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REVIEW ARTICLE
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ABSTRACT

Although asthma is the most common cause of cough, wheeze, and dyspnea in
children and adults, asthma is often attributed inappropriately to symptoms from
other causes. Cough that is misdiagnosed as asthma can occur with pertussis, cystic
fibrosis, primary ciliary dyskinesia, airway abnormalities such as tracheomalacia
and bronchomalacia, chronic purulent or suppurative bronchitis in young chil-
dren, and habit-cough syndrome. The respiratory sounds that occur with the
upper airway obstruction caused by the various manifestations of the vocal cord
dysfunction syndrome or the less common exercise-induced laryngomalacia are
often mischaracterized as wheezing and attributed to asthma. The perception of
dyspnea is a prominent symptom of hyperventilation attacks. This can occur in
those with or without asthma, and patients with asthma may not readily distin-
guish the perceived dyspnea of a hyperventilation attack from the acute airway
obstruction of asthma. Dyspnea on exertion, in the absence of other symptoms of
asthma or an unequivocal response to albuterol, is most likely a result of other
causes. Most common is the dyspnea associated with normal exercise limitation,
but causes of dyspnea on exertion can include other physiologic abnormalities
including exercise-induced vocal cord dysfunction, exercise-induced laryngoma-
lacia, exercise-induced hyperventilation, and exercise-induced supraventricular
tachycardia. A careful history, attention to the nature of the respiratory sounds
that are present, spirometry, exercise testing, and blood-gas measurement provide
useful data to sort out the various causes and avoid inappropriate treatment of
these pseudo-asthma clinical manifestations.
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COUGH, WHEEZING (AND other respiratory noises),
and dyspnea are common respiratory symptoms
that potentially have an extensive differential diagnosis.!
Because asthma is an exceedingly common disorder,
such symptoms are often a result of this recurring and
chronic respiratory disorder. Although there is demon-
strable underdiagnosis of asthma,? the purpose of this
review is to increase awareness of common and uncom-
mon entities that have resulted in inappropriate diag-
noses of asthma.

WHAT IS ASTHMA?

Asthma is a disease that is characterized by hyperrespon-
siveness of the airways to various stimuli, which results
in airway obstruction that is reversible either spontane-
ously or as a result of treatment. The airway obstruction
is from variable components of bronchial smooth muscle
spasm and inflammation that result in edema of the
respiratory mucosa and mucous secretions. Although
the diagnosis of asthma is frequently readily apparent,
we have encountered several clinical entities that have
been misdiagnosed as asthma and consequently treated
inappropriately. In this review we describe these clinical
entities, identify how their clinical presentation is con-
fused with asthma, and indicate the diagnostic methods
for identifying these pseudo-asthma syndromes.

WHEN IS IT NOT ASTHMA?

Asthma is diagnosed clinically and is suspected when
there is cough, wheezing, or dyspnea. However, the
same symptoms may be results of other causes. Al-
though for some patients the presenting clinical picture
can readily identify the problem as being something
other than asthma, there can also be legitimate diagnos-
tic uncertainty with others. The distinguishing charac-
teristic of asthma is the response to bronchodilator or
corticosteroids when the patient is symptomatic. For
patients who are old enough to perform a pulmonary-
function test, substantial improvement of airway ob-
struction from an aerosol bronchodilator or a short
course of reasonably high-dose systemic corticosteroid, 2
mg/kg twice daily to a maximum of 40 mg twice daily
(reduced to once daily in the morning if insomnia or
irritability becomes problematic), supports diagnosis of
asthma. Failure to observe substantial improvement
within 5 to 7 days with complete relief of symptoms and
substantial improvement in lung function after a maxi-
mum of 10 days argues against asthma as the etiology,
assuming, of course, that the patient has taken the med-
ication.

COUGH THAT IS NOT ASTHMA

Asthma is the most common cause of chronic or recur-
rent inflammatory airway disease and a major cause of
cough. Although there are causes of cough that are
unlikely to be confused with asthma, there are several
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that characteristically are confused with asthma and re-
sult in overdiagnosis of asthma with consequent inap-
propriate treatment.> Pertussis, known in the past as the
100-day cough, causes a prolonged period of cough, and
we have seen several cases in which the primary care
physician prescribed antiasthmatic medication because
pertussis was not adequately considered. Characteristi-
cally spasmodic and associated with posttussive gagging
or emesis, the classical clinical symptoms are often not
present in an immunized population.+¢ However, the
diagnosis is important to prevent spread to contacts, and
pertussis should be suspected for any cough that persists
for >2 weeks in those with no previous history of
asthma or other causes of chronic cough. Diagnosis is
made most readily by polymerase chain reaction from a
properly collected nasal swab to detect pertussis antigen.

Cystic Fibrosis

Cystic fibrosis is the second most common chronic in-
flammatory airway disease, at least among the white
population. It occurs in ~1 in 2500 live births in popu-
lations of northern European descent with variable
lesser incidence in other ethnic groups and races. Al-
though the mechanisms of airway inflammation are dif-
ferent in these 2 diseases, both cause airway obstruction,
cough, wheezing, and dyspnea. The classical clinical pre-
sentation of malabsorption is not always present, and
the severity and progression of the airway disease is
highly variable. There is a variability in the extent to
which the >1500 mutations of the cystic fibrosis trans-
membrane regulator gene alters the chloride channel
and results in clinical manifestations.” Consequently,
some people do not present with respiratory symptoms
until adolescence or even adulthood.® Some degree of
bronchodilator response may even be present, although
the physiology of the airway responsiveness differs from
that in asthma.® Also, asthma can coexist with cystic
fibrosis.

