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Abstract

Purpose of Review Bronchial thermoplasty (BT) is an endo-
scopic treatment for severe and uncontrolled asthma. This review
provides an overview of the indications, selection criteria, treat-
ment application, and scientific evidence regarding its mechanism
of action and safety and efficacy of BT in current clinical practice.
Recent Findings It seems that reduction in airway smooth
muscle is one of the principal mechanisms of action, since it
correlates with clinical benefits. Regarding safety and effica-
cy, recent case reports and small prospective studies appear to
show benefit in more severe asthma patients.

Summary Further research is needed to better understand the
physiological benefits of BT and select the best candidates for
treatment. In order to achieve these goals, experts recommend
performing BT only in specialized centers.

Keywords Bronchial thermoplasty - Severe asthma -
Uncontrolled asthma - Airway smooth muscle - Radio
frequency - Endoscopic treatment

Introduction
International asthma guidelines place emphasis on treatment

based on inhaled corticosteroids (ICS) and bronchodilators,
since medical therapy achieves adequate disease control in
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most patients. However, it is estimated that the prevalence of
severe and/or uncontrolled asthma may be as high as 5-10%
[1]. This subgroup of patients with severe asthma accounts for
most of the health care expenditures and hence is overrepre-
sented in the economic burden of the disease.

A better understanding of the molecular and inflammatory
pathways mediating asthma has led to the development of new
molecules for the treatment of targeted phenotypes of severe
asthma. Some of these drugs, including omalizumab or
mepolizumab and other new incoming treatments, have dem-
onstrated effectiveness in a highly selected group of patients.
However, despite all the therapies available for this heteroge-
neous disease, some patients remain symptomatic.

Airway remodeling (AR) consists in structural changes in
the airways characterized by increased thickness of the bron-
chial wall, involving hypertrophy and hyperplasia of airway
smooth muscle (ASM), increase in mucous glands, thickening
of reticular basement membrane, and angiogenesis [2].

Bronchial thermoplasty (BT) is the first non-pharmacological
treatment approved by the US Food and Drug Administration
(FDA) for uncontrolled severe asthma patients [3], which targets
airway smooth muscle. However, little evidence is available re-
garding its putative mechanism of action.

This review provides an overview of the indications, selec-
tion criteria, treatment application, and scientific evidence re-
garding its mechanism of action and safety and efficacy of BT
in current clinical practice.

Patient Selection
BT is indicated for patients with demonstrated severe and

uncontrolled asthma despite adequate pharmacological treat-
ment. The level of control may be defined by low scores in
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quality of life and standardized symptom-based question-
naires, frequent exacerbations, and/or hospitalizations.

The different asthma guidelines recommend BT for patients
who do not respond to standard treatment, including monoclo-
nal antibodies. Therapeutic compliance and comorbidities must
be assessed prior to recommending BT. Recent studies have
shown that patients treated in clinical practice are probably
more severe than those included in pivotal trials [4—6] (Table 1).

In addition, asthma is a heterogeneous disease and clinical
trials included a wide range of severity and disease pheno-
types. Itis not possible to define the profile of a “BT-responder
patient.” There is no consistent information about cost-
effectiveness studies of BT compared to other biological treat-
ments in those patients with overlapping indications for dif-
ferent specific treatments for severe refractory asthma.

Regarding lung function, most patients included in clinical
trials had a pre-bronchodilator forced expiratory volume in 1 s
(FEV)) higher than 60% of the predicted value [4, 6], although
limited evidence in more severely obstructed patients has
shown that BT does not appear to increase adverse events in
sicker patients [5, 8].

Possible candidates for BT treatment should be assessed by
a multidisciplinary team with experience in the management
of severe asthma and complex respiratory endoscopic tech-
niques. Patients need to be optimally treated, ensuring treat-
ment adherence via educational skill visits for example, and
after excluding other respiratory conditions that could be re-
sponsible for uncontrolled disease. Little evidence exists re-
garding patients with an FEV| < 60%. Vital risk crisis should
be noticed to identify those patients with more labile disease,
as BT sessions are prolonged and may lead to temporarily
worsening of respiratory symptoms.

Contraindications to BT include the following: those for
conventional bronchoscopy and placement of electrical de-
vices such as pacemakers, pregnancy, and other airway dis-
eases which do not respond to BT such as emphysema, bron-
chiectasis, etc.

