AUTHOR DISCLOSURE Drs Kasi and
Kamerman-Kretzmer have disclosed no

financial relationships relevant to this article.

This commentary does not contain a
discussion of an unapproved/investigative
use of a commercial product/device.

ABBREVIATIONS

BAL bronchoalveolar lavage

cT computed tomography

GERD  gastroesophageal reflux disease
ICS inhaled corticosteroid

oTC over-the-counter

PBB protracted bacterial bronchitis
PCD primary ciliary dyskinesia
URTI upper respiratory tract infection
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Practice Gaps

Cough in children is a common chief complaint. It is important to adopt a
systematic approach to the evaluation and management of chronic
cough and avoid symptomatic treatment. The use of pediatric-specific
cough management algorithms improves clinical outcomes.

Objectives After completing this article, readers should be able to:

1. Distinguish between acute and chronic cough in children.

2. Identify cough characteristics and specific cough “pointers” requiring
further evaluation.

3. Effectively begin management of nonspecific cough and suspected
protracted bacterial bronchitis.

4. |dentify children with cough who need evaluation by a specialist.

INTRODUCTION

Cough is a common reason for pediatric outpatient visits. Cough as a manifes-
tation of respiratory disease can range from minor upper respiratory tract
infections to serious conditions such as bronchiectasis. Acute cough in children
is mostly caused by upper respiratory tract infections (URTIs). Chronic cough,
defined as daily cough of at least 4 weeks in duration, (1) can be associated with an
underlying serious disorder and, hence, requires systematic and thorough clinical
evaluation. There is high-quality evidence that a systematic approach to the
management of chronic cough in children using pediatric-specific cough algo-
rithms improves clinical outcomes. (1) Treatment of cough should be based on the
etiology. Because cough is a common presenting complaint, pediatricians must
become familiar with the initial evaluation and management of children with
cough to establish a diagnosis and determine appropriate therapy.

EPIDEMIOLOGY

Cough is one of the most common complaints presented at physician visits and
accounts for an estimated 29.5 million annual outpatient visits. (2) The prevalence
of chronic cough in children is estimated to be 5% to 10%. (3) In the United States,

approximately 2 billion dollars per year is spent on over-the-counter (OTC) cough
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products. Additional costs in the management of cough
include physician visits, laboratory and radiologic tests, pre-
scription medications, school absence, and parental leave.
(4) Chronic cough in children is associated with parental
stress, increased physician visits, and disrupted sleep. (5)

PATHOPHYSIOLOGY OF COUGH

Cough is an important airway-protective reflex that involves
“a forceful expulsion of air from the lungs that is under both
voluntary and involuntary control.” (6)(7) Cough receptors
are located in the epithelium of the pharynx, larynx, and
tracheobronchial tree. Chemical irritants, mechanical stim-
uli, and inflammatory mediators stimulate cough receptors.
When stimulated, afferent impulses are sent through the
vagus nerve to the cough center in the brain stem and pons.
The efferent limb includes the vagus, phrenic, and spinal
motor nerves to the larynx, diaphragm, and other muscles of
expiration.

Cough has three phases: 1) a deep inspiration, 2) closure
of the glottis accompanied by relaxation of the diaphragm
and contraction of the muscles of expiration, and 3) opening
of the glottis. Intrathoracic pressure (up to 300 mm Hg in
adults) can be generated during the second phase. Sudden
opening of the glottis during the third phase of cough
generates high air flow velocity, which helps clear airway
debris. (6) In addition, cough improves mucociliary clearance
in both healthy individuals and those with lung disease. (4)

An effective cough depends on intact receptors, as well as
the afferent and efferent limbs of the cough pathway.
Repeated stimulation of the cough receptors can lead to
decreased sensitivity of the receptors. This can be seen in
children with recurrent aspiration and gastroesophageal
reflux (GERD). (6) Respiratory muscle weakness seen in
neuromuscular diseases can also lead to inadequate cough,
atelectasis, and pneumonia.

CLINICAL APPROACH

When evaluating children with respiratory symptoms, a
detailed clinical history and thorough physical examination
will guide diagnosis and management. Essential aspects in
the history of a child presenting with cough include the
nature of the cough, duration, aggravating and relieving
factors, diurnal variation, and associated symptoms. Certain
cough characteristics may point to the etiology of cough in
children. A “brassy” or “barking” cough could suggest
croup, tracheomalacia, or habit cough. "Paroxysmal" cough,
especially with an inspiratory whoop, generally suggests
Bordetella pertussis infection. It can also be caused by
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Bordetella parapertussis, adenovirus, parainfluenza, respira-
tory syncytial virus, and mycoplasma. (8) "Staccato" cough
in infants suggests infection with chlamydia. “Honking”
cough can be seen in psychogenic cough. Cough productive
of airway casts suggests plastic bronchitis. Plastic bronchitis
is a rare condition in which bronchial casts lead to airway
obstruction and respiratory distress in children with cardiac
and respiratory diseases. The pathogenesis of airway cast
formation remains unclear, and it has been attributed to
abnormal pulmonary lymphatic vessels and drainage in
children with cardiac disease or lymphatic anomalies. (6)

Pediatric cough can be classified in several ways based on
1) duration of symptoms (acute or chronic), 2) cough char-
acter (dry or wet), and 3) likelihood of identifying an etiology
for cough (specific or nonspecific).

