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Cough is the most common problem for which patient eek medical attention in the 
United States ll]. A thma and bronchitis are important consideration in the 
diagno i of acute and chronic cough. putum production i often a feature of cough 
in a thma and bronchiti , due to abnormalitie in pulmonary mucu production and 
mucociliary clearance in both condition . Di tingui hing between a thma, bron
chitis, and other di ea e a ociatcd with acute or chroni cough can be challenging. 
This chapter de cribe the pathophy iology of sputum production in a thma the 
work-up of asthma in the coughing patient, and an approach to refractory cough in 
the patient previou ly diagno ed with a thma. 

COUGH AND SPUTUM IN ASTHMA 

Cough and putum production are frequenr symptom of a thma, e pecially during 
exacerbation of rhe di ea e. Factor contributing to cough and putum production 
in asthma include mucus hyper ecretion abnormal mucu campo ition decreased 
rate of mucociliary clearance, relea e of pro-inflammatory mediator , allergen and 
irritant expo ure, and when pre ent, infe tion (Table 9- 1 ). There i evidence that 
cough in a rhma is more than an irritating symptom. Airway mucus production 
contribute ro the morbidity and mortality of asthma by ob eructing the airway 
lumen, thu wor ening airflow limitation. In autop y tudie , patient dying of ta
tus asthmaticus have widespread plugging of the airways with highly vi cou mucu 
[21. putum production may also be a marker for more evere a thma. A hi tory of 
putum production has been independently associated with an accelerated rate of 
decline in FEY 1 (forced expiratory volume in 1 second) in a thmatic patients [3]. 

Airway mucu i a comple mi rure of mucin glycoprotein , proteoglycan , 
lipid , ecretory lgA immunoglobulin , ly ozyme, peroxida e, lactoferrin and 

urfacrant [4]. Goblet cell and ubmuco al glands store and ecrete mucin 
glycoprotein ("mucin "), rhe major ingredient of mucu and the primary deter

minant of it visco ity, ela ticity, and adhe ive propertie . During bronchopul
monary infection, or when airway inflammation i increa cd, mucus may al o 

contain cellular debris. The bearing motion of cilia on columnar epithelia l 
cell propel mucus from di tal to more proximal bronchi where it i 

expelled by coughing. The rate of mucociliary clearance or the speed 
at which mu u i tran ported from the di tal to more proximal 

airway , dep nd on the volume and physiochemical 
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properties of mucus, the structural integrity of the airway 
epithelium, and the coordination and beating frequency 
of cilia [4]. Other factors that alter mucus composition 
and clearance include inflammatory mediators, neuro
peptides, neural input to the airways, infection, and 
physical or chemical injury to the airways. 

In asthmatic patients, airway mucus secretion is 
increased, the rate of mucociliary clearance is decreased, 
and mucus composition is altered, compared to normal, 
resulting in mucous plugging of the airways. Mucus 
hypersecretion and stasis trigger a complex reflex arc to 
produce cough [5 .. ]. In the asthmatic airway, goblet cell 
hyperplasia and metaplasia and submucosal gland hyper
trophy contribute to mucus hypersecretion by increasing 
the total volume of mucin-producing cells. The number of 
goblet cells in airway epithelium is 2.5 times greater in 
stable, mild-to-moderate asthmatic patients than in 
healthy controls [6]. Within the epithelium, asthmatic 
patients have three times more stored mucin glycoprotein 
than healthy subjects [ 6]. Disruption of ciliated epitheli
um, another characteristic structural abnormality of the 
asthmatic airway [2, 7], impairs mucus clearance by reduc
ing the number of functional cilia. Clumps of sloughed 
epithelial cells (Creola bodies) are sometimes observed in 
sputum. Sputum from asthmatic patients also contains 
higher than normal concentrations of DNA and mucin 
[8], substances that increase sputum viscosity. Increased 
mucin is thought to enhance mucous plugging of small 
airways and give rise to Curschmann's spirals, corkscrew
shaped casts of small airways found in sputum. The 
number of eosinophils and the amount of eosinophil 
lysophospholipase (the substance from which Charcot
Leyden crystals are formed) are also increased in the 
sputum of asthmatic patients. Goblet cell metaplasia, loss 
of functional ciliated columnar epithelial cells, abnormal 
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mucus composition, and decreased mucociliary clearance 
are also hallmarks of other airway diseases, including 
smoking-induced chronic bronchitis [9] and cystic fibrosis 
[10]. Whether the cellular mechanisms of goblet cell meta
plasia and reduced mucociliary clearance in these diseases 
are similar to those in asthma is not known. 

