,2,3, Lowie E.G.W. Vanfleteren1,2,4

1CIRO+, Centre of Expertise for Chronic Organ Failure, Horn, The Netherlands. 2Dept of Respiratory Medicine, 
Maastricht University Medical Centre+, Maastricht, The Netherlands. 3NUTRIM School of Nutrition and 
Translational Research in Metabolism, Maastricht University, Maastricht, The Netherlands. 4COPD Centre, Institute 
of Medicine, Sahlgrenska University Hospital, University of Gothenburg, Gothenburg, Sweden. 

Acknowledgements

Our thanks to D.J. Slebos and F. Cleutjens for providing and adapting the figure.

Conflict of interest

R. Posthuma reports nonfinancial support from Chiesi and Teva, and lecture fees from Health investment, outside the 
submitted work. L.E.G.W. Vanfleteren reports grants and personal fees from AstraZeneca, personal fees from Novartis, 
GSK, Chiesi, Menarini, Pulmonx and Boehringer, and grants from Fisher & Paykel, outside the submitted work.

References

 1. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global Strategy 
for the Diagnosis, Management, and Prevention of Chronic 
Obstructive Lung Disease 2017 Report: GOLD Executive 
Summary. Eur Respir J 2017; 49: 1700214. 

 2. O’Donnell DE, Laveneziana P. The clinical importance of 
dynamic lung hyperinflation in COPD. COPD 2006; 3: 219–232. 

 3. Fishman A, Martinez F, Naunheim K, et al. A randomized trial 
comparing lung-volume-reduction surgery with medical therapy 
for severe emphysema. N Engl J Med 2003; 348: 2059–2073. 

 4. Porte HL, Jany T, Akkad R, et al. Randomized controlled trial 
of a synthetic sealant for preventing alveolar air leaks after 
lobectomy. Ann Thorac Surg 2001; 71: 1618–1622. 

 5. Shah PL, Zoumot Z, Singh S, et al. Endobronchial coils for the 
treatment of severe emphysema with hyperinflation (RESET): a 
randomised controlled trial. Lancet Respir Med 2013; 1: 233–240. 

 6. Snell GI, Hopkins P, Westall G, et al. A feasibility and safety study 
of bronchoscopic thermal vapor ablation: a novel emphysema 
therapy. Ann Thorac Surg 2009; 88: 1993–1998. 

 7. Hartman JE, Vanfleteren L, van Rikxoort EM, et al. Endobronchial 
valves for severe emphysema. Eur Respir Rev 2019; 28: 180121. 

 8. Hopkinson NS, Molyneux A, Pink J, et al. Chronic obstructive 
pulmonary disease: diagnosis and management: summary of 
updated NICE guidance. BMJ 2019; 366: l4486. 

 9. Sciurba FC, Ernst A, Herth FJ, et al. A randomized study of 
endobronchial valves for advanced emphysema. N Engl J Med 
2010; 363: 1233–1244. 

 10. Koenigkam-Santos M, Puderbach M, Gompelmann D, et al. 
Incomplete fissures in severe emphysematous patients 
evaluated with MDCT: incidence and interobserver agreement 
among radiologists and pneumologists. Eur J Radiol 2012; 81: 
4161–4166. 

 11. Reymond E, Jankowski A, Pison C, et al. Prediction 
of lobar collateral ventilation in 25 patients with severe 
emphysema by fissure analysis with CT. AJR Am J Roentgenol 
2013; 201: W571–W575. 

 12. Herth FJ, Eberhardt R, Gompelmann D, et al. Radiological and 
clinical outcomes of using Chartis to plan endobronchial valve 
treatment. Eur Respir J 2013; 41: 302–308. 

 13. Davey C, Zoumot Z, Jordan S, et al. Bronchoscopic lung 
volume reduction with endobronchial valves for patients with 
heterogeneous emphysema and intact interlobar fissures (the 
BeLieVeR-HIFi study): a randomised controlled trial. Lancet 
2015; 386: 1066–1073. 

 14. Klooster K, ten Hacken NH, Hartman JE, et 
al. Endobronchial valves for emphysema without 
interlobar collateral ventilation. N Engl J Med 2015; 373:  
2325–2335. 

 15. Criner GJ, Sue R, Wright S, et al. A multicenter 
randomized controlled trial of Zephyr endobronchial valve 
treatment in heterogeneous emphysema (LIBERATE). Am J 
Respir Crit Care Med 2018; 198: 1151–1164. 

 16. Kemp SV, Slebos DJ, Kirk A, et al. A multicenter 
randomized controlled trial of Zephyr endobronchial valve 
treatment in heterogeneous emphysema (TRANSFORM). Am 
J Respir Crit Care Med 2017; 196: 1535–1543. 

 17. Valipour A, Slebos DJ, Herth F, et al. Endobronchial valve 
therapy in patients with homogeneous emphysema. Results 
from the IMPACT Study. Am J Respir Crit Care Med 2016; 194: 
1073–1082. 

 18. Toma TP, Hopkinson NS, Hillier J, et al. Bronchoscopic 
volume reduction with valve implants in patients with severe 
emphysema. Lancet 2003; 361: 931–933. 


