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ABSTRACT

The literature review aimed to see the safety and efficacy of bronchial thermoplasty in
patients with severe asthma. We searched the online database, PUBMED, using bronchial
thermoplasty and asthma as the key words and including trials from 2007 to 2021. Our review
found that bronchial thermoplasty reduces asthma-related hospitalizations, emergency room
visits and asthma exacerbations with sustained benefits for 5-10 years. This came at the
expense of increased asthma-related adverse events, most commonly during the 7 days
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immediately after the procedure. Adverse events from 6 weeks after procedure to up to
5 years were similar between the bronchial thermoplasty group and the medication-only
group. Bronchial thermoplasty is a safe and efficacious treatment modality for patients with

severe asthma.

1. Introduction

Asthma is associated with increased airway reactivity
and chronic airway inflammation, which may cause
remodeling of the airway; this is characterized by the
thickening of the basement membrane and hypertro-
phy of the airway smooth muscles [1].

Within the USA, it is projected that more than
24 million people have asthma [2]; these patients are
generally treated with drugs such as as-needed short-
acting Beta agnoists, inhaled corticosteroid (ICS),
long-acting Beta-agonists (LABA) and biologics.
Even with such medications, though, approximately
5% of patients having severe persistent asthma con-
tinue to experience symptoms [3]. For these patients,
bronchial thermoplasty (BT) is an emerging treat-
ment: it works by delivering radiofrequency energy
to the different segments of the lung, thereby redu-
cing the density of the airway smooth muscles.

2. Procedure description

Bronchial thermoplasty involves three separate treat-
ment sessions, often conducted around three weeks
apart. The procedure involves passing a catheter
through the working channel in the bronchoscope;
this catheter is then used to deliver radiofrequency
ablation to the airways, that are 3-10 mm in
diameter.

Patients are started on prednisone 50 mg 2-3 days
prior to and until 1-2 days after the procedure. Both

pre-and post-procedure spirometry are performed to
ensure that the post-procedure FEV1 is 80% of the
pre-procedure FEV1 [4].

3. Candidates for BT

The general consensus is that BT is the preferred
treatment for patients with non-allergic,
eosinophilic uncontrolled asthma, who are already
on ICS and LABA. BT may also be considered in
allergic and eosinophilic uncontrolled asthma
patients if patients fail, or are unable, to tolerate
biologics [5].

Currently, ATS/ERS recommend BT be performed
in patients with severe asthma after getting approval
from an IRB, or in the context of a clinical trial [6].
Chest, in a statement in 2014, recommended that
symptomatic patients with severe asthma, who are
already on appropriate therapy, should be offered
BT, and it should not be considered experimental
[7]. FDA has approved BT for adults aged 18 or
older with severe asthma that is not controlled on
ICS and LABA.

non-

4, Safety and efficacy of BT

Bronchial themoplasty helps reduce episodes of
asthma exacerbation, emergency room visits and hos-
pital admissions. In the short-term, i.e., immediate
post-procedure period, bronchial thermoplasty may
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increase hospital admissions due to asthma exacerba-
tion; however, in the long-term, adverse events asso-
ciated with it are found to be similar to patients being
treated with medications alone. The trials are sum-
marized in Table 1.

4.1. AIR trial

The first large randomized trial conducted was the
Asthma Intervention Research trial. One hunderd

Table 1.
Clinical Design and
Trials Objective Population Key Findings

AIR trial Open label

112 subjects were  There was

multicenter enrolled in the a reduction in
randomized study with 56 the number of
control trial to were episodes of
assess the randomized mild asthma
frequency of each group exacerbation in
exacerbations in  Group 1: BT in patients who
patients with addition to ICS underwent BT.
severe asthma and LABA At 12 months
(on ICS and Group 2: ICS there was also
LABA) during and LABA alone.  a significant
the 2-week improvement in
periods off the AQLQ score.
LABA. There were
increased
adverse events
in immediate
post procedure
period however
were similar
6 weeks
onwards.
AIR2  Double blind 288 subjects were The subjects in the
Trial multi-center, randomized 190 BT group had
randomized were included a greater
controlled in the BT group improvement in
which and 98 in the their AQLQ
compared BT to sham group. score compared
a sham Both groups to the sham
procedure. It underwent group. In
assessed the three addition
treatment bronchoscopic a greater
benefit and procedures. number of
safety of BT in subjects in the
subjects who BT group had
had symptoms a significant
on ICS and improvement in
LABA the AQLQ score.
There were
increased
adverse events
in immediate
post procedure
period.
RISA Multicenter, 32 adult subjects BT subjects had
Trial randomized were significant
control trial to randomized, 15 improvements
assess the safety ~ were in the
and effectivenes randomized to
of BT in subjects BT in addition

with severe
asthma

to medication
use and 17 were
randomized to
the control
group (medical
management)

prebronchodilator FEV [1]% and asthma control questionnaire (ACQ)
scores. There was also reduced use of rescue medications in the BT

group.

