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Abstract: (202 words)

Breathlessness during sport can be caused by a variety of cardiorespiratory conditions,
but when associated with stridor, usually arises from an upper airway etiology. The term
exercise-induced laryngeal obstruction (EILO) is now used to describe the phenomonen

of transient glottic closure occurring in association with physical activity.

Exercise related laryngeal closure is most commonly encountered in athletic individuals
and likely affects between 5-7% of all young adults and adolescents. The diagnosis of
EILO is not always straightforward as features can overlap with exercise-induced asthma
/ exercise-induced bronchoconstriction. EILO can therefore remain misdiagnosed for
years and most patients receive inappropriate asthma therapy. In contrast with asthma,
EILO symptoms are usually most prominent at maximal exercise intensity and resolve
quickly on exercise cessation. It is important to recognize that EILO and asthma can co-

exist in a proportion of athletes. .

The gold standard test for diagnosing EILO is continuous laryngoscopy during exercise
(CLE) testing, although eucapnic voluntary hyperpnea testing has also been utilized.
Various surgical or pharmacological interventions can be used to treat EILO but first-line
treatment is breathing technique work. Further esearch is needed to establish the
optimal treatment algorithm and more work is needed to increase awareness of this

important clinical entity.
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Introduction and definitions (2,999 words)

Exercise-induced breathlessness may be caused by a variety of respiratory conditions
but when associated with wheezes, it is most often attributed to the presence of asthma
or exercise-induced bronchoconstriction (EIB). In recent years, however, it has become
increasingly apparent that other airway-centric etiologies such as those involving the

larynx and upper airway, are equally relevant as causes of this clinical presentation.

The first descriptions of abnormal ‘functional’ laryngeal closure causing breathlessness
and wheeze are attributed to Christopher et al.> over 30 years ago. This description of
paradoxical (i.e. inward movement occurring on inspiration) movement of the vocal
cords was termed vocal cord dysfunction (VCD). Since this time, a great number of terms
have been used to describe similar pheonomena of abnormal laryngeal function and
more recently an international consensus group proposed the term “inducible laryngeal
obstruction (ILO)”, to describe an inappropriate and transient obstruction of the larynx
that arises in response to an external trigger. The terminology also acknowledges the
fact that in many cases larygenal closure occurs because of structures distinct from the
vocal cords and thus VCD is a misnomer. When ILO develops in the context of exertion it

is termed exercice-induced laryngeal obstruction (EILO)

The aim of this review is to provide a pragmatic overview of the epidemiology, clinical
features and treatment of EILO, to help clinicians encouttering athletes with breathing

difficulties.

Prevalence of stridor and inducible laryngeal obstruction

The impact of VCD has been recognized for some time. Newman reported a series of 95
adults (84% women) who had been hospitalised with laryngeal symptoms and diagnosed
with VCD (average age of 39 years) >. Fifty-three of them (56%) had co-morbid asthma®.

In this study, patients with VCD and without co-existing asthma were predominantly
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young females whom had been misdiagnosed with asthma for an average of almost 5

years prior to assessment. Medical utilisation was high in this group.

In a large data series review of VCD, there was an approximately 2:1 female
predominance, 71% were adults and the remaining 29% were predominantly
adolescents®. In a study of 94 patients diagnosed using the continuous laryngoscopy
exercise (CLE) test, average age was 15 years, and 68% were female similar to other
adolescent group’. Exercise appears to be a more common inducer of laryngeal
obstruction in younger age groups; however, this might be a biased by different exercise

habits in term of type and duration at different ages.

Several studies in adolescents and young adults in northern Europe, that focused on
exercise laryngeal closure have indicated that the prevalence of EILO appears to be in

7, 8

the range of 5-7%° with a preponderance in females , adolescents and young

athletes® ¥ 1°

. In 146 adolescents who reported exercise-induced dyspnea on a large-
scale questionnaire, prevalence of EILO visualized on exercise testing was 5.7% while
19.2% had EIB®. Rundell et al. reported a prevalence of inspiratory stridor during
exercise of 5.1% in US based athletes, often with concomitant asthma, although usually

mild*®.

Etiology and pathophysiology

Breath sounds are generated by vibrations created when air molecules collide with each
other and with the bronchial wall in the presence of turbulent airflow or vortices™.
Stridor, a high-pitched musical sound, is produced when turbulent airflow is located in
the upper respiratory tract. It differs from wheezes essentially by its greater audibility
over the neck than chest wall. Its location in the respiratory cycle indicates the level of
obstruction®. Inspiratory stridor is the most commonly heard and is associated with
obstruction located at the extra-thoracic level (larynx, either glottic or supraglottic). Less

frequently, it can be expiratory in intrathoracic tracheobronchial dynamic obstruction



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

(tracheomalacia, external compression) or biphasic when the lesion is fixed (e.g.

tracheal stenosis).

When exertional dyspnea is associated with noisy or loud breathing, physicians have
historically thought of asthma +/- EIB. However, in the absence of demonstrable airway
hyper-responisveness or response to asthma treatment, EILO should be suspected and
assessed. Other causes of dyspnea and stridor include structural lesions or external
compression of the upper airway and proximal tracheobronchial tree, cardiac disease

such as hypertrophic cardiomyopathy and exercise-induced anaphylaxis.

Dysfunctional breathing is another common but overlooked cause of exertional dyspnea
although not associated with stridor or wheezes. It is poorly understood and ill-defined,
but literature has been reviewed in 2016 in order to provide common nomenclature and
classification for future research'®. The breathlessness sensation universally felt in
dysfunctional breathing is thought to be related to asynchrony in muscle contractions or
abnormal breathing patterns, including thoracic dominant breathing®®. When clear
hyperventilation with hypocapnia is present, abnormalities in relation with the
ventilation regulatory systems are also likely to be involved. They may include an
overactive reticular activating system, which regulates breathing patterns, increased

sensitivity for CO, and a hypersensitive fear network'®.