Based on duration of symptoms, cough can be classified
as acute or chronic (lasting >4 weeks). (9) Young children
rarely expectorate sputum, so it is important to determine
whether the cough is dry or wet. Characterizing the cough as
dry or wet aids in following pediatric-specific cough algo-
rithms for evaluation and management. Specific cough is
associated with clinical features suggestive of an underlying
etiology, whereas nonspecific cough is not associated with
any identifiable respiratory disease or known etiology after
a thorough clinical assessment. (8)(9)

A thorough physical examination should be performed in
children with cough. Height and weight should be recorded
to assess for failure to thrive. Inspection of the nose and
throat may reveal signs of allergic rhinitis or postnasal drip.
The ears should be examined because impacted wax or
foreign bodies in the external auditory meatus can be
associated with chronic cough in some children via stimu-
lation of the Arnold nerve (a branch of vagus nerve) reflex.
(6)(7) The chest wall should be inspected for any deformity.
The chest should be auscultated to assess the nature, quality,
and symmetry of air entry along with any abnormal breath
sounds, such as wheezes or crackles. The fingers should be
examined for the presence of clubbing. If the child coughs
during the examination or is capable of coughing on
request, the character of cough should be assessed, and
the chest wall should be palpated for vibrations due to
retained airway secretions. (7)(zo) Neurologic examination
with assessment of muscle tone can help identify children
with neurologic impairment or neuromuscular disease who

are at risk for developing aspiration lung disease.

ACUTE COUGH

Acute cough has been defined as cough of less than 2 weeks
in duration. (8) Viral URTISs are the most common cause of
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acute cough in children. (10) However, children with acute
cough should be assessed for signs and symptoms of a more
serious pathologic condition, such as inhaled foreign body
or lower respiratory tract infection. (8)(z0) Lower respiratory
tract infection should be suspected in children with acute
cough, fever, tachypnea, or crackles. Acute cough can be the
initial manifestation of a chronic respiratory disease. Hence,
children with acute cough should be evaluated for failure to
thrive, digital clubbing, or chest deformity suggesting an
underlying chronic respiratory disease. (11) A typical history
of aspirating a foreign body may not be evident in all cases,
thus sudden onset of cough or dyspnea should prompt the
clinician to consider foreign body aspiration. (10) A normal
chest radiograph does not exclude foreign body aspiration;
hence, bronchoscopy is indicated when there is a suspicion
for an aspirated foreign body. (11)

Healthy children experience URTIs several times a year.
(9)(x0) Cough caused by URTI generally resolves within 1 to
3 weeks in children. A prospective cohort study of acute
cough in preschool-aged children presenting to primary
care showed that 50% of children had recovered in 10 days
but that 10% of children were symptomatic with cough at 25
days. (12) In most children, acute cough caused by viral
URTIs is self-limiting and requires only supportive treat-
ment, such as antipyretics for fever (to comfort the child),
and adequate intake of liquids. A recent Cochrane review
reports no good evidence for the effectiveness of OTC
medicines in acute cough. (13) Clinicians should counsel
parents about the potential harm of using OTC cough
medications in children. Antibiotics are not beneficial in
acute cough due to viral URTTSs, and bronchodilators confer
no benefit in acute cough in children without asthma. (8)(11)
Parents must be counseled about the natural history of
cough due to URTIs and warning signs (eg, tachypnea,
persistent fever, progressive cough) requiring further eval-
uation to avoid subsequent office visits for a subsiding
cough. (11)

In recent years, there has been an increased interest in
using honey for the treatment of acute cough in children. A
Cochrane review evaluated the effectiveness of honey for
acute cough in children and reported that honey may be
better than no treatment, diphenhydramine, and placebo for
the symptomatic relief of cough. The authors concluded that
“there is no strong evidence for or against using honey.” (14)
Clinicians should caution parents about the use of honey in
infants due to the risk of botulism. (15)

Some indications for performing a chest radiograph in a
child with acute cough are 1) uncertain diagnosis of lower
respiratory tract infection in a child with persistent fever,

tachypnea, or crackles; 2) suspected foreign body aspiration;

and 3) an atypical clinical course with progressively wors-
ening cough or hemoptysis. (11)

CHRONIC COUGH

In children 14 years and younger, “chronic cough is defined
as the presence of daily cough for at least 4 weeks in
duration.” (1)(9) This definition is based on the natural
history of resolution of cough after URTTin children. Cough
lasting for at least 4 weeks warrants careful assessment
because it may suggest a serious underlying condition in
which early diagnosis (eg, airway foreign body leading to
bronchiectasis) would improve outcomes. (1)(9) There is
high-quality evidence that using pediatric-specific chronic
cough algorithms improves clinical outcomes in children.
(1)(x6)(17)(18) In evaluating children (age <14 years) with
chronic cough, we encourage readers to refer to the Amer-
ican College of Chest Physicians’ evidence-based clinical
practice guidelines (9) and the CHEST Guideline and Expert
Panel Report on the use of management algorithms, (1)
which guide the discussion herein. The evaluation of chil-
dren with chronic cough should include a thorough history,
physical examination, chest radiography, and, when age-
appropriate, spirometry. Collectively, cough “pointers” are
diagnostic clues that may identify an underlying etiology for
a chronic cough (Table 1). The presence of these pointers
classifies chronic cough as specific (likely to have an identifi-
able etiology) or nonspecific (unlikely to have an identifiable
etiology) and guides evaluation and management.

