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Abstract Breathing concerns in athletes are common and can
be due to a wide variety of pathology. The most common
etiologies are exercise-induced bronchoconstriction (EIB) and
paradoxic vocal fold movement disorder (PVFMD). Although
some patients may have both, PVFMD is often misdiagnosed
as EIB, which can lead to unnecessary treatment. The history
and physical exam are important to rule out life threatening
pulmonary and cardiac causes as well as common conditions
such as gastroesophageal reflux disease, sinusitis, and allergic
etiologies. The history and physical exam have been shown to
be not as vital in diagnosing EIB and PVFMD. Improvement
in diagnostic testing with office base spirometry,
bronchoprovocation testing, eucapnic voluntary hyperpnea
(EVH) and video laryngoscopy are essential in properly diag-
nosing these conditions. Accurate diagnosis leads to proper
management, which is essential to avoid unnecessary testing
and save healthcare costs. Also important to the physician
treating dyspnea in athletes is knowing regulations on medi-
cations, drug testing, and proper documentation needed for
certain organizations. The differential diagnosis of dyspnea is
broad and is not limited to EIB and PVFMD. Ruling out life
threatening cardiac and pulmonary causes with a proper his-
tory, physical, and appropriate testing is essential. The purpose
of this review is to highlight recent literature on the diagnosis
and management of EIB and PVFMD as well as discuss other
potential causes for dyspnea in the athlete.
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Introduction

Exercise induced bronchoconstriction (EIB) describes acute,
transient airway narrowing that is provoked by exercise. EIB
is characterized by cough, expiratory wheezing, shortness of
breath, fatigue, and/or chest tightness brought on by exercise
[1••]. EIB refers to patients who have no symptoms outside of
exercise where exercise induced asthma (EIA) is defined as
the transitory increase in airway resistance that typically oc-
curs following vigorous exercise in a patient with chronic
asthma [2]. Some patients with asthma will only have symp-
toms with exercise, so confirming that no symptoms or de-
crease in pulmonary function occur at rest is paramount in
guiding treatment [3]. Anywhere from 80 %–90 % of patients
with chronic EIA and 10 %–40 % of patients with allergic
rhinitis and atopic dermatitis will have EIB [4–6].

Vocal cord dysfunction (VCD) has been described
with other terminology including PVFMD. A shift away
from the term “vocal cord dysfunction” has occurred
primarily because of confusion with pathologic abnor-
malities causing dysphonia rather than dyspnea. The
distinction between PVFMD and pathologic conditions
causing paresis or paralysis is important as patients with
PVFMD do not have any permanent deficit in vocal
cord mobility [7••]. This disorder occurs when someone
with normal vocal fold motion suffers from intermittent
narrowing of the vocal folds during respiration [7••]. It
can be characterized by the intermittent, abnormal par-
adoxical adduction of the true vocal cords during respi-
ration resulting in variable upper airway obstruction.
Patients with PVFMD usually present with intermittent
shortness of breath of varying intensity, inspiratory stri-
dor, choking, throat tightness, voice changes, or cough.
All of these symptoms often resolve shortly after relax-
ation or cessation of activity [8•], which differs from
the symptomatology of EIB, which may worsen.
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EIB

Epidemiology

EIB is more common in athletes than the general population
and is seen across all athletic settings, however, its prevalence
varies due to differences in testing methods, thresholds for
diagnosis, and participant participation [1••, 9]. EIB is preva-
lent in endurance as well as cold weather and winter sports
likely due to environmental exposure in addition to higher
ventilatory demands [10–12].

Other environmental triggers include chlorine in swim-
ming pools [13, 14] chemicals from resurfacing ice hockey
rinks [15], and in urban areas from automobile exhaust [16].
EIB may be underestimated as athletes have been shown to be
poor perceivers of bronchospasm [17, 18] and lack awareness
of symptoms [19, 20]. Also athletes underreport symptoms in
fear of losing playing time [21].

Pathophysiology

The pathophysiology of EIB is not completely understood and
different theories are still debated. The water loss theory
attributes EIB to the loss of water through the bronchial
mucosa as the body tries to rapidly warm inhaled air during
exercise. Local dryness and other factors are thought to trigger
bronchoconstriction [22]. Another theory is thought that EIB
is due to respiratory heat loss from increased ventilation,
which as a result causes airway cooling. Symptoms can con-
tinue once exercise is stopped as blood vessels dilate and
engorge to rewarm the epithelium, which may lead to rebound
hyperemia and bronchoconstriction [23]. Other studies have
demonstrated that the presence of inflammatory mediators is
involved in EIB [4, 24, 25].

Presentation

Clinical manifestations are variable and range from com-
plaints of poor performance to severe bronchospasm and
respiratory failure [9]. Shortness of breath starts at least 5–
10 minutes into exercise as workloads of at least 80 % max-
imum oxygen consumption for 5–8 minutes are required to
induce EIB [9]. If patients exhibit symptoms sooner than this
EIB is less likely and other diagnosis such as PVFMD should
be considered [9]. Symptoms may be still be apparent after
exercise is completed and remain significant for 30 minutes
and even up to several hours or longer if no bronchodilator is
used.

