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cough; Cough is a defense mechanism, but when it becomes persistent and troublesome, it must
children; be carefully assessed. Chronic cough, that is, cough persisting for more than 4 weeks, has a
chronic cough; proven negative impact on a child’s quality of life; it interferes with daily activities, sleep, and
cough syndromes; schooling and may involve frequent health care visits and long-lasting treatments. Currently,
diagnostic algorithm there is a plethora of algorithms in the literature aiming to assist in the assessment of chronic

cough in children; however, referring to complex flowcharts may be impractical for the usu-
ally busy primary care physician. Herein, we provide a simplified tool for the assessment of
children with chronic cough in the primary care setting, presenting a basic approach to the
most common causes along with hints to avoid common pitfalls in everyday practice. Finally,
the most common clinical scenarios are analyzed, aiming to assist primary care physicians in
providing the appropriate care to these patients.
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Introduction

Chronic cough is a frequently encountered symptom in
pediatric primary care and represents an important burden
for the affected children and their families.! It has been
estimated that the caregivers of children with persistent
cough visit their family doctor five or more times before
being referred to a specialized respiratory clinic.! In addi-
tion, chronic cough has a proven negative impact on daily
activities, sleep, and schooling, thus substantially reducing
the quality of life of children and their families.?

In adults, chronic cough is defined as cough lasting for
more than 8 weeks.? In children, however, the definition
of chronic cough varies from 3 to 12 weeks.*¢ It has been
reported that in 90% of children presenting to primary care
setting with an upper respiratory tract infection, the cough
resolves spontaneously within 25 days from the onset of
the disease.”® On the other hand, Chang et al.’ studied
346 children with cough lasting for more than 4 weeks and
found that the cough resolved spontaneously in only 13.9%
of them; in the majority of cases, an underlying disorder
such as protracted bacterial bronchitis (PBB), asthma,
bronchiectasis, airway malacia, aspiration, and so on,
could be identified.” Based on the above evidence, chronic
cough in children is currently defined as cough lasting for
more than 4 weeks. 50"

Although there is a plethora of algorithms in the litera-
ture aiming to assist in approaching the child with chronic
cough,*¢10" referring to complex flowcharts may prove
impractical for a usually busy primary care physician.”? The
aim of this article is to provide a simplified tool of guidance
to primary care physicians treating children with chronic
cough. A basic approach to the most common causes along
with hints to avoid common pitfalls in everyday practice is
also presented.

Dealing with the child with chronic cough

The medical approach of the child with chronic cough is
classically based on history, physical examination, and
appropriate first-line investigations.
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History

Gathering information regarding the characteristics of
chronic cough (e.g., time of onset, triggers, quality, accom-
panying symptoms, etc.) is the first and perhaps the most
important step. Here, we present a simple mnemonic tool,
the “6 T - 6 S” rule of thumb (Figure 1), that may help
physicians to stay focused and not get lost in irrelevant or
misleading information. Thus, in the case of a child with
cough lasting for more than 4 weeks, the following issues
should be clarified.

Time of onset

In most cases, the child’s cough coincides with the start
of school or nursery school attendance or with other fam-
ily members’ viral illness. When the cough can be dated
back to early infancy, congenital malformations or inher-
ited diseases such as tracheomalacia, cystic fibrosis (CF),
and primary ciliary dyskinesia (PCD) should be excluded.”
Protracted bacterial bronchitis often appears in infancy
or early childhood, usually after an acute bronchitis that
failed to resolve." If the cough started after traveling to a
tuberculosis (TB) endemic area or coincides with TB diag-
nosis in a child’s close contact, investigations to exclude
the disease (e.g., tuberculin skin test, interferon-gamma
release assay) must be performed."