During exercise, in order to facilitate ventilation and decrease airway resistance, the
larynx physiologically opens in an active muscular process and the epiglottis rotates

anteriorly towards the base of the tongue, stretching the aryepiglottic folds and

17, 18

providing additional opening . A slight adduction of the aryepiglottic fold at maximal

ventilation is however frequently observed in patients and is therefore considered a

19, 20

physiologic finding . At the glottic level, it is the combined contraction of the

posterior cricoid (PCA) and cricothyroid muscles, synchronized with and ahead of the

diaphragm contraction, that results in maximal inspiratory vocal cord abduction®" %2
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EILO occurs when the normal mechanisms responsible of opening the larynx during
exercise fail. The narrowed larynx creates a bottleneck, increasing airflow resistance and
creating turbulent flow, causing dyspnea and stridor. In most patients, the dynamic
obstruction occurs initially at the supraglottic level” with medial rotation of the
aryepiglottic folds and/or the cuneiform tubercles®®. A secondary adduction of the vocal
cord (glottic level or vocal cord dysfunction) happens in most but may be the sole or

primary obstructive mechanism in a limited number of patients.

The precise pathophysiology of EILO is unknown but it is likely multifactorial and
heterogeneous amongst suffering individuals. Our current understanding of the

mechanisms involved include anatomic, neurologic, behavioral and comorbid elements.

Anatomic

Mechanical factors are related to airway size and pliability and likely to be relevant in
many EILO cases. Fluid dynamics have taught us with the Bernoulli’s Principle that as the
velocity of airflow in a tube increases, the negative pressure and inward force within
that tube also rise**. Depending on airflow velocity, turbulence and the strength of the
supporting structures, the tube will sooner or later cave in. In the larynx, this impending
dynamic collapsibility with increasing ventilation is influenced by the aperture size and
laryngeal support provided by laryngeal cartilages, muscles and ligaments. An increased
flaccidity of these structures or weakness of the PCA-muscle (vocal cords abductor)
would result in inspiratory laryngeal collapse with increasing ventilation, therefore EILO.
Congenital laryngomalacia is perhaps the most obvious example of this theory and has

indeed been linked to some EILO cases® 2°

. Larynx aperture size also theoretically
impacts collapsibility. Adolescents are known to have a narrower supraglottic space?’
and are indeed overrepresented in EILO epidemiology®. However, as previously

mentioned, EILO is also more frequent in females” ** but no gender difference has been
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described in larynx proportion?’. Sex differences seen throughout accelerated growth in
adolescents®® could perhaps explain the female predominance but other factors

described below could also be involved.

Neurologic

The laryngeal adductor reflex protects the airway from aspiration by involuntarily
triggering glottis closure with mechanical or chemical stimulation of the supraglottic
mucosa®’. Upregulation in the sensitivity or intensity of this protective loop could lead to
a reflex-induced 1LO?* 3! and the increased ventilation seen during exercise, particularly
in a cold and dry environment, trigger this reflex. vidences to fully support this theory
are lacking despite anecdotal reports of EILO, occurring more frequently in winter sports
and outdoor athletes®’. A recent study also demonstrated a surprising decreased
laryngeal mechanosensitivity in patients with EILO*, but this could have been explained

by gastro-esophageal reflux (GER, see below)**

Behavioral

Psychological and behavioral factors have been hypothesized as potential contributors
to EILO development. This theory arises from the reported panic reactions seen during
crisis and association of ILO and psychiatric conditions such as anxiety and conversion

disorders®> 3°

. However, exercised-induced ILO should be distinguished from ILO
occurring at rest on this subject as the former is more mechanically related and has not
been specifically associated with psychiatric disorders®’. Also, panic behaviors seen in
EILO are most likely reactions to the choking sensation provoked by glottis closure

rather than causal events.

Comorbid Conditions
Asthma, GER and nasal disease have been epidemiologically related to ILO and are
therefore hypothesized as contributors to its development although the underlying

mechanisms are still hypothetical and the association perhaps non-causative”. Indeed,
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in severe asthma, ILO may be an adaptative process to regulate airflow outtake and
reduce airway collapse on expiration. That would certainly explain the proportional
reduction in glottis opening seen in obstructive diseases as the forced expiratory flow in
one second (FEV;) decreases>:. However, although expiratory closure may be beneficial
by creating intrinsic positive end-espiratory pressure (PEEP)*, inspiratory laryngeal
obstruction should be considered maladaptive as it increases the work of breathing. As
for GER and rhinosinusitis with post-nasal drip, they have been thought to promote EILO
by creating an hyperexcitable laryngeal state with heightened mechanical and chemical
sensitivity. Literature confirming this theory is limited in rhinosinusitis*® and in GER, with

studies demonstrating an increased threshold for mechanical stimulation®>**.

Clinical management

Assessment

The assessment of an athlete with unexplained exertional breathlessness and wheeze
should begin with a thorough clinical history. This acknowledged, it is now well
recognized and widely published that a clinical-based approach to diagnosis alone can
often be imprecise in this context ** (i.e. taking a history is not sufficiently accurate). This
is likely due to the fact that an athlete’s self-report of wheezy-type sounds, cough and
breathing discomfort can arise from either EIB, EILO or indeed simply exaggerated forms
of dysfunctional breathing. A seminal study in elite winter sports athletes showed that
these symptoms and indeed a constellation or combination of symptom groups was very

poorly predictive for the diagnosis of EIB with only a 50% positive predictive value *.

These limitations accepted, there are some key features that can help differentiate EILO
from EIB and other causes of exertional breathing difficulty (Table 2, Figure 1).
Classically, athletes with EILO will report that their symptoms are most prominent at
maximal exercise intensity, and then start to settle fairly rapidly on exercise cessation.
Olin and colleagues confirmed the fact that EILO usually occurs at workloads >80% of an

individual’s maximum exercise capacity **. This contrasts with EIB, whereby the typical



249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

symptoms are most prominent on exercise cessation (hence explaining why spirometry
is assessed in the post-exercise-period to confirm a fall in lung function)®. Athletes with
EILO also tend to notice an audible inspiratory sound and others surrounding them (e.g.
coaches or competitors) can also hear this sound. The latter is unusual with EIB and

certainly loud polyphonic wheezes are rarely reported by observers.

