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Purpose: Bronchial thermoplasty (BT) is a bronchoscopic intervention for the treatment of severe asthma. Despite demonstrated
symptomatic benefit, the underlying mechanisms by which this is achieved remain uncertain. We hypothesize that the effects of BT are
driven by improvements in ventilation heterogeneity as assessed using functional respiratory imaging (FRI).

Patient and Methods: Eighteen consecutive patients with severe asthma who underwent clinically indicated BT were recruited.
Patients were assessed at baseline, 4-week after treatment of the left lung, and 12-month after treatment of the right lung. Data
collected included short-acting beta-agonist (SABA) and oral prednisolone (OCS) use, asthma control questionnaire (ACQ-5) and
exacerbation history. Patients also underwent lung function tests and chest computed tomography. Ventilation parameters including
interquartile distance (IQD; measure of ventilation heterogeneity) were derived using FRI.

Results: 12 months after BT, significant improvements were seen in SABA and OCS use, ACQ-5, and number of OCS-requiring
exacerbations. Apart from pre-bronchodilator FEV,, no other significant changes were observed in lung function. Ventilation
heterogeneity significantly improved after treatment of the left lung (0.18 = 0.04 vs 0.20 £ 0.04, p=0.045), with treatment effect
persisting up to 12 months later (0.18 + 0.05 vs 0.20 + 0.04, p=0.028). Ventilation heterogeneity also improved after treatment of the
right lung, although this did not reach statistical significance (0.18 + 0.05 vs 0.19 + 0.04, p=0.06).

Conclusion: Clinical benefits after BT are accompanied by improvements in ventilation heterogeneity, advancing our understanding
of its mechanism of action. Beyond BT, FRI has the potential to be expanded into other clinical applications.

Keywords: asthma, computed tomography, computational fluid dynamics, imaging, mechanism of action, pathophysiology

Introduction
Asthma is a common disease that is estimated to affect 250 million people worldwide and accounts for >20 million
disability-adjusted life years." Asthma is characterized clinically by variable symptoms of cough, chest tightness and
shortness of breath; physiologically by evidence of reversible airflow limitation; and pathologically by increased
thickness of the airway smooth muscle (ASM) layer among other structural changes.” The majority of patients with
asthma can be successfully managed with inhaled corticosteroids (ICS) and bronchodilators, and by addressing comor-
bidities. However, about 10% experience uncontrolled symptoms and frequent exacerbations despite optimal therapy,’
and are defined as having severe asthma.® Whilst biologics and macrolides have roles in managing these patients,’
bronchial thermoplasty (BT) offers another modality with different mechanisms of action.

BT involves the direct application of radiofrequency energy to the mucosa of airways 2—10mm in diameter, resulting
in thermal ablation and shrinking of the underlying ASM.®® BT has been shown in randomized controlled trials to

9-12

improve asthma symptoms, reduce asthma exacerbations, and improve quality of life, with benefits persisting up to
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10 years after treatment.'>'> Despite this, the physiological changes that underpin the clinical benefits remain poorly
understood, especially given the small fraction of airways treated, with spirometry showing little or no change.’'!!>-1¢

Mathematical modelling of the physiological behavior of the asthmatic lung suggests that the dilation of the airways
treated during BT should lead to a reopening cascade in the smaller distal untreated airways, and a redistribution of
airflow that improves ventilation heterogeneity.'” Indeed, there is now emerging evidence that these proposed changes do
occur in patients after BT. For instance, imaging studies have demonstrated that airway luminal volume increases,'® '
and regions of low or absent ventilation decreases after BT.**** Physiological changes in small airways have also been
observed, with improvements in multiple breath nitrogen washout®* and gas trapping®> reported in recent studies. Whilst
these are positive developments, imaging studies demonstrating an improvement in ventilation heterogeneity are lacking.