The presence of EIB can be challenging clinically because
symptoms can be nonspecific and other medical conditions
can present with overlapping symptomatology. The diagnosis
of EIB based on history and self-reported symptoms alone are
often unreliable and can both under diagnose as well as over

diagnose the condition [26–28]. Starting with the history and
physical examination is appropriate in every patient. When
considering EIB, it is essential to rule out other problems that
mimic EIB such as, but not limited to; cardiac causes,
PVFMD, dysfunctional breathing, and reflux [1••].

Testing

When symptoms are mild, and more life threatening causes
have been ruled out, some physicians start with a trial of a
short acting beta agonist like albuterol. This is not recom-
mended as improper diagnosis can lead to inappropriate treat-
ment. Objective testing should begin with spirometry before
and after bronchodilator therapy [1••] as this will assist in
diagnosing patients with impaired lung function at rest such
as asthma, COPD, or other pulmonary problems. As its name
implies, most people with EIB have normal lung function at
rest [29] so bronchoprovocation testing is usually warranted.
There are several different types of bronchoprovocation tests,
each with their limitations. The International Olympic Com-
mittee (IOC) does require eucapnic voluntary hyperventilation
(EVH) testing for documenting EIB in athletes. This involves
hyperventilation of a mixture of 5 % CO2 and 21 % O2 at a
ventilation rate of 85 % of the patient’s maximal voluntary
ventilation in 1 minute (MVV). The patient hyperventilates
for 6 minutes and interval FEV1measurements occur for up to
20 minutes after hyperventilation is completed. A drop in the
FEV1 of at least 20% is diagnostic of EIB [10]. EVH has been
shown to be highly specific [30] and more sensitive than
methacholine [10], lab, and field testing [30]. In addition, it
is the preferred method of diagnosing EIB in patients who
exercise regularly but who are considered nonathletes [31•].

Treadmill testing in pulmonary function testing laborato-
ries is the most available and widely utilized. If EVH is not
available, this is the next best test. The optimal test is 8minutes
in duration and allows the patient to reach 80 %–90 % of their
maximal heart rate by 2 minutes into the test and maintain it
for the following 6 minutes [32, 33]. False negative results
may occur if adequate exercise and environmental stress are
not provided in the evaluation of EIB [1••]. A decrease of
10 % in FEV1 (forced expiratory volume at 1 second) be-
tween pre- and post-testing is diagnostic of EIB [34].

Mannitol bronchoprovocation is a newer form of osmotic
airway testing that uses increased inhaled doses of mannitol
while subsequently measuring FEV1. It is a portable form of
testing and has been shown to correlate well with exercise
testing and EVH [35]. Mannitol inhalation can cause cough,
which may lead to lower mannitol deposition in the lungs and
false negative results [36].

Field testing is less sensitive than EVH and lacks standard-
ization and involves athletes having pre- and postlung func-
tion testing while performing their sport [37]. Methacholine
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testing has also been shown to be less sensitive than EVH and
is not recommended as first line testing [38•].

In a patient with persistent symptoms, negative spirometry
and bronchoprovocation tests an alternate diagnosis should be
considered [1••].

Treatment

The most common treatment is with 2 puffs of a short acting
beta agonist (SABA) such as albuterol 15–30 minutes prior to
exercise, which will provide peak bronchodilation in 15–
60 minutes and protect from EIB for at least 3 hours [39].
As frequent use of SABAs may lead to tachyphylaxis, the
addition of a controller medication such as an inhaled corti-
costeroid is recommended when SABAs are used daily or
more frequently [38•]. Corticosteroids are not intended for
acute control and may take anywhere from 2 to 4 weeks to
have an effect. They are considered first-line in patients who
have chronic asthma in addition to EIB [39].

Long acting beta agonists (LABA) are not recommended
for single therapy in asthma or EIB due to risk of
tachyphylaxis and serious side effects [38•, 40]. Leukotriene
modifiers such as montelukast are effective in treating EIB
when given daily or 2 hours prior to exercise [41]. There has
been no development of tolerance when leukotriene modifiers
are given daily [42]. Mast cell stabilizers and cromolyn com-
pounds are effective but mainly used second-line because of
cost, lack of availability, and their decreased efficacy and
duration of action compared with SABA [1••].

A pre-exercise warm up in some patients can lead to a
refractory period for about 2 hours after this warm-up session
and can lead to less symptoms of EIB [43, 44], however, it is
tough to predict who will experience this [45]. Other options
include nose breathing and/or wearing a mask or scarf to help
warm and humidify the air. This has been shown to be valu-
able in winter sport athletes [46]. Other options, which have
been tested in small studies but not validated in larger studies,
include salt restricted diets, fish oil, and vitamin C [47–49].

