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Chronic Cough

Cough is often the presenting feature of several
non-life-threatening and life-threatening condi-
tions, including obstructive airway disease. It is
a vital reflex of the respiratory tract to clear the
upper airways. Suppression of this reflex may lead
to retention of airway secretions and respiratory
infections [1]. A thoroughmedical history is impor-
tant to denote whether a cough is acute (<3 weeks),
subacute (3–8 weeks), or chronic (>8 weeks). This
chapter will focus only on chronic cough.

Chronic cough can present difficulty in diag-
nosis and result in complications such as
vomiting, rib fractures, urinary incontinence, syn-
cope, muscle pain, fatigue, and depression
[1]. The most common causes of chronic cough
with normal chest radiograph in descending order,
include upper airway cough syndrome (UACS) or
formerly known as postnasal drip syndrome,
chronic obstructive pulmonary disease (COPD),
asthma and gastro-esophageal reflux disease
(GERD), cigarette smoking or second hand expo-
sure, and ACE-inhibitor use [1, 2]. These causes
may occur alone or in combination. The diagnos-
tic goal is to exclude serious conditions that pre-
sent with chronic cough.

Cough is the primary feature of chronic cough.
It is important to note the time of day the cough is
most prominent, associated sputum production, as
well as signs of drainage in the posterior pharynx,
throat clearing, nasal discharge, cobblestone
appearance of the oropharyngeal mucosa, and
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mucus in the oropharynx are relatively sensitive
findings but are nonspecific for UACS [3]. If asso-
ciated with heartburn, water brash, and belching
and/or globus sensation most likely GERD is the
cause. It is important to understand that cough
alone can still be the only presenting feature of
UACS, GERD, or cough variant asthma. Cer-
tainly, if the patient is taking an ACE-inhibitor, it
may need to be discontinued as it is a possible
cause of chronic cough.

After completion of a thorough history and phys-
ical examination, it may be helpful to obtain a chest
radiograph and pulmonary function testing, bron-
chial provocation challenge, and sputum eosino-
philia. Further investigation may be warranted and
can include 24 h esophageal pH monitoring, upper
endoscopy or video fluroscopic swallow evaluation,
barium esophagram, sinus imaging, high resonance
CT scan, bronchoscopy, echocardiogram, and envi-
ronmental assessment [4].

Chronic cough can be multifactorial. If a
patient has limited response to monotherapy, it is
important to consider a treatment plan that
addresses multiple etiologies. See Fig. 1.

Asthma

Asthma, one cause of ongoing cough, is a com-
mon respiratory disorder, characterized by
periods of reversible airflow obstruction, inflam-
mation, and hyperresponsiveness of the airways.
Unfortunately, in the last 10 years, the number of
persons with asthma in the USA has increased by
28 % [2]. Approximately 39.5 million people,
including 10.5 million children, in the USA have
been affected by asthma. In 2010, asthma
accounted for 3,404 deaths, 439,400 hospitaliza-
tions, 1.8 million emergency department
(ED) visits, and 14.2 million physician office
visits [5, 6].

Asthma exacerbations are triggered by multi-
ple factors including exercise, airway infections,
airborne allergens (e.g., pollen, mold, animal dan-
der, dust mites), occupational exposures, and air
pollution (e.g., environmental tobacco smoke,
particulate matter, and volatile organic com-
pounds) [7, 8]. Although there is no cure, asthma
can be controlled with appropriate medical thera-
pies by avoidance of environmental exposures,

Fig. 1 Recommended
management of chronic
cough �15 years of age [2]
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particularly environmental exposures that may
trigger an attack [7].

Common symptoms of asthma are wheezing,
coughing, shortness of breath, and chest tightness
or pain. Asthma attacks may be classified as mild,
moderate, or severe enough to become life-
threatening events [4]. The physical signs may
be wheezing, rhonchi, or course breath sounds
on auscultation. In addition, the patient may
appear in respiratory distress with signs of acces-
sory muscle usage, nasal flaring or grunting
(in children), and altered mental status. Children
may present will nocturnal cough only, while
geriatric patients may present with chronic
cough in absence of wheezing. In cases when
wheezing occurs with exercise alone, the diagno-
sis of exercise-induced asthma (EIB) should be
considered (Table 1).

