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Abstract: Bronchoscopic interventions are valuable adjuncts to the pharmacologic therapy for chronic

obstructive pulmonary disease (COPD). But different phenotypes of COPD patients showed different

clinical responses to the same or similar therapy. The optimal selection of bronchoscopic interventions for

COPD patients also needs to be based on the phenotypes. According to the different phenotypes, novel

interventional pulmonology techniques which were used for COPD treatments in daily clinical practice or

clinical trials have been described extensively throughout our current review.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one
of the most prevalent lung diseases in the world with
high social burden (1). Pharmacological treatment
options are limited and most only improve symptoms
and airflow limitation without mortality benefit. The
different phenotypes of COPD, for example chronic
bronchitis phenotype, emphysema phenotype, have
different characteristics which influence clinical response
to medical treatment (2), so the global initiative for chronic
obstructive pulmonary disease (GOLD) recommends an
individualized therapy for COPD patients. In the past
fourteen years, clinical trials of bronchoscopic interventions
for the treatment of COPD have been developed greatly,
and some techniques, such as bronchoscopic lung volume
reduction (BLVR) with endobronchial valves (EBVs)
or endobronchial coils (3-6), shown better efficacy and
potential mortality benefit and were recommended by
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GOLD in 2017 (2). Those techniques are valuable adjuncts
to the pharmacologic therapy for COPD. But, how to select
an individual and precise treatment for different phenotype
of COPD is the key point in BLVR. In this review we
will discuss the concepts and key points for each of these
techniques and their indications for emphysema phenotype
and chronic bronchitis phenotype of COPD.

BLVR for emphysema phenotype of COPD

The clinical presentations of emphysema phenotype of
COPD are quite different from the ones of bronchitis
phenotype. Hyperinflation and worse lung compliance are
the main clinical manifestations of emphysema phenotype.
COPD patients with predominant emphysema showed
poor clinical response to long acting beta agonist (7).
Based on the result of the National Emphysema Treatment
Trial NETT) study which showed surgical lung volume
reduction was beneficial to the COPD patients with both

7 Thorac Dis 2017,9(5):1361-1365



1362

predominantly upper-lobe emphysema and low base-line
exercise capacity (8), the attempt of BLVR was introduced
into the therapy for severe COPD with emphysema
gradually. No standard indications of BLVR exist now, an
expert statement suggested that the potential candidates
for BLVR were COPD patients with severe emphysema
who were ex-smoker, and suffering from severe air flow
restriction, hyperinflation, and low base-line exercise
capacity [forced expiratory volume in the first second
(FEV)) <50% and residual volume (RV) >175%, RV/total
lung capacity (TLC) >0.58, 6MWT 150-400 m], despite
receiving the best medical treatments and having completed
pulmonary rehabilitation and/or participating in a
structured physical therapy program (9). BLVR can reduce
the lung volume and hyperinflation, and improve the lung,
chest wall and diaphragm mechanics. The key point of
BLVR is realizing target lung volume reduction which is
the fundamental of improvements in pulmonary function,
exercise tolerance and health-related quality of life. But
different techniques have different mechanisms to achieve
lung volume reduction. So the best candidates for different
techniques may be different. We briefly divided the
techniques into two groups, blocking therapy and sclerosing
therapy.