PVFMD

Epidemiology

PVFMD is likely underdiagnosed and this has been shown to
lead to increased health care costs [50–52]. The prevalence is
unknown as there are no large, prospective, population based
studies [53]. An estimated 2 % to 3 % of the general popula-
tion is affected [54] and some studies suggest that PVFMD
occurs in up to 27 % of patients referred for EIB [55]. The
overall prevalence of PVFMD in developmental and elite
athletes is estimated to be 5.1 %, and, interestingly, the

outdoor athlete group had a higher prevalence of 8.3 % com-
pared with 2.5 % found in the indoor group [54]. It has been
proposed that PVFMD is seen more commonly in sports
requiring short high bursts of ventilation, such as sprinting,
cycling, and ice hockey [8•]. It has also been shown to be
more common females than males [54, 56]. The proposed
mechanism is that these higher ventilation bursts require
breathing more through the mouth, resulting in cooler and
drier air than can irritate the vocal cords [8•]. PVFMD has
been found to be present at rates of up to 40 % among patients
with refractory or exercise-induced dyspnea [50, 57–59].
Exercise-associated PVFMD accounts for approximately
14 % of PVFMD diagnoses [60•]. It occurs predominantly
in young female athletes who present with dyspnea and some-
times stridor triggered by exercise [60•]. In a series of 831
patients with PVFMD, 46 were elite athletes and of these,
70 % were female and 46 % were noted to have noisy
breathing during exercise [60•]. Elite athletes with PVFM
were less likely to have a history of reflux, psychiatric diag-
nosis, dysphonia, cough, or dysphagia, compared with non-
athletes who had PVFMD [60•].

Pathophysiology

The underlying pathophysiology of PVFMD was originally
thought to be primarily psychological for years, with stress
and anxiety being the primary triggers [61]. Currently, the
cause is thought to vary from patient to patient, depending
on which comorbidities are present. Irritant receptors are
thought to play a role in airway protection [62] and PVFMD
represents a hyperfunctional glottis closure reflex induced by
repetitive irritants [63]. Husein and colleagues established in
2008 that 70 % of their patients had symptoms consistent with
mental illness. However, 50 % of their patients had comorbid
conditions such as gastroesophageal reflux disease or asthma,
and they were more likely to have these medical conditions
than they were to have a psychiatric history [64]. Stress and
anxiety are still linked to triggering PVFMD, but anything that
irritates the vocal folds can make paradoxical movement more
likely [61]. Tobacco, allergic laryngitis and rhinosinusitis,
viral illness, and untreated sleep apnea are other factors that
can lead to PFVMD [65, 66]. Laryngeal edema, associated
with reflux complaints in 90 % of patients, was found in 72 %
of patients diagnosed with PFVMD [61]. PVFMD may rep-
resent a subset of the irritable larynx syndrome, described by
Morrison and colleagues in 1999 [67].

Presentation

Patients who eventually get diagnosed with PVFMD usually
have a presentation that often mimics asthma, although it can
occur with asthma or other pulmonary disease [7••]. Shortness
of breath usually comes on quicker in PVFMD than in asthma
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and also resolves faster with rest [7••, 54]. Athletes with
PVFMD usually complain of more inspiratory symptoms
rather than expiratory symptoms. These symptoms include
noising breathing, inspiratory stridor, or a choking sensation
[68]. Several studies have linked reflux disease to PVFMD
[69, 70]; however, it is important to note that gastroesophageal
reflux disease and laryngopharyngeal reflux can exist without
symptoms [71]. In acute presentations, patients with PVFMD
have normal blood oxygenation levels and no cyanosis [72].

Testing

Pulmonary function tests (PFTs) are usually done prior pa-
tients being referred for laryngoscopy [7••]. PFTs can be
normal or have inspiratory limb flattening on flow volume
loop or increased symptoms after methacholine challenge
without a response to bronchodilators. PFTs are important as
coexisting pulmonary disease can occur in addition to
PVFMD. However, the presence of positive PFTs should not
stop the clinician from further investigation with laryngoscopy
if PVFMD is suspected [7••]. Physical exam findings are
inconsistent in diagnosing PVFMD and flexible laryngoscopy
is needed to visualize vocal fold movement to aid in the
diagnosis [7••]. Patients with PVFMD show narrowing
(adduction) of the vocal cords with both inspiration and expi-
ration, however, there is more marked narrowing on exhala-
tion [54, 73, 74]. Laryngoscopy can visualize vocal cord
movement during regular breathing as well as provocative
behaviors (Valsalva, odors, exercising) and then assess
corrected motion after therapeutic breathing techniques have
been demonstrated [7••]. It is important to note that laryngos-
copy is essential to rule out other underlying pathologies as
coexisting diagnoses has been shown to be as high as 33 %
[60•, 69]. If PVFMD is highly likely but not seen on laryn-
goscopy, athletes suspected of having this should still be
treated [7••] if other etiologies such as pulmonary and cardiac
causes have been ruled out.