Asthma is diagnosed on spirometry by observ-
ing a change in FEV1 following bronchodilator
administration. An increase of more than 12 % in
patients 5–18 years of age, or more than 12 % and
more than 200 mL in adults confirms the diagno-
sis of asthma. Although no single parameter has
been identified to assess exacerbation severity,
lung function is a useful method of assessment,
with a PEF of 40 % or less of predicted function
indicating a severe attack in patients 5 years or
older [4].

If both the FEV1/FVC ratio and the FVC are
low, the patient has a mixed defect. Alternatively,
a restrictive pattern is indicated by an FVC below
the fifth percentile based on NHANES III data in
adults, or less than 80 % in patients 5–18 years of
age. If a restrictive pattern is detected, a consider-
ation for pulmonary referral should be made for
further evaluation and treatment.

Asthma exacerbation is defined as an increase
in wheezing with or without hypoxia. If hypox-
emia is present despite initial bronchodilator ther-
apy, hospitalization should be considered.
Management of asthma exacerbation is very sim-
ilar to COPD exacerbation management with the
exception of antibiotic therapy if no clear diagno-
sis of a bacterial infection is found. See Fig. 2.

In order to determine appropriate medical ther-
apy, it is important to assess asthma severity. This
can be done during an office visit by either
assessing symptoms through asthma assessment
tools (ACT, ACQ, or ATAQ) or performing a peak
expiratory flow (PEF) rate. There are well-
validated questionnaires such as the asthma con-
trol test (ACT), asthma control questionnaire
(ACQ), or asthma therapy assessment question-
naire (ATAQ) tools that can assist in assessment of
asthma severity [4]. A PEF of 80 % or more of
predicted or personal best categorizes patients’
asthma as well controlled; however, less than

Table 1 Commonly used FDA approved drugs for COPD

Drug name Drug class Delivery device Usual adult dosage

Ipratropium (Atrovent) Short-acting
anticholinergic

MDI/nebulizer Two inhalations QID prn/500
mcg QID prn

Albuterol SABA MDI/nebulizer

Albuterol/Ipratropium
(Combivent/Duoneb)

Combined SABA and
SAAC

MDI/nebulizer Two inhalations QID prn 2.5
mg/.5 mg QID prn

Salmeterol (Serevent Discus) LABA DPI 50 mcg BID

Tiotropium (Spiriva) LAAC DPI 18 mcg once/day

Aclidinium (Tudorza) LAAC DPI 400 mcg BID

Fluticasone/Salemeterol
(Advair Diskus)

Combined ICS/LABA DPI 250/50 mcg BID

Fluticasone/Vilanterol
(BreoElipta)

Combined ICS/LABA DPI 100/25 mcg once/day

Roflumilast (Dailiresp) PDE-4 inhibitor PO 500 mcg once/day

Source: Treatment guidelines from Medical Letter
MDI metered-dose inhaler, DPI dry powder inhaler
SABA short-acting beta agonist, SAAC short-acting anticholinergic
LABA long-acting beta agonist, LAAC long-acting anticholinergic
ICS inhaled corticosteroid, PDE-4 phosphodiesterase inhibitor
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60 % of predicted or personal best indicates very
poor control. Either technique has similar benefits
in determining asthma control.

Asthma should be reassessed frequently if
stepping up therapy or deescalating therapy.

The asthma severity determines the optimal ini-
tial therapy regimen (Tables 2 and 3). Close follow-
up is warranted to reassess response to treatment
and need for additional step up in therapy (Fig. 3).
Treating more aggressively to obtain rapid control

and then deescalating therapy to a maintenance
regimen may be a more optimal approach. All
patients regardless of severity should be provided
a short-acting beta agonist. The use of a spacer with
administration of metered-dose inhaler promotes
drug distribution and effectiveness.