A number of functional lung imaging techniques exist for the evaluation of ventilation. Although hyperpolarized gas
magnetic resonance imaging is regarded as the gold standard, its use is limited to specialized research centers due to its
high setup cost, complex imaging protocol and need for skilled personnel.”® Alternatives such as ventilation-perfusion
scintigraphy and single-photon emission computed tomography suffer from poor spatial resolution and long acquisition
times.?” Computed tomography (CT) has traditionally been limited to structural lung imaging, though recent advances
have broadened its use, with Functional Respiratory Imaging (FRI) one such example. FRI is a clinically validated
technique that combines information extracted from CT scans taken at two breathing levels — total lung capacity (TLC)
and functional residual capacity (FRC) — and computational fluid dynamics simulations to derive structural and
functional parameters such as airway size and volume, regional ventilation and ventilation heterogeneity.”*>° FRI has

21,31,32

been successfully applied in a variety of patient cohorts including those with asthma, chronic obstructive

3340 4142 and bronchopulmonary dysplasia,*® and has been shown to be

35,39,44

pulmonary disease (COPD), cystic fibrosis
more sensitive to regional changes in the respiratory system compared to conventional lung function measures.

The purpose of this prospective study is to determine whether BT leads to an improvement in ventilation hetero-
geneity as measured using FRI. In the context of BT, as most, if not all, patients with severe asthma require a chest CT to
exclude other differentials as part of their work-up, there is minimal inconvenience to patients in using this modality to
study lung ventilation. Moreover, successful detection of changes in ventilation heterogeneity using FRI may provide
a means of assessing response to therapy and identifying suitable patients, not only in the application of BT but also other

relevant interventions.

Methods

Participants
This study was approved by the Peninsula Health Human Research Ethics Committee and conducted in accordance with
The Code of Ethics of the World Medical Association (Declaration of Helsinki). Participants were prospectively recruited
from a tertiary hospital severe asthma clinic and provided written informed consent. Eligible participants had to be aged
18 years and above; have a diagnosis of severe asthma as defined by the European Respiratory Society/American
Thoracic Society (ERS/ATS); and be scheduled for a clinically indicated BT by their treating physician.* Specifically, all
participants selected for BT had to have evidence of uncontrolled asthma such as (i) high symptom burden; (ii) Asthma
Control Questionnaire (ACQ) >2; and (iii) frequent (>2) oral corticosteroid (OCS) requiring exacerbations of asthma in
the preceding 12 months despite treatment with guideline suggested medications for Global Initiative for Asthma (GINA)
Step 45 asthma (combination high-dose ICS and long-acting beta agonist, and/or long-acting muscarinic antagonist, oral
corticosteroids or asthma biologics) for at least 12 months.’

Exclusion criteria were participants with alternative respiratory conditions such as COPD or bronchiectasis, females
who were pregnant or lactating, participants aged less than 18 years, or those who were unwilling to undergo serial CT
imaging as described in the subsequent imaging section, or were unable to provide informed consent.

Bronchial Thermoplasty Procedure
BT was performed using the Alair Bronchial Thermoplasty System (Boston Scientific) under general anesthesia by an
experienced bronchoscopist. All participants received 50mg oral prednisolone three days prior to the procedure and were
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routinely observed overnight in hospital post-procedure. For the purpose of this study, the schedule of the BT procedures
was altered in a novel way in order to achieve an internal control at the mid-treatment timepoint: one treated lung (left
side) and one untreated lung (right side). The left lower lobe was treated in the first session, followed by the left upper
lobe in the second session. The right upper and lower lobes were treated in the third session (Figure 1A).

Clinical Measurements

Data collected included demographics, height, weight, asthma medication usage, asthma exacerbation frequency, lung
function parameters and the 5-item ACQ. Data were collected at baseline and 12 months after completion of BT. Changes
in the following key clinical outcomes at 12 months were examined: (i) ACQ; (ii) pre-bronchodilator FEV1; (iii) Short-
acting B-agonist (SABA) usage (measured in puffs/day); (iv) daily maintenance OCS dose (mg/day of prednisolone); (v)
number of OCS-requiring exacerbations of asthma in the past 6 months. Assessments were performed by experienced
clinical research personnel independent of the procedural team. Pre- and post-bronchodilator spirometry was performed
in the morning using the Jaeger Masterscreen Body (CareFusion, Hochberg, Germany). Subjects withheld their usual
bronchodilators for 12—24hrs prior to testing. Diffusion capacity of the lung for carbon monoxide (DLCO) and
plethysmographic lung volumes were also measured. All equipment was calibrated on the morning of testing, with
tests conducted in accordance with ERS/ATS standards. Predicted value equations were taken from the Global Lung