Mucociliary clearance in asthma is reduced during 
periods of stability and is further decreased during acute 
exacerbations [11]. Mucociliary clearance has been 
studied by measuring the rate of transport of radiolabeled 
particles or aerosols from the distal to more proximal 
tracheobronchial tree. In stable asthmatic patients, the 
rate of tracheal mucociliary clearance was roughly half 
that of normal controls in one study [12]. Several other 
studies have confirmed subtle impairment of mucociliary 
clearance in stable asthmatic patients compared to 
normal controls [13-15]. Patients with severe asthma 
may have decreased mucociliary clearance compared 
with patients with mild asthma [16]. In asthmatic 
patients hospitalized for acute exacerbations, mucociliary 
clearance was severely impaired (Fig. 9-1), but it 
improved significantly after recovery [17]. 

Allergen challenge has been shown to stimulate mucus 
hypersecretion in animal studies [ 4] and to increase 
mucin stores in human airway epithelium [18]. 
Inflammatory mediators associated with allergen expo
sure stimulate goblet cells and submucosal glands in asth
matic airways to release mucus. For example, cysteinyl 
leukotrienes (leukotrienes C4, D 4, and E4) increase mucus 
release from human airways in vitro [19,20]. Histamine 
increases active water transport toward the airway lumen 
[21], thus increasing mucus volume in animal models 
[22]. Other inflammatory cell products, including 
neutrophil elastase, eosinophil cationic protein, and mast 
chymase also stimulate goblet cell mucus secretion [4]. 

Allergen exposure has also been found to decrease 
mucociliary clearance in asthmatic patients. In stable, 
allergic patients with asthma, inhaled ragweed antigen 
decreased the rate of mucus clearance from the trachea by 
53% 1 hour after exposure [12]. Pretreatment with 
inhaled cromolyn sodium [12] or a cysteinylleukotriene 
antagonist [23] prevented allergen-induced decreases in 
tracheal mucus clearance. These findings suggest that, in 
addition to reducing mucus hypersecretion, mast cell 
mediators and leukotrienes play a role in allergen
mediated decreases in mucociliary clearance. Neutrophil 
elastase, eosinophil major basic protein, and reactive 
oxygen species impair ciliary activity, thus reducing 
mucociliary clearance [4]. 

ACUTE COUGH 

Acute bronchitis is typically defined as a productive or 
nonproductive cough of less than 3 weeks duration. Viral 
infections are the most common cause of cough in 
patients without underlying lung disease ("uncomplicat-
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ed acute bronchitis"), and they are the most common 
infectious cause of asthma exacerbations. New evidence 
suggests that infection with the "atypical" bacteria 
Mycoplasma pneumoniae or Chlamydia pneumoniae 
(TWAR), organisms that can cause acute bronchitis, may 
be more common in asthmatic patients. The clinician 
should be alert to the possibility that the patient with 
frequent episodes of acute bronchitis may have under
lying asthma. In the asthmatic patient with acute cough, 
a thorough search for factors that exacerbate asthma 
should be undertaken. 