In the process of assessment it would seem intuitive to ask an athlete whether their
breathing difficulty and/or wheeze was occurring on inspiration or expiration. Detailed
studies of lung mechanics have shown that patients with obstructive lung disease report
the sensation of an ‘unsatisfied inspiration’ which likely explains why this particular
approach to clinical differentiation has been found to be a poor discriminator.
Moreover, at least anecdotally, it is common to see athletes who report wheeze on
expiration while on CLE testing there is only a loud inspiratory sound. This may relate to
difficulty recalling the nature of sounds during vigorous exercise and should prompt
requests from the athlete for a ‘selfie-type’ video recording of a strenuous training
session to assist in making the diagnosis; in order to then share this video at a clinic

consult (see https://www.uptodate.com/contents/exercise-induced-laryngeal-

obstruction for example). The reviewing clinician can then assess the true nature of the

wheeze and its pattern of onset.

The current most widely accepted ‘gold standard’ diagnostic technique to confirm the
cause of exercise-associated stridor and specifically EILO is the CLE test* (Figure 2 — CLE
in action). This test involves insertion of a flexible laryngoscope via the nostril and
secured in the posterior oropharynx on specialist headgear. This placement thus allows
for continuous visualisation of the laryngeal inlet throughout an exercise bout and the
ability to characterize (i) the location of any obstruction (ii) its severity and pattern of
onset (iii) its relationship to the symptoms an athlete develops. The CLE test has
significantly progressed understanding of EILO, demonstrating that most young

individuals with exercise-associated stridor, the problem is arising from closure of the

10
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supraglottic structures (i.e. arytenoids) as opposed to purely the vocal cords. This
discovery has informed treatment decisions and prompted a change in nomenclature
from the historical used term exercise-associated vocal-cord dysfunction (i.e. this is a

misnomer in most cases)47' 8

. The CLE test can also be used to provide immediate
biofeedback to the patient and more recently has proven beneficial as a therapeutic
laryngoscopy during exercise (TLE)* . An additional advantage of CLE is that it can be
applied in a number of different sport-specific settings, with successful reports of its
application during swimming *°, rowing *° and in outdoor ambulatory running and

cycling settings™" .

Surrogate methods for diagnosing EILO include assessments of inspiratory flow
attenuation during spirometry or a cardiopulmonary exercise test. Unfortunately these
tests have been shown to have limited specificity and sensitivity, perhaps due to the fact
that EILO develops during peak exercise and obtaining adequate airflow measurements

at this juncture is challenging®” >

. Laryngoscopy during indirect bronchoprovocation
testing (e.g. EVH) may offer some promise>* by enabling simultaneous assessment of
EILO and EIB. Unfortunately the data to date suggests that there can be difficulities
maintaining sufficient laryngoscopic visualisation due to increased secretion
accumulation®. Further work is needed to refine CLE testing but also to evaluate novel

and less invasvive means of detecting and characterising EILO.

Treatment

The last decade has seen transformational progress in the way exercise-associated
stridor is treated. Historically this condition, especially in young individuals, was in many
cases viewed as related to performance anxiety or to the impact of certain psychological
stressors on breathing. Over time, however, our improved understanding of the likely
mechanisms underpinning EILO have acted to facilitate interventions that can reduce

laryngeal closure and minimize symptoms.

11
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A key therapeutic development has been borne out by the appreciation that EILO most
likely develops, or is at least exacerbated, by the pressure changes that occur across the

% 37 This is a narrow structure and a location of considerable airflow

laryngeal inlet
resistance change with heightened turbulence. Thus, any propensity to laryngeal
weakness or structural predisposition to closure is heightened during a state of
increased airflow (i.e. vigorous exercise). With this knowledge comes the ability to
develop techniques and a therapeutic approach that acts to modulate and attenuate the
early ‘high velocity’ stages of inspiration, with a presumption that this will lessen the
physical airflow state that promotes collapse in the laryngeal inlet. Several authors have

>890 and have been collectively termed

now published their own techniques in this area
the EILO-biphasic inspiratory techniques, utilizing airflow modulation with either teeth
clenching or temporary closure of the mouth with opposition of the lips and teeth (see
reference for video demonstration)®. The Hull ‘Hoover’ technique encourages athletes
to work around conceptualising and creating an audible sound replicating the word
‘hoover’ to modulate airflow both on inspiration and expiration. Overall, these

techniques have been shown to be efficacious in a large proportion of patients and

particularly in runners and cyclists>®.

The other key advance in this field is the acceptance that surgical intervention has an

established role in the management of some cases of therapy-resistant EILO®" ®*. |

n
cases of EILO with predominantly supraglottic obstruction, a laser supraglottoplasty may
be undertaken to remove arytenoid tissue or encourage its fibrosis. Several
international series have now been published demonstrating the overall effectiveness of
this type of intervention, although a recent systematic assessment confirmed the need

for further, more robust, and well controlled prospective analysis®® .

In any comprehensive therapeutic assessment, it is important to discuss the nature of

the diagnosis with the patient/athlete which can be therapeutic in terms of explaining

12



336
337
338
339
340
341
342
343
344
345
346

347
348

349
350
351
352
353
354
355
356
357

why asthma is not present nor indeed relevant (unless there is overlap of conditions)
and to address other factors or contributory issues® (NB - No athlete should be given a
short-acting beta-2 agonist alone now, according to the last Global Initiative for Asthma
( GINA) 2019 report). There are now good patient information documents and

infographic tools available® ®®

. Coaching and preparedness training for competition is a
key part of any successful breathing control strategy and likewise removal of triggers or
upper airway irritants (e.g. GERD or sinonasal disease) is mandatory®’. The role of other
treatments such as inspiratory muscle training and inhaled therapy with anti-
cholinergics is yet to be established, but may be on an individual basis. An overall

summary of the approach to treatement is provided in Tables (1 and 2).