Initiative.*>*°

Functional Respiratory Imaging

Non-contrast CT was performed in a 128-slice Siemens Definition AS+ scanner with the following settings — helical slice
thickness of 0.6mm, rotation time of 0.6s, detector coverage of 38.4mm, and tube voltage of 100kV — consistent with
prior published technique for FRI.?’ Two breath-hold scans were performed on each occasion — one at TLC, and the other
at FRC. Participants were extensively coached in the breath-hold maneuvers, and a member of the research team was

E V1. Baseline

assessment, ACQ, LUL RUL and RLL
spirometry, CT treatment treatment
t=-4 weeks t=4 weeks t=10 weeks
LLL treatment V2. CT imaging V3. Post treatment
t=0 post treatment assessment, ACQ,
of left lung spirometry, CT
t=8 weeks t=62 weeks

' High ventilation IE

distribution

Low ventilation

ventilation

Figure | Timeline and methodology. (A) Timeline for treatment and assessment. (B—C) Functional respiratory imaging derived regional ventilation map showing (B)
homogeneous ventilation in a healthy subject, and (C) ventilation heterogeneity in a subject with severe asthma. (D) Schematic representation of expected changes in the
ventilation histogram before (solid line) and after (dotted line) BT. The diagram illustrates a reduction in spread or standard deviation in the post-BT histogram, signifying
a reduction in ventilation heterogeneity after BT.

Abbreviations: ACQ, asthma control questionnaire; BT, bronchial thermoplasty; CT, computed tomography of the chest; LLL, left lower lobe; LUL, left upper lobe; RLL,
right lower lobe; RUL, right upper lobe.
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present throughout the scan. Imaging visits were conducted at baseline (V1), 4-weeks after completion of treatment of the
left lung (V2), and 12-months after treatment of the right lung (V3) (Figure 1A). The timing of V3 was chosen in
discussion with our Ethics Committee to limit the annual radiation exposure per patient. Imaging was performed pre-
bronchodilator, and prior to commencement of pre-procedural oral prednisolone.

Post-acquisition, CT images were segmented and reconstructed into participant-specific 3D computer models of the
lung lobes and airway structure using Mimics (Materialise, Leuven, Belgium), a commercial medical imaging processing
software package. FRI analyses were then independently performed by FLUIDDA (Kontich, Belgium). As previously
mentioned, FRI is a clinically validated computational work-flow in which functional data are added to respiratory
anatomical images using computational fluid dynamics.?®*>° CT images taken at TLC and FRC are used to generate
tissue deformation maps, from which local ventilation maps are calculated by using the Jacobian determinant of
deformation, a measure of tissue expansion (Figure 1B—C). Ventilation was quantified using dimensionless relative
ventilation, and reported at a lung level, ie, right lung, left lung and both lungs. Values greater than one denote an
absolute expansion between expiration and inhalation. The ventilation distribution was also assessed by analyzing the
ventilation histograms at a lung level. The shape and position of the curves compared against each other provides
information on the change in ventilation distribution over time. From these histograms, standard heterogeneity para-
meters such as kurtosis, skewness, and interquartile distance (IQD; defined as the inter-quartile range divided by the
mean) can be calculated (Figure 1D). Collectively, these three parameters provide information on ventilation
heterogeneity.

Statistical Analysis

SPSS Version 28 (IBM corporation, New York, USA) was used for all statistical analyses. Continuous variables were
assessed for normality using the Shapiro—Wilk test and summarized using mean, median, standard deviation or inter-
quartile range according to their distribution. Categorical variables are presented as number and percentage. Group
comparison was performed using x> or Fisher’s exact test for categorical variables and Student’s r-test or Mann—Whitney
U-test for continuous variables. Repeated measurements were analysed using paired ¢-test or Wilcoxon signed-rank test.
Correlation analyses were conducted using either Pearson or Spearman correlation. A p value of <0.05 was considered
statistically significant.