SPECIFIC COUGH

In children with chronic cough, clinicians should assess for
symptoms and signs that are suggestive of an underlying
disease (whether respiratory or systemic), termed specific
cough pointers (Table 1). Specific cough pointers suggest that
cough is due to an underlying disorder, and further diagnostic
evaluation is indicated, often in conjunction with a pediatric
pulmonologist. (8)(9)(19) Some specific cough pointers
include chest pain, dyspnea, digital clubbing, feeding prob-
lems, failure to thrive, and abnormal pulmonary auscultation.
Diagnoses such as structural airway abnormalities, aspiration
lung disease, bronchiectasis, and interstitial lung disease are
associated with chronic specific cough (Table 2).

The cough characteristics should be elicited from parents
because this may point to the etiology of cough. A wet or
productive cough indicates the presence of excessive airway
mucus. Even when sputum is present, young children rarely
expectorate airway secretions. (20) Daily wet cough is a
useful clinical marker in predicting a specific cause of
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TA8LE 1. Specific Cough Pointers (1)(8)(9)

HISTORY

EXAMINATION

Abnormal cough characteristics (eg, brassy,
barking, staccato, paroxysmal cough)

Abnormal breath sounds

Cardiac abnormalities

Abnormal cardiac examination

Chest pain

Chest wall deformity

Cyanosis

Digital clubbing

Daily wet or productive cough

Failure to thrive

Dyspnea, including exertional dyspnea Hypoxemia
Feeding problems Tachypnea
Fever TESTS

Foreign body aspiration

Abnormal chest radiograph

Hemoptysis

Abnormal spirometry

History of previous lung disease

Immune deficiency

Medication (angiotensin-converting enzyme
inhibitors) or illicit drug use

Neurodevelopmental problems

Pertussis or tuberculosis exposure, or risk
factors

Recurrent pneumonia
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cough. (19) A daily wet cough can be seen in suppurative
lung disease from a variety of etiologies, including cystic
fibrosis, primary ciliary dyskinesia (PCD), or other causes of
bronchiectasis.

Evaluation of chronic cough should include a discussion
about the presence of dyspnea. If there is no report of
dyspnea at rest, the parent/child should also be asked about
exertional dyspnea. Exercise is a common trigger for cough
and wheezing in children with hyperactive airways. (6)
Although exertional dyspnea can be associated with asthma,
it may also suggest airway or parenchymal lung disease
requiring further evaluation. If there is associated chest
pain, further details regarding the characteristics of the
chest pain should be obtained. If the child has ever had
hemoptysis, the clinician should evaluate for tuberculosis,
an inhaled foreign body, suppurative lung disease, or vas-
cular abnormalities. A history of cardiac abnormalities can
be important, as congenital heart disease can be associated
with structural airway abnormalities (eg, airway malacia)
and anatomical compression. (21) Children with congenital
heart disease can develop cough from congestive cardiac
failure with pulmonary edema or from respiratory ciliary
dysfunction due to underlying PCD. Expectoration of airway
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casts in a child with congenital heart disease suggests plastic
bronchitis that requires evaluation by a pediatric cardiolo-
gistand pulmonologist. Recurrent pneumonia can be due to
immunodeficiency, suppurative lung disease, congenital
lung abnormalities, tracheoesophageal fistula, and other
conditions. A detailed feeding history should be obtained
in children with chronic cough. An episode of choking or
acute onset of cough in a child should raise concern for an
inhaled foreign body. Cough or choking during feeding
should alert the physician to possible recurrent, small-
volume pulmonary aspiration. The neurodevelopmental
history should be reviewed because aspiration lung disease
can be seen in children with developmental delays. In the
birth history, prematurity and prolonged oxygen require-
ment suggest bronchopulmonary dysplasia, which can
cause persistent respiratory symptoms in children. A diag-
nosis of PCD must be considered when there is a history of
neonatal respiratory distress, tachypnea, or a supplemental
oxygen requirement in a term infant. (22) Family history
should be reviewed for asthma and other chronic respiratory
conditions, such as cystic fibrosis or PCD. The social history
should assess for environmental factors that can cause

cough, such as tobacco smoke exposure, indoor pollutants,
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TABLE2. Causes of Cough in Children (6)(9)(11)

Acute (<2 wk)

Upper and lower respiratory tract infections

Viruses

Mycoplasma

Other bacteria

Foreign body aspiration

Chronic (>4 wk)