Triggers and track

A history of choking in a toddler less than 3 years old should
always alert the physician to the possibility of foreign body
aspiration.'*” When the cough continues unremittent after
an episode of severe respiratory tract infections, especially
when other symptoms (e.g., dyspnea, exercise intolerance,
wheezing, or focal crackles) co-exist, post-infectious bron-
chiectasis, PBB, or bronchiolitis obliterans should be con-
sidered.” A constant, unremitting wet cough that never
stops, even during school holidays, makes the diagnosis of
PBB more likely. However, when such a cough persists after
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The “6 T - 6 S” rule of thumb for approaching chronic cough history.
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prolonged antibiotic treatment, foreign body aspiration,
bronchiectasis, or other chronic suppurative lung diseases
(e.g., PCD and CF) should be considered.”® On the other
hand, a persistent cough triggered by viral infections,
never accompanied by wheezing or other adventitious lung
sounds, and with cough-free intervals between the epi-
sodes, probably belongs to the normal spectrum especially
if it occurs in an otherwise healthy child."”

Type: Is the cough dry, wet, or variable?

This important information may significantly narrow down
the differential diagnosis and drive the evaluation to the
appropriate path (Tables 1 and 2). The physician can eas-
ily recognize the type of cough if the child coughs spon-
taneously or on demand during the consultation. If this is
not the case, modern technology can be of help as parents
may be asked to record their child’s cough at home using
smartphones or other electronic devices."”? In any case, it is
important to recognize the child with a chronic wet cough in
due time, since this type of cough is usually associated with
important underlying disorders.?’ Apart from being dry or
wet, disease-specific characteristics can also be discerned; a
paroxysmal cough with a classic inspiratory “whoop” points
to the diagnosis of pertussis, a barking or brassy cough might
be heard in tracheomalacia, whereas the occasional honking
cough might fall within the “tic cough” frame."*

Teammates: accompanying symptoms

Chronic cough may be presenting as a sole symptom or as
part of a clinical spectrum, which can be easily determined
by asking the following “6 S” questions:

Sneeze and atopy

Is there a history of hay fever, eczema, or milk/food
allergy? Their presence favors - but does not secure - the
diagnosis of allergic asthma.?

Table 1 Etiology and characteristics of chronic dry cough.

Post-infectious or pertussis- e« Starting as an acute illness
like cough Paroxysmal in nature

» Characteristic whoop

o Post-tussive vomiting
History of wheeze
Shortness of breath
» Personal or family history
of atopy or asthma
Loud honking cough
Absent at night
» Absent when distracted
Loud barking cough

Reactive airway
disease/asthma

Tic cough

Tracheo-broncho

malacia » Absence of hoarseness
* May become wet with viral
infections
Drugs (e.g., angiotensin « Resolves when the drug is
converting enzyme discontinued
inhibitors)

Table 2 Etiology and characteristics of chronic wet cough.

Persistent » Usually preschool child
bacterial » Day-care attendance
bronchitis » Absence of specific cough

pointers

Cystic fibrosis « Failure to thrive

« Chronic diarrhea
Family history
Primary ciliary « Unexplained neonatal respiratory

dyskinesia distress in a term baby
« Early-life, year-round daily wet
cough
 Early-life, year-round daily
rhinitis
« Situs inversus totalis, heterotaxy
Recurrent + Neurodevelopmental disorders
small volume « Choking on food
aspiration o Post-meal cough and/or wheeze
Immunodeficiency » Recurrent infections
Foreign body « History of choking
Bronchiectasis « Wet cough not resolving after 4

weeks of antibiotics
Recurrent pneumonia
Digital clubbing
Failure to thrive

Swallowing and stools

Does the cough get worse or appear when the child is eat-
ing or drinking? Does the infant choke on milk? Does he/
she get chesty post-feeding? A positive answer to these
questions makes primary or secondary aspiration likely,
especially if the cough is associated with a neuromuscu-
lar disorder or cerebral palsy.? Furthermore, poor stool
quality (runny, eminently smelly, or difficult to flush away),
especially if it is accompanied by other symptoms (e.g.,
failure to thrive, chronic or recurrent infections) makes CF
or immunodeficiency a potential diagnosis.?*

Sleep disturbance

Coughing within the first 2 h of sleep might be linked to
rhinosinusitis or postnasal drip,?®> while late night coughing,
especially when associated with wheezing, may be a sign
of asthma.? However, the most important question to be
answered is if the cough disappears completely as soon as
the child falls asleep and likely.?” In adolescents, a cough
that appears when falling asleep after a meal might indi-
cate gastro esophageal reflux disease."”

