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Abstract

Purpose of Review Severe asthma can be difficult to manage. While not always indicated,
bronchoscopy has a role in the diagnosis and management of asthma, particularly in rul-
ing out other differential diagnoses. Additionally, the emergence of biologic therapies has
changed the landscape for treating severe asthma, but bronchoscopic techniques such as
bronchial thermoplasty (BT) may also play a role.

Recent Findings More data has emerged regarding the longevity and efficacy of BT as well
as in identifying ideal candidates. Other bronchoscopic techniques may also be useful in
treating patients with severe asthma but more studies are needed.

Summary This review focuses on the use of bronchoscopy to aid in diagnosis and treatment
of asthma with a focus on bronchial thermoplasty.

Introduction

Asthma affects more than 25 million Americans, inflammation and expiratory airflow limitation,
representing almost 8% of our population [1]. producing a constellation of symptoms including
It is typically characterized by chronic airway
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shortness of breath, cough, chest tightness, and
wheezing.

The diagnosis of asthma can be challenging. It is
imperative that other comorbid conditions and dif-
ferential diagnoses are considered for an accurate
diagnosis which in turn guides appropriate therapy.
The mainstays of treatment focus on reducing airway
inflammation and bronchospasm, often achieved with
bronchodilators and inhaled corticosteroids. Asthma
is variable in severity, with 17% considered difficult to
treat and 3.7% classified as severe [2¢]. More recently,
the discovery and identification of different asthma
phenotypes, mainly the distinction between type 2
airway inflammation and type 1, have shifted therapy
for severe disease towards targeted biologic therapy [3].

Non-pharmacological asthma treatments are limited,
although bronchial thermoplasty (BT) can be utilized
as add-on therapy for those with refractory, severe
asthma of either phenotype [2¢, 4¢¢]. BT uses radiof-
requency energy targeted at reducing airway smooth
muscle (ASM). Additionally, emerging data has shown
that bronchoscopic targeted bronchial denervation can
be used for treatment of chronic obstructive lung dis-
ease (COPD) [5] with thoughts that this may also be
translated as a therapeutic option in the management
of asthma. We review bronchoscopic techniques to aid
in the diagnosis and treatment of asthma, especially in
those with more refractory disease.

Diagnostic Utility of Bronchoscopy
- ___________000_0___]

The diagnosis of asthma requires a history of variable respiratory symptoms
as well as documented expiratory airflow limitation and variability in lung
function [2¢]. Still, there are many other diagnoses that can be mistaken for
asthma, especially for those with chronic cough. Bronchoscopy is not recom-
mended as a routine part of the work up of asthma or cough. However, bron-
choscopy can be useful in evaluating alternative diagnoses for select cases.

Flexible bronchoscopy can be particularly useful in identifying structural
abnormalities of the airways. With the ability to evaluate the tracheobron-
chial tree, it can be used to rule out tracheobronchomalacia, tracheal and/or
bronchial stenosis, endobronchial lesions, and airway foreign bodies, all of
which can cause symptoms which mimic asthma such as wheezing, cough,
and excess mucus. Flexible laryngoscopy may also be performed at the same
time to evaluate the vocal cords and upper airway.

In combination with a bronchoalveolar lavage (BAL), other co-morbidities
can be investigated such as GERD, infection, and chronic aspiration. A study
in 2014 showed that lipid laden macrophages (LLM) were higher in severe
asthmatics compared to those with mild or moderate asthma. Additionally,
a higher LLM count was associated with higher incidence of GERD. While
this correlation is not specific and LLM can be seen in many other respiratory
conditions, it highlights the importance of ruling out other comorbid condi-
tions, particularly in those with refractory disease [6].

Bronchoscopy and BAL has also been historically used to further classify
those with a diagnosis of asthma. One study utilized bronchoscopy and BAL
to distinguish different patterns in patients with severe or refractory asthma.
The authors proposed five phenotypes based on BAL findings: GERD, suba-
cute bacterial infection, those with tissue/BAL eosinophilia, combination,
and non-specific. These groups were then given more targeted therapy based
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on their classification, and all groups except for the nonspecific phenotype
demonstrated improved lung function and asthma control [7].

