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Background: Bronchial thermoplasty (BT) is a novel endoscopic therapy for severe asthma. Traditionally it is per-
formed in three separate treatment sessions, targeting different portions of the lung, and each requires an anaesthetic
and hospital admission. Compression of treatment into 2 sessions would present a more convenient alternative for
patients. In this prospective observational study, the safety of compressing BT into two treatment sessions was com-

Methods: Sixteen patients meeting ERS/ATS criteria for severe asthma consented to participate in an accelerated

treatment schedule (ABT), which treated the whole left lung followed by the right lung four weeks later. The short-
term outcomes of these patients were compared with 37 patients treated with conventional BT scheduling (CBT).

The outcome measures used to assess safety were (1) the requirement to remain in hospital beyond the electively
planned 24-h admission and (2) the need for re-admission for any cause within of 30 days of treatment.

Results: The total number of radiofrequency activations delivered in the ABT group was similar to CBT (187 £ 21 vs
176 £40, p=0.326). With ABT, 11 in 31 admissions (37.9%) required prolonged admission due to wheezing, com-
pared to 5.4% with CBT (p =0.0025). The mean hospital length of stay with ABT was 1.8 £ 1.3 days, compared to
1.1£0.4 days (p<0.001). ICU monitoring was required on 5 occasions with ABT (16.1%), compared to 0.9% with CBT
(p=0.002). Subgroup analysis demonstrated that females were more likely to require prolonged admission (OR 11.6,
p=0.0025). The 30-day hospital readmission rate was similar for both groups (6.4% vs 5.4%, p=0.67). All patients
made a complete recovery after treatment with similar outcomes at the 6-month follow-up reassessment.

Conclusion: This study demonstrates that ABT results in greater short-term deterioration in lung function associated
with a greater risk of prolonged hospital and ICU stay, predominantly affecting females. Therefore, in females, these
risks need to be balanced against the convenience of fewer treatment sessions. In males, it may be an advantage to

Background

Bronchial thermoplasty (BT) is a bronchoscopic, non-
pharmacological intervention for the management of
asthma. It offers an alternative therapeutic option for
those with severe asthma, defined by the Global Initiative
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for Asthma (GINA) as those with persistent symptoms
requiring step 5 of controller treatment [1]. BT involves
the delivery of radiofrequency energy to distal airways of
2-10 mm in diameter, using a catheter electrode intro-
duced by a flexible bronchoscope [2]. The goal of treat-
ment is to induce atrophy in the airway smooth muscle
layer, which is known to be hypertrophied in severe
asthma [3, 4]. Treatment benefits have been estab-
lished in three randomised controlled trials, and three
real-world registries, which have each demonstrated
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improved symptom control and quality of life scores, and
reduced exacerbation frequency [5-10].

The major adverse effect of bronchial thermoplasty
is short-term aggravation of asthma in the immediate
post-operative period [2]. Following BT, an average fall
in post-bronchodilator Forced Expiratory Volume in 1-s
(FEV1) of 9% has been reported [11]. This is maximal
24 h post procedure, after which there is steady recovery.
The degree of fall in FEV1 is proportional to the quantum
of radiofrequency treatment applied [11]. Historically,
BT has been divided into 3 treatment sessions, separated
by 3—4 weeks, each treating different portions of the lung
[2]. However, this treatment plan does mean that patients
require three separate hospital admissions with three
separate anaesthetics to complete their treatment. This
adds to the cost and the inconvenience of the treatment,
particularly when patients live remotely to the treatment
centre. If patients could be safely treated in two sessions
rather than three, this would be a more attractive propo-
sition for patients, doctors, hospitals and health funds.

Therefore, the aim of this study was to investigate
whether BT could be safely compressed into two treat-
ment sessions.

Methods

Study subjects

This was a single centre, prospective, observational study
conducted at a tertiary referral centre. Patients were
evaluated for BT at the request of their treating special-
ist respiratory physician, having already been evaluated
to ensure that (1) comorbidities had been addressed, (2)
biological treatments had been instigated where indi-
cated, and (3) adherence with optimized asthma therapy
including high dose inhaled corticosteroids and dual
long-acting bronchodilator therapy had been demon-
strated. All patients were required to meet the European
Respiratory Society/American Thoracic Society (ERS/
ATS) definition of severe asthma. [12].