Sports

The appearance of cough when the child practices sports
is a frequent condition, usually interpreted as a sign of
asthma.” However, asthma is not the only cause of exer-
cise-induced cough. Tracheomalacia, for example, could
present as a chronic brassy cough that gets worse with
exercise and may be associated with wheeze (monophonic
and better heard over the trachea).? The persistent wet
cough of PBB may also get worse during exercise.?'
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SPUR: severe-persistent-unusual-recurrent

Underlying immunodeficiency should always be excluded
in a child with severe, persistent, unusual, or recurrent
symptoms.?

Sounds

The presence of adventitious sounds that accompany the
cough should always be sought in the child’s history; rel-
evant notes in health booklets or similar medical docu-
ments are particularly useful. The presence of polyphonic
wheezing may be indicative of an asthma phenotype, while
a monophonic and localized wheeze points to airway mala-
cia.’® Children with malacia may also have a history of
stridor that typically worsens with feeding, crying, supine
positioning, and agitation. In some cases, a “rattly” respi-
ration is repeatedly reported.?'

Treatment response

Different treatments, such as short-acting beta agonists
(SABA), inhaled steroids (ICS), or antibiotics might have
been tried in children with persistent cough. In general,
failure to demonstrate an immediate response to salbu-
tamol or an improvement of cough after a short trial of
inhaled steroids, should eliminate the diagnosis of asthma
or eosinophilic airways inflammation.?? On the other
hand, a chronic cough that improves on starting a course
of antibiotics but relapses soon after their discontinua-
tion, warrants further investigation for potentially serious
underlying disorders.® Finally, patients treated with angio-
tensin converting enzyme (ACE) inhibitors may develop a
dry, tickly, and often bothersome cough that ceases when
the ACE inhibitor is discontinued.*

Clinical examination

The experienced physician may spot the likely diagnosis by
hearing the cough (e.g., pertussis-like, barking, honking,
etc.) or by inspecting the child. Children with hypotonia
due to neuromuscular disorders, those with tracheostomy
and some with chest wall deformities may report frequent
lower respiratory tract infections or, at their very best, a
chronic and unremitting wet cough.?’ The clinician should
never forget to inspect the fingers. Clubbing is an ominous
sign, closely related to serious lung disorders such as CF,
PCD, and bronchiectasis.

The oxygen saturation of the arterial blood (SpO2)
should be determined by a pulse oximeter; hypoxemia
(i.e., SpO2 <92-94% at room air) must always alert the cli-
nician.' The hypoxic child might suffer from severe airway
disorders, an interstitial lung disease, or even a cardiovas-
cular disorder.®A “runny” or chronically congested nose
may be a sign of allergic rhinitis, recurrent upper respira-
tory tract infections or, rarely, PCD and immunodeficiency.
Children with the last two pathologies might have a runny
nose that has troubled them from infancy.?*? Any degree
of respiratory distress (tachypnea, chest wall retractions,

suprasternal retractions, nasal flaring), or presence of
adventitious sounds on lung auscultation warrants further
investigation. Polyphonic, high-pitched wheezing is indic-
ative of asthma while low-pitched, monophonic, and local-
ized wheeze points to obstruction, malacia, or compression
of larger airways.’® Diffuse coarse crackles indicate the
presence of thin secretions within the airways (bronchi,
bronchioles) such as in CF, PCD, or other suppurative bron-
chitis; focal coarse crackles may be indicative of bronchi-
ectasis.® Diffuse fine crackles are typical for interstitial/
fibrotic lung disease, while focal fine crackles may be heard
in atelectasis.*

After examining the respiratory tract, the clinician
should focus on the cardiovascular system; the presence
of gallop rhythm, heart murmurs, or apex beat misplace-
ment (e.g., dextrocardia in PCD or left shift in cardiomeg-
aly) should be excluded. Finally, child’s height and weight
should be plotted on a growth chart to exclude failure to
thrive. If the child falls across the centiles, more serious
pathologies such as CF, PCD, and immunodeficiency should
be excluded.*

Investigations

Arguably, in the primary care setting only a limited num-
ber of investigations can be performed. Thus, the physician
must choose judiciously to avoid unnecessary tests that
may eventually delay the diagnosis or lead to ineffective
treatment options.