Conclusions and recommendations

The presence of EILO with or without asthma needs to be considered in the presence of
dyspnea and stridor on exercise. The type and level of obstruction and contributing
factors should be determined. The diagnosis of EILO often remains a challenge but a
direct laryngoscopy during exercise or EVH can provide an objective demonstration of
this phenomenon. Various treatments have been proposed but speech therapy is
typically offered as first line treatment and surgical intervention is a recognized
therapeutic option in highly selected cases. More research is needed on this condition,
but a key priority remains increasing awareness of this important and prevalent cause

for exertional breathlessness.

13
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Table 1 Steps in the successful approach to exercise-associated stridor

Treatment step

Important process

Outcome

1 Diagnosis of
EILO +/- EIB

Use robust objective test
methodologies such as
CLE and EVH testing.

Do not make a clinical-
based diagnosis alone

Explain the outcome to the patient
/ athlete and explain what
treatment options are most
beneficial. Remove treatments that
are not needed (i.e. stop inhalers if
no evidence of EIB)

2 Evaluation of
contributing
factors and
psychological

Discussing the cause of
symptoms is an important
step.

Discuss and anticipate

An athletes will be better
preperared with treatment
strategies.

issues race / competition
strategies.
3 Laryngeal Consider clinical evidence | Remove irritants and encourange
irritants of GER and sinonasal athletes to be cognizant of
removal disease +/- arrange testing | environments / triggers that may

if needed.
Discuss upper airway
hydration

drive their symptoms.

4 Specialist

Technigues may take time

Specialist laryngeal relaxation

laryngeal to be acquired and can be | techniques can often control EILO
breathing delivered in a direct but can take time to learn.
control biofeedback session.
techniques

5 Surgical Good case selectionin an | Athletes typically will need to rest
approach expert centre and in 4-6 weeks post procedure and

context of failed
conservative (therapy-
based) approach

success rates are variable and
dependent on good case setecion.

14
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Table 2
Differential diagnosis of EILO

Asthma

Exercise-induced bronchoconstriction +/- asthma
Cardiac diseases

Anatomical abnormalities of the larynx

Tracheal stenosis

Exercise-induced anaphylaxis

Dysfunctional breathing

Anaphylaxis

15
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Figure 1. Clinical characteristics of EILO and EIB. EIB, exercise-induced
bronchoconstriction; EILO, exercise-induced laryngeal obstruction.
Ref: Steffan Arthur Griffin et al. Br J Sports Med 2018;52:1211-1212
Permission granted

Figure 2. Continous laryngoscopy during exercise test to detect exercise induced
laryngeal obstruction in the laboratory A) and in-field exercise setting B).

16



383
384
385
386
387

388
389
390

391
392

393
394

395
396
397
398
399
400

401
402
403

404
405

406
407

408
409
410

411
412

References

10.

Christopher KL, Wood RP, Eckert RC, Blager FB, Raney RA, Souhrada JF. Vocal-
Cord Dysfunction Presenting As Asthma. New England Journal of Medicine 1983;
308:1566-70.

Liyanagedera S, McLeod R, Elhassan HA. Exercise induced laryngeal obstruction:
a review of diagnosis and management. Eur Arch Otorhinolaryngol 2017;
274:1781-9.

Newman KB, Mason UG, Ill, Schmaling KB. Clinical features of vocal cord
dysfunction. Am J Respir Crit Care Med 1995; 152:1382-6.

Morris MJ, Christopher KL. Diagnostic criteria for the classification of vocal cord
dysfunction. Chest 2010; 138:1213-23.

Maat RC, Hilland M, Rgksund OD, Halvorsen T, Olofsson J, Aarstad HJ, et al.
Exercise-induced laryngeal obstruction: natural history and effect of surgical
treatment. European archives of oto-rhino-laryngology : official journal of the
European Federation of Oto-Rhino-Laryngological Societies (EUFOS) : affiliated
with the German Society for Oto-Rhino-Laryngology - Head and Neck Surgery
2011; 268:1485-92.

Johansson H, Norlander K, Berglund L, Janson C, Malinovschi A, Nordvall L, et al.
Prevalence of exercise-induced bronchoconstriction and exercise-induced
laryngeal obstruction in a general adolescent population. Thorax 2015; 70:57-63.

Brugman S. The many faces of vocal cord dysfunction. What 36 years of
literature tells us Am J Respir Crit Care Med, 2003:A588.

Morris MJ, Allan PF, Perkins PJ. Vocal Cord Dysfunction: Etiologies and
Treatment. Clinical Pulmonary Medicine 2006; 13:73-86.

Christensen PM, Thomsen SF, Rasmussen N, Backer V. Exercise-induced laryngeal
obstructions: prevalence and symptoms in the general public. Eur Arch
Otorhinolaryngol 2011; 268:1313-9.

Nielsen EW, Hull JH, Backer V. High prevalence of exercise-induced laryngeal
obstruction in athletes. Med Sci Sports Exerc 2013; 45:2030-5.

17



413
414

415
416

417
418

419
420

421
422
423

424
425

426
427

428
429

430
431

432
433
434

435
436

437
438
439

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rundell KW, Spiering BA. Inspiratory stridor in elite athletes. Chest 2003;
123:468-74.

Sarkar M, Madabhavi |, Niranjan N, Dogra M. Auscultation of the respiratory
system. Ann Thorac Med 2015; 10:158-68.

Bohadana A, Izbicki G, Kraman SS. Fundamentals of lung auscultation. N Engl J
Med 2014; 370:744-51.

Boulding R, Stacey R, Niven R, Fowler SJ. Dysfunctional breathing: a review of the
literature and proposal for classification. Eur Respir Rev 2016; 25:287-94.

Courtney R, van Dixhoorn J, Greenwood KM, Anthonissen EL. Medically
unexplained dyspnea: partly moderated by dysfunctional (thoracic dominant)
breathing pattern. J Asthma 2011; 48:259-65.

Nardi AE, Freire RC, Zin WA. Panic disorder and control of breathing. Respir
Physiol Neurobiol 2009; 167:133-43.

Hurbis CG, Schild JA. Laryngeal changes during exercise and exercise-induced
asthma. Ann Otol Rhinol Laryngol 1991; 100:34-7.