During the 18 months, January 2019 to June 2020,
16 patients undertook BT using the accelerated, two-
treatment, treatment schedule. The outcomes of these
patients were compared with the 37 patients in whom
BT had been completed prior to January 2019, where
conventional BT scheduling using three treatments had
been used. All patients undergoing BT at our centre were
included.

Procedure

Patients being treated in two sessions had the left upper
and lower lobes treated in the first treatment session,
and then the right upper and lower lobes treated in
the second session. As is standard practice, the right
middle lobe was not treated. All patients received oral
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steroid premedication of 50 mg Prednisolone/day for
three days prior to the procedure and 3 days post pro-
cedure, as with conventional BT. Patients also received
inhaled bronchodilators immediately prior to the pro-
cedure, and intraoperative intravenous dexamethasone
and glycopyrrolate. They were routinely observed in
hospital overnight following treatment, with expected
discharge the next morning. The number of radiofre-
quency activations generated at each treatment session
was recorded.

Outcomes

In this study, the primary outcomes related to adverse
events, and were defined by (1) admission to hospital
beyond the planned 24 h and/or (2) readmission to any
hospital for any cause in the 30 days following any treat-
ment session. These events were established by medical
record review and by direct patient enquiry. The fre-
quency of adverse events were compared between the
accelerated treatment group and the cohort of patients
who had received conventional BT. In addition, a cali-
brated portable spirometer (Jaeger Vyntus Pneumo,
Carefusion, Germany) was used to record the post bron-
chodilator FEV1 immediately preoperatively in theatre,
and then again, in the ward 24 h later, in order to quantify
the fall in FEV1 post procedure. This data was available
for all 16 patients treated with the accelerated treatment
plan, but only available for 20 of the 37 patients treated
with standard BT.

Secondary outcome measurements related to the ther-
apeutic effects of BT. All patients were evaluated at base-
line, 4 weeks prior to the initial BT procedure, by age,
gender, BMI, medication history, exacerbation frequency,
spirometry and the Asthma Control Questionnaire,
5-item version [13]. Permission to use this instrument
had been specifically granted to us by its author, Eliza-
beth Juniper. Exacerbations were defined by the need for
an increase in oral corticosteroids for 3 days. Evaluations
were repeated 6 months after the completion of all BT
procedures.

Spirometry was undertaken in an accredited labora-
tory by experienced respiratory scientists, and to ERS/
ATS standards, using the Jaeger Vyntus Body (Carefu-
sion, Germany) calibrated on the day of patient testing
[14]. Predicted values were drawn from the Global Lung
Initiative [15].

Ethics

This study was prospectively approved by the Peninsula
Health Human Research Ethics Committee. Patients were
enrolled only after informed consent had been obtained.
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Statistical analysis

For normally distributed data, results are presented as
mean +standard deviation, and comparisons are made
with a t-test. Where sample sizes are small, data is pre-
sented as median (interquartile range) and comparisons
are made with a Wilcoxon signed rank test for paired
data, and a Mann—Whitney U test for unpaired data. A
Fisher’s Exact test is used to compare categorical data.
Statistical significance was taken at p<0.05 for a two-
tailed test.

Results

Baseline characteristics

The clinical features of both sets of patients are summa-
rized in Table 1. This was a group of very severe asth-
matics, with severely impaired lung function, and high
medication and symptom burdens. Time-based differ-
ences were evident between the two groups of patients
with the more recent BT patients being more severely
affected as demonstrated by higher ACQ, higher main-
tenance dose of oral steroids, and more frequent use of
reliever medication. This was expected because many of
the conventionally treated patients underwent BT prior
to the availability of anti-interleukin-5 monoclonal anti-
body therapy in Australia (January 2017). As a result,
those patients undergoing BT in the latter years, and by
the accelerated treatment approach, were more likely to
be already being treated with biological therapy, and yet,

Table 1 Baseline clinical characteristics of BT patients

BT treatment group Accelerated  Conventional p

Sample size 16 37

Age (years) 49.0 (20.8) 59.0 (19.5) 0.154
Males (%) 43.8 48.6 0.660°
BMI (kg/mz) 34.0(10.6) 29.0(7.7) 0.008
Tobacco (pack/years) 0(7) 0(9.5) 0.938
ACQ 35(1.5) 30(1.5) 0.259
Exacerbations in 6 months 2.0 (4.4) 2.0 (4.0) 0.868
FEV1 (% predicted) 459 (22.1) 495 (26.3) 0.291