Cystic fibrosis should be suspected when symptoms
and signs of airway inflammatory disease persist despite
a short course of high-dose systemic corticosteroid. The
diagnosis of cystic fibrosis is made most reliably by per-
forming a sweat chloride measurement using the classi-
cal quantitative pilocarpine iontophoresis method. Most
of the various screening methods that assess by the
conductivity of sweat are unreliable, because they can
have both false-positive and false-negative results.'® For
the test to be valid, duplicate collections of at least 75 mg
are required for the filter-paper discs or gauze pads, and
duplicate 15-uL samples are sufficient with the Macro-
duct collection coil (Wescor, Logan, UT).!! Measurement
of 60 mEq/L chloride with substantial agreement in both
samples is generally diagnostic of cystic fibrosis. Sweat
chloride concentrations of <40 mEq/L are generally re-
assuring that cystic fibrosis is not the cause of the pa-
tient’s airway inflammatory disease. Levels of 40 to 60
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mEq/L (>30 mEq/L for infants) should be considered
sufficiently suspicious that genetic analysis should be
performed for the presence of 2 mutations of the cystic
fibrosis transmembrane regulator gene, of which there
are now >1500."2 Some of the less common mutations
are associated with a milder course of the pulmonary
disease, and a few are not associated with elevated sweat
chloride levels.”!> Although rare (<1% of patients with
cystic fibrosis), awareness of these exceptional cases of
normal sweat chloride levels permit specific treatment
rather than fruitless use of antiasthmatic medications
that only frustrate the patient and physician.

Primary Ciliary Dyskinesia

Primary ciliary dyskinesia is rare and should be consid-
ered only when a persistent cough is present virtually
from birth, generally in association with chronic otitis
media.* A degree of neonatal respiratory distress is com-
monly present.'” It includes a variety of abnormalities in
airway ciliary structure and/or function that result in
absence of normal mucociliary clearance, which is an
important innate host-defense mechanism for the lungs.
A continuous flow of the mucous layer of the respiratory
mucosa is normally maintained by the coordinated
rhythmic beating of ciliated respiratory epithelial cells.
The absence of coordinated ciliary movement results in
pooling of mucous in the airway associated with low-
grade chronic infection. Cough and slowly progressing
bronchiectasis result from this defect. Half will have situs
inversus totalis, in which case it is known as Kartagener
syndrome. As with cystic fibrosis, primary ciliary dyski-
nesia will not respond to usual antiasthmatic medica-
tions, and delayed diagnosis results in permanently dam-
aged airways.

The diagnosis should be highly suspect in the pres-
ence of situs inversus totalis, but the definitive diagnosis
can be difficult in the absence of that anatomic abnor-
mality. The cough is typically present since birth on a
daily basis without the fluctuating course of asthma.
Chronic otitis media is another characteristic feature of
the disorder. The classical means of diagnosing has been
examination of ciliary structure by electron microscopy.
However, this is fraught with errors in interpretation.
Examination of coordinated ciliary movement from a
nasal or tracheal epithelial sample by light or phase-
contrast microscopy is a more practical means of initial
evaluation.

Chronic Purulent (Bacterial) Bronchitis

Chronic purulent bronchitis is an entity that is not well
appreciated and only infrequently described.!¢ Although
chronic bacterial bronchitis is certainly a characteristic of
cystic fibrosis, there are young children who have no
identifiable abnormalities in immunity or other under-
lying disease and have prolonged periods of cough with
neutrophilia and bacteria in their lower airways demon-

strable by bronchoalveolar lavage. Some, but not all,
have bronchomalacia that may be contributing to both
cough and retention of secretions in the lower airway,
which predisposes the child to secondary infection (Fig
1). The bacteria identified are most commonly the same
ones that are commonly associated with otitis media:
Haemophilus species, Moraxella catarrhalis, and Streptococ-
cus pneumoniae.'” Although responsive to appropriate an-
tibiotics, some will require repeated courses or even
maintenance prophylactic antibiotics for an extended
period. Resolution with age is common in the absence of
an underlying innate or acquired host-defense disorder.

orced exhalation)

FIGURE 1

Bronchomalacia of the right upper lobe (A) and the right main stem (B). Depending on
the degree of obstruction caused by the malacia, either cough or expiratory monophonic
wheezing may be heard. Obstruction occurs on expiration with positive intrathoracic
pressure during expiration while negative intrathoracic pressure during inspiration
opens the airway. Complete airway obstruction during expiration can result in lobar
emphysema from persistent hyperinflation of the lobe distal to the malacia. Decreased
clearing of secretions distal to the malacia may be associated with purulent bacterial
bronchitis.
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Diagnosis requires flexible bronchoscopy and bronchoal-
veolar lavage with cell count and differential for evi-
dence of significant neutrophilia (>10% of total white
cell count) and quantitative culture of lavage fluid.