Arterial blood gas (ABG) is helpful in the inpa-
tient setting when a patient has an exacerbation of
asthma and is associated with moderate to severe
hypoxia due to hypoventilation. If severe

Fig. 2 Recommended
treatment plan for asthma
and COPD exacerbation

Table 2 Stepwise approach for managing asthma for patients >12 years [9]

Intermittent
asthma

Persistent asthma (increasing severity of disease)

Mild Severe

Preferred
treatment

SABA as
needed

Low-dose
ICS

Low-dose ICS
+ LABA
OR
medium-dose
ICS

Medium-dose
ICS + LABA

High-dose
ICS + LABA
AND
consider
omalizumab
for patients
who have
allergies

High-dose
ICS + LABA
+ oral
corticosteroid
AND
consider
omalizumab
for patients
who have
allergies

Alternative
treatment

Cromolyn,
LTRA, or

theophylline

Low-dose ICS
+ either
LTRA,
theophylline
or zileuton

Medium-dose
ICS + either
LTRA,
theophylline or
zileuton

Consider subcutaneous allergen immunotherapy
for patients who have persistent, allergic asthma

Abbreviations: SABA short acting beta agonists, LABA long acting beta agonists, ICS inhaled corticosteroids, LTRA
leukotriene receptor antagonists
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Table 3 Common FDA approved asthma controller medications for patients >12 years

Medication/formulations Recommended dosing Indications

Combined medication (inhaled
corticosteroid + long-acting beta-2 agonist)
Fluticasone/Salmeterol (Advair):
DPI 100 mcg/50 mcg, 250 mcg/50 mcg, or
500 mcg/50 mcg
MDI 45 mcg/21 mcg, 115 mcg/21 mcg, or
230 mcg/21 mcg

1 inhalation 2�/day; dose
depends on level of severity
or control

LABAs are used in combination with
ICSs for long-term control and
prevention of symptoms

Budesonide/Formoterol (Symbicort):
MDI 80 mcg/4.5 mcg or 160 mcg/4.5 mcg

2 puffs 2�/day; dose depends
on level of severity or control

Mometasone/Formoterol (Dulera):
MDI 100 mcg/5 mcg, 200 mcg/5 mcg

2 inhalations 2�/day; dose
depends on severity of
asthma

Leukotriene Receptor Antagonists (LTRAs)
Montelukast: (Singular) 4 mg or 5 mg
chewable tablet, 4 mg granule packets, 10 mg
tablet

10 mg every night at bedtime Alternative therapy for treatment of
patients with mild persistent asthma
used as adjunctive therapy with ICSs,
LTRAs can attenuate EIB. Monitor
liver functionLeukotriene Modifiers Zafirlukast

(Accolate): 10 mg or 20 mg tablet
Take at least 1 h before or 2 h after a meal

40 mg daily (20 mg tablet
2�/day)

5-Lipoxygenase Inhibitor Zileuton (Zyflo):
600 mg tablet

2,400 mg daily (give 1 tablet
4�/day)

Immunomodulators
Omalizumab (Xolair):
Subcutaneous injection, 150 mg/1.2 mL
following reconstitution with 1.4 mL sterile
water for injection

150–375 mg subcutaneous
every 2–4 weeks, depending
on body weight and
pretreatment serum IgE level

Adjunctive therapy for patients who
have sensitivity to relevant allergens
(e.g., dust mite, cockroach, cat, or
dog). Monitor patients after
injections; be prepared to treat
anaphylaxis

Cromolyn (Intal) nebulizer: 20 mg/ampule 1 ampule 4�/day They are used as alternative
medication
They also can be used as preventive
treatment before exercise or
unavoidable exposure to known
allergens

Methylxanthines
Theophylline (Elixophyllin, Theo-24,
Uniphyl):
Liquids, sustained-release tablets, and
capsules