FER (%) 56.0 (24.25) 51.1(19.6) 0.106
Change FEV1 post BD (%) 0.9 (29.5) 125(22.5) 0.880
Prednisolone (mg/d) 10.0 (25) 50(10) 0.105

Inhaled steroids (eq/d) 2000 (1000) 2000 (1000) 0.750
SABA (puffs/day) 12.0 (9) 8.0 (14) 0.034
Biological therapy (%) 62.5 135 0.001°
Bl. Eosinophils (cells/ul) 50 (100) 200 (400) 0.003

IgE (LU) 40 (140) 67 (156) 0330

Median (Interquartile range) p: Mann Whitney test * Fishers exact test, BMI body
mass index, ACQ Asthma Control Questionnaire, FEV1 forced expiratory volume
1 s, FER forced expiratory ratio, SABA short acting beta agonist. Inhaled steroid
dose measured in beclomethasone equivalent dose, BD: bronchodilator, I.U:
International Units, Bl: Blood
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despite this, still severely symptomatic. (Patients who had
done well with biological therapy would not have needed
BT).

Treatment

In the accelerated treatment group, 15 patients com-
pleted both treatments whilst one patient declined fur-
ther treatment following the first treatment session. This
particular patient was average for the group in terms of
baseline FEV1% predicted, ACQ, prednisolone dose and
requirement for bronchodilators. However, they were of
a particularly anxious predisposition, which the authors
believe to be the main reason treatment was not contin-
ued. The 37 patients treated with conventional BT com-
pleted all 111 treatments.

The total number of radiofrequency activations deliv-
ered was similar in both patient groups — 187421 in
the accelerated treatment group, compared to 176 40
in the conventional treatment approach (p=0.326).
Thus, both groups received a similar quantum of treat-
ment independent of the scheduling. In practice, this
meant that when the whole left lung was treated in the
accelerated treatment group, 10017 activations were
administered in one session, by comparison with 49 £ 14
activations when just the left lower lobe was treated in
the conventional approach (p<0.001). Similarly, on the
right side, 89 +21 activations were delivered in one ses-
sion to the right lung in the accelerated protocol, com-
pared with 48417 activations to the right lower lobe
with the conventional approach (p <0.001). In our centre,
we allow 45 min of theatre time for each booked BT case.
Although the operating time was 10 min longer when a
whole lung was treated by BT, every case was completed
within the allowed usual theatre time, and without alter-
ing subsequent theatre scheduling.

The mean fall in post bronchodilator FEV1 24 h after
BT was 403+352 ml, or 22.6+16.4% with accelerated
treatment. This was significantly greater than when either
the right or left lower lobes were treated with conven-
tional scheduling, where the fall after treatment in FEV1
was 1144243 ml or 5.0+ 15.0% (p=0.001). However, the
fall in FEV1 after conventional upper lobe treatment was
not statistically different from treating either the whole
left or right lung (p =0.203) (Table 2).

Adverse events

Patients remaining in hospital longer than 24 h after the
procedure were deemed to have experienced an adverse
event, and with standard treatment, this occurred in 6
instances of 111 admissions (5.4%). By comparison, with
accelerated treatment, there were 11 occurrences in 31
admissions (37.9%) when patients remained in hospi-
tal after 24 h (p<0.001). The medical notes recorded
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Table 2 Change in post bronchodilator FEV1 24 h post BT
n Activations FEV1 day 0 FEV1 day 1 % fall p

Accelerated group

Left lung 16 100£17 1.80+1.01 1454095 2134135 0.001

Right lung 89421 1.80£091 1.35+£0.74 2394198 0.001
Conventional group

Left lower lobe 20 49414 1.634+0.58 1.54£0.52 35+16.2 0.140

Right lower lobe 48+17 1.64£0.56 1.50+£047 6.6+139 0.010

Upper lobes 84+37 1.70£0.58 143£057 171£126 0.001

Mean =+ standard deviation p compares the FEV1 on day 1 with day 0 by paired t test

FEV1: Forced Expiratory Volume in 1-s (litre)

that in each case this was due to wheezing. The mean
hospital length of stay for patients receiving accelerated
treatment was 1.8+ 1.3 days, compared to 1.1+0.4 days
in the standard group (p<0.001). No patient required
endotracheal intubation and mechanical ventilation,
but there were 5 occasions in the accelerated treatment
group (16.1%) when patients required monitoring in the
Intensive Care Unit, compared to 1 occasion (0.9%) in the
standard treatment group (p=0.002).

