
Evidence for Spiration Intra-bronchial valves (figure 23):

The Spiration Intra Bronchial valve (IBV) (Olympus) is an umbrella 
like valve.  The valve is inserted via a fibre optic bronchoscope.  Three 
sizes of the valve are used.  Lack of collateral ventilation relies on 
evidence from HRCT.  

Two prospective studies comparing valve insertion with standard care 
are ongoing.  The SVS Reach trial aimed at recruiting 100 patients 
in a single centre in China with 2:1 randomisation with usual care.  
Change in FEV1 at 6 months point is the main point of the study.  The 
study was reported in an abstract to the proceedings of the European 
Respiratory Society Conference in London – September 2016 (Shiyue 
Li – 5 September 2016).   

The study found significant and consistent improvement in FEV1, 
6-MWD, Breathlessness score at the mMRC questionnaire and 
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Figure 23:  Insertion of Spiration valve. A. A balloon catheter measures the 
diameter of the airway.  B.  The valves deployed into the target bronchus and 
C: it is secure in place by . The stent mechanism and by 5 anchors.  All bronchi 
leading to the target lobe are occluded (D). 



improvement in quality of life as assessed by SGRQ and the COPD 
assessment test (CAT) score.   A larger multicentre study (EMPROVE) 
with similar design to the SVS study is currently recruiting in the US 
and Canada.  The study is ambitiously aims at recruiting 270 patients 
in 37 centres.  

Complications of endo-bronchial valves (EBV ) insertion:

Several side effects and complications are expected after insertion of 
EBV. 

•	 Infections	 and	 COPD	 exacerbations: Temporary increase 
in COPD exacerbation has been reported in up to 20% of the 
cases. These may represent true exacerbations or a reaction 
to the insertion of foreign body. Prevention of exacerbations is 
attempted by prescribing prednisolone and/or antibiotics prior to 
and after the procedure.  However, there are no studies to support 
this practice.  

•	 Chronic	cough.  This is a symptom that occur in approximately 
15% of patients.  This is probably due to reaction to the presence of 
the valves in the bronchi.  In the author’s unit, cough necessitated 
removal of the valves in 2/88 patients.  
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    Figure 24:  
Pneumonic illness 
in the left upper 
lobe two months 
after insertion of 
endo-bronchial 
valves in the left 
upper lobe. 



•	 Pneumonia distal to the valve is seen in 3.2% of patients (figure 
24).  This should be managed in the usual way.  Occasionally 
abscess formation in the emphysema spaces is seen.  

•	 Temporary	haemoptysis	is also encountered and often does not 
require any treatment.  In the authors unit, anti-coagulation and 
clopidogril (but not aspirin) are withheld 7-10 day prior to valve 
insertion and re-started 72 hours after the procedure.

•	 Pneumothorax	 (figure	 25)	  is one of the most serious 
complications of EBV. 
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Figure 25:  Pneumothorax after insertion of endo-bronchial valve 
in the left upper lobe. A. A chest X ray showing a pneumothorax in the left 
upper zone not responding to an inter-costal drain.  B. A CT scan of the same 
patients 48 hour after showing Sub-cutaneous emphysema (the valves are in 
situ).   C. A schematic representation of the mechanism of pneumothorax as 
a marker of expansion injury D: Adhesion between the visceral and parietal 
pleura which is probably another mechanism of pneumothorax. 



insertion.  The mechanism is thought to be a rapid expansion of 
the lobe adjacent to the target lobe after the collapse of the treated 
lobe.  In some patients, adhesions were observed on video assisted 
thoracoscopy between the visceral and parietal pleura.  Tearing of 
these adhesions upon expansion of the lobe has also been proposed 
as a mechanism of pneumothorax.  

Pneumothorax happens in approximately 20-25% of patients. 
It almost always occurs in patients with complete fissure and a 
successful collapse of the target lobe.  Over 90% of pneumothoraces 
occur within 72 hours.  In the author centre all pneumothoraces 
occurred within few hours from valve insertion.  For that reason, 
a hospitalisation for 3-5 days and a daily chest X ray after valve 
insertion is recommended.  A retrospective observation by 
Gompelmann and colleagues (2014) found that pneumothorax 
predicts a favourable late response to valve insertion.  