Uncomplicated Acute Bronchitis 
The vast majority of cases (~ 90%) of acute bronchitis in 
otherwise healthy children and adults are caused by viral 
infections [24 .. ]. Viruses that cause acute bronchitis 
include those that are responsible for lower respiratory 
tract symptoms (influenza B, influenza A, parainfluenza 3, 
and respiratory syncytial virus) and those that result pri
marily in upper respiratory tract symptoms (corona virus, 
adenovirus, rhinovirus) [24 .. ]. Viral infections directly 
damage respiratory mucosa, increase mucus production, 
decrease mucociliary clearance, stimulate airway irritant 
receptors, and enhance airway reactivity. These inflam
matory and physiologic changes give rise to symptoms of 
cough, sputum production and, in some cases, wheezing. 
Contrary to what many patients and physicians may 
believe, the presence of purulent sputum does not distin
guish between viral and bacterial bronchitis. Sputum 
purulence results from the presence of inflammatory cells 
or sloughed mucosal epithelial cells in airway secretions, 
and can be associated with either viral or bacterial 
infection [25]. Fortunately, inflammation in acute viral 
bronchitis is usually transient and resolves as soon as the 
infection clears. It is unusual for the cough associated with 
acute viral bronchitis to last for more than 7 to 10 days, 
although in rare cases it can last for months. 

The only bacterial causes of uncomplicated acute 
bronchitis that have been identified in otherwise healthy 
adults are M. pneumoniae, C. pneumoniae, and 
Bordetella pertussis. These organisms are estimated to 
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cause 5% to 10% of all cases of uncomplicated acute 
bronchitis in adults [24 .. ]. In adults without underlying 
lung disease, Streptococcus pneumoniae, Haemophilus 
influenzae, and Moraxella catarrhalis have not been 
identified as common pathogens. 

Although viral infections are by far the most common 
cause of acute bronchitis, clinicians should consider the 
possibility that the patient with acute cough may have 
previously unrecognized asthma. In the primary care set
ting, it is estimated that between 19% [26] and 37% [27] 
of patients presenting with acute bronchitis symptoms 
have underlying asthma. In another study [28], patients 
with acute bronchitis were 6.5 times more likely to have 
been told they had asthma in the past, and were 9 times 
more likely to be diagnosed with asthma in the future, 
compared with patients without acute bronchitis. In 
patients with acute bronchitis, female gender, wheezing, 
dyspneic episodes over the preceding year, and symptoms 
provoked by allergens were associated with an under
lying diagnosis of asthma [27]. It has been suggested that 
the diagnosis of asthma be considered in all patients with 
recurrent episodes of acute bronchitis [29]. 

Asthma may be difficult to diagnose in the setting of 
acute cough, however. Abnormal pulmonary function, 
manifested by transient airflow obstruction and increased 
bronchial hyperresponsiveness, is present in many 
patients with uncomplicated acute bronchitis of infec
tious origin who do not have a previous history of asth
ma [30,31]. Forty percent of nonasthmatic patients in 
one study had an FEV 1 less than 80% of that predicted 
during their episode of acute bronchitis [30]. Pulmonary 
function in patients with uncomplicated acute bronchitis 
usually returns to normal after 2 to 3 weeks, but abnor
malities may persist for as long as 8 weeks [30,31]. 
Consequently, it is recommended that a comprehensive 
evaluation for asthma, including pulmonary function 
testing, be deferred until cough becomes chronic (at least 
3 weeks in duration). 

Routine administration of antibiotics for treatment of 
uncomplicated acute bronchitis has not been shown to 
have a beneficial effect, based on the results of several 

Figure 9-1. 
Retenrion of an inhaled radiolabeled aero ol b)• 
patient ho pitalized for an acute exacerbation of 
a thma (open circles) and by the arne patient after 
di charge (solid squares). The rate of mucoci liary 
clearance which i inver ely related to percentage 
of ret ntion, wa verely impair d in the ho pitalized 
patient and improved after di harge. 
(Adapted from Me ina eta/. 1171.) 
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randomized, placebo-controlled trials [24 .. ]. These find
ings are not surprising, given that viruses are the major 
pathogens in this disease. However, antibiotic treatment 
for suspected B. pertussis infection or antiviral treatment 
for suspected influenza A infection are recommended 
during outbreaks of these illnesses [24 .. ]. For most 
patients, symptomatic therapy is sufficient. Inhaled 
albuterol has been shown in several studies to reduce the 
duration and severity of cough [32,33]. Antitussive agents 
may provide some relief until the infection has resolved. 