Results

Baseline Characteristics

Eighteen consecutive participants (7 males and 11 females) with severe asthma who underwent BT were included in this
study. All participants completed 12-month follow-up. The mean age was 59.8 + 14.7 years and the mean body mass
index was 31.9 + 7.1 kg/m>. None of the participants were active smokers — 10 never smokers; 2 with a <10 packet year
history; and 6 with a >10 packet year history. At the time of the 1% BT session, 13 participants were not on any biological
therapy for asthma. This included 4 participants who discontinued biologic therapy due to lack of efficacy. Three
participants were on mepolizumab and 2 on benralizumab (Table 1).

Participants were highly symptomatic with a median ACQ of 3.3 (2.7-4.2) despite using triple inhaler therapy with
beclomethasone-equivalent ICS dose 1722 + 826 ug/day. Fifteen (83%) were also taking maintenance oral prednisolone,
with a group median dose 7.5 (5-25) mg/day. The median daily requirement for SABA therapy was 11 (8-20) puffs/day.
The frequency of OCS requiring exacerbations in the 6 months before BT was 2 (1-3.8).

The mean pre-bronchodilator FEV1 was 45.7 + 14.0% predicted, with an average improvement of 12.6 + 13.3% post
400ug of salbutamol. Vital capacity (FVC) was 73.0 + 14.1% predicted, and forced expiratory ratio (FER) was 51.0 £
12.1%. The mean DLCO per unit lung volume (KCO) was 90.8 + 28.7% predicted. Static lung volumes showed marked
gas trapping with a mean residual volume (RV) of 152.3 £ 40.2% predicted. RV contributed 53.4% + 10.6% of the TLC.

The BT procedure was generally well tolerated, with no unexpected complications. The average number of radio-
frequency activations delivered was 195 + 43.8 per patient.
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Table | Patient Characteristics

Demographic Participants (N=18)
Age (years) 59.8 + 14.7
Male/Female 739)/11(6l)
BMI (kg/m?) 319+ 7.1

Smoking status

Never smoker 10 (56)

Ex-smoker 8 (44)
Blood eosinophils (x10%/L) 0.1 (IQR 0.0-0.2)
Serum immunoglobulin E (IU/mL) 29.5 (IQR 9-299)
Asthma biologic at time of |°* BT session*

None 13 (72)

Mepolizumab 3 (17)

Benralizumab 2(I)

Notes: Values are presented as mean * standard deviation, median (IQR) or
number (%). *Some patients in this study underwent bronchial thermoplasty
prior to the availability of mepolizumab, benralizumab and dupilumab in Australia.

Post Treatment Outcomes

Twelve months after completion of BT, there were significant improvements in ACQ, SABA usage, maintenance OCS
dose, and number of OCS-requiring exacerbations compared to baseline. The median ACQ had reduced from 3.3 (2.7—
4.2) to 1.9 (1.1-2.7) (p<0.001). Although seven (39%) patients failed to demonstrate an improvement in ACQ of greater
than 0.5 units, the minimal clinically important difference, all of them showed improvement in other key clinical outcome
measures. The requirement for SABA rescue therapy had reduced from a median of 11 (8-20) puffs/day to 2.5 (1.3-6.8)
puffs/day (p<0.001). All 15 patients who required maintenance OCS at baseline were able to reduce their daily OCS
dose, with a median reduction from 7.5 (5-25) mg/day to 4.5 (0-10) mg/day (p=0.002). This included 5 (33%) patients
who were able to be completely weaned off maintenance OCS. The number of OCS-requiring exacerbations decreased
from a median of 2 (1-3.8) at baseline, to 0 (0—1.8) at follow-up (p=0.01). A summary is provided in Table 2.

Lung Function

There was a significant improvement in pre-bronchodilator FEV1 after treatment from 45.7 £ 14.0% to 51.4 + 15.6%
predicted (mean difference 5.7, CI 1.1 to 10.3, p=0.02). As shown in Table 3, other static and dynamic measures of lung
function including FVC, FER, RV, TLC, RV/TLC ratio, and KCO were unchanged.