Two patients (6.4%) in the accelerated treatment group
were readmitted within 30 days of a BT procedure, one
for pneumonia and one for non-ischaemic chest pain.
Both made a full recovery. This readmission rate was sim-
ilar in the standard treatment group (5.4%, p=0.670).

In the accelerated treatment group, a subgroup analysis
was conducted to compare the baseline characteristics of
those patients who remained in hospital longer than 24 h
with those who were discharged within 24 h as originally
planned. These results are shown in Table 3. Across most
parameters, there were no distinguishing differences.
However, there appeared to be a gender difference. For
males, there was a 1 in 14 admissions chance (7.1%) of

remaining in hospital after 24 h with accelerated treat-
ment, whilst in females this chance was 6 in 17 admis-
sions (35.2%) (p=0.090). Interestingly, in our standard
treatment group, all 6 instances of prolonged admission
were also all females. Hence, for the pooled group of 53
patients undergoing 142 BT procedures, there was one
male admission (1.4%) and 12 female admissions (16.2%)
longer than 24 h, resulting in an odds ratio for prolonged
hospital stay of 11.6 females to males (p =0.0025).

To explore why there was a higher adverse event rate
in females, two further comparisons were made. The
baseline characteristics of the 28 females were compared
with 25 males (Table 4). Overall, both groups of patients
were found to be very similar, but, as expected, males
had larger lungs. Therefore, the fall in lung capacity fol-
lowing BT treatment was compared by gender for the
pooled group of 36 patients (19 female, 17 male) where
FEV1 had been measured routinely 24 h post procedure.
This comparison is shown in Table 5. The data suggests
that the percentage fall in FEV1 post BT is significantly
less in males, who are protected by higher baseline lung
volumes.

Table 3 Clinical characteristics of patients treated with accelerated BT protocol and remaining in hospital longer than 24 h post BT

Hospital stay <24 h Hospital stay>24 h p

n 9 7

Age (years) 50.0 (20) 48 (25) 0918
Male: Female 63 1:6 0.0607
BMI (kg/m?) 34(11) 36 (13) 0210
ACQ 3.2(1.6) 3.6(1.6) 0918
FEV1 (% predicted) 457 (22.8) 56.5(15.9) 0.681
Exacerbations (6 months) 2 (5) 4 (5) 1.000
Prednisolone (mg/d) 0 (25) 20 (30) 0.210
Inhaled Steroids (eqg/d) 1600 (1000) 2000 (2000) 0.351
SABA (puffs/d) 12(18.5) 12 (6) 0.837
Activations 180 (49) 172 (36) 0.272

Median (Interquartile range), p: Mann-Whitney U test ?: Fisher’s exact test. BMI body mass index, ACQ Asthma Control Questionnaire, FEVT forced expiratory volume
1's, SABA short acting beta agonist. Inhaled steroid dose measured in beclomethasone equivalent dose



Koshy et al. Respiratory Research (2021) 22:307

Table 4 Clinical characteristics by gender
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Table 6 Clinical outcomes following BT

Females Males P

n 28 25

Age (years) 552£11.1 568+154 0.670
BMI (kg/mz) 315178 30265 0516
ACQ 35409 32+£1.1 0.255
FEV1 (%opredicted) 536+£194 484+136 0.271
FEV1 (litre) 1.29+056 1.70+£0.65 0.017
Exacerbations (6 m) 3(4) 2(35) 0.245°
Prednisolone (mg/d) 102+125 84+13.2 0.603
Inhaled Steroids (eqg/d) 16754900 1796 +852 0618
SABA (puffs/d) 11.5(13) 6(9) 0.046°
Bl eosinophils (cells/ul) 2284246 2624318 0.647
IgE (1U/ml) 50(179) 52(312) 0.286°
Total activations 175£36 183£38 0.409