Approach to the Asthmatic Patient 
with Acute Cough 

When an asthmatic patient presents with acute cough, the 
primary diagnostic concern is whether the symptom of 
cough represents acute, infectious bronchitis or whether 
it is a prominent manifestation of an asthma exacerba
tion. These two possibilities are not mutually exclusive, 
as respiratory tract infections, particularly viral infec
tions, are one of the most common triggers of asthma 
exacerbations [34,35]. Nonetheless, it is essential to 
consider all possible triggers for asthma (Table 9-2), as 
many of these are remediable. Conditions commonly 
diagnosed in asthmatic patients, such as postnasal 
drainage precipitated by sinusitis or rhinitis, or gastro
esophageal reflux disease (GERD), may also cause acute 
cough without necessarily exacerbating asthma. 

Viral infections are a significant and common trigger 
for asthma exacerbations in all age groups. In school
aged children, asthma exacerbations were associated 
with a respiratory virus infection in 80% to 85% of 
cases, and 50% of these were rhinoviruses [34]. In adult 
asthmatic patients, 44% of exacerbations were associat
ed with viral infections, predominantly rhinoviruses [35]. 
Hospital admissions for asthma exacerbations in children 
and adults have been strongly linked to respiratory virus 

lrriranr c: ·po ·urc 

On:upariona l exposure 
Rhiniri, 

(;a,rrocsophagcal reflu x disca ·c 
Viral rcspirarory rma infccrion 
.VIcdicarion nonadhcrcncc: 

lnadcqu;Hc anri-infla rlll ll<trory therapy 
A pirin or orhc:r NSA ID exposure 

Current Review of Asthma 

infections [36]. As in healthy individuals, viral infection 
in asthmatic patients typically begins with a sore throat, 
followed by rhinorrhea, sneezing, and cough. Cough, 
sputum production, and reduced peak expiratory flow 
rates (PEFRs) begin soon after the onset of the infection 
and last about 2 weeks [34]. Compared to normal 
individuals, asthmatic patients are not at greater risk of 
rhinovirus infection, but they do develop lower respira
tory tract symptoms, including cough, wheezing, and 
dyspnea, more frequently, and these symptoms are of 
greater severity and duration [37]. The mechanisms by 
which respiratory virus infections exacerbate asthma and 
airway inflammation, acutely and possibly chronically, 
are the focus of intensive investigation [38• ]. 

Bacterial infections have also been shown to play a 
role in exacerbation of asthma. Bacterial sinusitis, a 
relatively common occurrence in asthmatic patients, may 
exacerbate lower airway disease. S. pneumoniae and 
H. influenzae are the most frequently cultured organisms 
in acute sinusitis, accounting for 76% of positive cultures 
[39]. Current evidence does not suggest, however, that 
asthmatic patients are any more likely than normal indi
viduals to develop bronchitis caused by S. pneumoniae, 
H. influenzae, or M. catarrhalis. 

Infections with M. pneumoniae and C. pneumoniae, 
bacteria that also cause acute bronchitis in otherwise 
healthy individuals, have been associated with exacer
bations of asthma in multiple studies [40•]. How often M. 
pneumoniae or C. pneumoniae cause acute asthma exacer
bations is difficult to determine, however, due to difficulties 
culturing these bacteria and controversy over what consti
tutes positive serologic evidence of infection. Interestingly, 
M. pneumoniae and C. pneumoniae infections have been 
implicated in the development and perpetuation of chron
ic, persistent asthma [41,42]. One or both organisms have 
recently been shown by the polymerase chain reaction 
(PCR) technique to be present in either the upper or lower 
airways of stable asthmatic patients more frequently than 
in healthy patients (Fig. 9-2) [43]. Asthmatic patients with 
positive PCR for one or both organisms had significantly 
greater mast cell tissue infiltration and a trend toward 
greater numbers ofT lymphocytes in airway biopsies, com
pared to asthmatic patients who were PCR-negative [43]. 
These findings suggest that infection with these organisms 
may alter the chronic inflammatory process in asthmatic 
airways. It is not yet known whether asthma develops as a 
direct result of M. pneumoniae or C. pneumoniae infection 
in some patients, or whether individuals predisposed to 
asthma are simply more susceptible to infection. 