BT resulted in a transient increase in asthma related adverse events
in the treatment phase

twelve subjects were enrolled. These subjects were
on ICS and LABA. These subjects were randomized
to either BT in addition to treatment with ICS and
LABA or the control group that included treatment
with ICS and LABA alone. Fifty-six subjects received
BT and 56 received the standard of care. The study
looked at the frequency of mild asthma exacerbations,
during three scheduled periods, off LABA. These
were 2-week periods scheduled at 3, 6 and 12 months.
There was a reduction in the frequency of mild
exacerbations in the BT group, as compared with
baseline. At 12 months, improvement in the morning
peak expiratory flow and asthma quality of life ques-
tionnaire (AQLQ) was seen. The need for the rescue
medication decreased and there was an increase in
the number of symptom free days, at 12 months, in
subjects who had undergone bronchial thermoplasty.
In the treatment phase and for 6 weeks post-
treatment, there were increase in the respiratory-
related adverse events, including hospitalization in
the BT group compared to the control group. The
adverse events were similar from 6 weeks to
12 months after treatment in both the groups [8].
As this was a non-blinded study and concerns that
BT may have a placebo effect, there was need for
a placebo control trial.

4.2. RISA trial

In the Research in Severe Asthma (RISA) trial, symp-
tomatic patients on treatment with high dose ICS,
LABA and other medications which included oral
corticosteroids (OCS) equivalent to prednisone of
30 mg or less were randomized to BT plus medical
management or medical management alone. A total
of 32 subjects were enrolled, 15 were randomized to
the BT group and 17 to the control group. After the
treatment phase the subjects had their doses of the
ICS and OCS kept the same for the succeeding
16 weeks following which an attempt was made to
wean subjects off inhaled and oral steroids during
a specified time period of 14 weeks. Patients were
then followed for an another 16-weeks (decreased
steroid phase). BT resulted in increased asthma
related adverse events in the treatment phase. Four
out of the 15 subjects in the BT group were hospita-
lized compared to no hospitalization in the control
group. Two subjects in the BT group experienced
segmental collapse. There was no difference in the
number of adverse events after the treatment phase.
Following the initial increase in morbidity in the BT
group, BT subjects used less of the rescue medication
compared to the control subjects. There was also
a significant improvement in the prebronchodilator
FEV1 - an improvement of 15.8% with 12% consid-
ered clinically significant, and asthma control ques-
tionnaire (ACQ) scores [9].
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4.3. AIR 2 trial

In the AIR 2 study, the effectiveness of BT was
compared to a sham procedure. It included subjects
with severe asthma who were symptomatic on ICS
and LABA. Two hundred eighty eight subjects were
randomized, 190 were included in the BT group and
98 were included in the sham group [10]. Both
groups underwent three bronchoscopic procedures.
The primary end point was to evaluate a difference
in the asthma quality of life questionnaire (AQLQ)
scores, at baseline and the average of the 6, 9 and
12 months AQLQ score, between the sham group and
the BT group. A safety analysis was also performed.
The mean improvement in the AQLQ score in the BT
group was greater, compared to the sham group. In
addition, a greater number of subjects in the BT
group had a clinically significant improvement in
the AQLQ score compared to the sham group (79%
vs 64%, respectively).

Results also indicated that there were more adverse
respiratory events during the treatment period (time
period from the first procedure to 6 weeks after the
third bronchoscopic procedure) in the BT group
compared to the sham group. Sixteen subjects were
hospitalized in the BT group and 2 subjects in the
sham group. Ten patients in the BT group were
hospitalized for asthma exacerbation. Other reason
for hospitalization in the BT group included atelec-
tasis, lower respiratory tract infection and hemoptysis
(requiring treatment with bronchial artery emboliza-
tion). Most subjects recovered by day 7. The hospita-
lization in the sham group were for asthma
exacerbation. None of the subjects developed pneu-
mothorax and no one required intubation or
mechanical ventilation. In the 6 weeks to 12 months
after BT, the BT group experienced fewer asthma
related adverse events. Emergency room (ER) visits
and hospitalization were reduced in the post-
treatment period. Subjects in the BT group missed
1.3 days of work or school per year per subject
compared to 3.9 days in the sham group. Hence, BT
in subjects with severe asthma improves the asthma
related quality of life in the post-treatment period
[10]. This comes at the price of increased adverse
respiratory events in the treatment period. These
adverse events are most common during the first
7 days post procedure.