Beaty MM, Wilson JS, Smith RJ. Laryngeal motion during exercise. Laryngoscope
1999; 109:136-9.

Bent JP, 3rd, Miller DA, Kim JW, Bauman NM, Wilson JS, Smith RJ. Pediatric
exercise-induced laryngomalacia. Ann Otol Rhinol Laryngol 1996; 105:169-75.

Roksund OD, Maat RC, Heimdal JH, Olofsson J, Skadberg BT, Halvorsen T.
Exercise induced dyspnea in the young. Larynx as the bottleneck of the airways.
Respir Med 2009; 103:1911-8.

Brancatisano A, Dodd DS, Engel LA. Posterior cricoarytenoid activity and glottic
size during hyperpnea in humans. J Appl Physiol (1985) 1991; 71:977-82.

Suzuki M, Kirchner JA, Murakami Y. The cricothyroid as a respiratory muscle. Its
characteristics in bilateral recurrent laryngeal nerve paralysis. Ann Otol Rhinol
Laryngol 1970; 79:976-83.

18



441
442

446
447

449
450

451
452

453
454

455
456

457
458
459

460
461
462

463
464

465
466
467

468
469

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Halvorsen T, Walsted ES, Bucca C, Bush A, Cantarella G, Friedrich G, et al.
Inducible laryngeal obstruction: an official joint European Respiratory Society
and European Laryngological Society statement. Eur Respir J 2017; 50.

Strohl KP, Butler JP, Malhotra A. Mechanical properties of the upper airway.
Compr Physiol 2012; 2:1853-72.

Smith RJH, Bauman NM, Bent JP, Kramer M, Smits WL, Ahrens RC. Exercise-
Induced Laryngomalacia. Annals of Otology Rhinology and Laryngology 1995;
104:537-41.

Hilland M, Roksund OD, Sandvik L, Haaland O, Aarstad HJ, Halvorsen T, et al.
Congenital laryngomalacia is related to exercise-induced laryngeal obstruction in
adolescence. Arch Dis Child 2016; 101:443-8.

Woysocki J, Kielska E, Orszulak P, Reymond J. Measurements of pre- and
postpubertal human larynx: a cadaver study. Surg Radiol Anat 2008; 30:191-9.

Castelli WA, Ramirez PC, Nasjleti CE. Linear growth study of the pharyngeal
cavity. J Dent Res 1973; 52:1245-8.

Domer AS, Kuhn MA, Belafsky PC. Neurophysiology and Clinical Implications of
the Laryngeal Adductor Reflex. Curr Otorhinolaryngol Rep 2013; 1:178-82.

Thompson DM. Abnormal sensorimotor integrative function of the larynx in
congenital laryngomalacia: a new theory of etiology. Laryngoscope 2007; 117:1-
33.

Perkner JJ, Fennelly KP, Balkissoon R, Bartelson BB, Ruttenber AJ, Wood RP, et al.
Irritant-associated vocal cord dysfunction. Journal of Occupational and
Environmental Medicine 1998; 40:136-43.

Rundell KW. High levels of airborne ultrafine and fine particulate matter in
indoor ice arenas. Inhal.Toxicol. 2003; 15:237-50.

Hocevar-Boltezar |, Krivec U, Sereg-Bahar M. Laryngeal sensitivity testing in
youth with exercise-inducible laryngeal obstruction. Int J Rehabil Res 2017
40:146-51.

Cukier-Blaj S, Bewley A, Aviv JE, Murry T. Paradoxical vocal fold motion: a
sensory-motor laryngeal disorder. Laryngoscope 2008; 118:367-70.

19



470
471
472

473
474
475

476
477
478

479
480

481
482
483

484
485

486
487
488

489
490

491
492
493

494
495
496

497
498
499

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

Leo RJ, Konakanchi R. Psychogenic Respiratory Distress: A Case of Paradoxical
Vocal Cord Dysfunction and Literature Review. Prim Care Companion J Clin
Psychiatry 1999; 1:39-46.

Husein OF, Husein TN, Gardner R, Chiang T, Larson DG, Obert K, et al. Formal
psychological testing in patients with paradoxical vocal fold dysfunction.
Laryngoscope. 2008; 118:740-7.

Roksund OD, Heimdal JH, Clemm H, Vollsaeter M, Halvorsen T. Exercise inducible

laryngeal obstruction: diagnostics and management. Paediatr Respir Rev 2017;
21:86-94.

Higenbottam T, Payne J. Glottis narrowing in lung disease. Am Rev Respir Dis
1982; 125:746-50.

Baz M, Haji GS, Menzies-Gow A, Tanner RJ, Hopkinson NS, Polkey M, et al.
Dynamic laryngeal narrowing during exercise: a mechanism for generating
intrinsic PEEP in COPD? Thorax 2015; 70:251-7.

Bucca C, Rolla G, Brussino L, De Rose V, Bugiani M. Are asthma-like symptoms
due to bronchial or extrathoracic airway dysfunction? Lancet 1995; 346:791-5.

Phua SY, McGarvey L, Ngu M, Ing A. The differential effect of gastroesophageal
reflux disease on mechanostimulation and chemostimulation of the
laryngopharynx. Chest 2010; 138:1180-5.

Hull JH. Not all wheeze is asthma: time for patients to exercise their rights.
Thorax 2015; 70:7-8.

Rundell KW, Wilber RL, Szmedra L, Jenkinson DM, Mayers LB, Im J. Exercise-
induced asthma screening of elite athletes: field versus laboratory exercise
challenge. Med Sci Sports Exerc. 2000; 32:309-16.

Olin JT, Clary MS, Fan EM, Johnston KL, State CM, Strand M, et al. Continuous
laryngoscopy quantitates laryngeal behaviour in exercise and recovery. Eur
Respir J 2016; 48:1192-200.

Hull JH, Hull PJ, Parsons JP, Dickinson JW, Ansley L. Approach to the diagnosis

and management of suspected exercise-induced bronchoconstriction by primary

care physicians. BMC.Pulm.Med 2009; 9:29.