Procedure Planning and Execution

Adequate asthma treatment should be maintained during BT
sessions. Furthermore, oral prednisone (50 mg per day or
0.5 mg/kg/day) is recommended prior to each session and
maintained 24 h after the procedure in order to prevent respi-
ratory adverse events due to BT. However, there is no evi-
dence supporting this recommendation. Some patients may
need to increase their inhaled medication and/or systemic
glucocorticosteroids during treatment.

Although the procedure is standardized [9, 10], variations
regarding sedative drug use, intubation, and use of laryngeal
masks or nasal vs oral intubation, abound.

BT is applied in three different sessions performed at 3—4-
week intervals in order to ensure clinical recovery of the pa-
tient. The first session generally treats the right lower lobe.
The second session is devoted to the left lower lobe, and
finally, both upper lobes are treated during the third and final
session. The middle lobe is excluded from treatment due to the
risk of middle lobe syndrome. The number of activations is
variable, depending on bronchial anatomy, but averages 40—
50 activations for lower lobes and 60 activations for upper
lobe treatment [11]. Recent data suggests that higher number
of activations might result in greater benefit [12].

Table 1  Characteristics of patients included in clinical trials

AIR [4] RISA [5] AIR2 [6] Petrolani et al. [7]
Subjects treated 55 15 190 15
Gender (female, %) 31 (56) 9 (60) 109 (57.4) 7(53)
Mean age (years) 39.36 = 11.18 39.1 +£13.0 40.7 = 11.89 469 +11.9
Asthma severity Moderate to severe Severe Moderate to severe Severe
AQLQ 5.58 +1.05 3.96 + 1.34 430 +1.17 2.6 +0.9
Pre-BD FEV,% predicted 72.65 + 10.41 62.9 + 12.2 77.8 £ 15.65 67.1 +£19.5
ICS dose (ug/day) 1351 + 963 1166.7 + 408.3 1960.7 2133 +£516
LABA dose (1g) 111.3 £35.9 125.0 + 60.5 116.8 + 34.49 -
OCS (subjects, %) - 8 7 10
OCS dose (mg/day ") - 144+62 6.4+ 1.97 315 £11.1
Omalizumab (subjects) - - 2 10
Montelukast (subjects) - - 47 8
Theofiline (subjects) - - 6 2
Hospitalizations (previous year) - 10 - 1.7+ 0.8

AIR Asthma Intervention Research, AQLQ asthma quality of life questionnaire, BD bronchodilator, FEV forced expiratory volume in 1 s, /CS inhaled
corticosteroids, LABA long-acting 32-agonist, OCS oral corticosteroids, RISA Research in Severe Asthma. (—) not a reported data by investigators
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The Alair® bronchial thermoplasty system (Alair®
Bronchial Thermoplasty System, Marlborough, MA, USA)
includes an Alair® radio frequency controller, an Alair® cath-
eter (one catheter per session) with an expandable basket with
four electrodes, and a patient return electrode and requires a
flexible bronchoscope with an external diameter of 4.9—
5.3 mm and a working channel of at least 2 mm [9].

The BT catheter is inserted through the working channel of
the bronchoscope with the electrode-containing basket closed
and opened inside the bronchi to facilitate full contact with the
bronchial wall. Radio frequency energy is automatically ap-
plied for 10 s to reach 65 °C by switching on the external
pedal. All accessible bronchi more than 2 mm in diameter
are treated at intervals of 5 mm by moving the basket in a
distal to proximal direction guided by marks on the catheter

(Fig. 1).

Mechanism of Action

Airway remodeling is considered as a process encompassing
changes in the structural cells and tissues of the airways in
obstructive diseases, particularly asthma. These include air-
way wall thickening, airway edema, subepithelial fibrosis, ep-
ithelial hyperplasia, airway smooth muscle hyperplasia and
hypertrophy, and increasing number of myofibroblasts and
inflammatory cells. Nevertheless, uncertainty persists regard-
ing which mechanisms underlie AR, how AR alterations con-
tribute to disease progression and severity and symptoms, and
whether current therapies are effective at reversing AR. A
standardized methodology for obtaining and analyzing bio-
logical samples is lacking and may be responsible for this
uncertainty along with the absence of specific biomarkers
for AR and technological limitations in the non-invasive

Fig. 1 Detail from treated bronchi with bronchial thermoplasty. The
electrode-containing basket (white arrow) is opened inside the bronchi
to facilitate full contact with the bronchial wall. All accessible bronchi
more than 2 mm in diameter are treated at intervals of 5 mm by moving
the basket in a distal to proximal direction guided by black marks on the
catheter (black arrow)

assessing of AR. Recently, a research statement has been pro-
posed by the ATS to address specific recommendations to
achieve these goals [13].