4.4. Long-term follow up studies

A five year follow up study of the AIR 2 trial has been
conducted to evaluate the safety and the long-term
treatment benefits of BT. One hundred sixty two out
of the 190 patients undergoing BT were included in
the follow-up. The results showed that BT had long
term treatment benefits demonstrated by a persistent

reduction in the number of patients having severe
asthma exacerbation or ER visits. There was no
increase in adverse respiratory events or hospitaliza-

tions [11]. The trials are summarized in Table 2.
A Post-FDA Approval Clinical Trial Evaluating
Bronchial Thermoplasty in Severe Persistent Asthma

Table 2.

Long Term Follow
up Studies

Design and Objective

Key Findings

Three Year Follow-
up results from
the AIR 2 and
PAS 2 studies.

2 trial compared
with the AIR 2 trial. It
was conducted to
see the safety and
long term treatment
benefits of BT in real
life settings.

AIR 2 5 years Follow 162 out of the 190

up

BT 10+

RISA Extension
Study

patients undergoing

BT were included in

the follow up. It was
conducted to see the
safety and long term
treatment benefits of
BT.

up on subjects in the
AIR trial, RISA trial
and the AIR 2 trial
undergoing
bronchial
thermoplasty. It was
carried out to
evaluate the
sustained benefit
and safety of BT

10 years or more
post procedure. 192
subjects from the AIR
trial, AIR 2 trial and
RISA trial were
included.

the RISA trial. 14
participants out of
15 who received
bronchial
thermoplasty
participated in the
study.

190 subjects in the PAS Post BT in the PAS 2

trial there was

a decrease in ED
visits,
hospitalizations and
the dose of ICS. At
3 year follow up
39.9% subjects in
PAS 2 experienced
at least one severe
asthma
exacerbation,

a 44.6% decrease in
exacerbation prior
to BT. This mirrored
the results of the
AIR 2 study.

The results showed
that BT had long
term treatment
benefits
demonstrated by
a persistent
reduction in the
number of patients
having severe
exacerbation or
Emergency Room
visits. Adverse
respiratory events
or hospitalization
due to a respiratory
event were the
same
throughout year
one to year five.

10 year or more follow The rate of decrease

in the ER visits,
hospitalization and
severe asthma
exacerbation were
maintained over
the ten years post
bronchial
thermoplasty. High
resolution CT scans
of the participants
from the AIR 2 were
also evaluated to
find any image
changes. 13
subjects out of 97
had bronchiectasis
out of which 6
developed
bronchiectasis after
bronchial
thermoplasty
treatment.

A five year follow up of There was a decrease

in hospitalization
and ER visits for up
to 5 years
compared to

the year before BT
treatment.
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(PAS 2) is currently ongoing. The first 190 subjects in
the PAS 2 trial were compared with 190 subjects in
the AIR 2 trial. PAS 2 trial is an open label, observa-
tional, multicenter study to show the effectiveness
and safety of BT in the real world. Patients in the
PAS 2 trial were on higher dose of ICS, were older,
had a higher BMI and more likely to have been
hospitalized or have an asthma exacerbation in the
12 months preceding the procedure. Post BT in the
PAS 2 trial there was a reduction in ED visits, hospi-
talizations and the dose of ICS. At 3 year follow up
39.9% subjects in PAS 2 experienced at least one
severe asthma exacerbation, a 44.6% decrease in
exacerbation prior to BT. This mirrored the results
of the AIR 2 study [12].

Five year follow up of the RISA trial showed sus-
tained benefit. There was a decrease in hospitalization
and ER visits for up to 5 years compared to the year
before BT treatment. Hence, BT was deemed safe
even after 5-year post-treatment [13].