The advent of distinguishing type 1 from type 2 airway inflammation
in those with severe asthma has transformed the diagnostic and treatment
algorithm, and data obtained from bronchoscopy and/or BAL is not neces-
sary in making this distinction. Serum eosinophil counts and IgE levels, as
well as sputum eosinophil counts (not BAL), can be utilized to guide targeted
therapy [2¢, 3]. In those with uncontrolled, severe disease, consideration is
made for add-on targeted biologic therapy earlier in the treatment algorithm
for patients with type 2 inflammation, whereas the mainstay of treating those
with type 1 inflammation focuses on ruling out alternative diagnoses and
optimizing current management before considering biologics. Thus, bron-
choscopy is not routinely recommended for all asthma patients, although
those with type 1 inflammation or type 2 inflammation but refractory to
biologics may benefit from earlier diagnostic testing with bronchoscopy to
evaluate for alternative or co-morbid diagnoses.

Bronchial Thermoplasty

Increased ASM is thought to contribute to airway hyperreactivity and bron-
choconstriction in asthma. BT is currently the only approved treatment
focused on targeting ASM mass and is performed using the Alair™ Bron-
chial Thermoplasty System (Boston Scientific, Marlborough, MA). The flex-
ible treatment catheter is introduced via flexible bronchoscopy and delivers
temperature-controlled radiofrequency energy to the airway wall. BT has been
shown to decrease ASM without changing airway structure or vasculature [8,
9]. It is typically performed under moderate sedation or general anesthesia
and delivered over a series of three bronchoscopies. The sessions are typically
3 weeks apart target with each session targeting specific lobes of the lung in
a sequential fashion: right lower lobe, left lower lobe, and finally bilateral
upper lobes [10].

Three randomized controlled trials have investigated the efficacy and
safety of bronchial thermoplasty. The Asthma Intervention Research (AIR)
trial published in 2007 investigated 112 patients with moderate to severe
asthma treated with combination inhaler therapy including a long-acting beta
agonist (LABA) and inhaled corticosteroid (ICS) with a pre-bronchodilator
FEV1 between 60 and 85% who were randomized to either BT or usual care.
There was no sham bronchoscopy in the control arm raising the possibility
of a significant placebo effect. There was an increase in early adverse events in
the post-procedure period mostly due to a transient increase in asthma symp-
toms. However, the study ultimately demonstrated a significant improvement
at 12 months in the rate of mild exacerbations between the treatment and
control groups as well as improved Asthma Control Questionnaire (ACQ)
and Asthma Quality of Life Questionnaire (AQLQ) [10].

The Research in Severe Asthma Trial (RISA) was also published in 2007,
investigated 34 patients with severe persistent asthma randomized to either
BT and medical management or medical management alone. This trial
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included patients also on combination LABA and ICS, but included those
on up to 30 mg of oral corticosteroids (OCS) as well as those with an
FEV1 greater or equal to 50% with an average of 62.9 and 66.4 in the BT
and control groups, respectively. A transient increase in asthma-related
symptoms were again seen in the initial treatment period, but the study
demonstrated BT can be performed safely in patients with severe asthma
with a lower baseline FEV1. Additionally, a sustained improvement in res-
cue bronchodilator use and ACQ scores were observed at 1 year. However,
there was again no sham bronchoscopy performed in the control arm [11].

The Asthma Intervention Research 2 (AIR2) trial was published in 2010
and was the first randomized, double-blind study to evaluate the efficacy
and safety of BT to include sham bronchoscopy to address concerns of a
potential placebo effect. The study randomized 288 patients with a pre-
bronchodilator FEV1 greater or equal to 60% who were stable on LABA
and ICS therapy. OCS and other medications, including omalizumab, were
also allowed. Sham bronchoscopies were performed at the same 3-week
intervals as in the treatment arm with BT under the same conscious seda-
tion for bronchoscopy. The Alair catheter was deployed, and a sham RF
controller was utilized, which produced similar audio and visual signals
when activated, indistinguishable from the active RF controllers. The pri-
mary outcome was the difference in AQLQ scores from baseline between
the two groups at varying time points [12].

Both the BT and sham groups experienced an increase in respiratory
adverse events during the early post-treatment period, with more events
occurring in the BT group. The most common were worsening asthma
symptoms and upper respiratory tract infections; 8.4% in the BT group were
hospitalized during the treatment period compared with 2.0% in the sham
group. However, rates of exacerbations, adverse events, hospitalizations,
and ED visits were lower in the BT group at the 12-month follow-up which
despite the transient higher rate in the early post-treatment period [12].