Tracheomalacia

Inadequate rigidity of the tracheal or main-stem bron-
chial cartilage results in tracheal collapse, which causes
cough by at least 2 mechanisms (Fig 2 and Video 1,
which is published as supporting information on www.
pediatrics.org/cgi/content/full/120/4/855) and broncho-
malacia (Fig 1). Collapse of the trachea or main-stem
bronchi during increased intrathoracic pressure as in
vigorous exhalation or coughing can cause the anterior
and posterior walls to come into contact, which results in
an irritable focus that stimulates further cough. In addi-
tion, when secretions are present in the airway, the
airway collapse prevents normal airway clearance of
secretions. The secretions then act as a continued stim-
ulus for a nonproductive cough. Although tracheomala-
cia and bronchomalacia can be troublesome in an infant,
some cases do not cause problems until later in child-
hood.!® In unusually severe cases of intractable cough
that result from tracheomalacia, surgical aortopexy is
needed.’ This involves placing a suture through the
adventitial lining of the aortic arch and the periosteum
of the sternum to pull the arch forward. Because the
anterior tracheal wall is connected to the aortic arch
with connective tissue, it essentially pulls the anterior
wall of the trachea forward, thereby maintaining a more
patent tracheal lumen.

FIGURE 2

Tracheomalacia, a softening of the tracheal rings that provide a degree of rigidity to the
airway, occurs as a result of either a defect in the cartilage itself or external compression
by the great vessels The innominate artery (also known as the brachiocephalic trunk)
crosses over the lower third of the trachea, where a pulsating bulge can often be seen on
bronchoscopy. This is a common location for tracheomalacia, as in this picture and Video
1. Persistent cough occurs when the repeated contact of the anterior and posterior walls
of the trachea causes a focus of irritation with a consequent harsh barking cough that is
characteristic of a tracheal cough. Cough also may occur because of inefficient clearing of
secretions that results from the collapse of the airway. See Video 1, which is published as
supporting information on www.pediatrics.org/cgi/content/full/120/4/855.
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Habit-Cough Syndrome

Habit-cough syndrome is a troublesome disorder that
commonly is treated as asthma that often results in a
great deal of morbidity and ineffective treatment and yet
is readily curable rapidly with suggestion therapy, a sim-
ple behavioral technique.?° The classical presentation of
habit-cough syndrome is that of a harsh, barking, repet-
itive cough that occurs several times per minute for
hours on end (see Fig 3 and Video 2, which is published
online as supporting information). It is extremely irritat-
ing to those in the presence of the person who suffers
from this disorder. Characteristic of the habit-cough syn-
drome is the complete absence of cough once the patient
is asleep. Although those with this disorder are fre-
quently subjected to multiple diagnostic tests and ther-
apy with antiasthmatic medications, habit-cough syn-
drome should be readily diagnosed by the characteristic
barking nature of the cough, its repetitive pattern, and
complete absence once the patient is asleep.

This syndrome is sometimes misinterpreted as a tic.
However, the so-called cough-tic syndrome involves
more vocalization that is characteristic of Tourette syn-
drome and does not resemble the true cough of the
habit-cough syndrome. In considering treatment and
discussing the issue with the family, it is important not to
refer to this as a psychogenic cough, because that is
likely to adversely affect the relationship with the ther-
apist who will subsequently need the patient’s rapport to
effectively use suggestion therapy. Moreover, other psy-
chosomatic or psychological problems seem to be un-
common in these children and adolescents. Although
Anbar and Hall?! reported a high incidence of abdominal
pain and irritable bowel syndrome in many of the chil-
dren with habit-cough syndrome, a standardized psy-
chological questionnaire administered to our patients
subsequent to successful treatment of the habit cough

FIGURE 3
Boy with classical repetitive, barking, habit cough that is absent once he is asleep (see
Video 2).
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found no other evidence for somatization, although the
questionnaire revealed some tendency to score high, but
not pathologically so, on an obsessive-compulsive
scale.2 Perhaps related to this personality characteristic
is our observation that most of these patients were high
achievers academically.

If not treated with appropriate behavioral interven-
tion, symptoms can continue for months and years in
some patients, as was demonstrated in a follow-up of
diagnoses of habit-cough syndrome made at the Mayo
Clinic.22 Treatment with suggestion therapy has pro-
vided a sustained cure by the use of various techniques.
In 1966, Berman described 6 patients with this disorder
who were treated successfully with therapy that “relied
solely on the art of suggestion.”?> Another group re-
ported using a tightly wrapped bedsheet around the
patient’s chest combined with suggestion that it would
stop the coughing.2* Teaching self-hypnosis to stop the
cough has been described with a high success rate with
a technique that seems essentially to be a variation of
suggestion therapy.?! We have used a technique that
generally results in complete cessation of symptoms
within 15 minutes (Table 1).2025

Other Rare Causes of Chronic Cough

We have seen some particularly unusual causes of
chronic cough that were misdiagnosed as asthma. Al-
though unlikely to be encountered frequently, aware-
ness of these entities can encourage additional investi-
gation when the pattern of symptoms and response to
treatment is not consistent with asthma. A uvula that
was in contact with the epiglottis was the cause of a

TABLE1 Major Elements of a 15-Minute Suggestion-Therapy

Session for Habit-Cough Syndrome

Expressing confidence, communicated verbally and behaviorally, that the
therapist will be able to show the patient how to stop the cough

Explaining the cough as a vicious cycle of an initial irritant, now gone, that had set
up a pattern of coughing that caused irritation and additional symptoms

Encouraging the suppression of cough to break the cycle (the therapist closely
observes the patient for initiation of the muscular movement that precedes
coughing and immediately exhorts the patient to hold the cough back,
emphasizing that each second the cough is delayed makes further inhibition
of cough easier)

Offering an alternative behavior to coughing in the form of inhaling a generated
mist or sipping body-temperature water with encouragement to inhale the
mist or sip the water every time the patient begins to feel the urge to cough

Repeating expressions of confidence that the patient is developing the ability to
resist the urge to cough

When some ability to suppress cough is observed (usually after ~10 min), asking
in a rhetorical manner if the patient is beginning to feel that he or she can
resist the urge to cough (eg, “You are beginning to feel that you can resist the
urge to cough, aren't you?")

