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Commentaries on Viewpoint: Small airways vs. large airways in asthma: time for
a new perspective

How small is small?
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TO THE EDITOR: The Viewpoint by Donovan and Noble (1)
shows that if we want to progress, we have to break down the
barriers that continue to exist between lung mechanics and
ventilation distribution fundamental research, despite iso-
lated efforts (2). For one, this will force us to define which are
the airways (in terms of size or another characteristic) we
intend to study. For instance, ventilation heterogeneity is
shown to be fractal, but at acinar scale a breakpoint occurs,
reflective of gas mixing at the level of these “really small”
alveolated airways (3).

In asthma, airway size matters at least in one respect. As a
target for inhaled therapy, airway size dictates aerosol parti-
cle size and breathing flow, guided by modeling (4). As a tar-
get for thermoplasty, individual bronchi of particular size
and location are singled out, also guided by modeling (5).
Therein could lie the common effort: what is the simplest
model configuration that can tell us what really matters to
ventilation distribution and lung mechanics alike, and then
verify these predictions experimentally. All the while being
aware of the older perspectives, lest we reinvent the wheel.

In clinical studies, oscillometry derived frequency depend-
ence of resistance and multiple-breath-washout-derived
index of convective ventilation heterogeneity are regu-
larly promoted as indexes of small (conductive) airways,
despite their poor specificity. Perhaps an adequate model,
with some help from imaging, could point us to a smart
combination of lung mechanics and ventilation distribu-
tion indexes that increases specificity, instead of meas-
uring all possible indexes and hoping statistical data
mining will sort things out a posteriori.
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Small airways! But where are the defects?
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TO THE EDITOR: As long as there is an opening down to the
alveoli, symptoms should remain fairly limited. The excep-
tion is wheezing and the anaphylactic-like attack, which
involve constriction of large airways. People that are intoler-
ant to methacholine, based on perception of discomfort, are
not the ones displaying the highest changes in resistance but
the ones displaying the highest changes in reactance. In my
opinion, small airways are the main sites of effect leading to
most asthma symptoms. Yet, Drs. Donovan and Noble are
right. Even if the effect on small airways would account for
most symptoms, it neither implies that the underlying defect
causing asthma stems from small airways nor that large air-
ways are devoid of defects (1). As argued by the authors, large
and small airways are not disconnected from each other (1).
Constriction of large airways may trigger a downstream
chain of events compromising the opening of small airways.
Another example is excessive mucus production of large air-
ways with the functional effect of engorging small airways
(2). The defect might not be airways at all. Inflammatory
mediators (3) and defects in the parenchyma (4) and nervous
system (5) can modify the behavior of normal airways. The
defect in asthma also likely differs between afflicted individ-
uals and, most troublesome, is probably the agglomeration
of defects within the same individual: beyond interindivid-
ual variability there is within-subject complexity. I agree that
it is time to abandon this recurring and unfruitful quest for
settling whether asthma is a large or small airway disorder.
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A quantitative image is worth a thousand
words

Sam Bayat
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TO THE EDITOR: I agree with the statement in Donovan and
Noble’s Viewpoint (1) that whether asthma is a disease of the
large or small airways is an ill-posed question. The authors
emphasize the apparent discrepancies in imaging data on
airway structure and function inmodels of induced constric-
tion to stress the paradigm that the branching airway tree
function is not explicable by static models and that it
behaves as a complex dynamic system.

Contrary to what the authors suggest, however, functional
imaging data along with computational modeling have sig-
nificantly contributed to our understanding that airway
function as a whole is not the sum of the behavior of individ-
ual components, the numerous individual airways interact-
ing with the lung parenchyma and with each other both
serially and in parallel (2). Imaging data have demonstrated
that ventilation defects may appear due to clustered rather
than random narrowing of small peripheral airways and that
airways can paradoxically dilate during bronchoconstric-
tion and are modulated by lung volume and airway pres-
sure (2,3).

Quantitative imaging studies have also shown that the
route andmechanism of airway smoothmuscle activation (4),
the distribution of the inhaled agonist, and local allergic
inflammation (5) can intervene in the emergence of ventila-
tion defects. Other factors at the intracellular and molecular
scales may also influence the complex behavior of broncho-
constriction (2).