20



500
501
502

503
504
505

506
507
508

509
510
511

512
513
514

515
516

517
518
519
520

521
522
523

524
525
526

527
528
529

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Heimdal JH, Roksund OD, Halvorsen T, Skadberg BT, Olofsson J. Continuous
laryngoscopy exercise test: A method for visualizing laryngeal dysfunction during
exercise. Laryngoscope 2006; 116:52-7.

Olin JT, Deardorff EH, Fan EM, Johnston KL, Keever VL, Moore CM, et al.
Therapeutic laryngoscopy during exercise: A novel non-surgical therapy for
refractory EILO. Pediatr Pulmonol 2017; 52:813-9.

Hull JH, Selby J, Sandhu G. "You say potato, | say potato": time for consensus in
exercise-induced laryngeal obstruction? Otolaryngol Head Neck Surg 2014;
151:891-2.

Walsted ES, Swanton LL, van van Someren K, Morris TE, Furber M, Backer V, et al.
Laryngoscopy during swimming: A novel diagnostic technique to characterize
swimming-induced laryngeal obstruction. Laryngoscope 2017; 127:2298-301.

Panchasara B, Nelson C, Niven R, Ward S, Hull JH. Lesson of the month: Rowing-
induced laryngeal obstruction: a novel cause of exertional dyspnoea:
characterised by direct laryngoscopy. Thorax 2015; 70:95-7.

Hull JH, Walsted ES, Orton CM, Williams P, Ward S, Pavitt MJ. Feasibility of
portable continuous laryngoscopy during exercise testing. ERJ Open Res 2019; 5.

Christensen PM, Maltbaek N, Jorgensen IM, Nielsen KG. Can flow-volume loops
be used to diagnose exercise induced laryngeal obstructions? A comparison
study examining the accuracy and inter-rater agreement of flow volume loops as
a diagnostic tool. Prim Care Respir J 2013; 22:306-11.

Walsted ES, Hull JH, Sverrild A, Porsbjerg C, Backer V. Bronchial provocation
testing does not detect exercise-induced laryngeal obstruction. J Asthma 2017;
54:77-83.

Turmel J, Gagnon S, Bernier M, Boulet LP. Eucapnic voluntary hyperpnoea and
exercise-induced vocal cord dysfunction. BMJ Open Sport Exerc Med 2015;
1:e000065.

Christensen PM, Rasmussen N. Eucapnic voluntary hyperventilation in diagnosing
exercise-induced laryngeal obstructions. Eur Arch Otorhinolaryngol 2013;
270:3107-13.

21



530
531
532

533
534
535

536
537
538
539

541
542

546
547

549
550
551

552
553
554

555
556

557
558

559
560

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Roksund OD, Heimdal JH, Olofsson J, Maat RC, Halvorsen T. Larynx during
exercise: the unexplored bottleneck of the airways. Eur Arch Otorhinolaryngol
2015; 272:2101-9.

Fretheim-Kelly Z, Halvorsen T, Heimdal JH, Strand E, Vollsaeter M, Clemm H, et
al. Feasibility and tolerability of measuring translaryngeal pressure during
exercise. Laryngoscope 2019.

Johnston KL, Bradford H, Hodges H, Moore CM, Nauman E, Olin JT. The Olin
EILOBI Breathing Techniques: Description and Initial Case Series of Novel
Respiratory Retraining Strategies for Athletes with Exercise-Induced Laryngeal
Obstruction. J Voice 2018; 32:698-704.

Shaffer M, Litts JK, Nauman E, Haines J. Speech-Language Pathology as a Primary
Treatment for Exercise-Induced Laryngeal Obstruction. Immunol Allergy Clin
North Am 2018; 38:293-302.

Kolnes LJ, Vollsaeter M, Roksund OD, Stensrud T. Physiotherapy improves
symptoms of exercise-induced laryngeal obstruction in young elite athletes: a
case series. BMJ Open Sport Exerc Med 2019; 5:e000487.

Mehlum CS, Walsted ES, Godballe C, Backer V. Supraglottoplasty as treatment of
exercise induced laryngeal obstruction (EILO). Eur Arch Otorhinolaryngol 2016;
273:945-51.

Sandnes A, Hilland M, Vollsaeter M, Andersen T, Engesaeter |10, Sandvik L, et al.
Severe Exercise-Induced Laryngeal Obstruction Treated With Supraglottoplasty.
Front Surg 2019; 6:44.

Siewers K, Backer V, Walsted ES. A systematic review of surgical treatment for
supraglottic exercise-induced laryngeal obstruction. Laryngoscope Investig
Otolaryngol 2019; 4:227-33.

Griffin SA, Walsted ES, Hull JH. Breathless athlete: exercise-induced laryngeal
obstruction. Br J Sports Med 2018; 52:1211-2.

Griffin SA, Walsted ES, Hull JH. Infographic. The breathless athlete: EILO. Br J
Sports Med 2019; 53:616-7.

Fan E, Olin JT. Exercise-induced Laryngeal Obstruction. Am J Respir Crit Care Med
2019; 199:P23-p4.

22



561
562
563
564

67.

Olin JT, Westhoff Carlson E. Exercise-Induced Laryngeal Obstruction and

Performance Psychology: Using the Mind as a Diagnostic and Therapeutic Target.

Immunol Allergy Clin North Am 2018; 38:303-15.

23



2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

RE: JACI: In Practice - Items needed for INPRACTICE-D-19-01275R1

Hull James <J.Hull@rbht.nhs.uk>
Thu 2/6/2020 03:37 AM

To: Louis-Philippe Boulet <Ipboulet@med.ulaval.ca>
Cc: Dawn Angel (AAAAI) <DAngel@aaaai.org>

BMJ PUBLISHING GROUP LTD. LICENSE
TERMS AND CONDITIONS

Feb 06. 2020

This Agreement between James Hull ("You") and BMJ Publishing Group Litd. ("BMIJ
Publishing Group Ltd.") consists of your license details and the terms and conditions

provided by BMJ Publishing Group Ltd. and Copyright Clearance Center.