Mean =+ standard deviation, median (Interquartile range) p: t-test : Mann
Whitney U test

BMI body mass index, ACQ Asthma control Questionnaire, FEVT forced expiratory
volume 1-s, SABA short acting beta agonist Inhaled steroids; beclomethasone
equivalent dose in micrograms

Table 5 Change in FEV1 post procedure by gender

Females Males p
n 19 17
Post BD FEV1 day O (litre) 1.4940.57 1.864+0.78 0.015
Post BD FEV1 day 1 (litre) 1.22+0.50 1.65+0.67 0.001
Volume change (litre) 02740.28 0214032 0376
% change from baseline — 1724180 — 954159 0.034

p: ttest FEV1: Forced Expiratory Volume 1 s BD: bronchodilator

The accelerated treatment group were more obese than
their conventional comparitors (Table 1). To ensure that
the higher adverse event rate was not an effect of obesity,
the baseline BMI was compared in the 10 patients who
stayed in hospital longer than 24 h (33.9+£2.0) with the
43 patients who were discharged within 24 h (30.2+7.3),
and this difference was not statistically significant
(p=0.14).

Outcomes 6 months post procedure

The clinical responses to treatment were measured
6 months after the completion of BT, and these results
are presented in Table 6. Substantive, clinically mean-
ingful improvements were observed in ACQ, exacerba-
tion frequency, and medication usage. A trend towards
improvement in FEV1 was observed. The magnitude of
the changes were similar, and not statistically different, in
both treatment groups. For example, the mean improve-
ment in ACQ was 1.2+1.2 in the accelerated treat-
ment group, compared to 1.4+1.3 with conventional

Pre BT 6 months post BT p
Accelerated treatment (n=15)
ACQ 35(15) 24(1.6) 0.005
SABA (puffs/day) 12.0(9) 6.0(85) 0.006
Exacerbations per 6 months 2.0 (4.4) 0(2.0) 0.007
Prednisolone (mg/day) 10.0 (25) 7.5(10) 0.058
FEV1 (% predicted) 459 (22.1) 51.6(40.6) 0.008
Conventional treatment (n=37)
ACQ 3.0(15) 1.6(1.7) 0.001
SABA (puffs/day) 80(140) 1.0(6.25) 0.001
Exacerbations per 6 months 2.0 (4.0) 0.0(1.5) 0.001
Prednisolone (mg/day) 5.0(10) 0(7.5) 0.015
FEV1 (% predicted) 495 (23.2) 51.6(22.8) 0.248

p =Wilcoxon signed rank test ACQ: Asthma Control Questionnaire, SABA short
acting beta agonist, FEVT forced expiratory volume 1s

teeatment (p=0.56), and the median (Q1, Q3) improve-
ment in short acting beta-2 agonist use was — 7.0 (— 12,
— 3.5) puffs/day in the accelerated treatment group com-
pared to — 4.0 (— 9.0) puffs/day with conventional treat-
ment (p=0.19).

Discussion

This is the first study to examine the delivery of BT in two
treatment sessions, and make comparisons with conven-
tional treatment in three sessions. Whilst both groups
of patients experienced favourable and comparable out-
comes at six months, a higher prevalence of prolonged
admission was observed in the accelerated group imme-
diately post-procedure (37.9% vs 5.4%). The implications
of this will be explored.

This was a cohort of patients with very severe asthma.
They had a high symptom burden despite biological
therapies and oral steroids, and the mean FEV1 of 45.9%
predicted was considerably lower than participants in the
AIR and AIR 2 trials (whose participants had an FEV1
of >60% predicted), and RISA of >50% predicted [16—18].
It is common for asthma symptoms to initially worsen
as the result of acute airway inflammation and oedema
from BT [19]. Those in the accelerated group had a larger
number of airways treated in each session, and previ-
ous studies have demonstrated a relationship between
higher activations delivered and a greater decline in FEV1
[11]. This finding is supported by the greater decline in
FEV1 observed 24 h post-procedure with the accelerated
treatment in this study. Therefore, it is not surprising
that these patients took longer to recover. Nevertheless,
the effects seen in the accelerated group were transient.
The mean hospital stay was 1.8 +1.3 days, and, following
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hospital discharge, the readmission rate was low and sim-
ilar between the two treatment groups.