Quantitative structure-function imaging studies will be
instrumental in advancing our understanding of the bron-
choconstricting lung as a complex dynamic system, along
with sophisticated multiscale computational models to inte-
grate and interpret their findings.
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The primary cause of reduced lung function in
asthma: It is the source of heterogeneity, not
simply large vs. small airways

Kenneth R. Lutchen
Biomedical Engineering, Boston University, Boston,
Massachusetts

TO THE EDITOR: In asthma some abnormal airways become
hyperreactive to airway smooth muscle (ASM) stimulants.
Causes may derive from abnormalities in ASM, amount of
ASM, wall remodeling, and inflammation. It seems
unlikely that all airways are equally abnormal. Donovan
and Noble (1) muse on whether the abnormalities reside in
the smaller or larger airways, a question unanswerable via
imaging alone. Evidence that small airways play a major
role arises when combining both ventilation imaging and
oscillatory mechanics data near breathing with three-
dimensional anatomically human airway models (2, 3).
One cannot recreate both sets of data by only impacting
larger airways. However, the more crucial question is:
which airways most contribute to the heterogeneous pattern
of airway constriction? It is not the constriction of small vs.
large airways per se that make breathing and ventilation
difficult, but it is the phenomena that the airways constrict
heterogeneously (4). The heterogeneity dramatically ele-
vates whole lung resistance and elastance far more at
breathing frequencies than is evident when measuring
how much any single airway constricts or knowing the
mean constriction among all airways (2). The heterogeneity
suggests that some airways are more abnormal than others
and that asthma may be more of a localized disease.
Recently, Brown et al. (5) showed marked variability in
wall thickness within an asthmatic vs. normal subject.
Rather than ask whether asthma involves peripheral or
large airways, perhaps we should ask where in a specific
asthmatic subject is the precise location of those airways
most reactive, and then innovate new treatment that can
target them.
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A new perspective is useful: What about the
patient?
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TO THE EDITOR: After countless papers inviting “reappraisal”
or “revisiting” of the small airways in asthma over the past
decades, Donovan and Noble (1) propose to change the pre-
mise altogether: is it even useful to talk about small vs. large
airways? As they suggest, while anatomical boundaries are
intuitive—cartilagenous vs. noncartilagenous, greater vs.
less than 2 mm in diameter, above vs. below generation 8—
none of these correspond neatly to function. Even within
our functional measures, the boundary is fluid: whether it
be the relative contributions of the peripheral vs. central
airways (even upper airway) in oscillometry, or so-called
conductive vs. acinar ventilation heterogeneity in multi-
ple breath washout.

We support the concept of a continuum, with an under-
standing that “small” and “large” airways represent the ends
of the continuum and that the two are fundamentally linked
in both structure and function. Changes in any given airway
do not occur in isolation and impact the whole tree. Regional
airway wall thickening (arguably in the smaller airways)
matter more than uniform narrowing across the tree, in
shifting “tipping points” for the emergence of ventilation

defects (2). Loss or narrowing of smaller airways is likely
responsible for the breakdown in whole lung fractal topol-
ogy (3).

Nevertheless, perhaps we should go one step further and
ask, what makes a difference to the patient? Despite our own
enthusiasm, the evidence to date for treating the small air-
ways remains uncompelling. Within the context of treatable
traits (4), it may be more useful to target specific functional
abnormalities, e.g., expiratory flow limitation, airway clo-
sure, ventilation heterogeneity. Our modern measurement
tools are good enough to be used in clinical settings: we des-
perately need to know if these physiologic traits reflect clini-
cal responses or predict treatment responses or risk of
hospitalization/deterioration (5).
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Role of small airways in asthma: Factual
research or exercise in futility?

Vito Brusasco
Department of Experimental Medicine, University of Genoa,
Genoa, Italy