Regardless of the presence or absence of abnormal
findings in history and physical examination, chest radiog-
raphy (CXR), and spirometry (if available) must be consid-
ered as first-line investigations.¥

Chest radiography

A CXR is always available even in low-income settings. If
abnormal, although rarely diagnostic, it should alert the
physician to a possible underlying condition that requires
further investigations and/or referral to a respiratory
center. Of note, the CXR should be performed at least 6
weeks from a significant lung infection to avoid false posi-
tive results.® The findings vary significantly, depending on
the underlying cause. In children with asthma, CRX may be
completely normal, while in those with severe malacia of
the intrathoracic airways it may reveal bilateral hyperin-
flation.?” The majority of children with pulmonary TB will
show CRX changes, typically hilar and mediastinal lymph-
adenopathy. If the enlarged lymph node compresses the
airway, hyperinflation and air-trapping or distal atelecta-
sis may be observed.” In contrast, the child with PBB may
have a normal or near-normal CRX with vague peribron-
chial infiltrates.*?*¢ In children with chronic wet cough,
a CRX abnormality that persists for more than 4 weeks
after appropriate therapy should prompt investigations
for underlying bronchiectasis.® Finally, the clinician must
bear in mind that only 10% of foreign bodies are visible
on CRX; however, the presence of “indirect” signs, such
as lung asymmetry (e.g., air-trapping, emphysema), pres-
ence of peripheral infiltrates or mediastinal shift, should
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raise the possibility of foreign body aspiration, especially
in toddlers.3"

The majority of children over 5 years of age can
perform basic lung function testing if appropriately
instructed.*® Spirometry may reveal an obstructive pattern
(e.g., asthma) with decreased, forced expiratory flows and
volumes and reversibility to bronchodilation, thus allowing
the primary care physician to plan treatment promptly.® In
case of airway malacia, abnormalities in the expiratory or
inspiratory part of the flow-volume loop may suggest col-
lapse of intra- or extrathoracic airways, respectively.*

Common clinical scenarios

In everyday practice, the primary care physician who treats
children with chronic cough will encounter one of the fol-
lowing three scenarios (Figure 2).

Scenario 1: Isolated chronic dry cough

When assessing a child with chronic dry cough and the his-
tory, clinical examination and first-line investigations are
inconclusive, the physician should reassure the parents and
recommend a “watchful waiting” approach; the majority
of these children will be spontaneously cough-free within
the next 3-4 weeks.” The same principle applies in the
case of tic cough (previously referred to as habit cough), a
bizarre and honking cough that usually follows an unevent-
ful upper respiratory tract infection, disrupts daily life, and

History
“6T-65"

v

Inconclusive
|

4 Y

Isolated dry cough

examination

‘ ‘ Isolated wet cough

interferes with the child’s activities, but is absent when
the child is asleep or distracted.” However, if somatic
cough disorder (previously referred to as psychogenic
cough) is suspected (e.g., disproportionate and persistent
thoughts about the seriousness of cough and other accom-
panying symptoms, high levels of anxiety, or excessive time
devoted to the symptoms),* referral to a psychologist and/
or psychiatrist is recommended.?#

An exception to the “watchful waiting” approach is
the child with a history of choking, even when the clini-
cal examination and the investigations are normal. These
patients may initially present with a persistent dry cough
that eventually becomes wet. Thus, a history of choking
should prompt the physician to immediately refer the child
to a respiratory center with bronchoscopy facilities.?’ The
“watchful waiting” approach may also be bypassed in the
case of atopic children, especially if they have experi-
enced similar episodes of persistent cough in the past. In
this case, a 4- to 8-week treatment with an adequate dose
of inhaled corticosteroid (ICS) followed by cessation and
reassessment, is recommended.?? The resolution of cough
shortly after the initiation of ICS does not necessarily mean
the patient has asthma; as already mentioned, the major-
ity of these children would be spontaneously cough-free
within the next weeks.* However, the diagnosis of asthma
should be seriously considered if the cough recurs after the
discontinuation of 1CS.2

