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adolescents; The current systematic review presented and discussed the most recent studies on pediatric
algorithm; chronic cough. In addition, the Italian Society of Pediatric Allergy and Immunology elaborated
children; a comprehensive algorithm to guide the primary care approach to a pediatric patient with
chronic cough; chronic cough.

diagnosis; Several algorithms on chronic cough management have been adopted and validated in clin-
dry cough; ical practice; however, unlike the latter, we developed an algorithm focused on pediatric age,
wet cough from birth until adulthood. Based on our findings, children and adolescents with chronic cough

without cough pointers can be safely managed, initially using the watchful waiting approach
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and, successively, starting empirical treatment based on cough characteristics. Unlike other
algorithms that suggest laboratory and instrumental investigations as a first step, this review
highlighted the importance of a “wait and see” approach, consisting of parental reassurance
and close clinical observation, also due to inter-professional collaboration and communica-
tion between general practitioners and specialists that guarantee better patient management,
appropriate prescription behavior, and improved patient outcome. Moreover, the neonatal
screening program provided by the Italian National Health System, which intercepts several
diseases precociously, allowing to treat them in a very early stage, helps and supports a “wait
and see” approach.

Conversely, in the presence of cough pointers or persistence of cough, the patient should
be tested and treated by the specialist. Further investigations and treatments will be based
on cough etiology, aiming to intercept the underlying disease, prevent potentially irreversible
tissue damage, and improve the general health of patients affected by chronic cough, as well

as the quality of life of patients and their family.

Further high-quality randomized controlled trials are needed to validate this algorithm’s

performance in real clinical practice.
© 2021 Codon Publications. Published by Codon Publications.

Overview

Cough is defined as “a forced expulsive maneuver, usually
against a closed glottis, and is associated with a charac-
teristic sound.” Cough is a protective physiological reflex
deputed to clear secretion from the airways or remove
inhaled material. As a physiological reflex, healthy children
usually cough on average 11 times (range 1-34) daily. On
the other hand, cough may also be the key symptom of
diseases affecting the upper or lower respiratory airways,
requiring prompt diagnosis and treatment. Cough may be
pragmatically classified, considering its duration and char-
acteristics. Conventionally, acute cough lasts less than
4 weeks, whereas chronic cough lasts more than 4 weeks.
Cough may be wet, such as productive (associated with
secretion), or dry, such as irritative. The current review
aims to present and discuss recent evidence on chronic
cough. This document, provided by the Italian Society of
Pediatric Allergy and Immunology (SIAIP), proposes a prac-
tical algorithm to manage and improve clinical outcomes
of children and adolescents with a chronic cough in clinical
practice.

Pathophysiological mechanisms

Cough is a multifaceted neuromuscular phenomenon char-
acterized by three dynamic steps: a deep inspiration, an
exaggerated expiratory effort against the closed glottis,
and the opening of the glottis, closure of the nasopharynx,
and forced and exaggerate airflow emission through the
mouth.! These events are orchestrated by the sequential
activation and coordination of an afferent circuit, a central
processing pathway, and an efferent arm.?

Cough receptors are generally in the larynx, trachea,
bronchi, and pleura, and also the nose and paranasal
sinuses, in the auditory canal, pericardium, esophagus,
and stomach. Stimulation of these receptors may also elicit
the cough. For example, the ear-cough reflex (Arnold’s
reflex) is known.? The application of an endogenous and/or

exogenous stimulus on cough receptors, localized to vagal
afferent nerve terminations in the airway’s mucosa, acti-
vates a complex neuronal response, which, via the release
of numerous mediators, induces the cough neural circuits.
From multiple peripheral and central sites, the afferent
signal is transported to trigger both on-site and distal
responses, thus activating the bronchopulmonary sensory
nerve as well as peripheral and central sites in the brain-
stem. Herein, the afferent reflex is modulated, and an
efferent response is generated to induce a neuromuscular
effect involving laryngeal abductor and adductor muscle,
diaphragm, muscles of the chest wall, and cervical and
abdominal muscles.?

Coughing is a protective reflex that removes foreign
bodies entered into airways or enhances airway clearance,
acting as an innate, built-in defense mechanism.*

However, when it occurs chronically, cough becomes
a disruptive health problem for the child/adolescent
affected. Chronic cough, defined as a daily cough last-
ing for >4 weeks,> represents a common pediatric health
problem, with a prevalence of 35% in school-age children.¢
Chronic cough may require multiple physician visits and
hospitalization, with substantial implications for the child
and patient’s family and a relevant burden for healthcare.
Accordingly, appropriate diagnostic management has long
been recognized as imperative to achieve the correct
diagnosis promptly and guarantee the best possible ther-
apy. Although cough is commonly considered to originate
from the respiratory system, several extrapulmonary or
systemic diseases can cause a chronic cough. This event is
frequently observed in children with a nonspecific chronic
cough in which, due to the lack of corresponding clinical
symptoms, the risk of misdiagnosis and/or underdiagnosis is
high. It reflects the importance of both a careful and a mul-
tidisciplinary assessment of the affected child/adolescent.

