
patients with severe asthma is associated with a decline in pulmonary
function (7).

Epithelial repair requires cell migration, proliferation, and
differentiation to restore the structure after injury (8). As
progenitor/stem cells, basal cells play a critical role in epithelial
repair and undergo proliferation and differentiation in response to
injury. Because they showed a persisting expansion after BT, we
evaluated their proliferation. We observed that the number of
proliferative (Ki-671) p631 cells decreased >12 months after BT,
whereas the total number of p631 cells remained high. These data
suggest that the local proliferation of basal cells participated in the
observed p631 cell expansion shortly after BT, and that later other
sources of progenitor cells likely sustained the observed higher
number of p631 cells (9).

This real-life study did not have a control group, and
patients were asked to undergo bronchial biopsies at the time of the
BT procedures. However, we believe that bronchial biopsies taken in
the left lower lobe at the first bronchoscopy for right lower lobe BT
treatment constitute an acceptable baseline.

In conclusion, in severe asthma, the bronchial epithelium could
be considered as an important target of BT treatment. BT causes
epithelial injury, induces proliferation of basal progenitor cells,
reduces mucin expression, and improves epithelial integrity. These
results support BT as an effective treatment option for patients
with severe uncontrolled asthma, and suggest that the observed
clinical benefits could be related to BT-induced changes of the
bronchial epithelium structure in addition to airway mucosa
smooth muscle mass and nerve fiber changes. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Acknowledgment: The authors thank the patients for their participation,
Serge Simard for statistical analysis, Sophie Plante for technical help, Lyne
Ringuette for patient recruitment, and Sabrina Biardel (Quebec Respiratory
Health Network Tissue Bank) for providing tissue samples.

Ikhlass Haj Salem, Ph.D.*
Université Laval
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High Prevalence of Laryngeal Obstruction during
Exercise in Severe Asthma

To the Editor:

Exertional dyspnea is a key and pervasive feature in severe asthma
and often persists despite optimization of asthma treatment (1).
Laryngeal or vocal cord dysfunction, an inappropriate and excessive
closure of the glottis during the breathing cycle, is recognized to be
present in up to half of patients with severe asthma (2, 3). This laryngeal
closure can lead to transient airflow obstruction during exercise and
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exertional dyspnea (4). Although the normal response of the laryngeal
structures is to abduct during exercise, in some individuals, the glottic
aperture can narrow inappropriately during exercise. It is currently
unclear whether laryngeal closure is present and contributes to
the etiology of exertional dyspnea in patients with severe asthma,
yet such a finding may explain the “treatment refractory” nature of this
symptom and have implications for management.

The aim of this study was to evaluate exercise-related laryngeal
function in a cohort of patients with severe asthma and exertional
dyspnea. We used the technique of continuous laryngoscopy during
exercise and hypothesized that laryngeal obstruction would be
prevalent and relate to lung function, dyspnea, and exercise
intolerance.

Methodology

Study population. Adults with severe asthma and persistent
exertional dyspnea, affecting activities of daily living, were recruited
between 2011 and 2013 to complete a continuous laryngoscopy
during exercise test, spirometry, and questionnaires of both asthma
control (asthma control test) (5) and dyspnea (D12) (6). Participants
had completed a severe asthma systematic assessment, and those
with a contraindication to exercise testing and/or laryngoscopy
and current or significant ex-smokers (.5-pack-year history)
were excluded. The study was approved by a research ethics
committee (11/LO/1404–NRES–London East).

Study procedures. Continuous laryngoscopy during exercise
testing was performed (7) with a high-definition fiberoptic
nasendoscope (Olympus ENF-VQ) placed superior to the laryngeal
aperture and fixed in headgear to ensure stable image acquisition
during a maximal cycle-ergometer cardiopulmonary exercise test,
with dyspnea characterized with the Borg scale (0–10). Images
of laryngeal movement at rest and near-maximal exercise were
captured and closure was assessed, using a closure score (8), by
an experienced operator (V.B.) blinded to subject characteristics.
The predominant location (i.e., glottic vs. supraglottic level) and
breathing phase were recorded, and only a closure score >2 (i.e., at
least moderate severity) was classified as abnormal. Laryngopharyngeal
reflux (LPR) was scored by a laryngologist (G.S.) and defined by
a reflux finding score .7 (9).