The management of pneumothorax depends on its size, its clinical 
impact and the presence of broncho-pleural fistula.  Observation is 
sufficient for patient with a stable small pneumothorax with little 
symptoms and normal oxygen. 

A chest drain is inserted when the pneumothorax is severe or 
persistent. Less frequently, broncho-pleural fistula with continuous 
large leak may occur.  In this group, surgical management of 
pneumothorax may be indicated. Removal of one or all valve may 
be necessary to stop pneumothorax in some patients.

Reinsertion of endo-bronchial valves after pneumothorax is 
possible and does not necessarily result in recurring pneumothorax.  
Some physicians however chose not re-insert valves especially 
when the initial pneumothorax is severe.   

Prevention of post-valve pneumothorax has been attempted 
by changing style of activities after valve insertion.  One study 
demonstrated that avoiding cough by providing cough linctus’s and 
reducing physical activities for few days has resulted in reduction 
in the rate of pneumothorax.  The rate of thrombo-embolic events 
did not increase (Huebner 2015).  
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•	 Valve	migration	and	dislodgement: Valves could be displaced 
after insertion leaving a gap and air leak that obviates the 
desired collapse of the target lobe.  In the minority of patients 
the valves is dislodged and coughed up (figure 26).  The reason 
for that is thought to be either incorrect insertion of the valves or 
choosing a smaller size valve.  The latter can easily occur because 
bronchial oedema occurs during the Chartis procedure or during 
bronchoscopy.  Oedema can reduce the calibre of the airways 
when measured.  This may result in choosing a smaller valve 
size although in some patients, valve migration can occur for no 
obvious reason. Migrated and dislodged valves can be removed, 
and new valves are inserted.  The procedure is technically easy 
and can result in good response.  

•	 Formation	 of	 granulation	 tissue:  Valves are foreign partly 
metallic bodies. Formation of benign granulation in the bronchial 
mucosa is common although the exact rate is not clear.  Granulation 
is observed during bronchoscopy.  Granulation tissue may be 
responsible of haemoptysis or loss of efficacy of inserted valves 
by changing the architecture of the bronchi (Figure 26). Valve 
removal and re-insertion after few weeks can restore the function 
of the valves.  
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Figure 26: (A) Expectoration of a valve in a 54 year old patient.  (B) Valve 
incompetence due to formation of granulation tissue in a 71 year old patient.



•	 Death can occur after endo-bronchial valves in up to 3%.  Patients 
needing endo-bronchial valves are challenging.  They have severe 
emphysema and often have other co-morbid conditions including 
cardiac disease induced by previous cigarette smoking and other 
co-morbid conditions. Despite a good selection process that 
considers clinical status as well as co-morbid conditions, death 
occurs at a rate of 2.5 % in the authors unit.  The causes of death 
are ventilatory failure, pneumothorax, pneumonia, systemic 
sepsis, or massive haemoptysis.  Careful observation and working 
closely with an intensive care unit would probably reduce but will 
not totally obviate death. 

•	 Failure	 to	 respond.  Failure of atelectasis after endo-bronchial 
valves occurs in 20-40% of cases.  Most causes are speculative.   
This would include a) an under-estimate of fissure integrity, b) 
opening of collateral channels due to increase pressure c) fault in 
valve insertion d) migration or displacement of valve (sudden loss 
of efficacy) and e) opening of accessory bronchi.   In all patients 
where loss of efficacy or failure to respond to valve insertion 
occur, a combination of CT scan and a bronchoscopy are advised.  
The reason is to look into wrong placement, peri-valve leak or 
missing bronchi that needed occlusion.      

Evidence of increasing efficacy of EBV insertion: 

The effectiveness of the valves has improved with improved selection 
process.  As stated previously, the initial VENT trial found a small 
improvement in FEV1 and in exercise tolerance in all patients 
compared with the control arm. The outcome improved in sub-group 
of patients with highly heterogeneous disease and fissure integrity 
(Scuirba 2010).   