Discontinuing the session when the patient can repeatedly answer positively to
the question, “Do you feel that you can now resist the urge to cough on your
own?” (this question is only asked after the patient has gone 5 min without
coughing)

Source: Lokshin B, Lindgren S, Weinberger M, Koviach J. Ann Allergy. 1991,67:579-582.

long-standing cough in a 4-year-old boy who was
treated unsuccesstully for asthma.?¢ This could be visu-
alized only during flexible fiber-optic bronchoscopy
while the patient was lying on his back. The child related
that he coughed because he felt something in the back of
his throat. His cough was cured with uvulectomy. Ton-
sils impinging on the uvula of a 3-year-old girl were seen
on bronchoscopy with a long-standing chronic cough
that initially was treated as asthma (Fig 4). Tonsillec-
tomy cured the cough in that patient and another pa-
tient with similar findings.

On the other hand, cough is often attributed to gas-
troesophageal reflux or postnasal drip, termed by some
as upper airway cough syndrome.?” However, this diag-
nosis is infrequently supported by objective evidence.?®
When bronchoalveolar lavage was performed as part of
a diagnostic study for protracted cough in children, nei-
ther the so-called upper airway cough syndrome nor
gastroesophageal reflux were common diagnoses. Post-
nasal mucus certainly may be visualized in the posterior
oral pharynx, but there is considerable skepticism that
this is a cause of true cough rather than just throat-
clearing for some.?*° Similarly, because gastroesopha-
geal reflux can result from coughing,3! there is an ongo-
ing debate with inconclusive evidence regarding this
chicken-and-egg question.>?

epiglottis

Tonsillar tissue

FIGURE 4

Tonsils (the lateral masses in the image) impinging on the epiglottis in a 3-year-old girl
caused chronic cough that initially was treated unsuccessfully as asthma. A tonsillectomy
cured her cough.

PEDIATRICS Volume 120, Number 4, October 2007 859

Downloaded from pediatrics.aappublications.org at Children's Hospital Boston on June 28, 2011


http://pediatrics.aappublications.org/

WHEEZING THAT IS NOT ASTHMA

In considering wheezing, it is important to appreciate
that patients, parents, and even physicians at times refer
to various respiratory sounds as “wheezing” that are not,
in fact, wheezing.’>*> Wheezing is defined as a continu-
ous musical expiratory sound caused by intrathoracic
airway obstruction. However, parents will describe in-
spiratory rattling or stridor as wheezing, and there are
many reports of inspiratory sounds from upper airway
obstruction being called wheezing by medical personnel
and misdiagnosed as asthma.>¢

Vocal Cord Dysfunction

Vocal cord dysfunction can occur for various reasons
including brainstem compression from a Chiari 1 mal-
formation or vocal cord paralysis from various causes.>”

Vocal cord dysfunction syndrome is a functional dis-
order of the vocal cords. It is commonly misdiagnosed as
asthma on the basis of an inappropriate description of
“wheezing.”?¢ The respiratory noise, however, is actually
a high-pitched inspiratory stridor caused by paradoxical
adduction of the vocal cords during inspiration. This is
reflected in a spirometry tracing by a blunting of the
inspiratory portion of the flow-volume loop with a nor-
mal expiratory portion indicating upper airway obstruc-
tion (Fig 5A and Video 3, which is published online as
supporting information). A less common variation of
vocal cord dysfunction syndrome manifests itself as ab-
normal continuous inspiratory and expiratory sounds.
This latter variation of vocal cord dysfunction syndrome
is characterized by spasmodic closure of the vocal cords
with adduction that persists during both inspiration and
expiration and results in marked blunting of both the
inspiratory and expiratory loops on spirometry, which
indicates a fixed upper airway obstruction (Fig 5B and
Video 4, which is published online as supporting infor-
mation).

Two phenotypes of vocal cord dysfunction syndrome
have been described.’® One type occurs spontaneously,
with the patient experiencing dyspnea and inspiratory
stridor (often described as “wheezing”) at various and
often unpredictable times. Whether this is a panic- or
anxiety-induced reaction is speculative. Nonetheless, it
is alarming for those who experience the reaction and
for those who observe it. Urgent visits to an emergency
department are common, and those who have spas-
modic closure of the vocal cords are more likely than
those with just paradoxical movement to experience
multiple emergency 911 calls because of the alarming
appearance of their respiratory distress. The other phe-
notype is a reaction that occurs only with exercise,
which is commonly seen in adolescent athletes during
competitive aerobic activities. Typically transient and
relieved spontaneously with a period of rest, this phe-
notype of vocal cord dysfunction syndrome is trouble-
some predominantly because it interferes with athletic
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Flow-volume loops obtained before and when symptomatic for 2 patterns of vocal cord
dysfunction syndrome. A, Preexercise flow-volume loop with the midinspiratory and
midexpiratory flows approximately equal and the postexercise loop exhibiting the typical
flattening of the inspiratory portion of the flow-volume loop in a 15-year-old girl with
exercise-induced inspiratory stridor that had been described as “wheezing” by previous
physicians (see Video 3). This indicates reversible upper airway obstruction that was then
confirmed by visualizing adduction of the vocal cords on inspiration with flexible laryn-
goscopy. B, Flow-volume loops from a 15-year-old girl with a history of repeated epi-
sodes of sudden-onset severe dyspnea. She had spontaneous onset of severe dyspnea
during our initial evaluation with marked compromise of both inspiration and expiration
illustrated by the spirometric tracing. Flexible laryngoscopy demonstrated the vocal
cords and false vocal cords to be severely adducted, leaving only an ~2-mm opening for
air movement except when talking (see Video 4).
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activities. Although most patients with vocal cord dys-
function syndrome will manifest only 1 of these 2 pat-
terns, some will exhibit both patterns.3s