Statistical analysis. Data are expressed as mean (SD) for
parametric variables and as median (interquartile range) otherwise.
Differences in continuous variables were assessed using one-way
ANOVA or a nonparametric equivalent (Kruskal-Wallis), and
proportions assessed with chi-squared testing. All statistical
calculations were made with SPSS v.21 (SPSS Inc.), and a
P value, 0.05 was considered significant.

Results

Subject characteristics and pulmonary function. Thirty-two
patients, aged 18–61 years (78% female), completed assessment
(Table 1). Patients reported an asthma diagnosis for a median of
36 (range, 3–52) years; 75% were atopic and 66% had a blood
eosinophil count >0.33 109/L. All patients were prescribed
treatment >GINA step 4 treatment, with 23 (75%) patients
prescribed continuous or near-continuous (>50% of the year)
oral corticosteroids. Patients exhibited poor asthma control,
with a median asthma control test score of 12 (range, 6–23).

Exercise and laryngoscopy data. Exercise was limited by
dyspnea in 64% of subjects with peak exercise capacity reduced to lower
limits of normal (Table 1). Exercise-induced bronchoconstriction
(i.e., .10% reduction in FEV1) was present in 16% of subjects.

There was no evidence of any structural laryngeal defect;
however, LPR was present in the majority (88%). During exercise,
excessive laryngeal closure was apparent in 15 (47%) patients, in the
expiratory phase in six patients (40%), inspiratory phase in seven
patients (47%), and in both phases in two patients (13%; Figure 1).
Expiratory-phase closure was seen to be exclusively at the glottic
level (P= 0.001), but inspiratory-phase closure occurred predominantly
at the supraglottic (P = 0.04) level (Figure 2).

Patients with abnormal laryngeal movement were similar for
age, body mass index, sex, atopic status, LPR score, and presence of
eosinophilia to those without (all P. 0.05; Table 1). Patients with
inspiratory phase closure had better lung function and peak oxygen
uptake (P, 0.05) than those with expiratory closure, and yet were
more likely to report that breathing limited their peak exercise
capacity (P, 0.01; Table 1).

Discussion
Excessive laryngeal closure during exercise was apparent in
approximately half the patients with severe asthma, and was
associated with dyspnea and impaired pulmonary function. This
laryngeal closure was heterogeneous: apparent at different phases of
the respiratory cycle and at differing anatomical locations.

Several studies have highlighted an increased prevalence of
excessive laryngeal movement in patients with severe asthma (2, 3).
Low and colleagues (2) reported that approximately half of all patients
with difficult-to-treat asthma had evidence of excessive laryngeal
closure on computed tomography imaging. Laryngeal closure has
most commonly been classified in the resting state with or without
supine positioning, and to date, the functional implications of this
excessive laryngeal movement have not been clearly described.

The heightened airflow mandated by exercise presents a direct
challenge to the pulmonary system. Laryngeal closure likely acts
to modulate intrathoracic pressure; however, excessive closure,
especially during inspiration, may actually be maladaptive and
increase work of breathing (4). The variable pattern of laryngeal
closure we describe has been reported previously, with expiratory
closure at the glottic level associated with poorer lung function.
We reported a similar finding in chronic obstructive pulmonary
disease, where expiratory-phase closure appeared to modulate lung
emptying (10); that is, it may be adaptive. In the current study, a
high proportion of patients had evidence of LPR. Gastrointestinal
reflux is prevalent in asthma, and thus may be acting to sensitize
the glottis. Alternatively, these changes may simply reflect the local
mechanical consequence of excessive movement.

