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The Global Initiative for Asthma (GINA) defines severe asthma as a subset of difficult-to-treat asthma that
is refractory to oral or inhaled corticosteroid therapies despite appropriate delivery and adherence [1]. This
definition is retrospectively based on treatment paradigms and response to treatment rather than on
objectively measured criteria. Severe asthma represents approximately 5% of childhood asthma cases [2]
and accounts for the greatest proportion of all asthma-related expenditures [3, 4]. Recent advances in our
understanding of subtypes and progression of childhood severe asthma have been achieved through
longitudinal cohort studies, including the Childhood Origins of Asthma (COAST) study [5], the Inner City
Asthma Consortium [6] and the Severe Asthma Research Program (SARP) [7]. These studies found that
phenotypes of asthma in children differ from those of adults and change more rapidly, and pulmonary
function tests (PFTs) are often normal or near normal even in children with severe asthma [8]. However,
more nuanced evaluations of using PFTs and imaging have revealed some shared patterns between
paediatric and adult severe asthma, including comparable degrees of obstruction on imaging [9, 10] and
patterns of non-reversible air trapping [11, 12]. Consequently, quantitative imaging measures of obstructive
patterns may complement conventional PFTs and play an important role in phenotyping the paediatric
asthma population.

Recent advances in imaging, specifically quantitative chest computed tomography (CT) and magnetic
resonance imaging (MRI), provide a rich set of measures to improve understanding of obstructive disease
in paediatric patients. The introduction of lower-dose CT scanners, including the first commercial
photon-counting systems, which reduce CT noise and allow for much lower X-ray dose [13], make
paediatric chest CT safer and clinically feasible. Moreover, advances in functional lung imaging with
hyperpolarised xenon-129 MRI in children [10] have led to clinical approval from the United States Food
and Drug Administration for use in children aged 12-18 years [14], allowing imaging without using
ionising radiation. The arrival of these technologies, with the introduction of biologic therapies in
particular, offers the potential for better management of therapy approaches in paediatric severe asthma.
However, a better understanding of what is normal for obstructive physiology in the paediatric population
is necessary to identify subtypes of childhood severe asthma and corresponding stages of remodelling and
obstruction. The lack of standardisation of lung measures on CT and MRI for paediatric populations makes
it difficult to assess what is normal and what is disease. One approach in the lungs is to establish an
internal reference of normal that would scale with lung size and patient age.

In this issue of ERJ Open Research, van DEN BoscH et al. [15] report use of a novel measure of airway
remodelling on chest CT that normalises the bronchial outer diameter (B,,,) to the companion artery lumen
diameter (A) at equivalent segmental generation (giving the B,,/A ratio). Because the entire airway and
vascular trees are automatically segmented on an inspiratory chest CT scan, this calculation can be
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efficiently performed for all visible bronchus—artery (BA) pairs. Artery-normalised ratios for bronchial
lumen (Byypen/A) and wall thickness (B,,/A) were similarly evaluated. This BA analysis method has the
advantage of internally normalising airway remodelling measures to the individual patient. Using the ratio
of the vascular lumen to the companion airway has a strong clinical rationale in that the classic
radiological definition of bronchiectasis is an increased bronchoarterial ratio on axial chest CT scans. If the
airway lumen is consistently dilated relative to its companion vascular lumen on axial CT, this pattern is
considered suspicious for bronchiectasis. van pEn Bosch et al. [15] used the BA analysis to evaluate
airway remodelling in a retrospective study of paediatric patients with a diagnosis of severe asthma in 161
CT scans obtained in 131 patients over the years 2007-2019. Inclusion criteria were chest CT scan with
severe asthma diagnosis between the ages of 4 and 18 years and a reconstructed slice thickness of
<1.5mm. Given the large age range of the participants, normalisation is essential to standardise the
measurements of airway remodelling.