The subgroup analysis suggests that the risk of pro-
longed hospital admission following BT pertained pre-
dominantly to females, and this occurred irrespective of
the treatment regimen delivered. This has not been previ-
ously noted. The three randomized controlled trials of BT
did not present a breakdown of adverse effects by gen-
der. The odds ratio of 11.6 for prolonged hospital stay in
females is so strong in this study it seems unlikely to have
occurred by chance. Table 4 demonstrates the similarity
in clinical characteristics here between the females and
males, save for the expected anthropomorphic difference
of a lower absolute FEV1 in females. We postulate that
this may be a factor in the higher post-operative adverse
event rate in females. The volume change in FEV1 after
BT appears to be at least as great in females as males, but
with females starting from a lower baseline, the impact of
the deterioration becomes substantially greater (Table 5).

There are attractions to performing BT in fewer ses-
sions. Hospital admission and post-operative recov-
ery are disruptive to a patient’s life. Patients in this
study were generally enthusiastic about the concept of
compressing treatment into two sessions, even when
informed of a potential risk of a longer hospital stay. This
became a particularly strong advantage for patients who
lived interstate or remotely to the treatment centre. Some
patients also felt it was a significant advantage in hav-
ing two anaesthetics rather than three. This study dem-
onstrates that there is obviously a trade-off between the
convenience of two treatments and the inconvenience of
greater short-term post-operative deterioration.

There are also differing economic implications depend-
ing on the drivers in health services. In a country where
access to theatre is a major constraint in the delivery of
surgery, such as in a publicly funded healthcare system,
the ability to perform BT in two treatments is a sig-
nificant step forward, and would reduce surgical wait
times. On the other hand, in areas where the high cost
of an overnight hospital bed is the predominant driver in
healthcare delivery, such as the United States of America,
bronchoscopists may be better to continue to offer tradi-
tional 3 session BT on a day-case basis. In such a country,
an alternative approach to improve patient convenience,
may be to offer single treatment, limited BT, targeted
by preprocedural hyperpolarized Magnetic Resonance
Imaging (MRI) [20]. This technique shows great promise,
but is currently severely limited by the lack of availability
of hyperpolarized MRI in most centres.

Being a feasibility study, the numbers of patients stud-
ied here were deliberately small, as we were concentrat-
ing on establishing patient safety in the first instance.
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The technique would need repeating on a larger scale
before firm recommendations could be made. We must
acknowledge that this study was non-randomized,
and that time dependent differences between the two
patient groups are evident. However, given that the
accelerated treatment group were a more severe group
of asthmatics, this would serve to exaggerate any differ-
ences in safety between the two techniques rather than
provide false reassurance. In that sense, this is unlikely
to be a limitation and the results presented are more
akin to a worst-case scenario.

This study shows that it is possible to compress BT
into two treatments, and it appears particularly safe
to do so in males. However, there is a penalty to pay
by taking this approach, namely a greater fall in FEV1
in the immediate postoperative period. Therefore, at
our centre, we are not offering this approach to those
patients whose baseline FEV1 is less than 50% pre-
dicted, until further data becomes available.

Improving and refining treatment procedures to
minimise patient discomfort and maximise efficiency
is a natural development in the evolution of any medi-
cal procedure. Further research on a larger scale is
required to confirm our results, but accelerating the
delivery of BT appears to be safe in some patients with-
out compromising clinical outcomes.

Abbreviations

BT: Bronchial thermoplasty; FEV1: Forced expiratory volume in 1 s; VC: Vital
capacity; FER: Forced expiratory ratio; ERS/ATS: European Respiratory Society/
American Thoracic Society; ACQ: Asthma Control Questionnaire (5-item ver-
sion); SABA: Short acting beta-agonist; MRI: Magnetic Resonance Imaging.

Acknowledgements

The authors would like to thank Ms Ceri Banks for her dedicated assistance
with patient assessments. The authors acknowledge the support-in-kind from
Peninsula Health.

Authors’ contributions

DL designed this study, recruited all patients, performed all bronchial ther-
moplasty procedures, and analysed the data. KK assisted with data collection,
analysis and manuscript writing. KB performed all lung function measure-
ments. JS assisted with study design and manuscript preparation. All authors
read and approved the final manuscript.