Pulmonary causes®

Asthma

Bronchiectasis, chronic suppurative lung disease

Cystic fibrosis

Eosinophilic lung disease

Foreign body aspiration

Illicit drugs

Immunodeficiency (with recurrent infection)

Interstitial lung disease

Irritative/noninfective bronchitis (eg, smoke, pollution)

Pertussis

Primary ciliary dyskinesia

Protracted bacterial bronchitis

Recurrent aspiration (laryngeal cleft, tracheoesophageal fistula,
swallowing dysfunction)

Structural airway abnormalities

Tuberculosis and other chronic infections

Extrapulmonary causes

Cardiac disease

Habit cough

Gastroesophageal reflux (controversial)

Mediastinal mass

Medications (eg, angiotensin-converting enzyme inhibitors)

Otogenic cough

“This is not a comprehensive list because almost any airway or
parenchymal lung disease can cause chronic cough.

or allergens. The medication history should be reviewed
because children taking angiotensin-converting enzyme
inhibitors can develop chronic cough as an adverse effect.
Tuberculosis is a common cause of chronic cough in chil-
dren from countries where tuberculosis is endemic. Hence,

the history should include recent travel or immigration
from endemic countries, exposure to individuals with tuber-
culosis, and other risk factors. Failure to thrive or digital
clubbing in a child with chronic cough can be due to cystic
fibrosis or other chronic pulmonary diseases. Abnormal
auscultatory findings such as wheezing or crackles suggest
specific causes of cough. Wheezing may indicate asthma or
intrathoracic airway lesions (eg, tracheomalacia), and
crackles can be heard in suppurative lung disease or inter-
stitial lung disease. Monophonic wheezing can be auscul-
tated in large airway obstruction from an aspirated foreign
body, airway malacia, or compression (eg, enlarged lymph
node).

Even if the child is fully immunized, pertussis should be
suspected in a child with spasmodic cough, with posttussive
emesis, or when there has been contact with an individual
with pertussis infection. The appropriate diagnostic testin a
child with suspected pertussis depends on the child’s age
and duration of symptoms. (1) Readers are referred to the
American Academy of Pediatrics’ Red Book for additional
guidance regarding testing and management of pertussis.
(23)

Although cough can be a symptom of asthma, most
children with isolated cough do not have asthma. (9) Chil-
dren with asthma generally have recurrent (and variable)
symptoms, airflow obstruction with bronchial hyperrespon-
siveness, and airway inflammation. Readers are referred to
the National Heart, Lung, and Blood Institute guidelines
for the diagnosis and management of asthma. (24)

Children with specific cough pointers require further
evaluation, often in conjunction with a pediatric pulmonol-
ogist. Children with chronic wet cough should be promptly
evaluated, and early consultation with a pediatric pulmonol-
ogist should be considered. (19) Evaluations conducted by
pediatric pulmonologists in children with chronic wet
cough to identify the etiology often include chest imaging,
comprehensive pulmonary function tests, bronchoscopy,
sweat chloride testing for cystic fibrosis, a videofluoroscopic
swallow study, a ciliary biopsy with electron microscopy (for
PCD), and immunologic function tests. (9) In summary, the
diagnostic evaluation of chronic specific cough is guided by
the clinical findings identified from the specific cough
pointers (Table 1). The particulars of these evaluations are
not discussed in this review.

NONSPECIFIC COUGH

Nonspecific cough is chronic cough in the absence of
specific cough pointers, with normal findings on spirometry
(if age-appropriate) and chest radiography. Nonspecific
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TABLE 3. Approach to Chronic Cough in Children 14 Years and

Younger (1)(9)

1. Is cough present daily for >4 weeks?

2. A. Thorough history and physical examination, particularly focusing on:

- Cough characteristics (eg, brassy, barking, staccato, paroxysmal cough)

- Specific cough pointers (Table 1)

- Effect of cough on the child and the family

N

. B. Spirometry (for patients aged >3-6y) and chest radiography

w

pulmonologist

. If specific cough pointers are present, proceed with appropriate evaluation (eg, pertussis testing when suspected) or referral to a pediatric

4. Nonspecific cough with normal spirometry (when feasible) and normal chest radiograph:

- Evaluate exposures (eg, smoke, pollutants) and intervene (eg, tobacco cessation)

- Watchful waiting for 2 weeks

- If persistent, consider an empirical trial of therapy based on presumed diagnosis (eg, inhaled corticosteroids for dry cough or antibiotics for

suspected protracted bacterial bronchitis)

- Follow up in 2-4 weeks to assess response, discontinue therapy to confirm/refute presumed diagnosis, and refer to a pediatric pulmonologist

if persistent/recurrent
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cough is typically a dry cough for which no underlying
etiology is identifiable after a thorough assessment. In most
children, nonspecific cough is due to a viral respiratory infec-
tion (postviral cough) that resolves spontaneously with time
and is not due to a serious etiology. (9) Some children can
have a slow recovery of the airway epithelial mucosal cells and
hypersensitivity of the cough receptors after a respiratory
infection causing prolonged cough. (7)

For most children with nonspecific cough, the initial
recommended step is a period of watchful waiting for 1 to 2
weeks (Table 3). The parents can be reassured, and the child
can be reevaluated in 2 weeks. At follow-up, the child must
be assessed for persistent cough and evaluated for emer-
gence of any specific cough pointers. (9)

If cough persists at follow-up, clinicians can discuss the
options with parents: 1) continued watchful waiting and
reassessment in 2 weeks or 2) a trial of therapy. If the parents
opt for watchful waiting, children must be evaluated in the
subsequent 2 weeks for resolution of cough, and a trial of
therapy should be considered if cough persists. At this point,
itis important to distinguish between nonspecific dry cough
and wet cough.