A further sub-analysis of the European patients of the VENT trial 
found marked improvement in FEV1 and quality of life as assessed 
by St George’s Respiratory Questionnaire when EBV was placed in 
patients where there is fissure completeness between the target and 
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the adjacent lobes.  Further improvement was found when there were 
signs of lobe exclusion (collapse) after valve insertion (Herth 2012).    

More recently, the results of two prospective clinical trials are 
presented and are available on abstracts only.  The first study was 
the first double blind sham controlled trial comparing endo-bronchial 
valve insertion with a sham procedure (Davey 2015). The sham arm 
consisted of bronchoscopy and Chartis balloon assessment.  Of note, 
the selection criteria were based on fissure integrity only.  Although 
Chartis assessment was made, this did not influence the selection of 
patients. The primary outcome was change in FEV1.  

A total of twenty-five patients of each arm were recruited.  At three 
months, the between group difference for FEV1 was 20.9 % (95% 
confidence interval of 4.3 – 37.5).  There was a decrease of 400 ml for 
residual volume (RV) and 5.06 points reductions in SGRQ and 33 m 
increase in the 6 minute walk distance.  The rate of volume reduction 
in this study was approximately 50%.  

In another study, sixty-eight patients were randomised 1:1 for 
endo-bronchial valves and usual care. Patients were randomised only 
when favourable data from both Chartis and fissure completeness rate 
on CT scan. The six months results were impressive (Klooster 2015). 

Compared to the control group, there was a marked difference in 
the number of patients achieving minimally important difference 
in all parameters in the valve treated group compared to the control 
group.  The results included improvement in objective measurements 
(FEV1 and residual volume) , and in subjective markers ( St George’s 
Respiratory Questionnaire (SGRQ) and 6 minute walk distance.  No 
placebo arm was used in this study.  

A recent analysis showed that the efficacy of valve insertion as judged 
by subjective and objective parameters continued after one year 
although with some reduction in the magnitude for all parameters 
(Klooster 2016).

At the time of writing this article (November 2016), the results of the 
largest prospective trial (the LIBERATE trial) has not been published.  
LIBERATE trial is a prospective randomised control trial with 2:1 

31

The West of England Medical Journal Vol 117 No 1 Article 2      
Bristol  Medico-Historical  Society Proceedings



(valves: control) randomisation.  The trial recruited 187 patients and 
has been run in over 50 centres in the US, two centres in the UK 
and one centre in the Netherlands.  Patients included were those of 
high heterogeneous emphysema, over 80% fissure intactness and a CV 
negative pattern on Chartis tracing.  

The study has two-phase follow up: 12 months after which a cross 
over phase start and 5 years follow-up for long term efficacy including 
mortality rate.  The study is expected to report in the spring of 2018 
for phase 1 and 2022 for phase 2. 

Endo-bronchial coils:

Coils are nitinol wires with a predetermined shape (figure 27).  They 
are inserted through a leading catheter.  The, birth-shape’ is formed 
inside the bronchial tree.  An average 10 coils are inserted in each lobe 
(figure 28) aiming at treating two lobes.  The treatment is normally 
bilateral with 1-4 months separation time between the two procedures.  
Coils are permanent devices that are not reversible or removable once 
inserted.  It is thought that coils act by 3 mechanisms:  

1. Volume reduction by folding lung tissues. 

2. Increasing elastic recoil of the emphysematous areas 

3. Supporting small and medium size airways that are likely to 
collapse during expiration.      
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Figure 27: Endo-bronchial coil – Two coils compared to a size of a writing pen.



Coils are inserted under image intensifier (figure 29) under heavy 
sedation of general anaesthesia.  The efficacy of the coil is not affected 
by absence of collateral ventilation or by the degree of heterogeneity 
of emphysema.  
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Figure 29: Lung 
volume reduction coils 
(LVRC) are inserted 
under the direction 
of image intensifier 
(direct vision 
fluoroscopy).  