In the current study, the diagnosis of laryngeal dysfunction
was based on endoscopic confirmation of abnormal or excessive
laryngeal movement. We found that it was not possible to discern
the exercise laryngeal response pattern from bedside clinical
assessment, or from the questionnaires administered (i.e., the D12 or
Nijmegen Questionnaire). It remains to be determined, however,
whether more specific scoring laryngeal-focused systems (e.g.,
the Pittsburgh Vocal Cord Dysfunction Index [11]) may be
diagnostically valuable in this setting. We also found that the resting
and/or postexercise flow-volume loop did not permit diagnosis of the
presence of in-exercise laryngeal closure. This finding is in keeping
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Normal
N=17

CLE ASSESSMENT
N=32

Abnormal
N=15 (47%)

Expiratory EILO
N=6, 19%

Glottic, n=6
Supra-glottic, n=0

Glottic, n=1
Supra-glottic, n=6

Glottic, n=1
Supra-glottic, n=1

Inspiratory EILO
N=7, 22%

Insp/Exp EILO
N=2, 6%

Figure 1. Outcome and classification of continuous laryngoscopy during exercise assessment in severe asthma. CLE = continuous laryngoscopy during
exercise; EILO = exercise-induced laryngeal obstruction.

Table 1. Subject Characteristics, Pulmonary Function, and Exercise Data

All (N = 32)
Normal Laryngeal
Function (n = 17)

Abnormal Laryngeal Function

All (n = 15)
Expiratory Only

(n = 6)
Inspiratory Only

(n = 7)

Age, yr 44 (12) 42 (13) 46 (12) 47 (14) 42 (15)
Sex, M/F, % 22/78 18/82 27/73 14/86 50/50
BMI, kg/m2 29 (25–33) 33 (9–17) 28 (24–31) 28 (25–30) 29 (24–35)
Characteristics

ACT, x/25 12 (9–16) 12 (9–17) 12 (7–15) 13 (9–25) 9 (6–15)
D12, x/36 18 (9–23) 13 (7–26) 19 (16–23) 17 (10–25) 20 (19–23)
HADS 7 (4–10) 5 (3–9) 8 (5–10) 7 (5–9) 9 (4–10)
Oral steroid use, % 50 41 60 67 57
Serum eosinophils 0.4 (0.1–0.7) 0.3 (0.2–0.6) 0.6 (0.1–0.8) 0.4 (0.0–0.9) 0.7 (0.1–0.8)

Pulmonary function
FEV1, L 2.1 (0.7) 2.2 (0.6) 1.9 (0.7) 1.7 (0.7) 2.2 (0.8)
FEV1, % predicted 67.7 (18.0) 72.4 (15.0) 61.8 (20.7) 51.2 (15.0)* 73.8 (18.2)
FVC, L 3.0 (0.8) 3.3 (0.7) 3.0 (0.8) 3.1 (1.1) 3.1 (0.8)
FVC, % predicted 86.0 (12.8) 91.4 (10) 80.3 (13.9)† 71.8 (12.7)* 89.5 (12.3)
FER (FEV1/FVC) 0.6 (0.1) 0.6 (0.1) 0.6 (0.2) 0.6 (0.1)* 0.7 (0.1)
PEF/PIF 1.3 (0.4) 1.3 (0.3) 1.3 (0.4) 1.3 (0.5) 1.5 (0.5)

Exercise data
Reason for exercise

cessation
Legs, % 18.8 6.7 29.4 29.4 6.7
Breathing, % 62.5 86.7 35.3‡ 35.3x 86.7
Other, % 6.3 0 17.6 17.6 0
Missing, % 12.5 6.7 17.6 17.6 6.7

Peak exercise BORG, x/10 6 (2) 5 (2) 6 (2)† 7 (3) 6 (2)
Peak oxygen uptake, L/min 1.6 (1.3–1.7) 1.7 (1.4–1.9) 1.3 (1.3–1.3) 1.4 (0.9–1.7) 1.6 (1.3–1.7)
Peak oxygen uptake, %

predicted
81.5 (72.3–94.0) 87.0 (74.5–101.5) 80.0 (64.0–87.0) 68.5 (56.3–74.5)* 85 (80.0–93.0)

Definition of abbreviations: ACT = Asthma Control Test; BMI = body mass index; D12 = dyspnea 12 score (x-36); HADS =Hospital Anxiety and Depression
Score; FER = forced expiratory ratio; PEF = peak expiratory flow; PIF = peak inspiratory flow.
Reason for stopping, lack of clear cause/missing data: n = 4. Reason for stopping “other” represents headache, dizziness and chest pain. Parametric data
are presented as mean (SD), and nonparametric data are presented as median (interquartile range).
*P, 0.05, expiratory versus inspiratory.
†P, 0.05, abnormal versus normal laryngeal movement.
‡P, 0.01, abnormal versus normal laryngeal movement.
xP, 0.01, expiratory versus inspiratory.
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with previously published work (12), indicating the poor precision of
periexercise flow-volume loops in the diagnosis of exercise-induced
laryngeal obstruction.