TO THE EDITOR: The search for “tests of small airways” has
long been a conundrum for pulmonary physiologists, fos-
tered in the last decade by the development of drugs target-
ing the “silent zone” of the lung. The Viewpoint of Donovan
and Noble in the current issue of the journal (1) raises a
timely question regarding the specificity of these tests and
their clinical relevance to the diagnosis and treatment of
asthma. The example proposed by Donovan and Noble is il-
lustrative of why the available tests of lung functionmay not
detect reliably where airflow limitation occurs. Their model
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stems from the assumption that peripheral airways are nor-
mally more compliant than the central ones, which is a
mechanism by which the site of flow limitation moves to-
ward periphery at low lung volumes (2). Reduced compli-
ance of lobar bronchi has been reported in asthmatic
subjects (3) and sensitized animals (4). Although there are no
data on small airways compliance in asthma, one may
hypothesize that the difference between central and periph-
eral airways may increase in the case of isolated or prevalent
remodeling of central airways. Based on Donovan and
Noble’s model, this would result in more peripheral flow li-
mitation. For the same reason, pharmacological or nonphar-
macological (5) interventions increasing the compliance of
central airways, e.g., by reducing smoothmuscle tone, would
appear as if they were acting on small airways. Thus,
although it is conceivable that peripheral airways may be
involved in asthma, the contribution of “tests of small air-
ways” to clinical decisionmaking remains questionable.
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TO THE EDITOR: In their recent Viewpoint (1), Donovan
and Noble argue that “small or large airway?” in asthma is
the wrong question; we agree. However, this “unhelpful

dichotomy” is only part of the problem. Clinical manage-
ment and research findings are still limited by insensitive
measures and poor characterization of patients who sit
under the umbrella term of “asthma.”

The shift toward assessing the small airways with more
sensitive techniques, in a search for understanding, has
shown their importance (2, 3). Yet, the small airways are still
not routinely assessed as part of clinical management.

The mathematical modeling studies of compliance based
on imaging point to the need to consider the role of airway
compliance. The consequences of altered compliance along
the airway tree is potentially addressable using the decruit-
ment technique, which estimates airway closure relative to
lung volume via oscillometry (3). Performing this in conjunc-
tion with multiple breath inert gas washout would poten-
tially determine whether dysfunction is more central, or
more peripheral, which may in turn guide inhaled drug ther-
apy (4). Combining these with measurement of fractional
expired nitric oxide to assess eosinophilic airway inflamma-
tionmay point to appropriate use of biologics.

Rather than describing function alone, identifying detect-
able characteristics that can be treated is an important goal
in the clinical management of subjects with asthma. The
application of techniques beyond simple spirometry would
allow a more comprehensive assessment for asthma and
build a catalogue of “treatable traits” (5), to be used in a pre-
cisionmedicine approach within various asthma endotypes.
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Shifting the focus to measuring early disease
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TO THE EDITOR: Donovan and Noble’s Viewpoint (1) provides a
concise overview of a long-standing question: whether
asthma is predominantly a small or large airways disease.
While important, this question may be ill-posed. As the
authors note, lung airway and acinar units are highly inter-
connected, rendering isolated phenotyping of small/large
airway disease challenging. However, many airway diseases
may have inception through pathological progression of
small airways dysfunction. Given this, how do we identify
and treat early disease, when traditional tools such as spi-
rometry remain insensitive? In this context, tidal breathing
tests such as forced oscillation technique (FOT) and inert-gas
washout may allow for targeted identification of early small
airways disease. Clinical studies in asthma have identified
that FOTmeasures are highly predictive of small airways dis-
ease when considering all other pragmatic clinical tools (2).
Using computational approaches, we identified that these
techniques offer enhanced sensitivity and specificity to
small airway disease (3, 4) when accounting for confounders
like upper airway shunting and gravitational gradients,
offering the potential to unlock early disease management
through anatomically sensitive and validated clinical tests.
While these models warrant further development through
detailed integration of respiratory zone mechanics, they pro-
vide critical evidence supporting larger scale clinical studies
of early respiratory disease. Ongoing efforts to develop nor-
mative equations for tidal breathing lung function tests (5)
and the recognition that they may identify small airways dis-
ease early is a major unmet need in respiratory disease.
Therefore, we agree with Donovan and Noble: it is time to
move beyond the large/small airway dichotomy toward inte-
grative, clinically oriented profiling of the lung periphery.
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Heterogeneity, modeling, and tipping points
in asthma

Tilo Winkler

Department of Anesthesia, Critical Care, and Pain Medicine,
Massachusetts General Hospital and Harvard Medical
School, Boston, Massachusetts

TO THE EDITOR: The Viewpoint’s arguments about large vs.
small airways in asthma (1) have a long history, but is this
about all large vs. all small airways or not? This question has
major implications.