Starting dose 10 mg/kg/day
up to 300 mg maximum;
usual maximum:
800 mg/day

Mild to moderate bronchodilator used
as alternative, not preferred, or as
adjunctive therapy with ICS.
Theophylline may have mild anti-
inflammatory effects. Monitoring of
serum concentration is essential

Inhaled long-acting beta-2agonists (LABAs)
Salmeterol (Serevent): DPI 50 mcg/blister

1 blister every 12 h LABAs are not to be used as
monotherapy for long-term control of
asthma
The preferred therapy to combine
with ICS may be used before exercise
to prevent EIB, but duration of action
should not exceed 5 h with chronic,
regular use

Formoterol (Foradil Aerolizer): DPI 12 mcg/
single-use capsule

1 capsule every 12 h Anti-inflammatory medications that
reduce airway hyperresponsiveness,
inhibit inflammatory cell migration
and activation, and block late phase
reaction to allergen. Effective long-
term control medication at all steps of
care for persistent asthma. Reduce
impairment and risk of exacerbations,

(continued)
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hypoxemia or hypercapnia is detected on ABG, it
indicates the need for assisted ventilator support.

Certainly if avoidance is not helpful, there may
be a role for antihistamines and nasal sprays.
Consideration of a referral to an allergist may be
helpful if allergy desensitization may be helpful
for patients with severe asthma.

COPD

Often, the diagnosis of COPD is evident based on
patient’s history and physical examination alone.
Any patient who has chronic dyspnea, cough, or

sputum production along with a history of
smoking exposure should be evaluated for
COPD. However, pulmonary function test (PFT)
is required to make a diagnosis of COPD
[11]. Chronic obstructive pulmonary disease
(COPD) is a major cause of morbidity and mor-
tality in the USA and worldwide. Though it is one
of the most preventable diseases, it affects more
than 5 % of the US adults, and it is the third
leading cause of death [9]. It is characterized by
persistent airflow obstruction that is usually pro-
gressive and is not fully reversible. Cigarette
smoking is the leading cause of COPD. However,
long-term exposure to other irritants such as air

Table 3 (continued)

Medication/formulations Recommended dosing Indications

but ICSs do not appear to alter the
progression or underlying severity of
the disease in children

Oral systemic corticosteroids
Prednisone: 1, 2.5, 5, 10, 20, 50 mg tablets;
5 mg/cc, 5 mg/5 cc

40–60 mg/day as single or
2 divided doses for 3–10 days
(1 mg/kg/day)

Used to gain prompt control of
asthma during an acute exacerbation

Abbreviations: DPI dry powder inhaler, IgE immunoglobulin E, MDI metered-dose inhaler, N/A not available (not
approved, no data available, or safety and efficacy not established for this age group) [10]

Fig. 3 Maintaining asthma control [9]
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pollution, chemical fumes, and household smoke
can also contribute to COPD. Also, according to
the WHO, passive smoking carries serious risks,
especially for children and those chronically
exposed [10]. The other rare cause of COPD is a
genetic factor that causes deficiency of alpha-1
antitrypsin deficiency. If patient presents with
COPD symptoms before the age of 40, consider-
ation should be made to screen for alpha-1
antitrypsin deficiency.

The most common presenting symptoms of
COPD include chronic cough, dyspnea that
worsens on exertion, and chronic sputum produc-
tion. COPD can remain unrecognized for number
of years given its slowly progressive nature.

On physical examination, patients may have
wheezing, decreased breath sounds on ausculta-
tion, or have completely normal exam. Since
smoking is the most common cause of COPD, it
is not uncommon that patients may appear older
than stated age. During severe exacerbations, the
patient may have labored breathing, appear
altered in regards to mental status, and be acutely
hypoxic.