In conclusion, exercise laryngeal closure appears to be a prevalent
comorbid phenomenon in severe asthma and may contribute to the
development of exertional dyspnea and exercise impairment. The
continuous laryngoscopy during exercise test offers a robust means
of characterizing laryngeal movement, and our findings highlight
the need for future work to determine whether targeted laryngeal
intervention, particularly for inspiratory phase laryngeal closure, can
improve dyspnea and exercise capacity in severe asthma. n
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Diagnostic Failures in Asthma

To the Editor:

I commend Aaron and colleagues on their outstanding concise
review on the contemporary state of asthma diagnosis (1). I
agree that asthma is susceptible to both underrecognition and
inappropriate diagnostic labels, and I applaud the authors for
raising awareness around diagnostic failures. However, I would like
to clarify the definitions of underdiagnosis and overdiagnosis,
elaborate why precise use of these terms matters, and discuss
inherent tensions in creating any universal disease definition.

In its narrowest sense, overdiagnosis refers to situations in which
a diagnostic label is applied to a condition unlikely to cause symptoms
or harm (2–4). True overdiagnosis occurs almost exclusively in the
context of screening and represents an extreme form of lead-time
bias. For example, indiscriminate prostate cancer screening in adult
men increases the incidence of cancers detected, but many cancers
are unlikely to progress to clinically relevant disease (2).

Similarly, when applied to large populations, spirometry
may identify asymptomatic patients with reversible airflow
obstruction (1). However, a subset of these patients will remain
asymptomatic indefinitely, and labeling them as asthmatic
represents overdiagnosis, not underdiagnosis. Even if we consider

underreporting of symptoms and lower quality of life for these
patients on a population level, we must also acknowledge that some
patients may suffer the consequences of overdiagnosis. Thus,
clinicians must counterbalance intensive case-finding against
unnecessary disease labeling and overtreatment (2).

Aaron and colleagues also describe situations in which another
disease (e.g., allergic rhinitis) is incorrectly labeled as asthma. (1)
This situation is not overdiagnosis but, rather, diagnostic error,
which is a “failure to establish an accurate and timely explanation
of the patient’s health problem(s) or communicate that explanation
to the patient” (4). By calling out diagnostic error explicitly, we can
target additional parts of the diagnostic process around asthma
amenable to solutions, such as patient empowerment and access to
appropriate diagnostic testing (4).

Aaron and colleagues also argue that the term asthma should
not be used to describe patients with sustained clinical remission (1).
I am less convinced of the need to call this example overdiagnosis.
Fundamentally, if we conceive of diagnostic labeling as a form of
meaning-making to guide prognostication, testing, and treatment
(5), then continuing to use “asthma” to describe such patients has
continued relevance for patients and clinicians alike. The patients’
underlying genotype and environmental susceptibilities greatly
increase the probability that they will exhibit the asthma phenotype
in the future.

Ultimately, the semantics matter less than the goal: to provide
outstanding evidence-based care to our patients. In caring for
patients with asthma, we need diagnostic definitions that suit
patients, clinicians, scientists, and epidemiologists. Diagnosis is an
uncertain science, and binary classifications of patients as asthmatic
versus nonasthmatic may have unintended consequences. Complex
diagnostic definitions that suit researchers and specialists may not
always translate to better recognition of disease at the “front line” of
medicine. In its quest for diagnostic excellence, I hope the asthma
community can continue to refine diagnostic criteria that are simple
to apply at the bedside and provide the right balance of overlabeling
and underrecognition. n
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