For nonspecific dry cough, asthma can be a cause,
particularly if the child has other atopic features (eczema,
allergic rhinitis) and a family history of asthma. Some
children with asthma can have cough as the predominant
symptom. (7) However, unless wheezing and dyspnea are
also present, few children with isolated nonspecific cough
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have asthma. (10) An empirical trial of a bronchodilator
(short-acting B, agonist) and a low-dose inhaled corticoste-
roid (ICS) can be administered when asthma is suspected.
(1)(9) It can be difficult to exclude asthma as a cause of
chronic dry cough in young children who are unable to
perform reliable spirometry, and it may be challenging to
identify exertional dyspnea and chest discomfort in young
children. A randomized, placebo-controlled trial of inhaled
albuterol and ICSs in children with isolated cough showed
no benefit of these therapies compared with placebo. (25)
Therefore, it is important that trials of asthma therapy are
effectively administered (using a spacer with a metered-dose
inhaler), are given over a predefined time frame (2—4
weeks), and have concrete therapy end points. (9)(11) If
an empirical trial of therapy is pursued, the child should be
reassessed in 2 to 4 weeks. If the cough does not improve
with a daily low-dose ICS in 2 to 4 weeks, the dose should not
be increased, and the medication should be stopped. At
follow-up, if cough resolved with an empirical trial of
asthma therapies, this can suggest underlying asthma or
spontaneous resolution of cough (the period effect). Hence,
to confirm the diagnosis, a trial off the medication should
be performed. If cough recurs, the asthma therapies should
be resumed. At each follow-up visit, the clinician should
review specific cough pointers, as well as evaluate tobacco
smoke exposure, other pollutant exposure, parental expec-
tations, and evidence of any underlying illness. When the
clinical diagnosis of asthma in young children is
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challenging, or if there is uncertainty in the diagnosis of
asthma, consider evaluation by a pediatric pulmonologist.
(10)

For nonspecific isolated wet cough, a diagnosis of pro-
tracted bacterial bronchitis (PBB) should be considered if
there are no other symptoms and signs. PBB is a common
cause of isolated chronic wet cough in children, and it is
often misdiagnosed as asthma. (26) Bronchitis refers to
inflammation of the bronchus or bronchi. (6) PBB-like
conditions were reported in the past few decades; however,
its existence was initially controversial. In the early 1980s, a
single-center retrospective review of 20 children who under-
went bronchoscopy and were diagnosed as having chronic
bronchitis showed that these children had bronchoscopic
features of airway inflammation, purulent airway secre-
tions, mainly Haemophilus influenzae on bacterial culture,
and most had clinical improvement after treatment with
antibiotics. (277) In the early 2000s, a prospective cohort
study of children with chronic cough showed that most of
the children had wet cough, increased neutrophils in the
bronchoalveolar lavage (BAL) fluid, and a positive BAL
bacterial culture and that the cough resolved after treat-
ment with antibiotics. In this study, PBB was the most
common diagnosis for chronic cough in children. (28)
PBB is recognized as a common cause of chronic wet
cough in children and has been incorporated into several
pediatric chronic cough management guidelines. (9)(11)
(26)(20)(30)

PBB can be diagnosed clinically when all 3 of the follow-
ing criteria are met: 1) the presence of chronic (>4 weeks)
wet or productive cough, 2) the absence of specific cough
pointers (ie, symptoms or signs that could suggest other
causes of wet or productive cough), and 3) resolution of
cough after a 2- to 4-week course of an appropriate oral
antibiotic (usually amoxicillin-clavulanate). (26)(29) PBB
can be seen in infants, young children, and adolescents.
Children with PBB generally appear well, have normal
growth, and do not have adventitious breath sounds, digital
clubbing, or other signs of suppurative lung disease. Aus-
cultation of the lungs may reveal a rattling sound suggestive
of airway secretions. (20) The chest radiograph is normal or
may show peribronchial changes, and spirometry (when
feasible) is normal. (29) PBB is associated with a persistent
bacterial infection and neutrophilic inflammation in the
airways that leads to increased mucus production, airway
inflammation, and chronic cough. PBB has been speculated
as a potential prebronchiectasis state in some children with
chronic wet cough. (20) If the child can expectorate, a
sputum culture should be performed. If flexible bronchos-
copy and BAL are performed, mucopurulent secretions are