Regardless of the cause of acute cough in the asthmat
ic patient, it must be determined whether asthma control 
is adequate, and, if it is not, the severity of the exacer
bation must be assessed [44 .. ]. In addition to worsening 
asthma symptoms, the clinician should always look for 
objective indicators of increased airflow limitation, such 
as a reduction in FEV 1 or FEV /FVC (forced vital capac-
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ity) ratio by spirometry, or a decrease in PEFRs. If the 
patient is tracking PEFRs at home, an increase in diurnal 
PEFR variability is also evidence of worsening asthma. 
An increase in the frequency or severity of nighttime 
asthma symptoms may be one of the first signs of an 
acute asthma exacerbation [45]. 

The mainstays of treatment for acute asthma exacer
bations are short-acting, inhaled 132-agonists and systemic 
corticosteroids (for moderate-to-severe exacerbations) 
[44 .. ]. Relevant exposures and other precipitating 
factors should be thoroughly addressed (Table 9-2). 
Despite concerns that corticosteroids might blunt the 
immune response to viral or bacterial infection, there is 
no evidence that withholding corticosteroids will acceler
ate recovery from infectious bronchitis. 

Antibiotics are not generally recommended for acute 
exacerbations of asthma [ 44 .. ], because lower respiratory 
tract infections triggering exacerbations are believed to be 
most often viral, rather than bacterial, in origin. Antibiotics 
are indicated, however, for acute bacterial sinusitis, for 
pneumonia, and for situations in which there is a high din-
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ical suspicion of bacterial bronchitis (fever, purulent sputum 
with increased neutrophils) [44••]. Suspicion of bacterial 
bronchitis increases in the patient who smokes or who has 
chronic obstructive pulmonary disease (COPD) [46 .. ] 
rather than "pure" asthma. Although some studies suggest 
that chronic, stable patients with asthma may be more like
ly than normal subjects to be infected with M. pneumoniae 
or C. pneumoniae [43], it is not yet known how often these 
organisms are a cause of acute bronchitis in asthmatic 
patients. Consequently, empiric treatment with antibiotics 
effective against M. pneumoniae or C. pneumoniae, such as 
macrolide agents, cannot be generally recommended. 
Antibiotic treatment for suspected B. pertussis or antiviral 
treatment for suspected influenza A infection is recom
mended when clinical suspicion is high. 

Because acute cough in the setting of asthma exacer
bation may reflect alterations in mucus production or 
transport, drugs that impair mucociliary clearance (ben
zodiazepines, opiates, general anesthetics) should gener
ally be avoided or, if necessary for some other condition, 
used with caution. 132-adrenergic agonists and systemic 
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corticosteroids increase mucociliary clearance, as do 
methylxanthines [4]. Guaifenesin, an expectorant, has 
few side effects and may be helpful, as long as the prep
aration does not contain narcotics [44 .. ]. Inhaled acetyl
cysteine and potassium iodide should be avoided, as they 
may precipitate acute bronchospasm [44 .. ]. 

CHRONIC COUGH 

Chronic cough is typically defined as a productive or 
nonproductive cough lasting more than 3 weeks in 
duration. Chronic bronchitis is often defined as the 
presence of a cough productive of 2 or more tablespoons 
of sputum per day for 3 or more successive months in 
each of 2 successive years, in the patient in whom other 
causes (eg, lung cancer, tuberculosis) have been excluded. 
A prospectively validated, diagnostic and therapeutic 
approach to the outpatient with chronic cough has been 
described in detail elsewhere [5 .. ,47,48•]. Asthma as a 
cause of chronic cough and diagnostic considerations in 
the patient previously diagnosed with asthma will be the 
focus of the remainder of this chapter. 