Table 2 Key Clinical Outcomes Pre and Post BT

Clinical Variable Baseline 12-months P
ACQ 33 (2742) | 1.9 (1.1-2.7) <0.001
SABA usage (puffs/day) 11 (8-20) 2.5 (1.3-6.8) <0.001
Maintenance OCS (mg/day) 7.5 (5-25) 4.5 (0-10) 0.002
OCS-requiring exacerbations* 2 (1-3.8) 0 (0-1.8) 0.0l

Notes: *Refers to the number of OCS-requiring exacerbations in the preceding 6 months
from baseline and 12-month follow-up assessments.

Abbreviations: ACQ, asthma control questionnaire; BT, bronchial thermoplasty; OCS,
oral corticosteroids; SABA, short-acting beta-agonist.
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Table 3 Lung Function Pre and Post BT

Lung Function Variable Baseline 12-months P

Pre-bronchodilator FEVI (% predicted) 45.7 + 140 514 £ 156 0.02

Pre-bronchodilator FVC (% predicted) 73.0 = 14.1 762 + 159 0.34

Pre-bronchodilator FEVI/FVC (FER, %) 509 + 12.0 522+ 108 0.58

RV (% predicted) 152.3 + 40.3 147.3 £ 60.2 0.50
TLC (% predicted) 103.0 + 18.0 | 103.7 + 253 0.77
RV/TLC 053 +0.11 051 +0.12 0.08
KCO (% predicted) 90.8 + 28.7 90.1 +24.2 0.80

Abbreviations: BT, bronchial thermoplasty; FEVI, forced expiratory volume in | second; FVC,
forced vital capacity; FER, forced expiratory ratio; KCO, mean diffusion capacity of the lung for
carbon monoxide per unit lung volume; RV, residual volume; TLC, total lung capacity.

Ventilation and Ventilation Heterogeneity

Ventilation heterogeneity as assessed by FRI was also observed to improve after BT. Ventilation histograms were
compared between baseline (V1), 4-week after treatment of the left lung (V2) and 12-month after treatment of the
right lung (V3) (Figure 2). A significant reduction in IQD was observed in the left lung (IQD ) at V2 (0.18 + 0.04)
compared to V1 (0.20 + 0.04, p=0.045), suggesting an improvement in ventilation heterogeneity in the left lung 4 weeks
after it was treated. The IQD remained unchanged between V2 and V1 in the untreated right lung (IQDgy; 0.19 + 0.04 vs
0.19 £ 0.05, p = 0.69). Between V3 and V2, there was also a trend towards an improvement in IQD in the right lung
(IQDgy; 0.18 £ 0.05 vs 0.19 + 0.04, p=0.06), corresponding to the period during which the right lung was treated, with no
detectable change in IQDy ;. over the same period (0.18 & 0.05 vs 0.18 + 0.04, p=0.63). When comparing changes in IQD
between V3 and V1, significant differences were noted in the left lung (0.18 + 0.05 vs 0.20 = 0.04, p=0.028), but not in
the right (0.18 + 0.05 vs 0.19 + 0.05, p=0.36). No difference was observed in kurtosis or skewness between any time
points. Mean CT-derived ventilation values also showed no change over time (Table 4). A representative example of the
improvements in ventilation heterogeneity in a study participant is illustrated in Figure 3.

Correlations with clinical and spirometric variables

The relationships between AIQD in both lungs (AIQDr,;) and various clinical and spirometric variables were also
explored, with A defined as the change between post-treatment and baseline, ie, V3 minus V1. Significant correlations
were found between AIQDr,, and baseline ACQ (r=—0.52, p=0.028), AFEV1 (r=0.51, p=0.03), AFVC (1=0.56, p=0.02),
ARV (r=-0.70, p=0.001), ARV/TLC (r=—0.75, p<0.001). No other significant correlations were identified.

Discussion

This is the first study to assess changes in ventilation heterogeneity using FRI in patients undergoing BT. In this study, we
demonstrated an improvement in ventilation heterogeneity, as reflected by a reduction in IQD, along with clinical
improvements after BT. These findings are consistent with mathematical modelling of the physiological behavior of the
asthmatic lung when subjected to BT, namely that improvements in ventilation heterogeneity are expected, particularly at
higher levels of ASM activation.'”