noted in the airways, and airway malacia (tracheobroncho-
malacia) can be seen. (29) Bacteria commonly identified
from the BAL or sputum in children with PBB are Haemo-
philus influenzae, Streptococcus pneumoniae, and Moraxella
catarrhalis. There is high-quality evidence in children with
chronic wet/productive cough (without specific cough
pointers) that using appropriate oral antibiotics improves
cough resolution. (30) PBB is treated with a prolonged (2-
week) course of antibiotics, typically amoxicillin-clavulanate.
Amoxicillin-clavulanate is widely used because it is effec-
tive against common pathogens identified in PBB. Other
antibiotics, such as oral cephalosporins, trimethoprim-
sulfamethoxazole, or macrolides, may be used. (29) If
the wet cough persists despite 2 weeks of antibiotics, an
additional 2 weeks of antibiotics can be prescribed to
complete a total of 4 weeks of therapy. Biofilms produced
by bacteria are speculated to be a reason for prolonged
antibiotic courses in the treatment of PBB. (26) A study
reported increased likelihood of bronchiectasis on chest
computed tomographic (CT) scan in children with
chronic wet cough that failed to resolve despite 4 weeks
of oral antibiotic therapy. (31) Recurrent PBB has been
suggested as a risk factor for developing chronic suppurative
lung disease (clinical symptoms of bronchiectasis without
CT findings of bronchiectasis) or bronchiectasis. (26) There-
fore, if chronic wet cough fails to respond to or recurs
despite 4 weeks of antibiotic therapy, clinicians should refer
the child to a pediatric pulmonologist for evaluation.

Habit cough is characterized by loud, repetitive cough,
often described as having a honking or barking quality.
Habit cough can occur in both children and adolescents,
can last from weeks to months, and is commonly misdi-
agnosed as asthma. (32) Cough is characteristically ab-
sent during sleep. (33) Physical examination findings
are normal other than cough, and no organic cause is
identified after investigations are performed. A preceding
viral respiratory infection is often suggested as an inciting
factor. (32) Before arriving at a diagnosis of habit cough, many
children may have received medications such as bronchodi-
lators, ICSs, antibiotics, montelukast, or reflux medicines. Tic
disorders must be considered when children have vocal
(cough tics) and motor tics. Suggestion therapy, generally
using a distractor such as sipping warm water along with
resisting the urge to cough, has been successful in treating
habit cough. (32) Hypnosis has also been used to treat
habit cough in children. Children with habit cough may need
evaluation by a psychologist or psychiatrist if symptoms do
not resolve with suggestion therapy. (34)

Gastroesophageal reflux disease is a common cause of
chronic cough in adults; however, pediatric data have not
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established GERD to be the sole etiology of nonspecific
chronic cough in children. (9) The relationship between
GERD and cough is complex in children, as either can
precipitate the other. (35) Because cough is common in
children, and respiratory symptoms may exacerbate under-
lying GERD, it may be challenging to distinguish cause and
effect in children. (9) Infants frequently regurgitate, yet
cough is not a common association in healthy infants with
these episodes. An empirical trial of reflux medications in
children with nonspecific isolated chronic cough is not
recommended unless children have other symptoms sug-
gestive of reflux. (1)(11)

Upper airway cough syndrome and postnasal drip are
common causes of chronic cough in adults but are contro-
versial as causes of chronic nonspecific cough in children.
(7)(9) There is insufficient evidence that postnasal drip,
resulting from allergic rhinitis and sinusitis, is associated
with chronic cough in children. Sinusitis has been associ-
ated with allergic rhinitis in children, but it is not associated
with cough once existent atopy or allergic rhinitis are
controlled. Children with allergic rhinitis can have a
throat-clearing type of cough. In children with signs of
allergic rhinitis, allergen avoidance and a trial of therapy
(oral antihistamine or intranasal corticosteroids) is indi-
cated. (11) Although atopy increases the likelihood of having
asthma, it is neither sensitive nor specific for asthma.
Hence, routine allergy testing is not indicated in the eval-
uation of children with nonspecific dry cough. (1) Current
guidelines for pediatric chronic cough recommend against
an empirical approach toward the treatment of upper air-
way cough syndrome in children with nonspecific isolated
dry cough. (1)(11)

Exposure to environmental tobacco smoke causes
adverse respiratory health outcomes and has been associ-
ated with increased coughing in children. Exposure to other
pollutants, such as particulate matter and indoor biomass
combustion, is also associated with increased coughing
illnesses in children. (9)(11) Current pediatric chronic cough
guidelines recommend that in all children with cough, tobacco
smoke exposure should be evaluated, and families should be
offered interventional options for the cessation of exposure.
(9) Readers are encouraged to refer to the American Academy
of Pediatrics’ clinical practice policy to protect children from
tobacco, nicotine, and tobacco smoke. (36)

INVESTIGATIONS

Spirometry (if age-appropriate) and chest radiography
should be performed as initial evaluations in children
with chronic cough. An abnormal chest radiograph
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suggests a specific cause of cough, but a normal chest
radiograph does not exclude respiratory disease (eg,
bronchiectasis). Findings on the chest radiograph may
help guide further evaluations for chronic cough. Bilat-
eral pulmonary hyperinflation is commonly seen in
asthma but can also be seen in other chronic respiratory
diseases. Unilateral hyperinflation or collapse of the lung
can suggest an aspirated foreign body or intraluminal
pathology that would require further imaging and bron-
choscopy. A right-sided aortic arch may be a normal
variant or can be associated with a vascular ring. (6)
Organ laterality defects, such as situs inversus totalis,
detected on routine imaging in a child with chronic oto-
sino-pulmonary disease should prompt further evalua-
tion for PCD. (22)