Asthma as a Cause of Chronic Cough 
Undiagnosed asthma is one of the most common causes 
of chronic cough in all age groups [5 .. ]. In immunocom
petent, adult outpatients presenting to a pulmonary/aller
gy clinic, asthma was one of the top three causes of 
chronic cough, accounting for cough in 24% of patients 
[49]. Postnasal drainage (from rhinitis or sinusitis) and 
GERD were the two other most frequently encountered 
causes of chronic cough, accounting for 41 % and 21% of 
patients, respectively, in the same study [49]. The clinical 
characteristics of cough due to asthma are not distinctive 
[50], and the cough in asthma may be productive or non
productive. In one series of patients with chronic cough 
with excessive sputum production, 24% of patients had 
asthma [51]. The cough may also be of surprisingly long 
duration. In one report, asthmatic patients [49] 
complained of cough lasting for 4 years, on average. 

Although most patients with asthma will have other 
symptoms (episodic wheezing, dyspnea), cough may be 
the only presenting symptom of asthma in some patients. 
Termed cough-variant asthma, this condition is present in 
6.5% to 57% of patients with chronic cough due to asth
ma [52]. As in any patient with suspected asthma, the 
diagnosis of cough-variant asthma should be confirmed 
by documenting variable airflow limitation and/or 
bronchial hyperresponsiveness. A 12% or greater 
increase in FEV 1 by spirometry over baseline after inhaled 
132-agonist is evidence of significantly variable airflow lim
itation [53]. Because patients with cough-variant asthma 
often have normal spirometry, a methacholine challenge 
should be performed to evaluate bronchial hyperrespon
siveness [5 .. ]. In the setting of chronic cough, the metha
choline challenge has as negative predictive value of 100% 
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[5 .. ], essentially ruling out asthma when it is negative. A 
working diagnosis of cough-variant asthma can be made 
when the methacholine challenge test is positive, keeping 
in mind that a positive test has been observed in condi
tions other than asthma (eg, congestive heart failure, cys
tic fibrosis). The positive predictive value of methacholine 
challenge in the setting of chronic cough is estimated to be 
between 60% and 82% [5 .. ]. 

The definitive diagnosis of cough related to asthma, 
including cough-variant asthma, is confirmed when the 
cough responds to asthma treatment. Treatment should 
include asthma education and assessment of the patient's 
home and work environments for allergens and irritants. 
Cough-variant asthma usually responds well to treatment 
with inhaled corticosteroids alone or in combination with 
an inhaled 132-agonist for acute symptoms, although 
systemic corticosteroids may be necessary in some patients 
[5 .. ]. Maximal benefit is often not seen for 6 to 8 weeks 
[54]. If cough persists despite attempts to maximize asth
ma therapy, then the possibility of an alternative diagnosis 
or a coexisting condition, such as postnasal drainage or 
GERD, should be considered. Empiric treatment of the 
patient with chronic cough with corticosteroids without 
confirmation of the diagnosis of asthma by physiologic 
testing is not recommended, as other conditions 
(eg, eosinophilic bronchitis [55], COPD) may also respond 
clinically to corticosteroids, resulting in a missed diagnosis. 