Patients recruited in this study were severely affected by their asthma. They all had persistent lung function
impairment, high symptom burden and frequent exacerbations despite being on GINA step 4-5 treatment. Moreover,
just over 80% of patients required maintenance OCS. Following BT, all patients experienced a significant and substantive
improvement in ACQ, SABA use, maintenance OCS dose and OCS-requiring exacerbations, findings consistent with
published literature.’ ' Despite this, with the exception of pre-bronchodilator FEV 1, no significant improvement in static
or dynamic lung function was observed. While it is generally accepted that the effects of BT are not captured by

404 https: Journal of Asthma and Allergy 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Foo et al

0.35 T T
A P<0.05

0.3+ P<0.05 ]

0.25 o o ° J
o

IQD

0.15+

0.05 -

V1 LL V2 LL V3 LL

0.35 T T r
B .

0al P=0.06 |

0.25+ e E 1

0.2 1

IQD

0.1F

0.05 -

V1 RL V2 RL V3 RL

Figure 2 1QD values reported at the lung level across various timepoints. Bars and error bars represent mean and standard deviation. Open circle represents individual
data-points. (A) Mean IQD significantly decreased after treatment of the left lung, with treatment effect persisting up to 12 months after BT. (B) There was a trend towards
a significant decrease in IQD after treatment of the right lung, with no other significant changes noted across timepoints.

Abbreviations: IQD, interquartile distance of the ventilation histogram; V1, baseline; V2, 4-week post treatment of left lung; V3, 12-month post treatment of right lung; LL,
left lung; RL, right lung.

97111516 we have previously shown that it improves gas trapping,®® a finding not replicated in this study due

spirometry,
to the smaller sample size.

Three measures of ventilation heterogeneity — kurtosis, skewness, and IQD — were derived from ventilation
histograms and utilized in this study. Of these, IQD was felt to be the most sensitive as it corresponds to the spread
of ventilation, and is therefore expected to decrease as ventilation becomes more homogeneous after BT. Indeed, this was
seen in the current study where IQD, but not kurtosis or skewness, showed a pattern of change consistent with the
treatment protocol. Specifically, a statistically significant decrease in IQDy; was found between V2 and V1, coinciding
with when the left lung was treated, an effect persisting up to V3 (12 months post BT). IQDg; was also observed to
decrease between V3 and V2, corresponding to the treatment of the right lung, although this trend did not reach statistical
significance (p=0.06) and there was also no difference between V3 and V1. Given IQDgy is a whole-lung measurement
that included the untreated right middle lobe, these non-significant results may be due to dilution of the treatment effect.
The lack of a significant change in IQD between timepoints when no treatment was provided (ie, between V2 and V1 for
IQDgRy, and between V3 and V2 for IQDy ) is reassuring as it serves as an internal control and provides support to the

scientific validity of this methodology. These findings, together with prior data demonstrating an increase in airway
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Table 4 Kurtosis, Skewness and CT-Derived Ventilation Values at VI, V2 and V3

Kurtosis \4 V2 V3 P
Left lung 0.06 = 0.70 0.22 + 0.8 0.0l £0.42 0.45
Right lung 0.49 £ 1.68 022 + I.15 0.33 £ 0.87 0.79
Skewness \4 v2 V3 p
Left lung —0.26 £0.33 | -0.30 £ 038 | —0.20 £ 0.19 0.51
Right lung —0.48 £ 035 | —0.42 + 0.34 | —0.45 + 0.36 0.86
CT ventilation values \4 v2 V3 p
Left lung 1.36 £ 0.10 1.38 £ 0.15 1.36 £ 0.10 0.66
Right lung 1.36 £ 0.10 1.39 £ 0.16 1.39 £ 0.11 0.64

Notes: VI, baseline; V2, 4-week post treatment of left lung; V3, 12-month post treatment of right lung.

volume post BT,'*"°

provide further evidence that structural changes in the treated large airways can induce functional
changes in the untreated smaller airways.'’