The observed increase in exacerbations during the treatment period
is thought to be related to bronchoscopy and anesthesia as it was also
observed in the sham bronchoscopy group [12]. This transient increased
risk may be mitigated by administering a short course of OCS in the peri-
procedural period. Long-term safety data was reported in a 5-year follow-up
study on the AIR2 cohort which showed a lack of serious adverse events or
significant structural changes on high-resolution CT (HRCT), as well as sta-
bility in FEV1 and/or FVC. Also notable was the rate of severe exacerbations
and ED visits continued to be decreased after BT, suggesting a sustained
benefit lasting at least 5 years [13].

In 2017, a phase 5 Post-FDA Approval Clinical Trial Evaluating Bron-
chial Thermoplasty in Severe Persistent Asthma (PAS2) trial was reported.
PAS2 was a multicenter, open-label, single-arm study conducted to evalu-
ate the short- and long-term efficacy and safety of bronchial thermoplasty
in patients with severe, persistent asthma. The study enrolled patients
with similar pre-bronchodilator FEV1 when compared to the AIR2 study.
However, in contrast to AIR2, the PAS2 cohort had higher use of ICS,
short acting beta agonist (SABA) puffs per day, and OCS. Importantly,
exclusion criteria were less stringent and permitted comorbidities such
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as insulin-dependent diabetes, obstructive sleep apnea, interstitial lung
disease, GERD, chronic sinus disease, and known coagulopathy, reflecting
a more “real-world” cohort with more severe disease [14].

As with prior studies [10-12], an increase in asthma-related symptoms was
observed during the early post-treatment period, although this was slightly
increased when compared directly to the AIR2 study, possibly due to a cohort
of patients with more severe disease. However, the number of exacerbations
was decreased after the initial treatment period and was sustained at 3-year
follow-up. A decrease in ED visits was observed, as was a trend toward reduc-
tion in hospitalizations at 3 years post-BT [14]. In 2022, a follow-up report of
the PAS2 cohort was published after an extended follow-up period of 5 years
and reported these benefits were sustained with an improvement in asthma
control indicated by decreased exacerbation rates, hospitalizations, ED visits,
and OCS use [15].

Furthermore, the international, multicenter BT10 + study published in
2021 was designed to address long-term safety concerns as well as the lon-
gevity of the observed treatment effect. Participants from the AIR, RISA, and
AIR?2 trials were enrolled and followed up over an extended period with a
median of 12.1 years. Effectiveness was determined by comparing the propor-
tion of participants with severe exacerbations during the first, fifth, and final
years post-BT at the final BT10 +study visit which ranged from 10.8 to up to
15.6 years post-BT. The study found that the rate of exacerbations at the final
BT10 +visit and the 12 months leading up to it were similar to rates at 1 year
and 5 years post-BT, reflecting a durable benefit lasting at least 10 years [16¢].

The long-term safety of bronchial thermoplasty in the BT10 +study
included imaging looking for changes such as bronchiectasis or bronchial
stenosis on high-resolution CT at the final BT10 + visit in AIR2 participants.
Six patients (7%) were noted to have bronchiectasis after BT at the BT10 + time
point, compared to 0% in the sham group. The bronchiectasis was noted to
be mild and without an increase in symptoms. The authors proposed that
along with a low number of sham patients enrolled, the bronchiectasis may
reflect the natural history of asthma, as well as a possible improvement in
HRCT over the previous decade. Moreover, they proposed the mild bronchi-
ectasis may reflect airway dilation after BT, associated with reduced airway
resistance and improved asthma symptoms [16°].

An additional criticism of these studies is the observed benefit in the con-
trol or sham groups compared to baseline. While decreased rates of mild and
severe exacerbations, improved AQLQ were less than the improvement seen
with BT. This effect may be explained by improved compliance and regular
follow-up in a study setting. A small number of control or sham participants
were enrolled, and additionally, 32% of those who did not initially receive
BT, underwent BT after their original study and before the BT10 + visit [16°].