License Number 4705291054462

License date Nov 10, 2019

Licensed Content Publisher BMIJ Publishing Group Ltd.
Licensed Content Publication British Journal of Sports Medicine

Breathless athlete: exercise-induced laryngeal

Licensed Content Title R i

Steffan Arthur Griffin Emil § Walsted James H

Licensed Content Author Hull
Licensed Content Date Sep 1, 2018
Licensed Content Volume 52

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV|NTYtNDVhZS1hNGJjLTg1ZGMxMWUzOWU3NAAQAPV6B1I...  1/6



2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

Licensed Content Issue 18

Type of Use Journal Magazine
Requestor type Author of this BMJ article
Format Print and electronic
Portion Figure/table/extract
Number of figure/table/extracts 1

Descriptionof figure/table/extracts FIGURE 1

Will you be translating? No
Circulation/distribution 500

Exercise-associated stridor and dyspnea, i the

Title of new articl
R S e absence of asthma

Publication the new article 1s in JACIP
Publisher of new article JACIP
Author of new article JHHULL

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV|NTYtINDVhZS1hNGJjLTg1ZGMxMWUzOWU3NAAQAPVEB1I...  2/6



2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

Expected publication date of new article Jan 2020

Estimated size of new article (pages) 10

James Hull

Dept Resp Medicine

Fulham road
Requestor Location London

London, SW3 6HP

United Kingdom

Attn: James Hull

Publisher Tax ID GB674738491

Total 0.00 GBP

Terms and Conditions

BMJ Group Terms and Conditions for Permissions

When you submit vour ordervou are subject to the terms and conditions set out below. You will also
haveagreed to the Copyright Clearance Center's ("CCC") terms and conditionsregarding billing and
payment https://s100 copyright com/App/ PaymentTermsAndConditions jsp. CCC are acting as
the BMJ Publishing Group Limited's ("BMJ Group's") agent.

Subject to the terms set outherein, the BMJ Group hereby grants to you (the Licensee) a non-
exclusive non-transferable licence to re-use material as detailed in your request forthis/those purpose
(5) only and in accordance with the following conditions:

1) Scope of Licence: Useof the Licensed Matenal(s) 15 restricted to the ways specified by you
durningthe order process and any additional use(s) outside of those specified in thatrequest, require a
further grant of permission.

2) Acknowledgement: Inall cases, due acknowledgement to the origmal publication with permission
fromthe BMT Gronn shonld he stated adiacent to the renrodiced Tacensed Material The format of
From: Louis-Philippe Boulet <lpboulet@med.ulaval.ca>
Sent: 05 February 2020 21:44
To: Hull James <J.Hull@rbht.nhs.uk>
Cc: Dawn Angel (AAAAI) <DAngel@aaaai.org>
Subject: Re: JACI: In Practice - Items needed for INPRACTICE-D-19-01275R1

Dear James,
could you do this on your original email ?

Ls-Ph

De : "Dawn Angel (AAAAI)" <DAngel@aaaai.org>

Date : mercredi 5 février 2020 a 16:31

A : Louis-Philippe Boulet <Ipboulet@med.ulaval.ca>, "j.hull@rbht.nhs.uk" <j.hull@rbht.nhs.uk>
Objet : Re: JACI: In Practice - Items needed for INPRACTICE-D-19-01275R1

[Externe UL*]
Thank you, Dr. Boulet. Attached was the receipt for the permission, could you please send the permission itself (click on the "details" link in
that email to "view or print...the publisher's terms and conditions."

The figure legends can stand as they are, and thank you for confirming you have received consent for the photos shown in Figure 2.

Thanks again,
Dawn

Dawn Angel
Managing Editor
Journal of Allergy and Clinical Immunology: In Practice

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV)NTYtNDVhZS1hNGJjLTg1ZGMxMWUzOWU3NAAQAPV6B1I...  3/6


mailto:DAngel@aaaai.org
mailto:lpboulet@med.ulaval.ca
mailto:j.hull@rbht.nhs.uk
mailto:j.hull@rbht.nhs.uk

2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

Official Journal of the American Academy of Allergy, Asthma & Immunology
Phone: 720-446-2822

Fax: 319-467-7583

Email: InPractice@aaaai.org

Website: www.JACI-InPractice.org

Join the Club! Click here to find out more about our Virtual Journal Club webinars.
In Practice
Clarivate Analvtics Ranking J4CI: In Practice
2018 Impact Factor ® 2@ out of 27 Allergy journals.
From: Louis-Philippe Boulet <Ipboulet@med.ulaval.ca>
Sent: Tuesday, February 4, 2020 03:14 PM

To: Dawn Angel (AAAAI) <DAngel@aaaai.org>
Subject: Re: JACI: In Practice - Items needed for INPRACTICE-D-19-01275R1

Hil

Here is the response of my co-author Dr Hull.
Regards

LP Boulet

Hi

Here is the figure permission for Figure 1 from BJSM — attached and granted in Nov.

Re: the other figures — both subjects have given their permission for their photos to be used in this publication; neither are patients — they are colleagues /
staff.

I think the figure legends are self explanatory?

Cheers

From: Hull James <J.Hull@rbht.nhs.uk>

Date: Sunday, 10 November 2019 at 10:38

To: Louis-Philippe Boulet <Ipboulet@med.ulaval.ca>, Krystelle Godbout <krystelle.godbout@criucpg.ulaval.ca>
Subject: FW: Thank you for your order with RightsLink / BMJ Publishing Group Ltd.

Attached for Figure 1.

From: "no-reply@copyright.com" <no-reply@copyright.com>

Date: Sunday, 10 November 2019 at 10:28

To: Hull James <J.Hull@rbht.nhs.uk>

Subject: Thank you for your order with RightsLink / BMJ Publishing Group Ltd.

Image removed by sender. Header

Thank you for your order!
Dear James Hull,

Thank you for placing your order through Copyright Clearance Center’s RightsLink® service.