A significant negative correlation was found between AIQDr,, and baseline ACQ, suggesting that patients who were
most symptomatic at baseline derived the greatest improvement in ventilation heterogeneity after treatment, an observa-
tion in keeping with previous modelling.'” The inverse correlation between ARV/TLC (gas trapping) and AIQD o Was,
however, unexpected, potentially favouring worse ventilation heterogeneity in patients with greater improvement in gas
trapping. This appears counter-intuitive as one might expect the benefits of BT to simultaneously manifest as a more
homogeneous ventilation re-distribution as well as reduced gas trapping. We hypothesize that lung volume recruitment
(from reduced gas-trapping) may instead produce a greater spread in ventilation, where air moves between previously
trapped units and the broader lung. As FRI is only able to provide an indirect assessment of ventilation, these changes
might have gone undetected. A similar explanation can be evoked for the positive correlations between AIQD,, and
AFEV1 and AFVC, which are also impacted by gas trapping. As this is purely speculative, further studies will be
required to confirm or refute this hypothesis.

The present findings also offer lessons beyond BT regarding the ways in which we assess treatment efficacy in
asthma. BT has, since inception, been controversial in part because consistent improvements appear in patient-reported

measures (eg, asthma control or quality of life questionnaires) and indirect outcomes like rescue-medication use, but not
ll 1

in traditional spirometric assessment (eg, FEV1). Despite a sham-controlled tria
T, 1215

and several large longitudinal studies

demonstrating the long-term clinical effectiveness of B many still believe its effects are placebo driven. The

' High ventilation

Low ventilation

Figure 3 Graphical illustration of ventilation maps at various timepoints from a representative patient. A decrease in ventilation heterogeneity is apparent visually by more
regions nearing average ventilation (green and yellow), rather than interspersed regions of high (red) and low (blue) ventilation. Note the improvement in ventilation
heterogeneity of the left lung between V2 and VI, and of the right lung between V3 and V2. VI, baseline; V2, 4-week post treatment of left lung; V3, 12-month post
treatment of right lung.

406 https: Journal of Asthma and Allergy 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Foo et al

present study adds to the growing body of evidence, including CT-derived airway volume changes'® '

and esophageal
manometry measured lung mechanics (compliance and resistance),”’ that BT does in fact induce non-placebo physio-
logical changes that are apparently not readily captured using spirometry or impulse oscillometry.**° We should
therefore bear in mind that although it remains the current gold standard, FEV1 is not sensitive to some physiological
changes that nonetheless improve patient quality of life, and that this may also be the case for other therapies. Against
this backdrop, we believe that functional lung imaging, of which FRI is one modality, offers an alternate and
complementary tool for assessing therapeutic response not only in asthma but also in other lung conditions.

Interpretation of the results of this study is limited by the small sample size, restriction to a single center, and lack of
a comparative control group. Additionally, there are inherent biases associated with the use of symptom scores, which
may be influenced by patient factors. It is worth noting that the present FRI methodology makes use of a pair of CT scans
at each timepoint in order to infer, computationally, the ventilation distribution implied by the changes observed between
FRC and TLC. The dual CT approach allows assessment that is not traditionally available with a single CT scan at TLC.
While BT patients generally undergo CT as part of their pre-treatment workup, the need for a scan pair does impose some
additional cost in terms of time and radiation exposure. Additionally, although patients were extensively coached in the
breathing maneuvers during CT scanning, concomitant volume measures with spirometry were not utilized. Lastly, FRI
only provides an indirect assessment of ventilation distribution and heterogeneity, with the potential to be less sensitive
than other techniques that are able to directly probe lung ventilation, eg, hyperpolarized gas magnetic resonance imaging.
Despite these limitations, the low cost (most centers would already have CT scanning capabilities) and ease of
incorporating FRI into current workflows are advantages that could see more widespread use of this technique in the
study of other pulmonary conditions and/or treatment effects for which spirometry may be insensitive.

Conclusion
Clinical benefits after BT are accompanied by improvements in ventilation heterogeneity as measured by FRI. This

finding is consistent with current mathematical modelling and advances our understanding of the mechanisms of action
of BT.
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