The Unraveling Targets of Therapy in Bronchial Thermoplasty in Severe
Asthma (TASMA) trial published in 2019 investigated the effect of BT on
ASM mass and also aimed to identify patient characteristics associated with
BT response. The study demonstrated that the significant decrease in ASM
after BT was sustained after a 6-month period after treatment. Interestingly,
however, the study also found a positive correlation with BT response and
baseline blood eosinophil counts and total IgE [17]. Another study in 2021
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showed that younger patients with severe asthma may have a more robust
response to BT, as well as those with higher peripheral eosinophil and IgE
levels. These responders also had sustained lower eosinophil and IgE levels
despite lower OCS use, suggesting that patients with type 2 inflammation
may be stronger responders to BT than those with type 1 inflammation [18].
Determining which patients benefit the most from BT is anticipated to evolve
as additional data emerge further refining patient selection criteria, particu-
larly in patients on targeted biologics.

Those with poor baseline reserve and severe airflow limitation have previ-
ously been excluded from randomized controlled trials as there a short-term
decrease in FEV1 immediately following BT [19]. However, given that BT tar-
gets ASM mass which is implicated in more severe bronchoconstriction [10],
trials to date may have theoretically excluded those who could benefit the
most. One study in 2020 looked at those with FEV1 <50% and showed that
there was no difference in the frequency of severe adverse events — defined as
remaining in the hospital longer than the planned 24-h admission or being
readmitted within 30 days of treatment. The study compared two groups, one
with FEV1 <50% and >50%, and showed that benefit, measured by SABA use,
OCS use, and rate of exacerbations, were similar [20]. Nevertheless, special
consideration should be given to patients who are unlikely to tolerate the
sedation required for the 3 bronchoscopy sessions required for bronchial
thermoplasty.(Tables 1 and 2).

Lastly, several studies have estimated the cost-effectiveness of BT. Among
private and commercially insured patients with poorly controlled, severe per-
sistent asthma, one study reported that BT was cost-effective when compared
to medical management alone. This was measured as an improvement in
quality of life through reduction of frequency of asthma exacerbations, while
reducing the cost of each exacerbation. This benefit was magnified in those
who had at least one exacerbation-related ER visit in the year prior to BT, and
the authors proposed that BT would be even more cost-effective in those with
more frequent exacerbations [21].

A contrasting study was performed in Singapore, where BT combined with
standard therapy generated more QALYs over a 5-year period, but was not
cost-effective in treating severe asthma. The authors attributed this finding to
differing costs of healthcare including the procedure, ED visits, and hospitali-
zations between Singapore’s healthcare system to the USA [22].

Another study compared the cost of medical management, BT, and omali-
zumab therapy for those with moderate to severe allergic asthma. The inves-
tigators found that BT was a reasonable, cost-effective therapy compared to
medical management and omalizumab. Additionally, omalizumab was not
found to be cost-effective compared to medical management, despite having
improved clinical outcomes [23]. With the introduction of additional bio-
logic therapies since, additional research is warranted to evaluate associated
cost-effectiveness.

Many factors may affect cost-effectiveness. For instance, if younger patients
may benefit from BT [18], age at which a patient undergoes BT and the dura-
tion of treatment effect compared to the cost of biologics during the same
period of time may have a significant impact on cost. Other factors, such
as pharmaceutical support for biologic therapy may also have a substantial
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impact in select communities and patient populations. Access to BT may also
be limited and institution dependent, requiring specialized equipment and
providers able to perform the procedure. While BT has a place in the treat-
ment algorithm for refractory and severe asthma, further studies to better
define its role are warranted.

The current GINA guidelines recommend consideration for BT in
patients with severe asthma with type 1 inflammation, or those with type
2 inflammation but fail biologic therapy [2¢]. The available data supports
that a subset of patients with asthma derive a significant benefit from BT.
Subgroup analysis suggest that BT may be beneficial even for those on
oral corticosteroids at baseline, as well as omalizumab. The PAS2 cohort
had a higher use of OCS, and 15.8% of patients were on omalizumab
compared to 1.1% in the AIR2 group, suggesting that these patients who
are candidates for biologics may equally benefit from BT [14]. The body
of BT literature including long-term follow-up data reporting a durable
benefit up to 10 years post-treatment supports BT as a powerful treatment
option. It is arguably underutilized and under recognized as an effica-
cious, cost-effective option which warrants ongoing support in guidelines
as well as payor support which has been a rate limiting step in adoption.

Targeted Lung Denervation and the Future
]

Targeted lung denervation (TLD) is a novel bronchoscopic technique
utilizing the specialized dNerva™ catheter (Nuvaira Inc., Minneapolis,
MN). The catheter delivers radiofrequency ablation to a target tissue
depth while also continuously circulating coolant minimizing heat and
damage to the inner airway wall. As a result, bronchial branches of the
parasympathetic nervous system are disrupted, thereby decreasing airway
hyperresponsiveness and inflammation [5, 24].