Herein, we performed an updated systematic review
regarding the management of chronic cough in children and
adolescents; a diagnostic and therapeutic algorithm of a
chronic cough has also been developed to offer a practical
guide for the pediatrician.
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Methodology
Study design

A systematic review was performed according to the
Cochrane handbook guidelines.” The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement has been used for reporting of the system-
atic review, filling a 27-item checklist and a flow diagram
(Figure 1).2

Search strategy

A literature search was performed covering papers pub-
lished from January 1, 2008 to July 31, 2019; the PubMed
and Excerpta Medica Database (EMBASE) databases were
systematically searched. In PubMed, the following search
strategy was used: “cough” [MeSH] AND “chronic” [All
Fields] AND “infant” [MeSH] OR “child” [MeSH] OR “adoles-
cent” [MeSH] OR “children” [MeSH].

889 Records identified
through database
searching

Identification

In EMBASE, the following search strategy was used:
“cough”:ab,ti AND “chronic”:ab,ti AND “infant”/de OR
“child”/de OR “adolescent”/de OR “children.

An additional research was conducted on the Cochrane
Database of Systematic Reviews, and the references of rel-
evant articles were further cross-checked.

Inclusion criteria

Studies were considered eligible if they showed the follow-
ing characteristics: pediatric population (aged <18 years),
papers published in English, year of publication (from 2008 to
2019), study design consisting of prospective or retrospective
observational studies, and randomized controlled trial (RCT).

Exclusion criteria

Studies related to the adult population, non-pertinent arti-
cles, duplicates, letters, commentaries, case series including

217 Titles excluded

889 Titles screened

Screening

672 Abstract screened

590 Abstract excluded

* 590 Not relevant

15 Full-text articles excluded

=gy 32 Full-text articles
assessed for eligibility
17 Studies included for
quality assessment
Included

17 Studies included for
quality analysis

e

Figure 1 Flow chart of study selection.

* not relevant to the analysis
* not pertinent
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<10 children, reviews, guidelines, and articles not written in
the English language were excluded from the analysis.

Studies selection

Studies focusing on the definition of the disease, clinical
presentation, and laboratory and instrumental investiga-
tions on children with chronic cough were selected.

Titles and abstracts of studies identified during the ini-
tial search were screened for inclusion, and papers focus-
ing on chronic cough were included in this review. After
that, the full text of all included papers was analyzed for
further evaluation. The references of relevant articles
were also crosschecked.

Data extraction

Data were independently extracted by two authors (SM
and EC), and any disagreements or conflicts were discussed
with other authors.

The following data were extracted for each study:
authors, year of publication, the title of the study, loca-
tion, the number of subjects included, the age of children,
study type, number and type of included studies, aims/out-
comes, results, and comments/limitations of the study.

The study characteristics are summarized in Table 1.

Results
Literature findings

The initial search identified 889 records (306 from the
PubMed database and 583 from the EMBASE database)
of which 104 were duplicates. One additional record was
identified using the Cochrane Database of Systematic
Reviews. Thirty-two studies met the inclusion criteria after
abstracts and titles were evaluated. Fifteen of these stud-
ies were excluded because data were not pertinent or not
relevant (Table 2); 17 studies (2 systematic reviews, 4 ret-
rospective observational studies, 10 prospective analyses
and 1 clinical trial) were judged eligible and included in the
final analysis. The search results and the selection process
are shown in Figure 1.

Study characteristics

This systematic review included 17 studies. Overall, 7337
children aged 24 months to 18 years presenting with
chronic cough were included in the review. The study set-
tings included emergency departments, pediatric depart-
ments, or outpatient clinics and services.

Definition

The definition of chronic cough is nonunanimous. Most of
the studies defined chronic cough as a cough longer than
4 weeks.”?> One study defined chronic cough as lasting

more than three consecutive weeks.? Two studies defined
chronic cough as a cough of >8 weeks duration.>?" Another
study, by the age, defined chronic cough as a cough lasting
>4 weeks in children <15 years and >8 weeks for adoles-
cents >15 years." Only one study did not make the chronic
cough definition explicit."” More recently, according to the
latest CHEST Expert Cough Panel guidelines, chronic cough
has been defined as the presence of daily cough for more
than 4 weeks for children aged <14 years.?

Clinical history and symptoms

Chronic cough may be the expression of several diseases.
Thus, the ability of the clinician to interpret the clinical
history correctly, the type of cough, and the presence of
other symptoms is crucial to establishing an accurate dif-
ferential diagnosis.

Although none of the included studies was explicitly
focused on clinical history and presentation of chronic
cough in children,®?* it has been noted that positive per-
sonal and family history of atopy and a previous history
of chronic cough were commonly detected in children
affected by chronic cough."'6'820 Passive tobacco expo-
sure was commonly reported in patients with chronic
Cough.11’16‘18‘20

At the time of presentation, the average cough dura-
tion differed widely among studies, ranging from <7 days to
30.6 weeks. 2224

Running nose and nasal congestion, dry throat
with foreign body sensation, and repeated clearing of
the throat often accompanied chronic wet cough that
aggravates when the posture is changed or in the early
morning.” It can signify an underlying illness, such as aspi-
ration lung disease, cystic fibrosis, or noncystic fibrosis
bronchiectasis.’