Order Summary

Licensee:

James Hull

Order Date:

Nov 10, 2019

Order Number:

4705291054462

Publication:

British Journal of Sports Medicine
Title:

Breathless athlete: exercise-induced laryngeal obstruction
Type of Use:

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV]NTYtNDVhZS1hNGJjLTg1ZGMxMWUzOWU3SNAAQAPVEB1I...  4/6


mailto:InPractice@aaaai.org
https://www.jaci-inpractice.org/
https://www.jaci-inpractice.org/virtual-journal-club
mailto:lpboulet@med.ulaval.ca
mailto:DAngel@aaaai.org
mailto:J.Hull@rbht.nhs.uk
mailto:lpboulet@med.ulaval.ca
mailto:krystelle.godbout@criucpq.ulaval.ca
mailto:no-reply@copyright.com
mailto:no-reply@copyright.com
mailto:J.Hull@rbht.nhs.uk

2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

Journal/Magazine

Order Total:

0.00 GBP

View or print complete details of your order and the publisher's terms and conditions.

Sincerely,

Copyright Clearance Center

Tel: +1-855-239-3415 / +1-978-646-2777
customercare@copyright.com
https://myaccount.copyright.com

Image removed by sender. Copyright Clearance Center
Image removed by sender. Copyright Clearance Center

Le 20-02-04 10:45, « em.inpractice.1b2.69130d.6dddd02b@editorialmanager.com au nom de Dawn Marie Angel »
<em.inpractice.1b2.69130d.6dddd02b@editorialmanager.com au nom de em@editorialmanager.com> a écrit :

[Externe UL¥*]
Dear Dr. Boulet,

Regarding your recently accepted manuscript, Exercise-associated dyspnea and stridor : thinking beyond asthma (INPRACTICE-D-19-01275R1), we are in
need of the following items before we can send your files to the publisher:

1. Please provide figure legends, brief explanations of what the readers are seeing, for each figure.

2. Permission to reuse Figure 1. It is noted in the manuscript that this figure was previously published: "Ref: Steffan Arthur Griffin et al. Br J Sports Med
2018;52:1211-1212; Permission granted"

3. Please confirm that you have obtained consent from the person(s) shown in Figure 2.

The above items should be sent to the Editorial Office at InPractice@aaaai.org. Please let me know if you have any questions.

Thank you,

Dawn

Dawn Angel
Managing Editor
InPractice@aaaai.org

JACI: In Practice is proud to announce our impact factor is 7.550, ranking us 2nd out of 27 Allergy journals.

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. (Use the following URL:

https://www.editorialmanager.com/inpractice/login.asp?a=r). Please contact the publication office if you have any questions.
*ATTENTION : L'émetteur de ce courriel est externe a I’'Université Laval.

Evitez de cliquer sur un hyperlien, d’ouvrir une piéce jointe ou de transmettre des informations si vous ne connaissez pas 'expéditeur du courriel. En cas
de doute, contactez I'équipe de soutien informatique de votre unité ou hameconnage@ulaval.ca.

*ATTENTION : L'émetteur de ce courriel est externe a I’'Université Laval.
Evitez de cliquer sur un hyperlien, d’ouvrir une piéce jointe ou de transmettre des informations si vous ne connaissez pas l'expéditeur du courriel. En cas de
doute, contactez I'équipe de soutien informatique de votre unité ou hameconnage@ulaval.ca.

DISCLAIMER: The information contained in this email may be subject to public disclosure under the NHS Code of Openness or the Freedom
of Information Act 2000. Unless the information is legally exempt from disclosure, the confidentiality of this email, and your reply cannot be
guaranteed. The information and material in this email is intended for the use of the intended addressee or the person responsible for
delivering it to the intended addressee. It may contain privileged or confidential information and/or copyright material. If you receive this
email by mistake please advise the sender immediately by using the reply facility in your email software or notify Royal Brompton &

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV]NTYtNDVhZS1hNGJjLTg1ZGMxMWUzOWU3NAAQAPV6B1I...  5/6


mailto:customercare@copyright.com
https://myaccount.copyright.com/
mailto:em.inpractice.1b2.69130d.6dddd02b@editorialmanager.com
mailto:em.inpractice.1b2.69130d.6dddd02b@editorialmanager.com%20au%20nom%20de%20em@editorialmanager.com
mailto:InPractice@aaaai.org
mailto:InPractice@aaaai.org
https://www.editorialmanager.com/inpractice/login.asp?a=r
mailto:hameconnage@ulaval.ca
mailto:hameconnage@ulaval.ca

2/6/2020 Mail - Dawn Angel (AAAAI) - Outlook

Harefield NHS Foundation Trust Help Desk on +44(0) 20 7351 8696 Communication is not sent through a secure server; Royal Brompton &
Harefield NHS Foundation Trust cannot accept responsibility for the accuracy of outgoing electronic mail. Any views or opinions expressed
are solely those of the author and do not represent the view of Royal Brompton & Harefield NHS Foundation Trust unless specifically stated.

https://outlook.office365.com/mail/DAngel@aaaai.org/inbox/id/AAQKAGMOMzhiZjJKLWV]NTYtNDVhZS1hNGJjLTg1ZGMxMWUzOWU3NAAQAPV6B1I... 6/6



Symptom intensity

Localisation and
symptom quali

Management

Peak exercise S

< 5 minutes

Breathlessness and wheeze

® |nspiratory stridor
* Throat tightness

® Inhalers (3 agonists)
do not wogk

* Discuss diagnosis, impact on performance
= Mitigate environmental triggers

* |mprove laryngeal hygiene

* Manage co-morbidities (allergy, EIB, refiux)

* Optimise breathing coritrol at
high intensity

* Laryngeal relaxation

* Consider use of inspiratory
muscle training

+ Pharmacological treatment
(antichelinergics)

Surgical treatn

(Clolle}

ELO_________EB_____

Peak exercise S

: ™ Up to 30+
: minutes

Bl Eae
7. .-=*I" Inhalers """ Teea. TS

Breathlessness and wheeze

* [nspiratory and

expiratory symptoms
* Chest tightness

* Cough following
exercise cessation

z
2
5= =0
g3 8 %’
= @ =
ot 5
2 2¢
) "'Gg'i‘
Z f
%afmacokog'\ca\
lreatment