Diagnosis of vocal cord dysfunction requires seeing
the patient while he or she is symptomatic and differen-
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tiating upper from lower airway obstruction. Perfor-
mance of spirometry in the emergency department set-
ting is essential to avoid the common misdiagnosis of
asthma, as has been reported in the past.>¢3# The spiro-
metric demonstration of a decrease in the ratio of the
forced midinspiratory flow (FIFs,) to the forced midex-
piratory flow (FEFs,), which should be =1, is visually
evidenced by a flattening of the inspiratory portion of
the flow-volume loop. This indicates upper airway ob-
struction, which could include other causes such as sub-
glottic stenosis and vocal cord paralysis. Flexible fiber-
optic laryngoscopy or bronchoscopy while the patient is
symptomatic is then essential to confirm the diagnosis of
vocal cord dysfunction.

Demonstrating a fluctuating course distinguishes vo-
cal cord dysfunction from vocal cord paralysis, which
can also cause paradoxical vocal cord movement.

Treatment for the spontaneously occurring pheno-
type of vocal cord dysfunction syndrome is instruction
by a speech pathologist who is familiar with this disorder
in techniques to voluntarily take control of the vocal
cords, which is generally effective. Such techniques,
however, are not practical for those with exercise-in-
duced vocal cord dysfunction, because the techniques
would require stopping the athletic activity that was
inducing the problem, which results in spontaneous res-
olution of symptoms anyway. We have observed that an
anticholinergic aerosol (Atrovent oral inhaler), when
used before exercise, prevents vocal cord dysfunction in
these patients. This observation is consistent with evi-
dence that a vagal reflux is involved in this pattern of
vocal cord dysfunction.>*#! For both patterns of vocal
cord dysfunction syndrome, the long-term outlook for
resolution or accommodation seems favorable.3

Exercise-induced laryngomalacia can mimic exercise-
induced vocal cord dysfunction, but the airway obstruc-
tion on inspiration is from invagination of the arytenoids
rather than from paradoxical vocal cord movement.4-45
Flexible laryngoscopy at the time symptoms are repro-
duced is essential to distinguish the relatively rare exer-
cise-induced laryngomalacia from the more common
exercise-induced vocal cord dysfunction.

Partial Airway Obstruction
A cause of true wheezing, partial obstruction of a bron-
chus can result in wheezing that is commonly misdiag-
nosed and treated as asthma. A retained foreign body in
a bronchus is one cause and needs to be distinguished
from a mucous plug associated with asthma that also can
obstruct a bronchus. Another is bronchomalacia (Fig
1).4647 Most commonly associated with wheezing in in-
fants, bronchomalacia is associated with little respiratory
distress.

In contrast to a mucous plug from asthma or other
airway inflammatory disease, these causes of partial air-
way obstruction will cause unilateral wheezing that is

persistent, whereas the localized wheezing from a mu-
cous plug may vary from time to time as the patient
coughs and changes locations of partial airway obstruc-
tion from mucous.

Both tracheomalacia and bronchomalacia can be
missed during rigid bronchoscopy in which general an-
esthesia and positive-pressure ventilation keep the air-
way open. It is during flexible bronchoscopy with con-
scious sedation and spontaneous respiration that malacia
of the intrathoracic airways is most likely to be seen. The
natural course of bronchomalacia is resolution with age,
apparently as the airway increases in size. It is not
known how many subsequently become associated with
cough as described by Wood.!®

DYSPNEA THAT IS NOT ASTHMA

Hyperventilation

Attacks of hyperventilation can be confused with
asthma, in both those who have asthma and those who
do not.*® We have observed that patients who have both
asthma and experience hyperventilation attacks cannot
readily distinguish the sensation of dyspnea associated
with hyperventilation from that associated with their
asthma. Spirometry at the time the patient is symptom-
atic can help distinguish the perception of dyspnea as-
sociated with a hyperventilation attack from asthma. In
the presence of normal pulse oximetry during ambient
air respiration, blood-gas measurement that demon-
strates low Pco, and high pH at the time of symptoms
provides supportive evidence for hyperventilation.

Anxiety

Dyspnea is a perception of difficulty in breathing. Pa-
tients may relate that they have trouble taking a breath
or that they have tightness in their chest in the absence
of any identifiable physiologic disorder. Using an anxi-
ety-sensitivity index, Simon et al* demonstrated that
anxiety plays an important role in the experience of
dyspnea, independent of any physiologic respiratory dis-
order.