The blocking therapy of BLVR

The blocking therapy includes EBVs and endobronchial
coils. EBV has a single direction valve which permits the
air flow out from the target lung and prevents re-entry. It
collapses the target lobe by blocking the target bronchus,
but the existence of collateral ventilation (CV) influences
the efficacy of BLVR with EBVs and leads to treatment
failure (3,10). So pre-operative evaluation of CV is critical.
Integrity of lobular fissure with high resolution computed
tomography (HRCT) or detection CV with Chartis system
is useful, with similar efficacy to predict the CV and
target lung volume reduction (74% vs. 77%) (11). They
are complementary (12), but when low flow phenotype of
Chartis reading exists, the judgment of CV is challenged
yet combining Chartis reading and HRCT analysis of
fissure integrity (13,14). Once the CV is negative, the
COPD patients with emphysema, regardless of whether
heterogeneous or homogeneous, may get benefit from
the BLVR with EBVs (15,16). During the procedure, we
should select the right size EBV, and implant it into the
right position (the proper depth of implantation of EBV
and keeping coaxial with bronchial lumen) to accomplish
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the completed occlusion of target bronchus. Previous
randomized control trials such as VEN'T study, STELVIO
study, BeLieVeR-HIFi study and EURO VENT study
revealed that BLVR with EBVs could improve pulmonary
function, quality of life, exercise tolerance in severe
emphysema phenotype of COPD (3,4,15,16). Greater
benefit was shown in the patients with heterogeneous
emphysema than that of patients with homogeneous one (4).
Although some studies showed that the patients with
homogeneous emphysema whose CV was negative also
could get significant benefit, the evidence was limited
(16,17). Based on the studies, GOLD recommended the
use of EBV in patients with severe emphysema whose CV
was negative, with level of evidence B. More studies, such as
LIVE study (18), are clearly indicated to evaluate the long
term efficacy and safety of BLVR with EBVs, especially
the impact on mortality rate. The common complications
include pneumothorax, acute exacerbation of COPD,
EBV migration and granulomatosis. The incidence of
pneumothorax varies from 4.2% to 25.6% (3,17,19,20).
Higher incidence of pneumothorax was observed in
patients with target lung reduction, however, patients
who complicated with pneumothorax could benefit more
from BLVR with EBVs (21). Modifying post-operative
medical care including strict 48 hours bed rest and cough
suppression could reduce pneumothorax incidence in
patients with upper lobe as the target lobe, but it could not
reduce the pneumothorax incidence in patients with lower
lobe as treated lobe (22).

For the COPD patients whose CV is positive, an ‘indirect
blocking’ therapy, endobronchial coils, can be an alternative.
Endobronchial coils are shape-retaining nitinol devices
implanted into the sub-segmental bronchus by a straight
deliver sheath, when the coil recover its original shape, it
makes the target bronchus twisted and ‘completely blocked’
to achieve parenchymal compression and atelectasis. So the
lung volume reduction led by endobronchial coils is not
influenced by the existence of CV. Three randomized trials
[RESET study (23), REVOLENS study (6) and RENEW
study (5)] showed that endobronchial coils implantation could
achieve lung volume reduction and improve the quality of life,
pulmonary function, and exercise capacity with statistically
and clinically significance in patients with severe emphysema
phenotype of COPD (5,6,23). RESET study was the first
study to point out that endobronchial coils were beneficial
to patients with homogeneous emphysema. A meta-analysis
enrolled four European clinical trials indicated that there
were no differences in efficacy and safety of endobronchial
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coils between heterogeneous and homogeneous
emphysema patients. A high baseline RV was the single
independent predictor of the success of treatment (24).
So the endobronchial coils were recommended to be used in
severe COPD patients with hyperinflation regardless of the
existence of CV or the heterogenicity of emphysema. The
common complications include acute exacerbation of COPD,
pneumonia, pneumothorax and thoracic pain (24). When
these complications happened, the coils would be difficult
to be removed, even there were some cases with reversible
implantation of endobronchial coils (25). This is quite different
from EBVs which is easily to be removed by forceps. Some
nonrandomized trials showed the long term effect of BLVR
with endobronchial coils, but the long-term randomized trials
is still needed to answer the long-term safety and efficacy,
especially the impact on mortality rate (26,27).

The sclerosing therapy of BLVR

The sclerosing therapy of BLVR includes BLVR with vapor,
sclerosants, autologous blood and fibrin glue, etc. BLVR
with vapor, so called bronchoscopic thermal vapour ablation
(BTVA), is a technique through which delivering heated
steam to the target segmental or sub-segmental lobe. Then
thermal energy from the heated steam will lead the localized
non-infectious inflammation in the target lobe, which causes
fibrosis and atelectasis to achieve lung volume reduction.
The dose of vapor energy is calculated at segmental level
according to the tissue-to-air ratio on density measurement
of HRCT. The most important study of BT'VA is STEP-UP
study. The 6- and 12-month follow-up results found that
there were significant improvements in FEV, and quality of
life measured by the St Georges Respiratory Questionnaire
(SGRQ) in the patients who received BTVA therapy
(28,29). The patients with more respiratory adverse events
associated with the localized inflammatory response in the
first 30 days after BTVA experience greater efficacy (30).
The existence of CV did not influence the efficacy of
BTVA (31). So the BTVA could be a potential therapy for
patients with heterogeneous emphysema. But the long-term
efficacy should be evaluated carefully in the future because
the previous study has showed that the improvements in
pulmonary function and six minutes walking distance at 6th
month but declined at 12th month.