Funding
DL was the recipient of a post-graduate research scholarship from Monash
University. No industry funding was received.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was prospectively approved by the Peninsula Health Human
Research Ethics Committee. All patients provided written, informed consent
prior to participation.



Koshy et al. Respiratory Research (2021) 22:307

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details

'Department of Thoracic Medicine, Frankston Hospital, Peninsula Health, 2
Hastings Road, Frankston, VIC 3199, Australia. “Faculty of Medicine, Nursing
and Health Sciences, Monash University, Clayton, VIC, Australia.

Received: 20 June 2021 Accepted: 19 November 2021
Published online: 29 November 2021

References

1. GINA. Global strategy for asthma management and prevention: updated
2015. http://www.ginasthma.org/. 2015.

2. Mayse ML, Laviolette M, Rubin AS, Lampron N, Simoff M, Duhamel D,
Musani A, Yung R, Mehta A. Clinical pearls for bronchial thermoplasty. J
Bronchol. 2007;14(2):115-23.

3. James A, Bai R, Mauad T, Abramson M, Dohlnikoff M, McKay K, Maxwell P,
Elliot J, Green F. Airway smooth muscle thickness in asthma is related to
severity but not duration of asthma. Eur Respir J. 2009;34:1040-5.

4. Pretolani M, Dombret MC, Thabut G, Knap D, Hamidi F, Debray MP. Reduc-
tion of airway smooth muscle mass by bronchial thermoplasty in patients
with severe asthma. Am J Respir Crit Care Med. 2014;190(12):1452-4.

5. Thomson NC, Rubin AS, Niven RM, Corris P, Siersted H, Olivenstein R,
Pavord |, McComack D, Laviolette M, Shargill N, Cox G. Long-term (5 year)
safety of bronchial thermoplasty: asthma intervention research (AIR) trial.
BMC Pulm Med. 2011;11:8.

6. Wechsler ME, Laviolette M, Rubin AS, Fiterman J, Lapa e Silva J, Shah P, Fiss
E, Olivenstein O, Thomson N, Niven R, Pavord |, Simoff M, Hales J, McEvoy
C, Slebos D, Holmes M, Phillips M, Erzurum E, Hanania I, Sumino K, Kraft
M, Cox G, Sterman D, Hogarth K, Kline J, Mansur A, Luoie B, Leeds W,
Babers R, Austin J, Shargill N, Quiring J, Armstrong B, Castrom M. Bronchial
thermoplasty: long-term safety and effectiveness in patients with severe
persistent asthma. J Allergy Clin Immunol. 2013;132(6):1295-302.

7. Pavord ID, Thomson NC, Niven RM, Corris P, Cox G, Armostrong B, Shargill
N, Laviolette M. Safety of bronchial thermoplasty in patients with severe
refractory asthma. Ann Allergy Asthma Immunol. 2013;111(5):402-7.

8. Chupp G, Laviolette M, Cohn L, McEvoy C, Bansal S, Shifren A, Khatri
S, GrubbM ME, Strauven R, Kline J. Long-term outcomes of bronchial
thermoplasty in subjects with severe asthma: a comparison of 3-year
follow-up results from two prospective multicenter studies. Eur Respir J.
2017;50:1700017.

9. Langton D, Ing A, Fielding D, Hersch N, Sha J, Plummer V, Thien F. Safety
and effectiveness of bronchial thermoplasty when FEV1 less than 50%.
Chest. 2019. https://doi.org/10.1016/j.chest.2019.08.2193.

10. Torrego A, Herth F, Munoz A, Facciolongo N, Bicknell S, Novali M, Gas-
parini S, Bonifazi M, Dheda K, Andreo F, Votruba J, Langton D, Fiandes J,
Fielding D, Bonta P, Skowasch D, Ing A, Schultz C, Darwiche K, McMullen
E, Nolan F, Niven R. Bronchial thermoplasty Global Registry: one year
results. Eur Respir J. 2018;52(Suppl 62):0A1921.

11. Langton D, Wang W, Thien F, Plummer V. The acute effects of bronchial
thermoplasty on FEV1. Respir Med. 2018;137:147-51.