Figure 28: Bilateral 
coils inserted in the 
two lower lobes



Several open feasibility studies found that coil insertion was safe.  
These were reported by Herth 2010, Selbos 2012, Klooster 2014 and 
Deslee 2014.   In the first randomised prospective trial by Shah (2013) 
et al (the RESET trial) described benefit of endo-bronchial coils 
after three months in patients with homogeneous and heterogeneous 
emphysema. In the 47 patients recruited 23 received coil treatment.  
The main aim of the study was improvement of SGRQ.   

The study found a significant improvement at SGRQ in the coil group 
after ninety days.  The study also reported improvement in other 
secondary outcome measures.   The main adverse events occurred 
in the first months.  This included two pneumothoraces and increase 
in the rate of exacerbations.  Between 30-90 days, no adverse events 
were described.    

The effect of coil in patients going into the RESET trial was re-examined 
twelve months after coil insertion (Zoumot 2015).  Reduced efficacy 
was seen in all study end points. However, the improvement of benefit 
remains clinically significant for SGRQ, Residual Volume and for 
FEV1 and 6-MWD.  The study found similar benefit in homogeneous 
and heterogeneous emphysema. 

Similar findings were reported in a pan-European prospective, open 
label twelve months study (Deslee 2014). 

Two large prospective clinical trials using endo bronchial coil 
were recently described.  The first was performed in France - the 
REVOLENS study (2016) and the second was conducted in the US- 
the RENEW study.  

The REVOLENS study recruited one hundred patients from ten French 
Hospitals.  The aim of the study was to investigate efficacy (by looking 
at 6-MWD), side effects and economical value of endo-bronchial 
coils.  The study found a significant improvement of 6-MWD, FEV1 
and SGRQ in the coil group compared to those with usual care.  This 
improvement was maintained for a year.  There was a slight increase 
in adverse effect in the coil group with regards to pneumothoraces and 
COPD exacerbations.  There were four deaths in the coil group and 
three in the usual care arm. 
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Several shortcomings were reported for the REVOLENS study.  
Significant improvement was due to decline in these parameters in 
the control group rather than improvement in the coil group.   Patients 
were included without standardisation of the CT scan and finally 
patients on oxygen therapy (60% of patients) were not allowed oxygen 
during the 6-MW test.

The RENEW study (Scuirba 2016) is the largest clinical trial on coil 
to date.  The trial recruited 315 patients with randomisation rate of 
1:1. The main end-point of the study was the difference in 6 MWD at 
twelve months between coil insertion and standard care.   Half way 
through the study, inclusion criteria were extended to include patients 
with less hyper-inflation (RV over 175% of expected values). 

The study reported a modest improvement in primary end-point for 
all patients.   Between the group difference was 14.6 m in 6-MWD in 
favour of the coil with 40 % achieving the 26 m – minimal clinically 
improvement difference.  The improvement of SGRQ was more 
significant with a mean between-the-group difference of -8.9 points in 
favour of the coil group. 

A subgroup analysis found greater benefit from coil treatment 
measured by several end points with hyper-inflation (Residual volume 
of 225% predicted).  The discussion of the study however pointed out 
that a cut-off point of 200% of predicted was a better discriminator for 
likely responders.     

For the first time the study distinguished between post coil pneumonia 
and post coil reaction to the tension induced by insertion of several 
coils.  The studies demonstrated that those with post coil consolidation 
tended to respond more favourably and for a long period of time to 
coil insertion.

 Further analysis found that when coils were inserted bilaterally into 
the lobes most affected with emphysema by QCT scans, the objective 
and subjective benefits have significantly increased (Shah 2017 – 
American Thoracic Society Conference – Washington DC). 
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Sclerosing agents:

Sclerosing agents (hot steam and air seal polymers) have been tested 
in emphysema.  The two methods create lung infl ammations in the 
treatment site that would result in localised fi brosis followed by 
volume reduction.  

Prospective studies investigating safety and effi cacy have been done 
for both agents.