Treatment

Behavioral therapy, referred to as Laryngeal Control Therapy
(LCT) with a speech language pathologist experienced with
this disorder is essential in treating PVFMD [7••, 8•]. The
details of how this is conducted is beyond the scope of this
article but is has been shown to be up to 95 % effective [60•,
75]. Patients are encouraged to practice symptom relieving
breathing techniques even when asymptomatic to help estab-
lish muscle memory, which is thought to help minimize re-
currence. Other comorbid conditions that cause hyper-
responsiveness of the vocal cords require treatment as appro-
priate with a multidisciplinary team consisting of but not
limited to certified athletic training, pulmonology, otolaryn-
gologist, speech-language pathology, gastroenterology,

allergy and immunology, and psychology [8•]. Some of these
conditions requiring additional treatment include anxiety, re-
flux, allergies, sinus disease, dryness, and obstructive sleep
apnea. Of note, athletes have lower rates of psychiatric disor-
ders and reflux thus, they may require on-site LCT to help
control symptoms [7••]. Other ways patients can control
symptoms is with general vocal hygiene and identifying an
eliminating individual triggers. Cases of severe PVFMD that
cannot be controlled with LCT, the use of benzodiazepines,
heliox, or laryngeal botox have shown benefit [76–78].

Other Causes of Dyspnea in the Athlete

Isolated dyspnea from cardiac and other pulmonary causes is
not as common as EIB and PVFMD but should still be
considered in the differential when evaluating athletes with
shortness of breath during exercise. EIB and PVFMD happen
more consistently with exercise where the initial presentation
of cardiac causes could be sudden cardiac death. Other symp-
toms include chest pain, dyspnea disproportionate to the ex-
ercise performed, palpitations, dizziness, or syncope. Numer-
ous pathologies, which go far beyond the scope of this article,
include both congenital and acquired structural and vessel
abnormalities as well as rhythm disturbances. Initial work up
starts with a history and physical exam beginning with vital
signs looking for fever (assessing myocarditis) as well as
personal and family history of risk factors (family history of
cardiac problems including arrhythmias, early sudden cardiac
death, and risk factors for CAD if over age 35). Physical exam
should focus on the cardiovascular system and assessing for
marfanoid stigmata.

In an athlete with dyspnea and associated chest pain with a
concern for cardiac causes, the initial work up usually starts with
obtaining an electrocardiogram (EKG/ECG) and blood tests if
indicated (troponins if concern for myocarditis or CAD in the
masters athlete). If warranted, the EKG is usually then followed
with additional testing with Transthoracic Echocardiography
(TTE) and/or stress testing. ATTE can show valvular problems
as well as structural problems including hypertrophic cardiomy-
opathy and sometimes anomalous coronary arteries. Further
investigations include holtor monitoring, further imaging with
cardiac MRI, CTA, electrophysiological studies, and other inva-
sive studies such as angiography. To our knowledge, there is no
specific algorithm to follow with chest pain and dyspnea in the
athlete as each patient needs to be approached on an individual
basis and managed together with a cardiologist.

Other pulmonary causes of dyspnea in the athlete to con-
sider, although uncommon, include pulmonary embolus (PE)
and pneumomediastinum. There have been several cases pub-
lished recently on pulmonary embolus diagnosed in the athlete
[79, 80]. Presenting symptoms include but are not limited to
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shortness of breath, chest pain, tachycardia, pleuritic chest
pain, and unilateral leg pain/swelling. Accurate diagnosis is
essential and begins with considering PE in the differential
diagnosis. Risk factor assessment is the same in the athlete and
includes personal and family history of clotting disorders,
long travel (plane or car rides), use of hormonal contracep-
tives, and smoking. The validated Wells criteria can help to
determine if further tests are needed to assess for PE [81, 82].
This criteria may not encompass the pediatric athlete as dem-
onstrated in a case series [79]. If confirmed, first-time patients
with PE are treated by discontinuing hormonal contraceptives
if indicated and usually given 3–6 months of daily
anticoagulation. Return to play is based on the sport and their
risk for trauma that can result in prolonged bleeding. As most
athletes are at risk for injury in any given sport, avoidance of
sport is usually recommended during anticoagulation.

Pneumomediastinum, although a rare cause of dyspnea in
the athlete is another diagnosis to be aware of and there are
several case reports documented in the sports literature [83–86].
The most common cause of spontaneous pneumomediastinum
is alveolar rupture into the bronchovascular sheath as a result of
increased intrathoracic pressure [86]. Symptoms include short-
ness of breath, chest pain, and radiation of pain into the neck.

Diagnosis usually includes a chest X-ray with or without CT
scan. Treatment is supportive and at this time there are no clear
evidence based return to play guidelines.

Other systemic conditions that can cause dyspnea include but
not limited to poor conditioning, overtraining syndrome, exercise
induced urticarial/anaphylaxis, and viral illnesses such as infec-
tious mononucleosis are beyond the scope of this article.