Spirometry is a useful clinical test to screen for lung
function abnormalities in children with chronic cough.
Pulmonary function tests are used to 1) assist in the
diagnosis of lung disease by describing and quantifying
the impairment in physiologic function, 2) monitor the
course of respiratory disease in patients, and 3) assess
response to therapy. Spirometry requires good patient
effort and cooperation to provide reliable results. Most
children can perform valid spirometry by age 6 years. In
experienced pediatric pulmonary function laboratories,
spirometry results can be obtained in children as young
as 3 years. (37) Abnormalities in spirometry findings
suggest a specific cause of cough, but normal spirometry
results do not exclude respiratory disease. An obstructive
pattern detected on spirometry implies asthma or other
obstructive airway diseases. In children with obstructive
airway disease, spirometry should be performed before
and after administration of a bronchodilator. Improve-
ment in airway obstruction after inhalation of a bron-
chodilator usually indicates a diagnosis of asthma.
However, some children with asthma can have normal
spirometry results. (1) For a detailed review of spirometry
interpretation, readers are referred to a Pediatrics in
Review article by Kaslovsky and Sadof. (38)

Additional tests to aid in the diagnosis of respiratory
disease in a child with chronic cough depend on the
history, physical examination findings, presence of spe-
cific cough pointers, and clinical suspicion of a particular
etiology. Tests include chest CT scans, flexible bronchos-
copy with BAL, ciliary biopsy with electron microscopy
(for PCD), and genetic studies for cystic fibrosis and PCD.
Most of these evaluations are undertaken by pediatric
pulmonologists. Pediatric chronic cough management
guidelines recommend against routinely performing

additional tests such as allergy testing, bronchoscopy,
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and chest CT. These tests should be individualized and
performed based on the child’s clinical symptoms and
signs. (1)

MEDICATIONS

Management of cough in children should be directed at
identifying the etiology of cough and arriving at an accurate
diagnosis. Treatment should be based on the underlying
etiology and not targeted toward suppression of cough.
There is no good evidence for the effectiveness of OTC cough
medications in treating acute cough in children, and these
medications can cause serious harm. For a review of OTC
cough and cold medications, readers are referred to a Pedi-
atrics in Review article by Lowry and Leeder. (39)

There is good evidence that in children with nonspecific
chronic cough, an empirical approach targeted toward
upper airway cough syndrome, GERD, or asthma should
not be used unless there are other clinical features consis-
tent with these diagnoses. (1) In some instances of non-
specific dry cough in young children, an empirical trial of
inhaled bronchodilators and ICSs is used when asthma is
suspected. As described previously, if an empirical trial of
asthma medications is used, a definite period should be set
(2—4 weeks), and the child should be reassessed for reso-
lution of cough to confirm or refute the suspected diagnosis.
If there is no response to asthma therapies, the medications
should be stopped because asthma is unlikely. (11) If the
cough did not respond to treatment with ICSs, children
should not be treated with increased doses of ICSs. (9)
Antibiotics are used when a diagnosis of PBB is suspected in
a child with chronic nonspecific isolated wet cough. A
systematic approach to the management of chronic cough
by using pediatric cough management algorithms improves
clinical outcomes. (1)(z6)(18)

Summary

e Acute cough in children is usually caused by viral upper
respiratory tract infections, which are self-limiting. There is no
good evidence of effectiveness of over-the-counter cough
medicines in acute cough, and they can cause serious harm in
children. (13)

e Based on consensus, in children 14 years and younger, chronic
cough is defined as the presence of daily cough for at least 4
weeks. (1)

Strong evidence supports using a systematic approach, including
a detailed history, thorough physical examination, and
assessment of specific cough pointers, to guide the diagnosis,
testing, and management of children with chronic cough. (1)

Protracted bacterial bronchitis can be diagnosed in children with
chronic wet cough without signs of an alternative cause who
have resolution of cough after 2 to 4 weeks of treatment with an
appropriate oral antibiotic. (30)

In children with chronic cough, management must be based on
the etiology of the cough. Based on strong research evidence, the
use of pediatric-specific cough management algorithms
improves clinical outcomes. (18)

ACKNOWLEDGMENTS

The authors thank Drs Anne B. Chang, Rani S. Gereige,
Srinivas G. Kasi, and Supriya Hattangadi for their com-
ments on the manuscript.

To view teaching slides that accompany this article,
visit http://pedsinreview.aappublications.org/
content/40/4/157.supplemental.

COUGH

Ajay S. Kasi, MD,” Rory J. Kamerman-Kretzmer, MD'

* Division of Pediatric Pulmonology, Emory University, Atlanta, GA
1 Division of Pediatric Puimonology and Sleep Medicine, Children's Hospital
Los Angeles, Los Angeles, CA

Review @

References for this article are at hitp://pedsinreview.aappubli-
cations.org/content/40/4/157.