If an isolated chronic dry cough does not resolve after
4 weeks of watchful waiting or ICS administration, referral
to a tertiary center for specific investigations and manage-
ment is warranted.¥

CRX
Spirometry

Clinical ‘

Features of underlying disease

A Red Flags

Chronic cough plus “something more”

Antibiotics trial J

Refer to specialist

Family history i
atopy/asthma Bl
¥
Watchful :
i ICS trial .
waiting Not resolving
|
Not resolving
|
v

Refer to specialist

Figure 2 The simplified approach of chronic cough in children.
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Scenario 2: Isolated chronic wet cough

Wet cough is indicative of the presence of secretions
within the airways; an isolated chronic cough usually has
an infectious etiology.** In developed countries, up to 40%
of children referred to specialized centers with chronic
wet cough are diagnosed with PBB.3* PBB is actually an
umbrella term covering three different endotypes: PBB-
clinical, PBB-extended, and PBB-recurrent.®* The definition
of PBB-clinical is based on three diagnostic criteria:* (a)
wet cough for more than 4 weeks; (b) absence of symptoms
or signs of other causes; (c) cough resolution following 2
weeks of appropriate antibiotic treatment. Obviously, the
diagnosis cannot be made until after the cough resolution
following the 2-week course of antibiotics.3¢

Although different regimens have been proposed,
amoxicillin-clavulanate is the most recommended.*4¢
The duration of treatment varies substantially*; how-
ever, most specialists suggest to begin with a 2-week
course and extend it to 4 weeks if the cough does not
resolve.®'33¢ |f the wet cough requires 4 weeks of antibi-
otics to clear, then the diagnosis of PBB-extended should
be considered. This endotype usually points towards
an underlying tracheo-bronchomalacia, and the child
should be investigated accordingly.* Finally, a small pro-
portion of children will present recurrent (>3 per year)
episodes of PBB (PBB-recurrent). Children with this endo-
type are likely to have underlying bronchiectasis and
should be referred to a respiratory center for specialist
assessment.¥

Scenario 3: Chronic cough plus “something more”

The last scenario involves children with chronic cough and
suspicious history, abnormal clinical examination, or abnor-
mal CXR and/or spirometry. A summary of these “red flags”
is given in Table 3; their presence points towards an under-
lying pathology,’ thus it would be prudent to refer these
children to a specialized respiratory center for further
assessment.51%%7

Children with chronic cough are commonly encoun-
tered by primary care physicians worldwide. Cough is a
defense mechanism, but when it becomes persistent and
troublesome, it should be carefully assessed. In such cases,
its precise characteristics must be determined from the
patient’s history and a thorough examination along with
appropriate first-line investigations must be performed.
In the primary-care setting, the most common scenarios
involving children with chronic cough include the isolated
dry cough, the isolated wet cough, and the chronic cough
accompanied by alarming symptoms and signs. Primary
care physicians must be familiar with easy-to-remember
management algorithms to be able to promptly provide the
appropriate care for these patients.
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Table 3 Alarming clinical signs (“red flags”) and possible

diagnoses.

Cough dated since early
infancy
Failure to thrive

Digital clubbing

Presence of heart murmur
or gallop rhythm
Low oxygen saturation

Recurrent infections
Feeding problems or
postprandial cough

Congenital lung anomalies, CF,
PCD

CF, immunodeficiency, cardiac
disorders

Suppurative lung disease,
cardiac disorders

Cardiac disorders

Parenchymal lung disease,
cardiac disorders

Immunodeficiencies

Aspiration lung disease

Hypotonia, Aspiration lung disease
neuromuscular
disorders

Hemoptysis Suppurative bronchitis

(e.g., CF), bronchiectasis,
foreign body, TB
Exercise-induced Asthma, cardiac disorders
dyspnea
Recurrent pneumonias Congenital lung anomalies,
CF, PCD, foreign body,
immunodeficiency,

aspiration

CF: cystic fibrosis; PCD:
tuberculosis.

primary ciliary dyskinesia; TB:

Conflicts of interest

The authors have no conflicts of interest to disclose.

