ARTICLE

Endoscopic lung volume reduction with coils
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The use of endoscopic lung volume reduction (ELVR) as a minimally invasive procedure with significantly lower morbidity and mortality

than surgery, is fast becoming a new treatment modality for a select group of patients with severe emphysema. Lung volume reduction can

be achieved either by surgery (LVRS) or the use of endoscopic techniques. Although LVRS offers survival benefit and increased exercise

capacity in selected patients, this comes at a price with significant associated morbidity and mortality. The use of endoscopic lung volume

reduction (ELVR) aims to reduce the risks and costs of surgery with comparable physiological benefits. Current evidence suggests that not

all classes and phenotypes of emphysema will benefit from lung volume reduction, and that individual techniques may benefit different

subgroups of patients. It therefore remains paramount that a systematic approach is followed and selection criteria are met, given the high

costs and potential complications related to both LVRS and ELVR.
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0 Lung volume reduction surgery (LVRS) has been shown

» to improve clinical and functional status and mortality
. in the subgroup of patients with predominant upper-
lobe emphysema and low exercise capacity.!'! LVRS
has been marked by a significant 90-day mortality rate
in experienced hands (4%) as well as post-procedural morbidity.”!
Interest has grown in the development of a minimally invasive way
to reduce lung volume, which can minimise morbidity and mortality.
Endoscopic lung volume reduction (ELVR) is currently used as an
alternative intervention, and there is a growing body of evidence
that certain well-defined subgroups of patients with advanced
emphysema may show significant benefit from ELVR. There are
certain selection criteria that should be met and a systematic approach
is recommended.” Several techniques are currently available, but only
a few modalities have been properly evaluated in prospective trials.
Valves have been commercially available for some time in South
Africa, though coils were only recently introduced to South Africa,
with the first implantations performed in September 2014. This review
gives an overview of the rationale, appropriate candidates, technical
aspects and current evidence for the use of coils in achieving ELVR.

The rationale for lung volume reduction
ELVR, in principle, aims to achieve atelectasis of the targeted region,
thereby reducing its volume and redirecting airflow to less affected
regions.””! Dynamic hyperinflation decreases and diaphragmatic and
chest wall mechanics improve. The remaining lung tissue has better
elastic properties, which then restores the outward radial pull on

the small airways, thereby increasing expiratory airflow. Reducing
inhomogeneity of regional ventilation and perfusion improves
ventilation/perfusion matching. Endobronchial coils, in theory, re-
tension the airway network to mechanically increase elastic recoil in
the emphysematous lungs and tether open airways, thereby preventing
airway collapse.!!

Caveats

Bronchial blocking devices have been shown to be less effective in
homogeneous emphysema or in cases where significant collateral
ventilation is present.**! The degree of heterogeneity is generally
determined from chest computed tomography scanning, either by
visual inspection or with the aid of specifically designed software.
Collateral ventilation is a normal physiological phenomenon in some
individuals. Significant interlobar collateral ventilation prevents
atelectasis and thereby subverts the deflating effect of endobronchial
blocking devices. Interlobar collateral ventilation is considered to be
present if high-resolution computed tomography (HRCT) scans show
incomplete fissures.*! Most European centres, however, currently use
an endobronchial catheter system (Chartis Pulmonary Assessment
System, Pulmonx Inc., USA) to evaluate the presence and percentage
of interlobar collateral ventilation. A balloon catheter, connected
to a console, is inserted via a bronchoscope into an airway and then
inflated to occlude the airway.!! A near constant rate of expiratory
airflow, measured at the occluded airway;, is seen in cases with collateral
ventilation, whereas a steady reduction in flow is observed in the absence
of collateral ventilation. A recent study found that quantitative HRCT
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achieved comparable results to the Chartis
system for the use as a guide to effectively
assess collateral ventilation and to select
patients for valve-based ELVR procedures.”!
The evidence suggests that if the fissures are
<75% intact, the Chartis system evaluation
should not be performed, as collateral
ventilation is always present, whereas with
fissure integrity >90% the Chartis evaluation
is always practically superfluous, as collateral
ventilation is practically never present. The
Chartis system is therefore of value in cases
where collateral ventilation is questionable, as
predicted by HRCT reporting 75 - 90% fissural
integrity.