Vol. 40 No. 4 APRIL 2019

Downloaded from http://publications.aap.org/pediatricsinreview/article-pdf/40/4/157/826668/pedsinreview_20180116.pdf
bv Univ of Tennessee - Membhis user

165


http://pedsinreview.aappublications.org/content/40/4/157
http://pedsinreview.aappublications.org/content/40/4/157
http://pedsinreview.aappublications.org/content/40/3/157.supplemental
http://pedsinreview.aappublications.org/content/40/3/157.supplemental
http://pedsinreview.aappublications.org/content/40/3/157.supplemental

PIR QUIZ

There are two ways to access the journal CME quizzes:

1. Individual CME quizzes are available via the blue CME link under the article title in the Table of Contents of any issue.

2. To access all CME articles, click “Journal CME” from Gateway'’s orange main menu or go directly to: http://www.aappublications.
org/content/journal-cme.

3. To learn how to claim MOC points, go to: http://www.aappublications.org/content/moc-credit.

166

. A 10-year-old girl with a medical history of asthma presents to the office for evaluation of a

5-week history of daily dry cough. She reports occasional bouts of shortness of breath,
which improve with the use of her bronchodilator inhaler. She denies fever, nasal
congestion, or chest pain. Which of the following factors support the classification of her
cough as chronic?

A. Absence of fever and nasal congestion.

B. Characterization of cough.

C. Clinical response to the use of a short-acting 3, agonist.
D. Presence of daily cough for greater than 4 weeks.

E. Previous diagnosis of asthma.

. Children and adolescents with chronic cough with characteristics suggestive of specific

underlying etiologies should be evaluated promptly and may benefit from a consultation
with a pediatric pulmonologist. Which of the following clinical scenarios involving chronic
wet cough would be most appropriate for a pediatric pulmonology referral?

A. Allergic rhinitis with postnasal drip.

B. Congenital heart disease with airway casts.

C. Gastroesophageal reflux disease with weight loss.

D. Moderate persistent asthma controlled with inhaled corticosteroids.
E. Tic disorder with vocal tics including habit cough.

. A 9-year-old girl presents for an initial visit to establish care in your practice after recently

moving to the United States. The mother states that she has always suffered from frequent
respiratory infections, for which she has been prescribed multiple courses of antibiotics.
She reports having wet cough with sputum production daily and shortness of breath with
physical activity weekly. The mom is also concerned with her slow rate of growth and
weight loss of 8 Ib over the past year. On physical examination she is below the 5th
percentile in both height and weight for her age. You note coarse crackles through the
bilateral lung fields and mild digital clubbing. Based on the cough pointers in the history
and findings on physical examination, which of the following is the most likely underlying
diagnosis of this patient’s chronic cough?

A. Cystic fibrosis.

B. Pertussis infection.

C. Retained foreign body.

D. Tracheoesophageal fistula.
E. Tuberculosis infection.

. A 5-year-old previously healthy boy is brought to the pediatrician’s office for evaluation of

prolonged cough. The mother reports that the boy’s illness began 4 weeks ago with fever
of 3 days’ duration, nasal congestion, and cough. The mother is concerned because the
cough has persisted despite resolution of fever and improvement of other symptoms. The
cough is described as dry and presents both during the day and at night. On physical

examination the boy is well-appearing and in no distress. Chest auscultation reveals good
air entry bilaterally and no wheezing or crackles. Findings on the chest radiograph are

within normal limits. Which of the following is the best next step in management?

A. Initiate a trial of a short-acting inhaled B, agonist and inhaled corticosteroid.
Order pulmonary function tests.

Prescribe a 2-week course of amoxicillin-clavulanate.

Recommend supportive care and reassess the patient in 2 weeks.

Refer to a pulmonologist for flexible bronchoscopy.
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5. A 12-year-old previously healthy girl is brought to the clinic with a 5-week history of wet
cough occasionally productive of yellow sputum. She denies fever, chest pain, dyspnea, or
blood in the sputum. There is no history of cardiac or lung disease and no recent travel or
exposures. A chest radiograph ordered 1 week earlier revealed mild peribronchial changes,
and spirometry results were within normal limits. On physical examination today she is
well-appearing and in no distress. Height and weight are at the 50th percentile. Chest
examination reveals good air entry bilaterally with minimal rattling of airway secretions
auscultated. There is no cyanosis or digital clubbing observed. Which of the following is the
best next step in management?

Initiate a short-acting inhaled B, agonist and an inhaled corticosteroid.

Obtain a chest computed tomographic scan to rule out bronchiectasis.

Order genetic testing for cystic fibrosis.

Prescribe a 2-week course of amoxicillin-clavulanate.

Refer to a pulmonologist for flexible bronchoscopy with bronchoalveolar lavage.

mONw>

Vol. 40 No. 4 APRIL 2019 167

Downloaded from http://publications.aap.org/pediatricsinreview/article-pdf/40/4/157/826668/pedsinreview_20180116.pdf
bv Univ of Tennessee - Membhis user