Pulmonary Function Testing
and Spirometry

Most helpful informations of the PFT are the
forced expiratory volume in 1 s (FEV1), forced
vital capacity (FVC), the FEV1/FCV ratio, and the
peak expiratory flow rate (PEFR). The
postbronchodilator FEV1/FVC < 0.70 or below
the fifth percentile, based on data from the Third
National Health and Nutrition Examination Sur-
vey (NHANES III) in adults, and less than 85% in
patients 5–18 years of age establishes the diagno-
sis. Severity of disease is further based on FEV1

(Table 1 in ▶Chap. 6, “Population Health: Who
Are Our Patients?”).

Patients should be routinely assessed in the
clinic about their symptoms of COPD through
the use of the COPD assessment test (CAT) and
modified British Medical Research Council ques-
tionnaire (mMRC) score [12]. This helps to clas-
sify patients into four groups: group A (less
symptoms, low risk), group B (more symptoms,

less risk), group C (less symptoms, high risk), and
group D (more symptoms, high risk) [11].

Laboratory and Imaging

Even though no lab is needed for diagnosis of
COPD, different lab tests are sometimes ordered
depending on the degree of suspicion for alter-
native diagnosis. For instance, CBC can be done
for assessment of anemia as it can also present
with dyspnea. Other labs that can be done
depending on suspicion of other diagnosis may
include plasma BNP for heart failure and urea
nitrogen/creatinine for underlying kidney dis-
ease. An elevated serum bicarbonate may indi-
rectly suggest chronic hypercapnia [13].
Arterial blood gas (ABG) is helpful in the inpa-
tient setting when a patient has an exacerbation
of COPD and is associated with moderate to
severe hypoxia due to hypoventilation. If severe
hypoxemia or hypercapnia is detected on ABG,
it indicates the need for assisted ventilator
support.

Though chest radiography or any other imag-
ing is not indicated in diagnosis of COPD, there
are a few radiographic features that suggest
COPD such as: a flat diaphragmatic contour due
to hyperinflation and increased retrosternal air-
space on a lateral radiograph.

Special Testing

If a patient presents with symptoms of COPD and
has persistent airflow obstruction prior to age of
40, especially in nonsmoker patient, testing for
alpha-1 antitrypsin (AAT) should be considered.
A serum level of AAT below 57 mg/dL is
diagnostic [11].

Management

The approaches to management of both asthma
and COPD are very similar and include avoid-
ance, immunotherapy, exercise, pharmacological
therapies, and psychological support.
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COPD exacerbation can be defined as baseline
change in patient’s dyspnea, sputum quantity, and
quality. Most of the exacerbations occur due to
upper respiratory infection or air pollution, but
one third can happen without any known cause
[14]. Treatment for acute exacerbation includes
consistent use of short-acting bronchodilators,
antibiotics, and short course of oral prednisone
[15, 16]. A recent study found that 5 days of oral
prednisone use is noninferior to 14 days [17]. Oxy-
gen supplementation may be needed depending
on severity of symptoms and hypoxia. Interest-
ingly, there is no evidence of superiority of nebu-
lizer toMDI/spacer beta agonist delivery for home
or emergency room setting [18].

COPD

For patients with intermittent symptoms, inhaled
short-acting beta-2 agonists such as albuterol
or/and anticholinergic inhaled medications such
as ipratropium (Atrovent) can be used to relieve
symptoms for acute episodes. When combined
together, they provide additive response
[19]. For patients with moderate to severe
COPD, they should be on daily long-acting bron-
chodilators which can include beta-2 agonists like
salmeterol (Severent) and/or long-acting anticho-
linergic such as tiotropium (Spiriva). One study
has shown that when comparing tiotropium to
salmeterol, it resulted in preventing exacerbations
for longer period [19]. Often, when patient’s
symptoms are not well controlled with one class,
these agents can be used together. Also, inhaled
corticosteroids are approved in several combina-
tions with long-acting beta-2 agonists. However,
these can be considered when patients experience
several COPD exacerbations. These are not
approved to be used as monotherapy. Pneumonia
is an important complication of treatment with
inhaled corticosteroid-LABA products [19].
TORCH study has shown that it reduces exacer-
bation by 25 %; however, it does not slow pro-
gression of disease nor does it help to decrease
mortality [20]. For patients with very severe
COPD, consider starting triple therapy with a
long-acting anticholinergic and a combined

long-acting beta-2 agonist and corticosteroid.
This may be warranted if symptoms persist
despite dual medication therapy as it seems to
reduce exacerbations and overall mortality [19].