Conclusions

A thorough history and physical exam is the starting point for
all dyspneic athletes as various pulmonary, cardiac etiologies,
and life-threatening causes need to be ruled out. EIB and
PVFMD are more common reasons for dyspnea among ath-
letes; however, athletes usually under-report their symptoms.
In regards to EIB, diagnosis based on symptoms alone can be
inaccurate. Objective testing is key and knowing indications
and limitations of each is important. EVH is considered the
bronchoprovocation test of choice but is not available in most
places. Exercise spirometry is considered second line as long
as the exercise is vigorous enough. Both pharmacologic and
nonpharmacologic treatments can be effective with first-line

Fig. 1 Suggested algorithm for evaluation and treatment of dyspnea in the athlete. *Indicates that EIB and PVFMD can occur independent of one
another or concomitantly and having one does not exclude the other
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management being the use of SABAs like albuterol 15–30mi-
nutes prior to exercise. If SABAs are used daily, the use of a
daily inhaled corticosteroid is recommended for maintenance.
The daily use of SABAs or the single use of LABAs is not
recommended because of the risk of tachyphylaxis.

There is need for increased awareness of PVFMD as a
common cause of respiratory complaints in recreational and
competitive athletes, either as a single diagnosis or in combi-
nation with EIB. The onset of dyspnea in PVFMD is usually
much sooner during exercise than in asthma and also resolves
faster with rest. Patients usually undergo PFTs, which may be
abnormal; however, all patient suspected of having PVFMD
should undergo flexible laryngoscopy. Visualization of
narrowing (adduction) of the vocal cords with both inspiration
and expiration, especially exhalation is diagnostic. Behavioral
therapy with LCT is vital for treatment as well as treating
underlying causes that may be contributing to PVFMD.
Figure 1 shows a suggested algorithm in assessing dyspnea
in the athlete.

Compliance with Ethics Guidelines

Conflict of Interest David Krey and Thomas Best declare that they
have no conflicts of interest.

Human and Animal Rights and Informed Consent No human or
animal studies performed by the authors:

This article does not contain any studies with human or animal
subjects performed by any of the authors.

Human studies done by authors (but no animal studies) This article
does not contain any studies with animal subjects performed by any of the
authors. With regard to the authors’ research cited in this paper, all
procedures were followed in accordance with the ethical standards of
the responsible committee on human experimentation and with the Hel-
sinki Declaration of 1975, as revised in 2000 and 2008.

Animal studies done by authors (but no human studies) This article
does not contain any studies with human subjects performed by any of the
authors.

With regard to the authors’ research cited in this paper, all institutional
and national guidelines for the care and use of laboratory animals were
followed.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1.•• Parsons JP. Exercise-induced bronchoconstriction. Otolaryngol
Clin North Am. 2014;47:119–26. This recent review article sum-
marizes current diagnosis and treatment guidelines for exercise
induced bronchospasm.

2. Jaworski CA. “Pulmonary”. ACSM’s sports medicine, a compre-
hensive review. In: O’Connor F, editor. Wolters Kluwer Health.
Lippincott Williams & Wilkins; 2013, p. 248–55.

3. US Department of Health and Human Services. EPR-2. Expert
panel report 2: guidelines for the diagnosis and management of
asthma (EPR-2 1997). NIH Publication No. 97-4051. Bethesda,
MD: US Department of Health and Human Services, National
Institutes of Health, National Heart, Lung, and Blood Institute,
National Asthma Education and Prevention Program.

4. Feinstein RA, LaRussa J, Wang-Dohlman A, Bartolucci AA.
Screening adolescent athletes for exercise-induced asthma. Clin J
Sport Med. 1996;6:119–23.

5. Parsons JP, Craig TJ, Stoloff SW, et al. Impact of exercise-related
respiratory symptoms in adults with asthma: exercise-Induced
Bronchospasm Landmark National Survey. Allergy Asthma Proc.
2011;32:431–7.

6. Gotshall RW. Exercise-induced bronchoconstriction. Drugs.
2002;62:1725–39.

7.•• Matrka L. Paradoxic vocal fold movement disorder. Otolaryngol Clin
North Am. 2014;47:135–46. This recent review article summarizes
current diagnosis and treatment guidelines for PVFMD. The term
PVFMD is stated in this paper with a shift away from VCD.

8.• Al-Alwan A, Kaminsky D. Vocal cord dysfunction in athletes:
clinical presentation and review of the literature. Phys Sportsmed.
2012;40:22–7. This review article summarizes diagnosis and man-
agement of VCD.

9. Parsons JP, Mastronarde JG. Exercise-induced bronchoconstriction
in athletes. Chest. 2005;128:3966–74.

10. Holzer K, Anderson SD, Douglass J, et al. Exercise in elite summer
athletes: challenges for diagnosis. J Allergy Clin Immunol.
2002;110:374–80.