Exertional Dyspnea

Dyspnea on exertion in children and adolescents is fre-
quently part of the clinical course of asthma. However,
asthma is rarely the diagnosis when there is dyspnea on
exertion with no respiratory symptoms other than dur-
ing exercise.”**! In a study of 142 children and adoles-
cents with exercise-induced dyspnea referred to us, 100
had been previously diagnosed with and treated for
asthma without clinical response. When treadmill exer-
cise was performed with cardiopulmonary monitoring
on 112 of the 142 (Fig 6), exercise-induced broncho-
spasm was rare despite having reproduced the patient’s
exercise-induced dyspnea.*® The most common cause of
exercise-induced dyspnea was physiologic limitation in
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FIGURE 6

Exercise test with cardiopulmonary monitoring. Continuous measurement is provided
for inspiratory and expiratory flow, oxygen utilization, carbon dioxide production, elec-
trocardiography, and pulse oximetry during progressive treadmill exercise until the pa-
tient's symptoms are reproduced. A blood-gas measurement is routinely obtained at the
completion of the test.

patients with a wide range of cardiovascular condition-
ing. Their perception of dyspnea resulted from the lactic
acidosis—induced respiratory drive that occurs during an-
aerobic metabolism when exercise exceeds what is com-
monly called the anaerobic or ventilatory threshold. The
lowered pH from the metabolic acidosis stimulates the
attempt to compensate by increasing respiratory drive in
an attempt to raise the pH by reducing Pco,. This in-
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crease in respiratory drive is perceived as dyspnea by these
patients. Other abnormalities documented included vocal
cord dysfunction, restrictive physiology associated with
minor chest wall abnormalities, exercise-induced laryn-
gomalacia,*> exercise-induced hyperventilation,”> and
exercise-induced supraventricular tachycardia (Fig 7).

Making the correct diagnosis by treadmill exercise
with cardiopulmonary monitoring including gas ex-
change enables the cessation of ineffective asthma phar-
macotherapy and appropriate corrective action. More-
over, by providing an explanation for the patient’s
exercise-induced dyspnea, the anxiety typically associ-
ated with the dyspnea can generally be relieved. For
those with physiologic dyspnea, counseling regarding
conditioning and appropriate training can be of consid-
erable value.

CONCLUSIONS

Although asthma is a common cause of various respira-
tory symptoms, all that coughs, wheezes, and causes
shortness of breath or dyspnea is not asthma. Knowl-
edge of the natural history of asthma and close observa-
tion of the response to therapy should quickly lead to an
index of suspicion that diagnoses other than asthma
need to be considered. Appropriate diagnostic tests in-
cluding spirometry when symptomatic, flexible bron-
choscopy with conscious sedation rather than general
anesthesia, bronchoalveolar lavage, and treadmill exer-
cise testing with cardiopulmonary monitoring can gen-
erally result in the appropriate diagnosis and more spe-
cific treatment.

= EIB
VvCD
* Restrictive
EIL
EIH
= EISVtach
= Physiologic

h

FIGURE 7

Diagnoses among 117 children and adolescents who underwent treadmill exercise test-
ing with a progressive incline and duration until symptoms were reproduced during
cardiopulmonary monitoring. Although most had been previously diagnosed and
treated for asthma, exercise-induced bronchospasm (EIB) was present in only 11 of the
children. Vocal cord dysfunction (VCD) was associated with the reproduced dyspnea on
exertion in 13 children, 15 had evidence of chest wall restriction associated with minor
degrees of pectus deformities and scoliosis (Restrictive), 2 had exercise-induced laryngo-
malacia (EIL), 1 had exercise-induced hyperventilation (EIH),*2 and 1 had exercise-in-
duced supraventricular tachycardia (EISVtach). The majority of the children (74) had
physiologic dyspnea (Physiologic); approximately one third of them were highly moti-
vated, well-conditioned athletes, and one third had below-average cardiovascular
conditioning.*”

Downloaded from pediatrics.aappublications.org at Children's Hospital Boston on June 28, 2011


http://pediatrics.aappublications.org/

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pasterkamp H. The history and physical examination. In: Cher-
nick V, Boat TF, Wilmott RW, Bush A, eds. Kendig’s Disorders of
the Respiratory Tract in Children. 7th ed. Philadelphia, PA: Saun-
ders Elsevier; 2006:75-93

. Joseph CL, Foxman B, Leickly FE, Peterson E, Ownby D.

Prevalence of possible undiagnosed asthma and associated
morbidity among urban schoolchildren. J Pediatr. 1996;129:
735-742

. Thomson F, Masters 1B, Chang AB. Persistent cough in chil-

dren and the overuse of medications. J Paediatr Child Health.
2002;38:578-581

. Mink CM, Cherry JD, Christenson P, et al. A search for Borde-

tella pertussis infection in university students. Clin Infect Dis.
1992;14:464-471

. Wright SW, Edwards KM, Decker MD, Zeldin MH. Pertussis

infection in adults with persistent cough. JAMA. 1995;273:
1044-1046

. Nennig ME, Shinefield HR, Edwards KM, Black SB, Fireman

BH. Prevalence and incidence of adult pertussis in an urban
population. JAMA. 1996;275:1672-1674

. Wilschanski M, Dupuis A, Ellis L, et al. Mutations in the cystic

fibrosis transmembrane regulator gene and in vivo transepi-
thelial potentials. Am J Respir Crit Care Med. 2006;174:787-794

. Gilljam M, Ellis L, Corey M, Zielenski J, Durie P, Tullis DE.