•	 Hot	water	vapour-	Steam:	

This procedure uses thermal energy from heated water vapour (fi gure 
30) to induce infl ammation followed by lung fi brosis which leads to 
volume reduction in the treated area (fi gure 31).  
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Figure 30: A schematic presentation of the water vapour deployment 
system



The obvious concern is that this procedure can result in uncontrolled 
infl ammation manifested with pneumonia-like symptoms of fever, 
breathlessness, haemoptysis, chest pain and fatigue.  

The fi rst study to report benefi t of the steam therapy was published 
by Snell et al in 2012.   This was an open label study of forty-four 
patients run in two centres in Australia and Europe. Patients had 
severe predominantly upper lobe emphysema.  At six months there 
was improvement in most lung function tests and in all components 
of SGRQ.  In addition, there was an impressive volume loss averaged 
over 700 ml in the treated lobes. 

Signifi cant side effects were noted, but all were predictable.  These 
included pneumonic symptoms of cough, fever, chest pain and 
haemoptysis.  Death occurred in only one patient, sixty-seven days 
from receiving water vapour treatment.

A further trial (STEP-UP) trial was reported in 2016 (Herth 2016).  
This was a 2:1 randomised trial in patients with highly heterogeneous 
emphysema and upper lobe predominant disease.  Notably, in this 
trial, hot water vapour was instilled in the target lobe at two stages 
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Figure 31: A coronal CT scan of lung lobes before (left) and 
6-months after (right) of treatment of the right upper lobe with single 
episode of water vapour treatment.  Note the loss of volume in the 
right upper lobe and the expansion in volume of the right lower lobe. 
From Snell et al (2012) 



three months apart.  At the second stage up to two segments were 
treated.  Calculation of tissue-to-air ratio was made on HRCT scan to 
work out the amount of vapour needed to deliver.  The main two end 
points were change in FEV1 and SGRQ.  

A total of 134 patients were included.  At six months the study 
achieved all its end points.  FEV1 improved by 14.7%, residual 
volume decreased by 300 ml and SGRQ score decreased by 9.7 
points.  Clinically important difference was seen in 50% of all patients 
receiving steam compared to 13% in the control arm.  Increased 
infl ammatory symptoms were seen in the 18% vs 8% in the treatment 
groups with one death three months after treatment with water steam. 

One of the initial shortcomings of the STEP-UP trial was in its design.  
For a trial where the subjective SGRQ is one of its components, a 
group receiving sham procedure would strengthen the fi ndings of the 
study. 

A follow-up letter to the Lancet Respiratory Medicine, Shah et al 
(2016) reported that the benefi t of the treatment extended to 12 months 
following the treatment (fi gure 32). 
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Figure 32: Improvement of FEV1 and SGRQ at 6 months and 12 
months after sequential treatment with water vapour.  Hearth 2016 
(for the 6 months) – and Shah 2016 (for the 12 months results)



More work need to be done in patients with lower lobe disease.  
The number and intensity of treatment needs to be evaluated. The 
benefi t-risk analysis needs to be further evaluated.  However, given the 
fact that water is the only agent used, this treatment is very promising 
and may be used on wider scale worldwide.  

•	 Aeri-Seal	foam	treatment:

The Aeri-Seal system introduces a polymer material aims to the small 
airways and alveoli.  The material is thought to function by preventing 
air entering the alveoli, closing inter-lobar collateral channels and 
create a fi lm on the surface of the alveoli and the small airways.  At 
a later stage an infl ammatory process ensues that result in volume 
reduction (Figure 33).

The material used is a combination of aminated polyvinyl alcohol, 
glutaraldehyde and air.  The mixing process needs to happen quickly 
and so is the introduction of the foamy material through a catheter to the 
target area (fi gures 34).  Unlike water vapour, where the infl ammatory 
reaction occurs few days to weeks from the treatment, signs of 
respiratory symptoms in the Aeri-Seal occur within twenty-four hours. 