References

1. Marchant JM, Newcombe PA, Juniper EF, Sheffield JK, Stathis
SL, Chang AB. What is the burden of chronic cough for families?
Chest. 2008;134:303-309. https://doi.org/10.1378/chest.07-2236

2. Newcombe PA, Sheffield JK, Juniper EF, Petsky HL, Willis C,
Chang AB. Validation of a parent-proxy quality of life ques-
tionnaire for paediatric chronic cough (PC-QOL). Thorax.
2010; 65(9):819-823. https://doi.org/10.1136/thx.2009.133868

3. Song WJ, Chang YS, Faruqgi S, Kang MK, Kim JY, Kang MG,
et al. Defining chronic cough: a systematic review of the
epidemiological literature. Allergy Asthma Immunol Res. 2016
Mar;8(2):146-155. https://doi.org/10.4168/aair.2016.8.2.146

4. Parks DP, Ahrens RC, Humphries CT, Weinberger MM. Chronic
cough in childhood: approach to diagnosis and treatment. J
Pediatr. 1989;115(5 Pt 2):856-862. https://doi.org/10.1016/
$0022-3476(89)80123-4

5. de Jongste JC, Shields MD. Cough. 2: chronic cough in chil-
dren. Thorax. 2003;58(11):998-1003. https://doi.org/10.1136/
thorax.58.11.998

6. Chang AB, Oppenheimer JJ, Irwin RS; CHEST Expert Cough Panel.
Managing chronic cough as a symptom in children and manage-
ment algorithms: CHEST Guideline and Expert Panel Report.
Chest. 2020;pii:S0012-3692(20)30325-1 [Epub ahead of print].

7. Hay AD, Wilson A, Fahey T, Peters TJ. The duration of acute
cough in pre-school children presenting to primary care: a



176

Chatziparasidis G et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

prospective cohort study. Fam Pract. 2003;20:696-705. https://
doi.org/10.1093/fampra/cmg613

. Hay AD, Wilson AD. The natural history of acute cough in chil-

dren aged 0 to 4 years in primary care: a systematic review.
Br J Gen Pract. 2002;52:401-409.

. Chang AB, Robertson CF, Van Asperen PP, Glasgow NJ,

Mellis CM, Masters IB, et al. A multicenter study on chronic
cough in children: burden and etiologies based on a stan-
dardized management pathway. Chest. 2012;142(4): 943-950.
https://doi.org/10.1378/chest.11-2725

Chang AB, Glomb WB. Guidelines for evaluating chronic cough
in pediatrics: ACCP evidence-based clinical practice guidelines.
Chest. 2006;129:260s-283s. https://doi.org/10.1378/chest.129.
1_suppl.260S

Gibson PG, Chang AB, Glasgow NJ, Holmes PW, Katelaris P,
Kemp AS, et al; CICADA. CICADA: Cough in Children and
Adults: Diagnosis and Assessment. Australian cough guidelines
summary statement. Med J Aust. 2010;192(5):265-271. https://
doi.org/10.5694/j.1326-5377.2010.tb03504.x

Grudniewicz A, Bhattacharyya O, McKibbon KA, Straus SE.
Redesigning printed educational materials for primary
care physicians: design improvements increase usabil-
ity. Implement Sci. 2015;10:156. https://doi.org/10.1186/
s13012-015-0339-5

Chang AB, Oppenheimer JJ, Weinberger M, Grant CC, Rubin
BK, Irwin RS; CHEST Expert Cough Panel. Etiologies of chronic
cough in pediatric cohorts: CHEST Guideline and Expert Panel
Report. Chest. 2017;152(3):607-617. https://doi.org/10.1016/j.
chest.2017.06.006

Ishak A, Everard ML. Persistent and recurrent bacterial bron-
chitis - a paradigm shift in our understanding of chronic respira-
tory disease. Front Pediatr. 2017;5:19. https://doi.org/10.3389/
fped.2017.00019

Migliori GB, Sotgiu G, Rosales-Klintz S, Centis R, D’Ambrosio L,
Abubakar |, et al. ERS/ECDC statement: European Union standards
for tuberculosis care, 2017 update. Eur Respir J. 2018;51(5):pii:
1702678. https://doi.org/10.1183/13993003.02678-2017