BT 10+ is a 10 year or more follow up on subjects
in the AIR trial, RISA trial and the AIR 2 trial under-
going bronchial thermoplasty. It evaluated the dur-
ability of treatment response and safety of bronchial
thermoplasty 10 years or more post procedure. One
hundred ninety-two subjects from the AIR trial, AIR
2 trial and RISA trial were included. The rate of
decrease in the ER visits, hospitalization and severe
asthma exacerbation were maintained over the ten
years post bronchial thermoplasty. High-resolution
CT scans of the participants from the AIR 2 were
also evaluated to find any image changes. Thirteen
subjects out of 97 had bronchiectasis out of which 6
developed bronchiectasis after being treated with BT.
Opverall, this study shows that the benefits of BT are
persistent for 10+ years [14].

5. Effects of BT on bronchial responsiveness

It is hypothesized that BT decreases bronchial hyper-
responsiveness by decreasing the airway smooth mus-
cle mass and subepithelial basement membrane
thickness. At the same time, it does not cause an
increase in the production of inflammatory
mediators.

In one study, 300 bronchial specimens were evaluated
in 15 patients, with severe asthma, prior to BT treatment
and 3 months after treatment. The effect of BT was
studied on cellular level in terms of the measurement
of airway smooth muscle area and subepithelial thick-
ness. Bronchial thermoplasty led to improvement in
asthma control and quality of life. At 3 months, this
clinical benefit was associated with a reduction in the
area of the airway smooth muscles, thickness of the
subepithelial basement membrane (median values
before and after BT, respectively, 4.4 pm and 3.9 um
respectively), and epithelial neuroendocrine cells

(median values before and after BT, respectively: 4.9/
mm and 0.0/mm, respectively) [15].

In another study, Ichikawa et al. recruited 14 subjects
with severe asthma who had a bronchial biopsy per-
formed during the initial bronchoscopic procedure and
6 weeks after the initial BT procedure. The obtained
sample was stained with antibodies for a-smooth mus-
cle actin (a-SMA). Results showed that alpha-smooth
muscle actin was decreased post-BT. Biopsy specimens
were also stained for a nerve marker, interleukin-17A
(IL-17A), transforming growth factor-B1 (TGF B1) and
a marker for blood vessels. The results showed that that
there was a reduction in PCP 9.5- a nerve marker. There
was no impact on the production inflammatory mar-
kers- IL-17A and TGF B1. The number of blood vessels
remained similar before and after procedure [16].

In the TASMA randomized trial 40 subjects with
severe asthma were randomized to either receive
immediate BT or to continue to receive standard of
care followed by BT after six months. Endobronchial
biopsy results after 6 months of treatment showed
that there was a >50% reduction in the airways
smooth muscle mass in the immediate BT treatment
group compared to no change in the airway smooth
muscle mass in the delayed BT treatment group [17].
Interestingly, even though it showed a decrease In
airway smooth muscle mass however treatment
response did not corelate with it. Response was better
in patients with a higher IgE level.

6. CT chest changes after BT

Most changes on CT chest post BT are temporary
and resolve or decrease spontaneously. AIR 2 trial
showed that six participants developed bronchiectasis
more than one year after BT treatment; however, it is
important to further if bronchiectatic
changes were due to BT treatment.

A study assessed the immediate changes after BT
using non contrast CT chest at the time of enrollment
in the study and after each BT session. Thirteen
patients and a total of 38 treated lobes were evaluated.
All 38 lobes on day 1 showed ground glass opacities
and consolidations along the bronchi. There was
involvement of an adjoining untreated lobe in 12
out of 38 (32%) cases . A one month follow up CT
thorax was performed in 11 patients, having a total of
15 treated lobes. Opacities completely disappeared in
10 patients and decreased in 5 patients [18].

Other studies have shown similar findings. CXR
and CT chest show changes post procedure however
they resolve in almost all cases [19].

evaluate

7. Conclusion

BT is an effective treatment modality in patients with
severe asthma. It reduces asthma-related adverse
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events and improves the quality of life of asthmatics.
It is hypothesized that BT reduces airway hyperreac-
tivity and narrowing by decreasing airway smooth
muscle mass and neuroendocrine epithelial cells. It
is well tolerated and safe. Even though there is an
increase in respiratory adverse events, mostly during
the first 7 days post-procedure, follow-up studies
have shown it has a good safety profile.

In the future, more clinical trials are needed to
find the ideal candidates for BT treatment and to
compare the response of BT treatment in patients
with Type 2 and non-Type 2 asthma.
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