With endobronchial coils the evidence
suggests that appropriate candidates with
both heterogeneous and homogeneous
emphysema could experience clinically
significant benefit from ELVR using coils,
irrespective of collateral ventilation or
complete lobar collapse. The evidence for this
is discussed below.

Technical aspects

Coils (RePneu, BTG Inc., USA) are nitinol
devices (Fig. 1) that have been preformed to
a shape that results in parenchymal retraction
after deployment."! The device is currently
available in three lengths (100, 125 and
150 mm) to accommodate different sized
airways. The coils are implanted via a flexible
bronchoscope under general anaesthesia
or conscious sedation and fluoroscopic
guidance using a proprietary delivery
system. The airway in the selected segment
is identified with a low-stiftness guidewire
(under fluoroscopy), after which a catheter is
passed over the guidewire and the length of
the airway is measured. The guidewire is then
removed and a straightened coil is introduced
into the distal end of the catheter with a
grasper, after which the catheter is removed
while the proximal end of the coil is initially
advanced and then released, assuming its
preformed shape.

Evidence

A pilot study by Herth et al.'! found
endoscopic lung volume reduction with coils
to be safe and feasible. In a subsequent study
by Slebos et al.,!”! 18 patients with severe
heterogeneous disease showed significant
improvement in functional parameters.
After 6 months, the St George’s Respiratory
Questionnaire (SGRQ) improved by mean

(standard deviation (SD)) 14.9 (12.1) points
(with 11 patients improving by >4 points),
the forced respiratory volume in 1 second
(FEV,) by a mean of 14.9%, forced vital
capacity (FVC) by 13.4%, residual volume
(RV) by a mean of 11.4% and 6-minute walk
distance (6MWD) by 84.4 m.

In a multicentre study by Shah et al.,)
47 patients with severe emphysema (both
heterogeneous and homogeneous disease)
were randomly allocated in a 1:1 ratio to either
treatment with coils (treatment group, n=23)
or best medical care (usual care group, n=24).
The primary endpoint was the difference
in response in SGRQ between treatment
and usual care groups at 90 days after final
treatment (by intention-to-treat analysis). The
SGRQ response at 90 days after final treatment
was greater in the treatment group than in the
usual care group (between-group difference
from baseline — 8.36 points (95% confidence
interval -16.24 to -0.47); p=0.04).! In a larger
multicentre study that initially focused on
mostly heterogeneous disease, 60 patients

were treated with coils (55 bilateral),”! again
looking at improvement in SGRQ but with a
longer follow-up (6 months) and comparing
that with baseline (ASGRQ). At 6 and 12
months, respectively, ASGRQ was a mean (SD)
of =12.1 (12.9) points and -11.1 (13.3) points,
A6MWD was +29.7 (74.1) m +51.4 (76) m,
AFEV, was +0.11 (0.20) L and +0.11 (0.30) L,
and ARV was -0.65 (0.90) L and -0.71
(0.81) L (all p<0.01).! In both the studies there
was a significant improvement in FEV, with
almost 60% of treated patients experiencing

Fig. 1. An endobronchial (RePneu) coill.

Table 1. General indications and contraindications for endoscopic lung volume
reduction with endobronchial and intrabronchial coils in patients with stable

emphysema

Indication
40 - 75 yr

Dyspnoea despite maximal medical therapy and pulmonary rehabilitation

FEV, 15 - 45%

Hyperinflation with TLC >100% and RV >150 - 175%

PaCO, <6.7 kPa (50 mmHg)

Pa0O, >6 kPa (45 mmHg) while breathing ambient air

6MWD =140 m (post-rehabilitation)

Contraindications

>75% parenchymal destruction on HRCT

Current smoking (previous 6 months)
DLCO <20%

Giant bullae (>1/3 of hemithorax)
al-antitrypsin deficiency

Previous thoracotomy, pleurodesis or chest wall deformity

Excessive sputum

Severe pulmonary hypertension (>50 mmHg)