Gilchrist FJ. An approach to the child with a wet cough.
Paediatr Respir Rev. 2019;31:75-81. https://doi.org/10.1016/j.
prrv.2018.11.002

Brodlie M, Graham C, McKean MC. Childhood cough. BMJ.
2012;344:e1177. https://doi.org/10.1136/bmj.e1177

Everard ML.”Suppurative lung disease” in children. Pediatr
Respirol Crit Care Med. 2018;2:18-24. https://doi.org/10.4103/
prcm.prcm_6_18

Weinberger M, Fischer A. Differential diagnosis of chronic
cough in children. Allergy Asthma Proc. 2014;35(2):95-103.
https://doi.org/10.2500/aap.2014.35.3711

Alviani C, Ruiz G, Gupta A. Fifteen-minute consultation: a
structured approach to the management of chronic cough in a
child. Arch Dis Child Educ Pract Ed. 2018;103(2):65-70. https://
doi.org/10.1136/archdischild-2017-313496

Xingmei Yu, Lingjun Kong, Wujun Jiang, Yinfang Dai, Yuqing
Wang, Li Huang, et al. Etiologies associated with chronic
cough and its clinical characteristics in school-age children.
J Thorac Dis. 2019;11(7):3093-3102. https://doi.org/10.21037/
jtd.2019.07.36

Devonshire AL, Kumar R. Pediatric asthma: principles and
treatment. Allergy Asthma Proc. 2019;40(6):389-392. https://
doi.org/10.2500/aap.2019.40.4254

Lee AS, Lee JS, He Z, Ryu JH. Reflux-aspiration in chronic lung
disease. Ann Am Thorac Soc. 2020 Feb;17(2):155-164.https://
doi.org/10.1513/AnnalsATS.201906-427CME

Selvadurai H. Investigation and management of suppura-
tive cough in pre-school children. Paediatr Respir Rev. 2006
Mar;7(1):15-20. https://doi.org/10.1016/j.prrv.2005.11.001
Tatar M, Plevkova J, Brozmanova M, Pecova R, Kollarik M.
Mechanisms of the cough associated with rhinosinusitis. Pulm

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

Pharmacol Ther. 2009;22(2):121-126. https://doi.org/10.1016/].
pupt.2008.11.014

Achilleos A. Evidence-based evaluation and management of
chronic cough. Med Clin North Am. 2016;100(5):1033-1045.
https://doi.org/10.1016/j.mcna.2016.04.008

Vertigan AE. Somatic Cough Syndrome (previously referred to
as psychogenic cough) and Tic Cough (previously referred to
as habit cough) in adults and children. CHEST Guideline and
Expert Panel Report. Chest. 2015;148(1):24-31. https://doi.
org/10.1378/chest.15-0423

Fraga JC, Jennings RW, Kim PC. Pediatric tracheomalacia.
Semin Pediatr Surg. 2016;25(3):156-164. https://doi.org/10.10
80/09362835.2016.1237233

Wu J, Zhong W, Yin Y, Zhang H. Primary immunodeficiency
disease: a retrospective study of 112 Chinese children in a sin-
gle tertiary care center. BMC Pediatr. 2019;19(1):410. https://
doi.org/10.1186/s12887-019-1729-7

Fouzas S, Anthracopoulod MB, Bohadana A. Clinical usefulness
of breath sounds. In: Priftis KN, Hadjileontiadis L, Everard M,
editors. Breath sounds. Cham, Switzerland: Springer; 2018. p.
33-52.