11. Wilber RL et al. Incidence of exercise-induced bronchospasm in
Olympic winter sport athletes.Med Sci Sports Exerc. 2000;32:732–7.

12. Price OJ, Ansley L, Menzies-Gow A, Cullinan P, Hull JH. Airway
dysfunction in elite athletes - an occupational lung disease? Allergy.
2013;68:1343–52.

13. Helenius IJ, Rytila P, Metso T, et al. Respiratory symptoms, bron-
chial responsiveness, and cellular characteristics of induced sputum
in elite swimmers. Allergy. 1998;53:346–52.

14. Bougault V, Boulet LP. Airway dysfunction in swimmers. Br J
Sports Med. 2012;46:402–6.

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

16. Rundell KW, Caviston R, Hollenbach AM, et al. Vehicular air
pollution, playgrounds, and youth athletic fields. Inhal Toxicol.
2006;18:541–7.

17. Barnes PJ. Poorly perceived asthma. Thorax. 1992;47:408–9.
18. Barnes PJ. Blunted perception and death from asthma. N Engl J

Med. 1994;330:1383–4.
19. Rundell KW, Im J, Mayers LB, et al. Self-reported symptoms and

exercise-induced asthma in the elite athlete. Med Sci Sports Exerc.
2001;33:208–13.

20. Thole RT, Sallis RE, Rubin AL, et al. Exercise-induced broncho-
spasm prevalence in collegiate cross-country runners. Med Sci
Sports Exerc. 2001;33:1641–6.

21. Moran W. Jackie Joyner-Kersee races against asthma. USAToday.
2002.

22. Storms WW, Joyner DM. Update on exercise-induced asthma: a
report of the Olympic exercise asthma summit conference. Phys
Sportsmed. 1997;25:45–55.

23. Storms WW. Exercise-induced asthma: diagnosis and treatment for
the recreational or elite athlete. Med Sci Sports Exerc.
1999;31(Suppl):S33–8.

24. Anderson SD. Single dose agents in the prevention of exercise-
induced asthma: a descriptive review. Treat Respir Med. 2004;3:
365–79.

378 Curr Rev Musculoskelet Med (2014) 7:373–380



25. Anderson SD, Brannan JD. Long-acting beta2-adrenoceptor ago-
nists and exercise-induced asthma: lessons to guide us in the future.
Paediatr Drug. 2004;6:161–75.

26. Parsons JP, Kaeding C, Phillips G, Jarjoura D, Wadley G,
Mastronarde JG. Prevalence of exercise-induced bronchospasm in
a cohort of varsity college athletes. Med Sci Sports Exerc. 2007;39:
1487–92.

27. Thole RT, Sallis RE, Rubin AL, Smith GN. Exercise-induced
bronchospasm prevalence in collegiate cross-country runners.
Med Sci Sports Exerc. 2001;33:1641–6.

28. Tikkanen HO, Peltonen JE. Asthma-cross-country skiing. Med Sci
Sports Exerc. 1999;31(Suppl):S99.

29. Rundell KW, Wilber RL, Szmedra L, et al. Exercise-induced asth-
ma screening of elite athletes: field vs laboratory exercise challenge.
Med Sci Sports Exerc. 2000;32:309–16.

30. Eliasson AH, Phillips YY, Rajagopal KR, et al. Sensitivity and
specificity of bronchial provocation testing. An evaluation of four
techniques in exercise-induced bronchospasm. Chest. 1992;102:
347–55.

31.• Holley AB, Cohee B, Walter RJ, Shah AA, King CS, Roop S.
Eucapnic voluntary hyperventilation is superior to methacholine
challenge testing for detecting airway hyper-reactivity in nonath-
letes. J Asthma. 2012;49:614–9. EIB is common in nonathletes with
exercise induced symptoms and EVH is the preferred test.

32. Anderson SD, Argyros GJ, Magnussen H, et al. Provocation by
eucapnic voluntary hyperpnoea to identify exercise induced
bronchoconstriction. Br J Sports Med. 2001;35:344–7.

33. Rundell KW, Slee JB. Exercise and other indirect challenges to
demonstrate asthma or exercise-induced bronchoconstriction in
athletes. J Allergy Clin Immunol. 2008;122:238–46.

34. Fitch KD, Sue-Chu M, Anderson SD, Boulet LP, Hancox RJ,
McKenzie DC, et al. Asthma and the elite athlete: summary of the
International Olympic Committee's consensus conference,
Lausanne, Switzerland, January 22-24, 2008. J Allergy Clin
Immunol. 2008;122:254–60.

35. Cockcroft D, Davis B. Direct and indirect challenges in the clinical
assessment of asthma. Ann Allergy Asthma Immunol. 2009;103:
363–9. quiz: 369–72, 400.

36. Brannan JD, Anderson SD, Perry CP, et al. The safety and efficacy
of inhaled dry powder mannitol as a bronchial provocation test for
airway hyper-responsiveness: a phase 3 comparison study with
hypertonic (4.5 %) saline. Respir Res. 2005;6:144.