Initial animal studies showed that BT reduces ASM. ASM
hypertrophy and hyperplasia seem to be particularly common
in individuals with more severe disease [14] and are correlated
with permanent airflow obstruction [15].

BT applies controlled thermal energy through radiofre-
quency heating of the bronchial mucosa at 65 °C under direct
visual guidance. The endoscopic view of the mucosa recently
treated is nearly normal, although it is possible to observe
immediate but transient white discoloration where electrodes
have been placed. Preliminary studies in animal models
showed reduction in ASM mass which led to a decrease in
bronchial hyperreactivity as measured by methacholine chal-
lenge [16].

Petrolani et al. described a reduction of 12.93% in the ASM
mass at 3 months after treatment in ten patients treated with
BT, and this changed was not correlated with the number of
radio frequency activations [17]. Interestingly, the study also
found a significant reduction in ASM mass in the middle lobe,
which was not treated, suggesting diffusion of the heat gener-
ated by radio frequency to non-treated areas. Similarly, other
authors have reported short-term reductions in ASM, as well
as changes in pro-inflammatory airway cytokine concentra-
tions in the bronchoalveolar lavage of 11 BT-treated patients
including lower transforming growth factor beta concentration
and eosinophil counts, along with higher concentrations of
tumor necrosis factor-related apoptosis-inducing ligand [18].

Chakir et al. analyzed changes in ASM mass and connective
tissue from bronchial biopsies obtained in 17 patients at 8 weeks
after BT treatment [19]. They found a significant average de-
crease of 8.3% in ASM mass and a significant reduction in type
I collagen deposit. The same group extended the follow-up to
those patients who consented to a follow-up diagnostic proce-
dure at 24 months after treatment, including nine patients in
which the reduction of ASM was maintained [20¢].

In addition, Petrolani et al. also found significant reduction
in ASM in 15 patients treated with BT at 3 months follow-up.
This is the first study that found significant correlation be-
tween the reduction in ASM and clinical improvement (asth-
ma control and quality of life, reduction in severe exacerba-
tions, hospitalizations, and emergency department (ED) visits)
[21¢]. In contrast to the data reported by Chakir et al. [19], they
found a significant increase in collagen deposition. The au-
thors did not find changes in subepithelial mucous glands,
eosinophils, and neutrophils. Neither changes in bronchial ep-
ithelium nor goblet cell counts were modified, suggesting that
other cell/structural changes of AR are not targeted by BT.

Finally, the parasympathetic system is a constrictor neural
pathway that controls airway tone, causing bronchoconstriction,
mucous secretion, and bronchial vasodilation. Some authors
identified neuroendocrine epithelial cells and submucosal nerves
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as targets whose reduction after BT correlated with clinical effi-
cacy [21°].

Efficacy

Data from three randomized controlled clinical trials of BT in
asthma patients are available. Results from the Asthma
Intervention Research (AIR) study, enrolling 112 patients with
moderate to severe asthma [4], revealed significant improve-
ments in asthma control questionnaire scores (ACQ) and asth-
ma quality of life questionnaire (AQLQ), reduction in mild
exacerbations, asthma symptom-free days, and increase in
morning peak flow rates, at 1-year follow-up. A second study,
known as the Research in Severe Asthma (RISA) trial [5],
reported significant improvements in ACQ and AQLQ scores
as well as FEV after treatment, in patients with more severe
disease.

The AIR2 trial was a multicenter, double-blind, sham-
controlled study where 288 patients were assigned to BT or
sham bronchoscopy, and the primary outcome was the AQLQ
score [6]. The study failed to show significant differences.
However, in a post-hoc analysis including only patients from
both groups that scored the minimally important clinical dif-
ference in AQLQ (a score change of 0.5 or greater), the BT-
group showed significant differences compared to the sham-
group. Patients included in the BT-group showed significant
improvements in secondary outcomes, including reduction in
severe exacerbations, emergency department visits, and days
missed from school or work. No differences regarding pulmo-
nary function were observed. The AIR2 trial had some notable
limitations including a significant placebo effect attributed to
sham bronchoscopy and milder disease severity.