Roflumilast (Daliresp) is an oral phosphodies-
terase inhibitor which is indicated for patients
with severe COPD associated with chronic bron-
chitis and history of several exacerbations
[19]. Common side effects include nausea and
diarrhea. Importantly, long-term oxygen therapy
should be considered for patients with persistent
hypoxemia of <88 % or PaO2 of 55 mmHg. See
Table 3 for list of commonly used inhalers and
their dosages.

Prevention of Exacerbations of Asthma
and COPD

Climate
The interplay of climate and outdoor and indoor
pollution on patients with asthma and COPD is
very important. Extreme weather such as dry air of
winter or humid air of the summer can impact the
severity of both lung diseases. Often, staying
indoors during times of extreme weather with
appropriate filtered air conditioning and heating
system to maintain a constant climate indoors is
vital.

Outdoor Air Pollution
Allergens that are more prominent during the four
different seasons can easily cause exacerbations
of lung disease. Attempts to avoid both
manufactured and natural substances from tree,
grass, plants, and molds can assist in control of
pulmonary disease.

Indoor Air Pollution
Elimination of both personal and secondhand
smoke exposure is very important in limiting fac-
tors for exacerbation. In addition, removing
potential irritants from carpets, plants, air fresh-
eners, and cleaning chemicals can reduce number
of irritants in the indoor environment. Also,
changing air filters of the heating and cooling
unit monthly is just as important.
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Immunization
An influenza vaccine is recommended yearly,
October through March, for all asthma and
COPD patients. Both twenty three valent and 13
valent pneumococcal vaccines should be
offered according to the current recommendations
of the Advisory Council on Immunization
Practice [11].

Self-Management Education

Important topics which should be discussed
include appropriate and proper use of their
inhalers and spacer, early recognition of exacer-
bation symptoms, and perhaps discussion about
advance directive [21, 22].

Exercise

Aerobic exercise is vital to improve exercise
capacity, quality of life, and decrease health care
utilization of patients with asthma and COPD
[7]. Physical training lasting for at least 20–30
min, two to three times a week for at least
6 weeks, improves physical fitness in patients
with asthma [7]. Pulmonary rehabilitation should
be considered for patients who are more symp-
tomatic (CAT � 10 or mMRc � 2) [7].

Special Populations

Pregnancy and Breastfeeding

The management of asthma does not change in the
setting of pregnancy or breastfeeding. It is important
to gain control early to prevent the risk of fetal
hypoxia. Medications typically used to treat asthma
do not confer any contraindication during pregnancy
or lactation. Also, vaccination against pneumococ-
cal and influenza during pregnancy is important.

Family and Community Issues

COPD is marked by gradual decline in health and
increase in exacerbations over time. Respiratory

failure, cardiovascular disease, and malignancy
are major causes of death in patients with
COPD. Hence, palliative care and hospice care
are important components for patients with
advanced COPD. Moreover, stepwise decline of
quality of life may lead to isolation, depression,
and anxiety. It is important to address emotional,
family, and community support when caring for
patients with COPD and severe asthma.

Prevention

Smoking cessation is a crucial step for all patients
with COPD and asthma. It can reduce rate of
decline in FEV1 and, hence, can help to slow the
rate of progression of disease. It can be done
through behavior counseling if patient is ready to
quit. Other pharmacological interventions can be
used including nicotine replacement therapy (nic-
otine patches, gum, and inhalers), bupropion
(Wellbutrin), and varnicline (Chantix). Studies
have shown that the combination of medical ther-
apy and counseling yields best results for smoking
cessation [23].
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