Active infection

Unstable cardiac conditions

Significant pleural or interstitial changes on HRCT

Any type of antiplatelet or anticoagulant therapy that cannot be stopped for 7 days prior

to procedure

TLC = total lung capacity; PaCO, = partial pressure of carbon dioxide in the arterial blood; PaO, = partial pressure of oxygen in the

arterial blood; DLCO = diffusing capacity.
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a >10% improvement in FEV, in the initial study and at 6 months,
48.0% of patients were found to have a 212% increase in FEV| in the
latter group. Post hoc analyses showed significant responses for SGRQ,
6MWD and RV in patients with both heterogeneous and homogeneous
emphysema. Serious adverse events that were observed within 30 days
of treatment included 7 exacerbations (6.1%), 6 pneumonias (5.2%),
4 pneumothoraces (3.5%) and 1 haemoptysis (0.9%),"! though no
between-group difference in serious adverse events was observed when
comparing with the control group.”

A recent open-label study focused exclusively on the use of coils
in homogeneous emphysema.!'”! Ten patients with severe chronic
obstructive pulmonary disease and hyperinflation were treated with
amedian of 11 (range 10 - 12) coils in each lung. At 6 months, s MWD
improved from 289 to 350 m (p=0.005); FVC from 2.17 to 2.55 L
(p=0.047); RV from 5.04 to 4.44 L (p=0.007) and SGRQ decreased
from 63 to 48 points (p=0.028). Two exacerbations and one small
pneumothorax were recorded as serious adverse events.!'”!

Hartman et al.' recently reported their 3-year follow-up data of 38
patients who underwent ELVR using coils. The data showed that the
coil treatment was safe, with no late pneumothoraces, coil migrations
or unexpected adverse events. Although clinical benefit gradually
declined over time, at 3 years post-treatment around 50% of the
patients maintained improvement in 6MWD, SGRQ and dyspnoea
scores.[!!

Current evidence would therefore suggest that not all classes and
phenotypes of emphysema would benefit from ELVR, and that each
technique appears to provide greater benefit to specific subgroups
of patients.®! Appropriate candidates with both heterogeneous and
homogeneous emphysema could experience clinically significant
benefit from ELVR using coils, irrespective of collateral ventilation or
complete lobar collapse.

Practical aspects

Generally speaking, patients with a high degree of hyperinflation
with relatively preserved lung parenchyma are more likely to benefit
from ELVR with bilateral coils, starting with the most affected
side (irrespective of the collateral ventilation and heterogeneity of
the disease),’>!%! whereas patients with heterogeneous disease, no
collateral circulation and a low baseline perfusion (on ventilation:
perfusion scanning) benefit from unilateral therapy with the goal to
achieve complete lobar collapse. Only endoscopic valves and coils
are currently commercially available in South Africa, and only a few
centres currently have the capacity to properly evaluate prospective
candidates and potentially offer the ELVR to appropriate cases. The
high cost of these interventions makes careful patient selection
imperative to prevent wasteful expenditure and insertion in patients
unlikely to gain clinical benefit. An ongoing study in France is likely
to soon provide information on the cost-effectiveness of ELVR with
coils compared with other strategies.!'”

The general indications and contraindications for the endoscopic
lung volume reduction with endobronchial and intrabronchial coils
in patients with stable emphysema are summarised in Table 1. The
Assembly on Interventional Pulmonology of the South African
Thoracic Society are currently in the process of finalising a national
guideline for the practical use of all devices related to ELVR, including
the formal evaluation process. This statement will be published online
within the next month.

Conclusions
Current evidence suggests that in well-defined subgroups of patients with
severe emphysema, ELVR with coils may be of benefit. A well-structured,
evidence-based approach to ELVR, including initial screening and
subsequent referral to a specialised centre, is important to ensure against
inappropriate use of devices, which may be both wasteful and harmful.
Patients with a high degree of hyperinflation and relatively preserved
lung parenchyma are more likely to benefit from ELVR using bilateral
coils, irrespective of the collateral circulation and heterogeneity of the
disease. Moreover, there are currently numerous ongoing trials, and
suggested approaches are likely to be refined during the next decade.
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