Page 7 of 7

12. Chung FK, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk P, Adcock I,
Bateman E, Bel E, Bleecker E, Boulet LP, Brightling C, Chanez P, Dahlen
SE, Djukanovic R, Frey U, Gaga M, Gibson P, Hamid Q, Jajour N, Mauad T,
Sorkness R, Teague WG. International ERS/ATS guidelines on definition,
evaluation and treatment of severe asthma. Eur Respir J. 2014;43:343-73.

13. Juniper EF, O'Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development and
validation of a questionnaire to measure asthma control. Eur Respir J.
1999;14:902-7.

14. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo
R, Enright P, van der Grinten CP, Gustafsson P, Jensen R, Johnson DC,
Maclntyre N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G,
Wanger J. ATS/ERS Task Force: standardisation of spirometry. Eur Respir J.
2005;26(2):319-38.

15. Cooper BG, Stocks J, Hall GL, Culver B, Steenbruggen |, Carter KW,
Thompson BR, Graham BL, Miller MR, Ruppel G, Henderson J, Fragoso
CAV, Stanojevic S. The Global Lung Function Initiative (GLI) Network:
bringing the world'’s respiratory reference values together. Breathe.
2017;13:e56-64.

16. Cox G, Thomson NC, Rubin AS, Niven RM, Corris PA, Siersted HC, et al.
Asthma control during the year after bronchial thermoplasty. N Engl J
Med. 2007;356(13):1327-37.

17. Castro M, Rubin AS, Laviolette M, Fiterman J, De Andrade LM, Shah PL,
et al. Effectiveness and safety of bronchial thermoplasty in the treatment
of severe asthma: a multicenter, randomized, double-blind, sham-con-
trolled clinical trial. Am J Respir Crit Care Med. 2010;181(2):116-24.

18. Pavord ID, Cox G, Thomson NC, Rubin AS, Corris PA, Niven RM, et al. Safety
and efficacy of bronchial thermoplasty in symptomatic, severe asthma.
Am J Respir Crit Care Med. 2007;176(12):1185-91.

19. Tan LD, Yoneda KY, Louie S, Hogarth DK, Castro M. Bronchial thermo-
plasty: a decade of experience: state of the art. J Allergy Clin Immunol
Pract. 2019;7(1):71-80.

20. Hall CS, Quirk JD, Goss CW, Lew D, Kozlowski J, Thomen RP, et al. Single-
session bronchial thermoplasty guided by (129)Xe magnetic resonance
imaging. A pilot randomized controlled clinical trial. Am J Respir Crit Care
Med. 2020;202(4):524-34.

21. Menzella F, Zucchi L, Piro R, Galeone C, Castagnetti C, Facciolongo N. A
budget impact analysis of bronchial thermoplasty for severe asthma in
clinical practice. Adv Ther. 2014;31(7):751-61.

22. Matsumoto S, likura M, Kusaba Y, Katsuno T, Tsujimoto Y, Kakuwa T,
et al. Cost-effectiveness of bronchial thermoplasty for severe asthmatic
patients in Japan. Glob Health Med. 2020;2(6):388-91.

23. Zein JG, Menegay MC, Singer ME, Erzurum SC, Gildea TR, Cicenia JC, et al.
Cost effectiveness of bronchial thermoplasty in patients with severe
uncontrolled asthma. J Asthma. 2016;53(2):194-200.

24. Nguyen HV, Bose S, Mital S, Yii ACA, Ang SY, Lam SSW, et al. Is bron-
chial thermoplasty cost-effective as treatment for problematic asthma
patients? Singapore’s perspective on a global model. Respirology.
2017,22(6):1102-9.

25. Castro M, Musani Al, Mayse ML, Shargill NS. Bronchial thermoplasty: a
novel technique in the treatment of severe asthma. Ther Adv Respir Dis.
2010/4(2):101-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.ginasthma.org/
https://doi.org/10.1016/j.chest.2019.08.2193

	Safety of delivering bronchial thermoplasty in two treatment sessions
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study subjects
	Procedure
	Outcomes
	Ethics
	Statistical analysis

	Results
	Baseline characteristics
	Treatment
	Adverse events
	Outcomes 6 months post procedure

	Discussion
	Acknowledgements
	References