Approach to the Asthmatic Patient 
with Chronic Cough 

A patient who carries a diagnosis of asthma may present 
with a chronic, refractory cough. In this situation, the 
first step is always to verify the diagnosis of asthma by 
physiologic testing (spirometry pre- and post-bron
chodilator, and in some cases, methacholine challenge). It 
may be necessary to repeat pulmonary function tests, 
because the quality of testing varies from institution to 
institution, and because the patient's illness may have 
changed over time. Physiologic testing is essential because 
other conditions may mimic asthma. For example, the 
patient with vocal cord dysfunction may complain of 
chronic cough, intermittent wheezing, and breathlessness 
[56], but a careful history, lung function test results, and 
laryngoscopy distinguish it from asthma. Particular con
cern is due the older patient who complains of chronic 
cough, has no prior history of asthma or allergies, and 
has been recently diagnosed as "asthmatic. " Left ventric
ular heart failure (the cause of "cardiac asthma"), COPD, 
the entire range of interstitial lung diseases, and laryngeal 
or pulmonary neoplasms, among other causes, must be 
considered in this age group. If the patient does not have 
asthma, additional diagnostic testing may be necessary to 
establish the cause of cough, according to previously 
published guidelines [5 .. ]. 

In some cases, the coughing patient previously 
diagnosed as "asthmatic" will be found to have an underly-
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ing or overlapping condition also characterized by 
airflow limitation, such as bronchiectasis. Bronchiectasis, a 
disease defined by the presence of permanently dilated of 
bronchi, has multiple causes, including various infections, 
a 1-antitrypsin deficiency, cystic fibrosis, allergic bronchopul
monary aspergillosis, certain rheumatologic diseases or 
immunodeficiency states, toxic inhalation, and chronic aspi
ration [57]. Most patients with bronchiectasis will have a 
cough chronically productive of mucoid or purulent sputum. 
High-resolution CT scanning of the chest is the most sensi
tive method for detecting bronchiectasis. Treatment is direct
ed at effective airway clearance and at correcting the under
lying cause, when possible. 

Another disease that may be difficult to distinguish 
from asthma is COPD, which may present with chronic 
cough and airflow limitation. COPD is a progressive 
disease characterized by airflow limitation that is not fully 
reversible and an abnormal inflammatory response to 
inhaled toxins, particularly tobacco smoke [46 .. ]. Patients 
with chronic bronchitis are most often considered a phe
notypic subset of patients with COPD. In individuals sus
ceptible to COPD, cigarette smoking impairs mucociliary 
clearance [4] and induces inflammatory and structural 
changes in the lungs distinct from those observed in asth
ma [58•]. COPD may also be caused by heavy exposure to 
occupational dusts and chemicals. Correctly diagnosing a 
patient as having COPD, rather than asthma, has impor
tant consequences for treatment. For example, inhaled 
corticosteroids are not considered first-line treatment for 
COPD [46 .. ], as they are for persistent asthma, and an 
individual with COPD may respond best to anticholinergic 
bronchodilators, rather than 132-agonists. A phenotypic 
subset of patients with smoking-related COPD have 
clinical and physiologic features of both chronic bronchitis 
and asthma ("asthmatic bronchitis"), including a signifi
cant response to inhaled 132-agonists on pulmonary func
tion testing. Some evidence suggests that patients with 
COPD who have a significant bronchodilator response to 
132-agonists [59] or more eosinophils in induced sputum 
[ 60], perhaps consistent with a more "asthmatic" pheno
type, may be the most likely to benefit from inhaled 
corticosteroids. A history of 15 to 20 or more pack-years 
of cigarette smoking, a low diffusing capacity for carbon 
monoxide and largely fixed airflow limitation by 
pulmonary function testing, and the presence of emphyse
ma by high-resolution CT scanning support a diagnosis of 
COPD rather than asthma. Comprehensive guidelines for 
the diagnosis and management of COPD have recently 
been published [46 .. ]. 

If the diagnosis of asthma is confirmed, then the 
adequacy of asthma control should be carefully assessed 
and therapy increased, if necessary. Factors known to 
exacerbate asthma (Table 9-2) should be readdressed, 
with particular attention to possible environmental 
triggers and common coexisting conditions, such as post
nasal drainage and GERD. It is not uncommon for 

87 

persistent cough to be caused by more than one disease 
process. Cough may be caused by more than one condi
tion up to 93% of the time [5 .. ]. In one study, of 18 asth
matic patients found to have multiple causes of chronic 
cough, six had coexisting GERD and 13 had coexisting 
postnasal drainage [49]. Gastroesophageal reflux and/or 
chronic postnasal drainage should be considered as 
causes of chronic cough when cough persists after 
asthma treatment has been increased. Complete resolu
tion of chronic cough after adequate therapy for GERD, 
rhinitis, and/or sinusitis confirms the diagnosis. 