The ASPIRE study was designed to investigate prospectively the 
Aeri-Seal in patients with upper lobe emphysema.  The trial aimed at 
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Figure 33: Three CT scans of a patient treated with air sealant in the 
left upper lobe.  A. Before the treatment B. 3-weeks after treatment 
showing pneumonic changes and C. 3-months after treatment 
showing volume reduction in the treated lobe with fi brosis.



recruiting 300 patients.  The study had to be terminated after involving 
only 95 patients due to lack of fi nancial resources.  The physicians 
involved in the study, took it upon themselves to analyse the data 
available at three and six months.

Most of the analyses were limited due to the small number of patients.    
Data from the fi rst three months are seen in fi gure 35.  

Data at six months was available on only twenty-one patients.  
Nevertheless, a clinically signifi cant improvement in FEV1, 6-MWD 
and SGRQ was seen in 18%, 18% and 72% respectively. 

Two deaths occurred in the treatment group and infl ammatory adverse 
effects were seen in 44% of the candidates.  

More recently the right of ownership has been bought by PulmonX 

Figure 34: The set used to inject aer-sealant.  The two material 
known as solution a and b. The mixing syringe and the catheter used 
in deployment of the mixed solution.  The injection needs to be done 
within less than 60 seconds from completion of the mixing process. 
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(the owner of the Zephyr endo-bronchial valve) who are undertaking 
steps for multicentre, placebo control trials on a treatment approach 
that involve small doses of AeriSeal over several treatment periods in 
a similar way to the STEP-UP trial for water vapour.

  
Heterogeneous versus homogeneous emphysema 

Unlike the previous thinking, it is rarely that we see total homogeneous 
emphysema.  Modern HRCT scans and particularly quantitative HRCT 
scans show heterogeneity.  Heterogeneity of emphysema is defi ned as 
the difference in lung destruction between two adjacent lobes.  

The cut-off point which defi nes homogeneous and heterogeneous 
emphysema is not clear.   The LIBERATE trial defi ned heterogeneity 
of 15% difference between the target lobe and the adjacent lobe.  

Clinical trials showing useful results for endo-bronchial valves and 
endo bronchial coils with less heterogeneity present.  Valipour et al 
(2015) reported that in the IMPACT study an improvement in FEV1 

Figure 35: Change in FEV1 and SGRQ after at 3 months after 
Aeri-Seal insertion.The results persisted at the 6 months point. 
(Come CE 2016.)  
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and SGRQ in patients with ‘homogeneous’ emphysema (2015).  Kemp 
et al ( American Thoracic Society Meeting May 2017- not published 
as a manuscript yet) demonstrated further improvement in almost 
all subjective and objective parameters in the TRANSFORM Study 
where heterogeneity was less than 15%.  

The Stelvio study (Klooster 2015) also compared the efficacy of 
endobronchial valves in homogeneous and heterogeneous emphysema 
using the 15% difference as a distinguisher.  The study found that 
valves were useful in both, but more so in heterogeneous emphysema.  

For coil insertion, the RENEW Study found no difference according to 
homogeneity of the disease.  

Therefore, the concept of heterogeneity of emphysema has lost its 
impact on patient’s selection.  For valve insertion it is the absence 
of collateral ventilation that is important.  For coil insertion, it is the 
greater residual volume and the insertion of coils in the most destructed 
lobes that matter. 

The optimal outcome of volume reduction therapies:
Various clinical trials of methods of lung volume reduction therapies 
used different main outcome.  Valve trial all used FEV1 as the main 
outcome.  Other objective outcome measures were used.  These 
included reductions in residual volume and the 6-MWD.  Subjective 
measures such as health related quality of life, mainly SGRQ was also 
used.

Surgical trials including the NETT trial used survival as the main 
outcome. Non-valve studies used 6-MWD for coils and SGRQ for 
steam as the principal outcome.   Composite outcome including BODE 
score was used in one analysis as a surrogate marker for survival 
(Valipour 2014) .    

Outcome used in trials published thus far is outlined in figure 36.  

It is the author belief that, for future studies, one objective assessment 
and one subjective assessment should be used for all methods as main 
outcome.  
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