A recent meta-analysis reported significant differences in
the reduction of severe exacerbations and moderate improve-
ment in quality of life in patients treated with BT [22].

In a recent study, more severe asthma patients than those
included in previous clinical trials were evaluated 12 months
after BT treatment. The authors observed clinical benefits (re-
duction in severe exacerbations, hospitalizations, and emer-
gency department (ED) visits) without significant changes in
lung function [21°].

Safety

BT may cause temporary worsening of asthma symptoms
during the treatment period, which comprises the first BT
session and 1 month after the third session. In the AIR trial,
hospitalizations for respiratory adverse events were more fre-
quent among patients who underwent BT during the treatment
period. No fatalities were registered during the study. In the
extended follow-up period during 3 years post-treatment, no
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significant differences were observed between patients treated
with BT and the control group [7]. A recent study showed
transient peribronchial hyperdensities in computerized tomog-
raphy (CT) scans after BT sessions, suggesting acute inflam-
matory changes induced by radio frequency [23]. These alter-
ations were unrelated to clinical symptoms, and spontaneous
resolution was observed without specific treatment after
1 month.

Worsening of pre-existing bronchiectasis or the appearance
of new bronchiectasis following treatment was reported only
in three patients (3%) in the AIR2 trial [6]. Higher hospitali-
zation rates due to respiratory adverse events among BT-
treated patients were also reported. However, BT-treated pa-
tients maintained low rates of exacerbations and ED visits
during extended follow-up up to 5 years (reductions of 44
and 78%, respectively, compared to the 12 months pre-treat-
ment) [24¢]. They included annual follow-up with chest CT
scans showing no structural changes attributable to BT.

Patients included in the RISA trial had a decrease in hos-
pitalization rates and ED visits at 5-year follow-up [25].

Lung abscess has been reported in two patients treated with
BT, including one occurring at 14 months post-treatment
which was unlikely to be related to BT [7]. The other case
was reported 3 days after the second session of BT (left lower
lobe treatment) in a 43-year-old patient with severe uncon-
trolled asthma, on chronic oral corticosteroid therapy, who
failed treatment with omalizumab, with no history of recurrent
respiratory infections, or evidence of bronchiectasis in a chest
CT scan prior to BT treatment [26]. In that case, the adverse
event was attributed to treatment although the mechanism was
unknown.

A 66-year-old woman with refractory asthma on anticoag-
ulant therapy experienced a major hemorrhage from the right
bronchial artery pseudoaneurysm, developing a mediastinal
hematoma and haemothorax after the first session of BT (right
lower lobe).

In a feasibility and safety study of BT, nine non-asthma
patients scheduled to undergo lung resection for suspected
lung cancer; BT was applied 3 weeks prior to prescheduled
lung resection within the lobe scheduled to be removed. Three
airway sections in two patients showed signs of thrombosis in
the perichondral vessels [27].

A single case of hemoptysis requiring embolization oc-
curred in the AIR2 trial [6]. Patients in need of anticoagulant
therapy are excluded from BT.

A recent study evaluated short-term safety from routine UK
clinical practice [28]. One hundred fifty-two procedures (59
patients) from two different and independent data sources
were analyzed 30 days after BT treatment. Patients included
in this registry were older and had worse pre-bronchodilator
FEV, values when compared to those in the AIR and AIR2
trials. A higher proportion of patients had adverse events in
the registry when compared to clinical trials.
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Conclusions

BT is an endoscopic treatment for severe and uncontrolled
asthma patients who remain symptomatic despite optimal
medical treatment. Although some evidence from small case
series has shed light on BT’s mechanism of action, much
remains to be known about its impact on AR and treatment-
related improvements in quality of life and exacerbations re-
ported by current trials. Although BT is associated with tem-
porary worsening of respiratory symptoms during treatment,
the procedure appears safe at a 5-year follow-up. Further re-
search is needed to better select the best candidates for BT. It is
highly recommended that treatment with BT be performed in
specialized centers and if possible include patients in institu-
tional registries and/or clinical trials in order to achieve these
goals.
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