Gastroesophageal reflux disease may be "silent," 
without gastrointestinal symptoms, up to 75% of the 
time [5••]. The only evidence of GERD-related cough 
may be reflux-associated coughs on 24-hour esophageal 
pH monitoring performed without antacid medications; 
the total percentage of time with pH less than 4 may be 
normal [48•]. In some cases, barium esophagography is 
necessary to detect reflux when stomach contents have a 
relatively normal pH [48•], or 24-hour esophageal mon
itoring must be repeated to catch reflux-induced cough. 
Common pitfalls in the management of GERD-related 
cough include failure to address diet or exacerbating 
conditions, such as obstructive sleep apnea, and failure 
to continue diet, prokinetic, and acid suppressive thera
py for an adequate period of time (at least 2 to 3 
months) [5 .. ]. 

Like GERD, postnasal drainage may be clinically 
silent. Routine sinus radiographs or CT scanning of the 
sinuses may be helpful in diagnosing the condition. For 
patients with cough caused by postnasal drainage, decon
gestant, antihistamine, and antibiotic therapy are indicat
ed [5••]. First-generation histamine1 (H1)-antagonists 
have been shown to be superior to newer agents for 
controlling cough induced by postnasal drip, and should 
be used for at least 3 weeks [5 .. ]. Intranasal ipratropium 
bromide is the agent of choice for patients in whom first
generation antihistamines are contraindicated [48•]. 

If cough persists in the asthmatic patient after the 
above measures have been taken, then the scope of diag
nostic investigation should be widened to consider more 
unusual causes of chronic cough (Table 9-3). High
resolution CT scanning may be particularly helpful in 
detecting interstitial lung disease, neoplasm, emphyse
ma, bronchiolitis, or bronchiectasis that is not visible on 
plain chest radiographs. Bronchoscopy is always indicat
ed for the patient who has refractory cough despite a 
thorough diagnostic evaluation. Bronchoscopy may 
reveal laryngeal or endobronchial lesions not visualized 
by radiologic methods. Protected-specimen brush sam
pling in the airways can detect chronic bacterial infec
tion not readily appreciated by noninvasive means in 
some patients with chronic, refractory cough [61]. 
Laryngoscopy and evaluation by an otorhinolaryngolo
gist may also be valuable when an asthmatic paient has 
chronic, refractory cough. 
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Posrnasal dr;~inage from rhinitis o r sinusitis 

Gastrocsophagca I rcfl u di c;l ·e 

Drug exposure ( CE inhibirors, ~-blocker , 
aspirin, ·s IDs) 

ngoing allergen or irritant expo ·un:, at home or work 

Pa r heavy expo ure cau ing bronchiri , 
eg, ·ulfur m u rnrd g•1. 

Inadequately treated asthm:t 

Chronic obstrw.:tive pulmonary di em.e 

Recurrent a pir,uion 

lnrerstitial lung Ji ·ease 

Ain :l)' foreign hoJy 

Pulmonary or laryngeal infcc.:tion 

Pulmonary or laq'ngeal neoplasm 

L;~ryngeal inflammation 

Pleural or pericard ia! infcc.:rion or inflammation 

Chronic pulmonary cJcma 

hronic external and middle car di ·ease 

CONCLUSIONS 

Abnormalities in mucus production, mucus composition, 
and mucociliary clearance contribute to cough and 
sputum production in asthma. The diagnosis of under
lying asthma should be considered in all patients with 
recurrent episodes of acute bronchitis or with cough last
ing more than 3 weeks. Addressing exacerbating factors, 
evaluating the adequacy of asthma control, and searching 
for overlapping or coexisting conditions comprise an 
effective approach to the asthmatic patient who 
complains of acute or refractory cough. 
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