Clinical manifestations of cystic fibrosis among patients with
diagnosis in adulthood. Chest. 2004;126:1215-1224

. Weinberger M. Airways reactivity in patients with CF. Clin Rev

Allergy Immunol. 2002;23:77-85

Denning CR, Huang NN, Cuasay LR, et al. Cooperative study
comparing three methods of performing sweat tests to diag-
nose cystic fibrosis. Pediatrics. 1980;66:752-757

National Committee for Clinical Laboratory Standards. Sweat
Testing: Sample Collection and Quantitative Analysis—Approved
Guideline. Wayne, PA: National Committee for Clinical Labo-
ratory Standards; 1994. Document C34-A

Cystic fibrosis mutation database. Available at: www.genet.
sickkids.on.ca/cftr/app. Accessed July 24, 2007

Highsmith WE, Burch LH, Zhou Z, et al. A novel mutation in
the cystic fibrosis gene in patients with pulmonary disease but
normal sweat chloride concentrations. N Engl J Med. 1994;331:
974-980

Leigh MW. Primary ciliary dyskinesia. In: Chernick V, Boat TF,
Wilmott RW, Bush A, eds. Kendig’s Disorders of the Respiratory
Tract in Children. 7th ed. Philadelphia, PA: Saunders Elsevier;
2006:902-909

Ferkol T, Leigh M. Primary ciliary dyskinesia and newborn
respiratory distress. Semin Perinatol. 2006;30:335-340
Selvadurai H. Investigation and management of suppurative
cough in pre-school children. Paediatr Respir Rev. 2006;7:15-20
Saito J, Harris WT, Gelfond J, et al. Physiologic, bronchoscopic,
and bronchoalveolar lavage fluid findings in young children
with recurrent wheeze and cough. Pediatr Pulmonol. 2006;41:
709-719

Wood RE. Localized tracheomalacia or bronchomalacia in chil-
dren with intractable cough. J Pediatr. 1990;116:404-406
Weber TR, Keller MS, Fiore A. Aortic suspension (aortopexy)
for severe tracheomalacia in infants and children. Am J Surg.
2002;184:573-577

Lokshin B, Lindgren S, Weinberger M, Koviach J. Outcome of
habit cough in children treated with a brief session of sugges-
tion therapy. Ann Allergy. 1991;67:579-582

Anbar RD, Hall HR. Childhood habit cough treated with self-
hypnosis. J Pediatr. 2004;144:213-217

Rojas AR, Sachs MI, Yunginger JW, O’Connell EJ. Childhood

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

involuntary cough syndrome: a long-term follow-up study.
Ann Allergy. 1991;66:106

Berman BA. Habit cough in adolescent children. Ann Allergy.
1966;24:43-46

Cohlan SQ, Stone SM. The cough and the bedsheet. Pediatrics.
1984;74:11-15

Lokshin B, Weinberger M. The habit cough syndrome: a re-
view. Am J Asthma Allergy Pediatr. 1993;7:11-15

Najada A, Weinberger M. Unusual cause of chronic cough in a
four-year-old cured by uvulectomy. Pediatr Pulmonol. 2002;34:
144-146

Pratter MR, Brightling CE, Boulet LP, Irwin RS. An empiric
integrative approach to the management of cough: ACCP ev-
idence-based clinical practice guidelines. Chest. 2006;129:
222S8-231S

Marchant JM, Masters B, Taylor SM, Cos NC, Seymour GJ,
Chang AB. Evaluation and outcome of young children with
chronic cough. Chest. 2006;129:1132-1141

Morice AH. Post-nasal drip syndrome: a symptom to be sniffed
at? Pulm Pharmacol Ther. 2004;17:343-345

Kemp A. Does post-nasal drip cause cough in childhood? Pae-
diatr Respir Rev. 2006;7:31-35

Weinberger M. Gastroesophageal reflux is not a significant
cause of lung disease in children. Pediatr Pulmonol. 2004;
37(suppl 26):194-196

Chang AB, Lasserson TJ, Gaffney J, Connor FL, Garske LA.
Gastro-oesophageal reflux treatment for prolonged non-
specific cough in children and adults. Cochrane Database Syst Rev.
2006;(4):CD004823

Cane RS, Ranganathan SC, McKenzie SA. What do parents of
wheezy children understand by “wheeze”? Arch Dis Child.
2000;82:327-332

Elphick HE, Sherlock P, Foxall G, et al. Survey of respiratory
sounds in infants. Arch Dis Child. 2001;84:35-39

Cane RS, McKenzie SA. Parents’ interpretations of children’s
respiratory symptoms on video. Arch Dis Child. 2001;84:31-34
Christopher KL, Wood RP 2nd, Eckert RC, Blager FB, Raney
RA, Souhrada JF. Vocal-cord dysfunction presenting as
asthma. N Engl J Med. 1983;308:1566-1570

Maschka DA, Bauman NM, McCray PB Jr, Hoffman HT, Kar-
nell MP, Smith RJ. A classification scheme for paradoxical
vocal cord motion. Laryngoscope. 1997;107:1429-1435

Doshi D, Weinberger M. Long-term outcome of vocal cord
dysfunction. Ann Allergy Asthma Immunol. 2006;,96:794-799
Vassilyadi M, Strawsburg RH. Delayed onset of vocal cord
paralysis after explantation of a vagus nerve stimulator in a
child. Childs Nerv Syst. 2003;19:261-263