37. Mannix ET, Manfredi F, Farber MO, et al. A comparison of two
challenge tests for identifying exercise-induced bronchospasm in
figure skaters. Chest. 1999;115:649–53.

38.• Parsons JP, Hallstrand TS, Mastronarde JG, et al. An official
American thoracic society clinical practice guideline: exercise-
induced bronchoconstriction. Am J Respir Crit Care Med.
2013;187:1016–27. The clinical practice guidelines recommend
use of SABAs prior to exercise in all patients with EIB. For
symptoms that continue despite SABA use, the use of daily inhaled
corticosteroids, daily leukotriene receptor antagonists, or mast cell
stabilizers prior to exercise is recommended.

39. National Asthma Education and Prevention Program: Expert Panel
Report 3 (EPR-3). Guidelines for the Diagnosis and Management
of Asthma-Summary Report 2007. J Allergy Clin Immunol.
2007;120:S94–138.

40. Ferrari M, Segattini C, Zanon R, et al. Comparison of the protective
effect of formoterol and of salmeterol against exercise-induced
bronchospasm when given immediately before a cycloergometric
test. Respiration. 2002;69:509–12.

41. Philip G, Villaran C, Pearlman DS, et al. Protection against
exercise-induced bronchoconstriction two hours after a single oral
dose of montelukast. J Asthma. 2007;44:213–7.

42. Edelman JM, Turpin JA, Bronsky EA, et al. Oral montelukast
compared with inhaled salmeterol to prevent exercise-induced

bronchoconstriction. A randomized, double-blind trial. Exercise
Study Group. Ann Intern Med. 2000;132:97–104.

43. Anderson SD, Schoeffel RE. Respiratory heat and water loss during
exercise in patients with asthma. Effect of repeated exercise chal-
lenge. Eur J Respir Dis. 1982;63:472–80.

44. McKenzie DC, McLuckie SL, Stirling DR, et al. The protective
effects of continuous and interval exercise in athletes with exercise-
induced asthma. Med Sci Sports Exerc. 1994;26:951–6.

45. Rundell KW, Spiering BA, Judelson DA, et al. Bronchoconstriction
during cross-country skiing: is there really a refractory period?Med
Sci Sports Exerc. 2003;35:18–26.

46. Schachter EN, Lach E, Lee M, et al. The protective effect of a cold
weather mask on exercised-induced asthma. Ann Allergy. 1981;46:
12–6.

47. Mickleborough TD, Gotshall RW. Dietary salt intake as a potential
modifier of airway responsiveness in bronchial asthma. J Altern
Complement Med. 2004;10:633–42.

48. Mickleborough TD, Ionescu AA, Rundell KW, et al. Omega-3
Fatty acids and airway hyper-responsiveness in asthma. J Altern
Complement Med. 2004;10:1067–75.

49. Tecklenburg SL, Mickleborough TD, Fly AD, et al. Ascorbic acid
supplementation attenuates exercise-induced bronchoconstriction
in patients with asthma. Respir Med. 2007;101:1770–8.

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

51. Cohen SM, Belluci E. Health utilization among patients with vocal
cord dysfunction. Nurs Forum. 2011;46:177–85.

52. Mikita J, Parker J. High levels of medical utilization by ambulatory
patients with vocal cord dysfunction as compared to age and gender
matched asthmatics. Chest. 2006;129:905–8.

53. Hanks CD, Parsons J, Benninger C, Kaeding C, Best TM, Phillips
G, et al. Etiology of dyspnea in elite and recreational athletes. Phys
Sportsmed. 2012;40:28–33.

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

55. Boulet LP. Cough and upper airway disorders in elite athletes: a
critical review. Br J Sports Med. 2012;46:417–21.

56. Brugman SM, Simons SM. Vocal cord dysfunction: don't mistake it
for asthma. Phys Sportsmed. 1998;26:63–85.

57. Seear M, Wensley D, West N. How accurate is the diagnosis of
exercise induced asthma among Vancouver schoolchildren? Arch
Dis Child. 2005;90:898–902.

58. Kenn K, Schmitz M, et al Prevalence of vocal cord dysfunction in
patients with dyspnea. First prospective clinical study. Am J Respir
Crit Care Med. 155:A965.

59. Newman KB, Dubester SN. Vocal cord dysfunction: masquerader
of asthma. Semin Respir Crit Care Med. 1994;15:161–7.

60.• Chiang T, Marcinow AM, Silva BW, Ence BN, Lindsey SE,
Forrest LA. Exercise-induced paradoxical vocal fold motion
disorder: diagnosis and management. Laryngoscope.
2013;123:727–31. This review article summarizes diagnosis
and management of PVFMD.

61. Forrest LA, Husein T, Husein O. Paradoxical vocal cord motion:
classification and treatment. Laryngoscope. 2012;122:844–53.