The findings of van pEn Bosch et al. [15] showed much higher central airway remodelling than expected.
The most surprising finding was the high prevalence and extent of bronchiectasis. Using the B,,/A ratio
threshold of 1.5, nearly 82% of CT scans analysed showed bronchiectasis, with a median fraction of
airways defined as bronchiectasis of 3.2% (interquartile range (IQR) 1.1-7.1%) per scan. Other imaging
studies found a more modest prevalence for bronchiectasis of 20-30% in children with severe asthma [16],
which was similar to the prevalence found by van pen Bosch et al. [15] using manual semi-quantitative
scoring. Similarly high degrees of airway remodelling were found for the bronchial wall thickness to artery
lumen ratio (B, /A >0.14 as the cut-off). The percentage of BA pairs per CT scan showing bronchial wall
thickening was substantial, with a median of 41.7% (IQR 24.0-79.8%) showing thickened airways.
Lending further credibility to the approach, measures of air trapping and small airway disease, including
increased low attenuation regions on CT and reduced forced expiratory flows between 25% and 75% of
forced vital capacity (FEFs_75) z-score, correlated with some measures of airway remodelling, including
increased B,,/A and decreased Bj,men/A.

These exciting findings speak to the potential sensitivity of CT to assess early airway remodelling in children
with asthma. However, they are hindered by the lack of normative data, for both the airways and vasculature,
in this study. Differences in pulmonary vascular anatomy between mild—moderate and severe asthma [17], as
well as in response to asthma therapies [18, 19], have been demonstrated in adult asthma. Thus, pulmonary
vascular structures are likely to be a poor reference for normal airway dimensions in asthmatic patients.
Furthermore, a B,,/A ratio threshold of 1.5 is a best-guess estimate for adult asthma patients. While this
threshold may also be appropriate for paediatric patients, further investigations are required. Full development
and validation of the technique will require larger prospective studies using modern, low-dose protocols,
probably with a therapy intervention to demonstrate expected response. This technique could also be applied
beyond paediatric asthma to understand normal lung growth and development.

Can the clinical use of quantitative CT diagnose the onset and extent of airway remodelling in paediatric
severe asthma? These data from van DEN Bosch et al. [15] are among the first to purport a normalised
airway measure of central airway remodelling, which is robust to data acquired using multiple scanners and
protocols. Moreover, the findings in the current work are consistent with patterns of air trapping in children
with severe asthma that suggest airway and parenchymal remodelling may be occurring much earlier in
these patients than previously thought. A quantitative and early marker of the airway remodelling process
could be extremely valuable in prospectively phenotyping childhood asthma to improve management and
treatment approach [20].

Despite these limitations, these results are provocative and hypothesis generating, pointing to the possibility
of much more pronounced airway remodelling in early stages of severe asthma. Importantly, the use of an
automated method for normalisation of airway diameter to vascular lumen points to a potentially sensitive
and standardised measure of airway remodelling, enabling evaluation of early asthma in paediatric patients.

Provenance: Commissioned article, peer reviewed.
Conflict of interest: S.B. Fain serves as a scientific advisor for Polarean LLC; and receives research funding from
Polarean LLC, Siemens Healthineers Inc and GE Healthcare Inc for development of pulmonary computed

tomography and magnetic resonance imaging methods. M.J. McIntosh has no conflicts.

Support statement: Funding for this article was provided by National Institutes of Health (NIH)/National Heart,
Lung, and Blood Institute grants RO1 HL168446, R01 HL126771, RO1 HL169765 and RO1 HL146689, and NIH/

https://doi.org/10.1183/23120541.00763-2023 2



ERJ OPEN RESEARCH

EDITORIAL | S.B. FAIN AND M.J. MCINTOSH

National Institute of Biomedical Imaging and Bioengineering grant R01 EB034689. Funding information for this
article has been deposited with the Crossref Funder Registry.

References

1

10

11

12

13

14

15

16

17

18

19

20

Global Initiative for Asthma. Difficult-to-treat and severe asthma in adolescent and adult patients: diagnosis
and management. A short GINA guide for health professionals. V4.0. Date last updated: August 2023. www.
ginasthma.org

Lang A, Carlsen KH, Haaland G, et al. Severe asthma in childhood: assessed in 10 year olds in a birth cohort
study. Allergy 2008; 63: 1054-1060.