While novel, several studies have been performed investigating the
feasibility, safety, and optimal dosing. The first in-human study pub-
lished in 2015 evaluated safety defined as freedom from documented
and sustained worsening of COPD directly attributable to the procedure
and was met in 95% of their cohort [5]. An additional study was per-
formed investigating safety and dose range, demonstrating a safety profile
that improved with dose adjustments [25]. A favorable safety profile was
maintained in a 3-year follow-up study. In addition, decreased exacerba-
tion rates, improved lung function (measured by FEV1 and FVC), and
improvement in symptoms and quality of life, measured by the COPD
Assessment Test (CAT) and COPD-specific St George’s Respiratory ques-
tionnaire (SGRQ-c), were observed at 3 years [26].

A randomized, sham-controlled, double-blind, prospective multi-
center study was then conducted to evaluate safety of TLD in patients
with moderate to severe COPD. The study trial demonstrated that TLD,
performed in patients on maintenance inhaler therapy, is safe and also
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associated with fewer adverse respiratory events and hospitalizations
over the 1-year follow-up period [27]. This effect was sustained in 2-year
follow-up study [28], and a current study is enrolling patients to further
investigate treatment and efficacy after TLD [29].

So far, only COPD patients have been investigated and it is yet to be
seen if there is a potential benefit in those with asthma alone. While long-
acting muscarinic antagonist (LAMA) therapy is only reserved for those
with severe asthma or Step 5 of the GINA guideline algorithm for adults
[2¢], the relaxation of ASM by blocking nerve impulses suggests that
TLD may play a role in those with severe asthma as well. A report of two
patients with severe asthma treated with TLD showed that the procedure
was feasible and safe. There were no adverse events up to 1 year of follow-
up; both patients reported subjective improvement in cough with one
patient citing significantly reduced rescue inhaler use [30]. More studies
are warranted to determine if those with asthma might benefit from TLD.

Looking to the future, airway cryoablation may also play a role in
managing those with severe asthma. A study has been performed compar-
ing the effectiveness of BT and cryoballoon ablation (CBA) therapy on
ASM in animal models. ASM was reduced in both groups, and thickness
was significantly lower in the CBA group at 1 month than BT, suggest-
ing a potential quicker effect [31]. Bronchoscopic rheoplasty, using non-
electrical pulsed therapy to destroy airway goblet cells, is currently being
studied in those with chronic bronchitis [32]. Goblet cell hyperplasia is
also seen in asthma, and electroporation is another potential alternative
bronchoscopic therapy worthy of further investigation.

Comment on Bronchoscopy in the Pediatric Asthma

Population

While treatment options such as bronchial thermoplasty and bronchial
denervation have not been investigated in the pediatric population, bron-
choscopy is a key diagnostic tool in the workup of childhood asthma [2¢].
Much like in the adult population, bronchoscopy can be used to rule out
other etiologies of cough and wheezing, particularly structural abnormal-
ities. Bronchoscopy in the pediatric population can be used to evaluate
for tracheobronchomalacia, tracheal and/or bronchial stenosis, as well as
extrinsic compression of the airways and other anatomic malformations,
including those of the upper airway. Children are also particularly at risk
for foreign body aspiration, which can cause symptoms of wheezing,
cough, and mucus production. Timely bronchoscopy with either flexible
or rigid bronchoscopes should be used to rule out and treat foreign body
aspiration if suspected [33]. Similar to the adult diagnostic algorithm,
bronchoscopy can be considered for those with refractory disease (2¢,
34). Considerations must also be made regarding anesthesia and having
trained bronchoscopists in dealing with this population.
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Conclusion

The management of asthma can be challenging, particularly for patients with
severe or refractory disease, and the role for bronchoscopy in diagnosis and
treatment of these patients has evolved over time. While not always indicated,
bronchoscopy can be useful, particularly for the investigation of other diag-
nostic and comorbid considerations. The advent of biologic therapies has
changed the landscape for treating severe asthma. However, BT remains an
efficacious, safe, durable, and cost-effective therapy and should be considered
a therapeutic option. As more data emerges regarding redefining the patient
population that may benefit the most, BT should be strongly considered as
an adjunctive, if not essential, therapy in asthma.
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