62. Sant'Ambrogio G, Sant'Ambrogio FB. Role of laryngeal afferents
in cough. Pulm Pharmacol. 1996;9:309–14.

63. Wilson JJ, Theis SM, Wilson EM. Evaluation and management of
vocal cord dysfunction in the athlete. Curr SportsMed Rep. 2009;8:
65–70.

64. 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.

65. Ayres JG, Gabbott PL. Vocal cord dysfunction and laryngeal hyper-
responsiveness: a function of altered autonomic balance? Thorax.
2002;57:284–5.

Curr Rev Musculoskelet Med (2014) 7:373–380 379



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

67. Morrison M, Rammage L, Emami AJ. The irritable larynx syn-
drome. J Voice. 1999;13:447–55.

68. Guss J, Mirza N. Methacholine challenge testing in the
diagnosis of paradoxical vocal fold motion. Laryngoscope.
2006;116:1558–61.

69. Patel NJ, Jorgensen C, Kuhn J, Merati AL. Concurrent laryngeal
abnormalities in patients with paradoxical vocal fold dysfunction.
Otolaryngol Head Neck Surg. 2004;130:686–9.

70. Suttithawil W, Chakkaphak S, Jaruchinda P, Fuangtong R. Vocal
cord dysfunction concurrent with a nutcracker esophagus and the
role of gastroesophageal reflux disease. Ann Allergy Asthma
Immunol. 2006;96:373–5.

71. Koufman JA. Laryngopharyngeal reflux is different from classic
gastroesophageal reflux disease. Ear Nose Throat J. 2002;81(9
Suppl 2):7–9.

72. Hoyte FC. Vocal cord dysfunction. Immunol Allergy Clin North
Am. 2013;33:1–22.

73. Christopher KL, Wood RP, Eckert C, et al. Vocal cord dysfunction
presenting as asthma. N Engl J Med. 1983;308:1566–70.

74. Heimdal JH, Roskund OD, Halvorsen T, et al. Continuous
laryngoscopic exercise test: a method for visualizing laryngeal
dysfunction during exercise. Laryngoscope. 2006;116:52–7.

75. Sullivan MD, Heywood BM, Beukelman DR, et al. A treatment for
vocal cord dysfunction in female athletes: an outcome study.
Laryngoscope. 2001;111:1751–5.

76. Morris MJ, Allan PF, Perkins PJ, et al. Vocal cord dysfunc-
tion, aetiologies and treatment. Clin Pulm Med. 2006;13:73–
86.

77. Maillard I, Schweizer V, Broccard A, et al. Use of botulinum toxin
type A to avoid tracheal intubation or tracheostomy in severe
paradoxical vocal cord movement. Chest. 2000;118:874–7.

78. WeirM. Vocal cord dysfunctionmimics asthma andmay respond to
heliox. Clin Pediatr. 2002;41:37–41.

79. Tsung AH, Williams JB, Whitford AC. Sixteen-year-old athlete
with chest pain and shortness of breath due to pulmonary emboli.
J Emerg Med. 2013;44:939–42.

80. Kahanov L, Daly T. Bilateral pulmonary emboli in a collegiate
gymnast: a case report. J Athl Train. 2009;44:666–71.

81. Wells PS, Anderson DR, Rodger M, Stiell I, Dreyer JF, Barnes D,
et al. Excluding pulmonary embolism at the bedside without diag-
nostic imaging: management of patients with suspected pulmonary
embolism presenting to the emergency department by using a
simple clinical model and d-dimer. Ann Intern Med. 2001;135:
98–107.

82. Wolf SJ, McCubbin TR, Feldhaus KM, Faragher JP, Adcock DM.
Prospective validation of wells criteria in the evaluation of patients
with suspected pulmonary embolism. Ann Emerg Med. 2004;44:
503–10.

83. Leiber MJ, Phan NT. Pneumomediastinum and subcutaneous em-
physema in a synchronized swimmer. Phys Sportsmed. 2005;33:
40–3.

84. Pierce MJ, Weesner CL, Anderson AR, Albohm MJ.
Pneumomediastinum in a female track and field athlete: a case
report. J Athl Train. 1998;33:168–70.

85. Dyste KH, Newkirk KM. Pneumomediastinum in a high school
football player: a case report. J Athl Train. 1998;33:362–4.

86. Sadarangani S, Patel DR, Pejka S. Spontaneous pneumomediastinum
and epidural pneumatosis in an adolescent precipitated by weight
lifting: a case report and review. Phys Sportsmed. 2009;37:147–53.

380 Curr Rev Musculoskelet Med (2014) 7:373–380


	Dyspneic athlete
	Abstract
	Introduction
	EIB
	Epidemiology
	Pathophysiology
	Presentation
	Testing
	Treatment

	PVFMD
	Epidemiology
	Pathophysiology
	Presentation
	Testing
	Treatment

	Other Causes of Dyspnea in the Athlete
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