Kantar A. Phenotypic presentation of chronic cough in children.
J Thorac Dis. 2017;9(4):907-913. https://doi.org/10.21037/jtd.
2017.03.53

Yang CL, Gaffin JM, Radhakrishnan D. Question 3: Can
we diagnose asthma in children under the age of 5 years?
Paediatr Respir Rev. 2019;29:25-30. https://doi.org/10.1016/j.
prrv.2018.10.003

Marchant JM, Masters 1B, Taylor SM, Cox NC, Seymour GJ,
Chang AB. Utility of signs and symptoms of chronic cough in
predicting specific cause in children. Thorax. 2006;61: 694-
698. https://doi.org/10.1136/thx.2005.056986

Overlack A. ACE inhibitor-induced cough and broncho-
spasm. Incidence, mechanisms and management. Drug
Saf. 1996;15(1):72-78. https://doi.org/10.2165/00002018-
199615010-00006

Fouzas S, Priftis KN, Anthracopoulos MB. Pulse oximetry in
pediatric practice. Pediatrics. 2011;128(4):740-752. https://
doi.org/10.1542/peds.2011-0271

Kantar A, Chang AB, Shields MD, Marchant JM, Grimwood K,
Grigg J, et al. ERS statement on protracted bacterial bronchi-
tis in children. Eur Respir J. 2017;50(2):pii:1602139. https://
doi.org/10.1183/13993003.02139-2016

Shields MD, Bush A, Everard ML, McKenzie S, Primhak R;
British Thoracic Society Cough Guideline Group. BTS guide-
lines: recommendations for the assessment and management
of cough in children. Thorax. 2008;63Suppl 3:iii1-iii15. https://
doi.org/10.1136/thx.2007.077370

Chang AB, Bell SC, Torzillo PJ, King PT, Maguire GP, Byrnes CA,
et al. Chronic suppurative lung disease and bronchiectasis in
children and adults in Australia and New Zealand Thoracic
Society of Australia and New Zealand guidelines. Med J Aust.
2015;16;202(3):130. https://doi.org/10.5694/mjac14.00287
Graham BL, Steenbruggen |, Miller MR, Barjaktarevic IZ, Cooper BG,
Hall GL, et al. Standardization of spirometry 2019 update. An offi-
cial American Thoracic Society and European Respiratory Society
Technical statement. Am J Respir Crit Care Med. 2019;200(8):e70-
€88. https://doi.org/10.1164/rccm.201908-1590ST

Majid A, Sosa AF, Ernst A, Feller-Kopman D, Folch E, Singh AK,
et al. Pulmonary function and flow-volume loop patterns in
patients with tracheobronchomalacia. Respir Care. 2013;58(9):
1521-1526. https://doi.org/10.4187/respcare.02277

Yilmaz O, Bakirtas A, Ertoy Karagol HI, Topal E, Turktas I.
Children with chronic nonspecific isolated cough. Chest.
2014;145:1279-1285. https://doi.org/10.1378/chest.13-2348
Vertigan AE. Somatic cough syndrome or psychogenic cough -
What is the difference? J Thorac Dis. 2017;9(3):831-838.
https://doi.org/10.21037/jtd.2017.03.119



Childhood chronic cough

177

43.

44,

45.

Chang AB, Upham JW, Masters IB, Redding GR, Gibson PG,
Marchant JM, et al. Protracted bacterial bronchitis: the last
decade and the road ahead. Pediatr Pulmonol. 2016;51:225-
242. https://doi.org/10.1002/ppul.23351

Marhant JM, Masters 1B, Champion A, Petsky HL, Chang AB.
Randomised controlled trial of amoxicillin clavulanate in
children with chronic wet cough. Thorax. 2012;67:689-693.
https://doi.org/10.1136/thoraxjnl-2011-201506

Gilchrist FJ, Carroll W. Protracted bacterial bronchitis: a
common problem with no agreed solution. Arch Dis Child.

46.

47.

2017;102(11):1094. https://doi.org/10.1136/archdischild-
2017-312976

Pritchard MG, Lenney W, Gilchrist FJ. Outcomes in children
with protracted bacterial bronchitis confirmed by bronchos-
copy. Arch Dis Child. 2015;100(1):112. https://doi.org/10.1136/
archdischild-2014-307284

Wurzel DF, Marchant JM, Yerkovich ST, Upham JW, Petsky HL,
Smith-Vaughan H, et al. Protracted bacterial bronchitis in chil-
dren: natural history and risk factors for bronchiectasis. Chest.
2016;150(5):1101-1108. https://doi.org/10.1016/j.chest.2016.06.030