A ground-breaking study of airway remodeling has shown
that remodeling occurred only in a fraction of airways
including all sizes (2). This suggests substantial parallel het-
erogeneity in the distribution of airflow in the lungs and
potentially superimposed serial heterogeneity depending on
the location of the remodeled airways and the magnitude of
remodeling.

To assess such changes, network models of resistance and
compliance would need parallel and serial components of
airway resistance. However, it has been shown for a group of
models with different assumptions for parallel or serial het-
erogeneity that the external airflow-pressure relationships
(transfer functions) can be identical (3). A fundamental con-
sequence of the transfer functions being identical is that the
different assumptions for internal parallel or serial heteroge-
neity are equally valid for describing the external airflow-
pressure relationship.

Recent studies have shown that exacerbations are associ-
ated with airway remodeling in computed tomography (CT)
and increased fluctuations in FEV1. Both effects can be
explained by airway remodeling shifting the trigger point for
the emergence of self-organized bronchoconstriction and
ventilation defects (VDefs) (4).

In summary, perhaps early remodeling in a fraction of
large or small airways is a relevant therapeutic target.
However, the therapeutic impact will depend on how
much it can shift the trigger point decreasing the likeli-
hood for the emergence of VDefs during asthma attacks
and exacerbations.
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Airway compliance in healthy and diseased
states
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TO THE EDITOR: Donovan and Noble provide a nuanced and
refreshing perspective regarding advancements in characteriz-
ing asthmatic airways (1) and aptly highlight a key shortcom-
ing in the field: the assumption that smaller airways are more
compliant than proximal regions (2), historically rooted in air-
way compliance curves being vastly understudied. In contrast,
our recent ex vivo mechanical characterization of proximal to
distal airways in porcine lungs found the smaller airways are
actually stiffer (3) and that the collagen and elastinmicrostruc-
tural reinforcement possibly substantiates the mechanics to
overturn this long-standing assumption (4). The direct tensile
testing that afforded these unexpected findings can be utilized
to divulge future critical insights, such as the overdue evalua-
tion of the potentially heterogeneous and anisotropic human
bronchial network. Therefore, while ex vivo characterization
lacks the physiological environment of in vivo imaging explo-
rations (due to the absence of smooth muscle activation), it
does offer the ability to quantify the passive material proper-
ties of the large and small airways to infer their response under
contractile loads and assess which regions are more suscepti-
ble to obstruction. This approach can enable comparative stud-
ies on healthy and asthmatic cadaveric human lungs to
understand how chronic remodeling alters airway structural
integrity, to ascertain the degree of adaptation, and to deter-
mine the predominant site of disease (small vs. large). We are
currently conducting these investigations and it may well turn
out, as the authors suggest, that there is a seamless evolution
between large to small diseased airway regions.
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Complexity holds the key to understanding
airway hyperreactivity in asthma

Harikrishnan Parameswaran
Department of Bioengineering, Northeastern University,
Boston, Massachusetts

TO THE EDITOR: In this thought-provoking and timely per-
spective, Drs. Donavan and Noble revisit the question of
airway size in asthma (1). They quickly conclude that a
more productive line of inquiry might be identifying the
factors that regulate airway constriction and how they
vary with airway size. Specifically, the authors raise the
need to understand airway function as an integrated com-
plex system. This begs the question: what are the complex
interactions missing in current models, and why do they
matter? The airway smooth muscle (ASM) is often consid-
ered a force generator that develops force independent of
the extracellular matrix (ECM). A growing body of experi-
mental evidence shows that the ECM is a critical regulator
of agonist-induced force (2–4). Increased ECM stiffness
results in higher ASM force (3, 4). However, most airway
models would interpret this change as increased load. In
this case, eschewing complexity can lead to the wrong con-
clusions. Functionally relevant complexity can also be
seen within the ASM layer, where physical connections
between ASM cells are maintained by force-dependent
bonds that can switch between cell-cell and cell-ECM con-
nections (5). By changing connectivity between cells, the
muscle layer can dynamically alter the force transmission
paths, the net force it generates (5). Clearly, one cannot
extrapolate from mechanisms that regulate force in isolated
ASM to multicellular ASM ensembles without complexity
considerations, let alone predict an airway response. The non-
linear interactions of the different constituents of the airway
wall hold the key to understanding how and why healthy air-
ways turn hyperreactive in asthma.
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