Godard P, Chanez P, Siraudin L, et al. Costs of asthma are correlated with severity: a 1-yr prospective study.
Eur Respir J 2002; 19: 61-67.

Yaghoubi M, Adibi A, Safari A, et al. The projected economic and health burden of uncontrolled asthma in
the United States. Am J Respir Crit Care Med 2019; 200: 1102-1112.

Lemanske RF Jr. The Childhood Origins of Asthma (COAST) study. Pediatr Allergy Immunol 2002; 13: 38-43.
Busse WW, Mitchell H. Addressing issues of asthma in inner-city children. J Allergy Clin Immunol 2007; 119:
43-49.

Gaffin JM, Petty CR, Sorkness RL, et al. Determinants of lung function across childhood in the Severe Asthma
Research Program (SARP) 3. J Allergy Clin Immunol 2023; 151: 138-146.e9.

Guilbert TW, Bacharier LB, Fitzpatrick AM. Severe asthma in children. J Allergy Clin Immunol Pract 2014; 2:
489-500.

Cadman RV, Lemanske RF Jr, Evans MD, et al. Pulmonary *He magnetic resonance imaging of childhood
asthma. J Allergy Clin Immunol 2013; 131: 369-376.e5.

Lin NY, Roach DJ, Willmering MM, et al. **Xe MRI as a measure of clinical disease severity for pediatric
asthma. J Allergy Clin Immunol 2021; 147: 2146-2153.el.

Sorkness RL, Teague WG, Penugonda M, et al. Sex dependence of airflow limitation and air trapping in
children with severe asthma. J Allergy Clin Immunol 2011; 127: 1073-1074.

Sorkness RL, Zoratti EM, Kattan M, et al. Obstruction phenotype as a predictor of asthma severity and
instability in children. J Allergy Clin Immunol 2018; 142: 1090-1099.e4.

Tsiflikas I, Thater G, Ayx I, et al. Low dose pediatric chest computed tomography on a photon counting
detector system - initial clinical experience. Pediatr Radiol 2023; 53: 1057-1062.

US Food and Drug Administration. Polarean Inc. New Drug Application 214375 Approval Letter for Xenoview.
Date last updated: December 2022. www.accessdata.fda.gov/drugsatfda_docs/label/2022/214375s000lbl.pdf
van den Bosch WB, Lv Q, Andrinopoulou E-R, et al. Children with severe asthma have substantial structural
airway changes on computed tomography. ERJ Open Res 2024; 10: 00121-2023.

Lo D, Maniyar A, Gupta S, et al. High prevalence of bronchiectasis on chest CT in a selected cohort of
children with severe asthma. BMC Pulm Med 2019; 19: 136.

Ash SY, Rahaghi FN, Come CE, et al. Pruning of the pulmonary vasculature in asthma. The Severe Asthma
Research Program (SARP) cohort. Am J Respir Crit Care Med 2018; 198: 39-50.

McIntosh MJ, Matheson AM, Kooner HK, et al. Pulmonary vascular differences in eosinophilic asthma after 2.5
years anti-IL-5Ra treatment. Am J Respir Crit Care Med 2023; 208: 998-1001.

Suzuki T, Tada Y, Kawata N, et al. Clinical, physiological, and radiological features of asthma-chronic
obstructive pulmonary disease overlap syndrome. Int J Chron Obstruct Pulmon Dis 2015; 10: 947-954.
Yaghoubi M, Adibi A, Zafari Z, et al. Cost-effectiveness of implementing objective diagnostic verification of
asthma in the United States. J Allergy Clin Immunol 2020; 145: 1367-1377.e4.

https://doi.org/10.1183/23120541.00763-2023 3


https://www.crossref.org/services/funder-registry/
https://www.ginasthma.org
https://www.ginasthma.org
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214375s000lbl.pdf

	A new approach to computed tomography measurement of airway remodelling in paediatric asthma
	References