Biological lung volume reduction (BioLVR) is a novel
type of BLVR, which delivers polymerizing sealant into the
bronchioles, and block off the distal airspace in the patients
with severe emphysema. The mechanisms of BioLVR
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involve the resorption of atelectasis from airway occlusion,
subsequent airspace inflammation, and the repair with scar
formation. The only randomized clinical trial of BioLVR
showed that the treatment with AeriSeal System (ELS;
Pulmonx, Neuchatel, Switzerland) could significantly and
clinically improve the lung function, dyspnea score, and
quality of life when comparing to the control group at 3™
and 6" month (32). Two previous pilot studies also provided
valuable results for the clinical practice of BioLVR. BioLVR
could improve the pulmonary function, exercise capacity and
quality of life in patients with severe upper lobe predominant
emphysema regardless of the existence of CV (33).
The common complication of BioLVR with AeriSeal
System is treatment associated acute inflammatory response
including fever, dyspnea, cough, chest pain and/or elevated
inflammatory markers (34). So a 7-day steroid tapering and
prophylactic antibiotic therapy are recommended before
the initiation of BioLVR.

A pilot open label study also evaluated the efficacy and
safety of BLVR using autologous blood and fibrin glue,
and demonstrated that it was an effective and safe therapy
for advanced emphysema with better cost effectiveness at
12 weeks post-procedure (35). But the small sample size
and lack of short-term follow-up reduced the power of the
study. Further studies are needed to evaluate the long-term
efficacy and safety.

Although accumulated data showed that bronchoscopic
interventions were potential alternatives to LVRS. But
some questions about the techniques mentioned above,
such as how to prevent and reduce the treatment associated
inflammatory response, how to predict the clinical response,
and how to maintain the long-term efficacy, are needed to
be clarified.

BLVR for chronic bronchitis phenotype of COPD

Acetylcholine is the primary parasympathetic neurotransmitter
in the airways which binds with M3 receptors and leads
to bronchoconstriction (36). Cholinergic tone in COPD
patients is increased and lead to the reversible airflow
obstruction and promotion of airway inflammation and
remodeling (36). It is one of main mechanisms of airflow
limitation in chronic bronchitis phenotype of COPD
patients. LAMA is effective and the first line bronchodilator
for patients with moderate to severe COPD and also shown
anti-inflammatory effects (2). Disruption of parasympathetic
pulmonary nerves may improve lung function and the
symptoms, and decrease the airway inflammation of patients
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with COPD. Targeted lung denervation (TLD) is a novel
technique which based on ablation of parasympathetic
pulmonary nerves surrounding the main bronchi. It is
a potential therapy for chronic bronchitis phenotype of
COPD. A pilot study showed that TLD was feasible, safe,
and well tolerated in patients with COPD (FEV,/FVC <0.70;
FEV, 30-60% predicted) (37), and TLD could inhibit the
airway inflammation not only by reducing the levels of
neutrophils and protein expression of CXCL8 and CCL4
in the bronchial wash, but also through reducing the gene
expression of CXCLS, IL-6, TGF- and MUCSAC in the
bronchial brush (38). So far, three clinical trials are ongoing
to evaluate the safety and efficacy of TLD. We believe the
question that can TLD be a novel surrogate to LAMA in
treatment of patients of chronic bronchitis phenotype will
be solved.

Conclusions

Bronchoscopic interventions bring novel insights into the
treatment of severe COPD with different phenotypes.
Some bronchoscopic interventions have shown efficacy
in severe COPD patients who were already receiving the
maximum available treatment, and were recommended by
the guideline of treatment of COPD, and others need more
clinical trials to confirm its long-term effect and safety.
The optimal standards of patient selection for different
bronchoscopic interventions are also needed to be clarified
in the future.
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