Zalvan C, Sulica L, Wolf S, Cohen J, Gonzalez-Yanes O, Blitzer
A. Laryngopharyngeal dysfunction from the implant vagal
nerve stimulator. Laryngoscope. 2003;113:221-225

Ayres JG, Gabbott PL. Vocal cord dysfunction and laryngeal
hyperresponsiveness: a function of altered autonomic balance?
Thorax. 2002;57:284-285

Smith RJ, Bauman NM, Bent JP, Kramer M, Smits WL, Ahrens
RC. Exercise-induced laryngomalacia. Ann Otol Rhinol Laryngol.
1995;104:537-541

Bent JP, Miller DA, Kim JW, Bauman NM, Wilson JS, Smith
RJ. Pediatric exercise-induced laryngomalacia. Ann Otol Rhinol
Laryngol. 1996;105:169-175

Mandell DL, Arjmand EM. Laryngomalacia induced by exer-
cise in a pediatric patient. Int J Pediatr Otorhinolaryngol. 2003;
67:999-1003

Arora R, Gal TJ, Hagan LL. An unusual case of laryngomalacia
presenting as asthma refractory to therapy. Ann Allergy Asthma
Immunol. 2005;95:607-611

Yalgin E, Dodru D, Ozgelik U, Kiper N, Aslan AT, Gozagan A.
Tracheomalacia and bronchomalacia in 34 children: clinical

PEDIATRICS Volume 120, Number 4, October 2007 863

Downloaded from pediatrics.aappublications.org at Children's Hospital Boston on June 28, 2011


http://pediatrics.aappublications.org/

47.

48.

49.

864

and radiologic profiles and associations with other diseases.
Clin Pediatr (Phila). 2005;44:777-781

Boogaard R, Huijsmans SH, Pijnenburg MW, Tiddens HA, de
Jongste JC, Merkus PJ. Tracheomalacia and bronchomalacia in
children: incidence and patient characteristics. Chest. 2005;128:

50.

tion with dyspnea-related distress and avoidance. J Nerv Ment
Dis. 2006;194:951-957

Abu-Hasan M, Tannous B, Weinberger M. Exercise-induced
dyspnea in children and adolescents: if not asthma then what?
Ann Allergy Asthma Immunol. 2005;94:366-371

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

Hammo AH, Weinberger M. Exercise-induced hyper-
ventilation: a pseudoasthma syndrome. Ann Allergy Asthma
Immunol. 1999;82:574-578

3391-3397 51.

Keeley D, Osman L. Dysfunctional breathing and asthma: it

is important to tell the ditference. BMJ. 2001;322:1075-

1076 52.

Simon NM, Weiss AM, Kradin R, et al. The relationship of

anxiety disorders, anxiety sensitivity and pulmonary dysfunc-
RUBBER DUCKY FRENZY

“As if we didn’t have enough real problems to worry about, an international
media frenzy has erupted over a flotilla of ‘yellow rubber duckies’ from the
Pacific Ocean. The ducks are supposedly about to storm the beaches of the British
Isles, 15 years after they spilled off a container ship 10,000 miles away. Reporters
from Scotland, England, Germany, several other EU countries, Canada, Brazil,
Australia, New Zealand, Japan and the US have been emailing me urgent
questions about the ducks: Have they been sighted in Britain yet? When will
they land, and where? I have been tracking these wayward bathtub toys for 15
years, with the help of an international network of dedicated beachcombers. We
have collected data on these floaters—where they beach, and when—in order to
better understand the oceans’ currents: where they flow, how fast they flow, and
how and when they interconnect. ... The 29 000 celebrated bathtub toys that
fell into the Pacific in January 1992 aren’t made of rubber, they’re plastic. . . .
Their 11-year journey began in the central Pacific, about where the International
Date Line crosses the 45th parallel. They proceeded eastward to southeast Alaska,
where beachcombers recovered thousands of their fellows. From there, the two
toys drifted north to the Bering Sea, across the North Pole, south along eastern
Greenland, and further south to Newfoundland, where their paths diverged—
one to Maine and the other to Britain. To complete these journeys, they had to
ride four circular oceanic currents called ‘gyres” or ‘carousels of the seas.” To
understand these gyres, we have also tracked 80 000 Nike shoes lost in another
North Pacific cargo spill (each one bearing a code for the container from which
it spilled), 34 000 spilled hockey gloves, five million Lego pieces lost off England’s
Land’s End and Japanese survey stakes that typhoons have washed out into the
Pacific. . . . By roaming the world’s beaches and seeing what washes up, we have
also learned that there is far too much man-made stuff floating on the seas,
especially stuff made out of plastic—now found in eight vast oceanic garbage
patches. Most of it does not biodegrade. It just breaks down into ever smaller
pieces, to the size of confetti and, finally, dust. Fish, birds and other marine
animals eat this pseudo-plankton and pass it up the food chain. Our world-wide
litter is poisoning the seas, the creatures within them, and ultimately, our-
selves. . . . These humble toys have piqued curiosity and stimulated imaginations
around the world, but they can also yield important scientific data. If you spot
one of the bathtub toys, please take a picture, look for the words ‘The First Years’
imprinted on each toy (see photos at www.beachcombers.org), and send a note
to curtisebbesmeyer@comcast.net. You might also consider joining the beach-
combers who patrol and clean our shorelines. You can help us better understand
and protect our magical but fragile oceans and their powerful, circulating cur-

rents.”
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Ebbesmeyer C. Wall Street Journal. August 3, 2007
Noted by JFL, MD
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