Children with dry cough are more commonly aggravat-
ing or onset at night and/or early morning. Dry cough is
associated with a high rate of spontaneous resolution with-
out any therapeutic intervention.”

Symptoms of post-tussive emesis, purulent nasal dis-
charge, and postnasal drip showed a predictive value for
a positive sinus X-ray (p < 0.001). Worsening cough at night
and with exercise did not correlate with sinusitis underlying
chronic cough'; conversely, these symptoms appeared sug-
gestive, more commonly, of asthma and, less frequently, of
gastroesophageal reflux disease (GERD).?

Etiology of chronic cough

The etiology of chronic cough is broad and differs signifi-
cantly in clinical settings. Airway hyperreactivity, GERD,
and infectious diseases were reported as the most common
causes underlying a positive history for chronic cough in
adults.™

By stratifying the pediatric population by age, a signif-
icant difference in the etiology of chronic cough appeared
per the age range.'?'>1820

In the infant population (5 months-1 year of age), the
sequence of the common causes of nonspecific chronic
cough was upper airway cough syndrome (33.3%), cough



137

Chronic cough in childhood

(anurjuod)

Jnsuod \Cm:oE_:a
(z00'0=d ‘8°0v1
-16°L ‘1D %G6 ‘b9l
‘[¥0] otzeu sppo
paJapJo oq 0)

SpJ023al A1) 210w sem 11) (saeakh /1
1es1paw ut pajiodal se AydeJSolpeu 3say) °q dnyJom 0} S}29M
sSulpuy pue ejep wouy ‘9)Nsuod onsouselq z 7 ‘©8uel)
selq 03 323lgns st 3| ' 1s180105ukue1010 "B *T juswieany sisAjeue sieak uaJpyd e 19
M3IASI DA1323dS0139Y L juaulysad JoN °) 03 asuodsay ‘| VN 9A1309ds0.19Y 1'G ueay 85 vsn ut Yysnood stuoay) GLOZ H ysed €
sjualjed
40 (G€/6) %L GT UL
Auanisod 9§| Jo/pue
W8| abtuownaud )
pue ‘(Ly/L1) %9% Ly Ysnod dLuoiyd ysnod
ut Ayianisod o3| o Ym uaJpiiyd Jluodyd ym
/pue Ws| abiuownaud ul Juswieasy uaJpiLyd uL
‘W “(GE/1) %68°T pue sisougelp apiuownaud
ut Aianisod ws| pue A30j049s pwsp)dodAy
dnou$ 1043u0d B 3pn)dUL apuownaud ) apiuownaud ) pue
jou pip Apnis 3y 7 “(W/L) %L0°L) ut pue (as apluownaud
a)dwes wn.uas auo punoy sem AjAnisod apuownaud *y Apnmis ‘ueaw) pipAwb)y) jo ol 32
pazAjeue sioyine ayj | WS8| abtuownaud W 91en|eAd 0] VN 9AL129dso.d 96°L ¥ 00°8 1y Aoxuny aouajeAasdouas GL0Z s Aos)isy 4
*juasald st
aseastp suny SutAjspun
ue J9yiayMm aulwiaap
03 SUOLIeSIISDAUL JayYINy
10} 193uaD Jofew e 0} sonjolqlaue Jo asn {suoLyeS1ISaAuL
pa.J9)3J 8q pinoys ay3 SuLmo)104 (syjuow Jay3yany Joy
uaJp|Llyd asay3 ey 9< 0] SY99M ) pa.ia)al
92U3PIAS SjeIdpOoW awiely awly dytoads aq Aayy
sl 249y} ‘quawieas) B ULYILM DA0S3U JoU pINoYs usym °z
J130LqIIUE JO SHIIM § S20p YSnod 1am ay3 :8uo)
Aq anoidwit Jou saop usaym pue juassaid Moy Joj pue
ysnod 19m ay3 uaym aJe (Suiqqn)d 1esip ‘pasn aq pinoys M3LADI
*pPa32Npuod 3q pPINoys pue Sulpasaj ym Jnolqlue J13eWalsAs v
SuO13eS1ISaAUL J3Yliny ysnod “5-9) siaqutod Jeym ‘os J| :Suo11e511SaAUL
‘48n0od 19M B YIIm ysnod oy1dads uaym $ysnod jo salpnis pue juswieal)
uaJpyLyd ut yuasaud ate uaye3Japun aq uolIN|osal ay3 9A1329ds043al g (25uel -ysnod
sua3utod ySnod oyloads pINoYs suol1es1IsaAu| 7 Sutaosdwt ut pue o5e) sueak aAL3onpoud 1o
USYM JBY] 9DUSPLAD y2Jeasal uno sonolqlaue aJe aA13dadsoud || M3ILABI '8 03 J9M DLUoIYd A LRE)
Anenb-ysy st auay L Y3m Juauiyiad JoN °) SAL}I3}J3 MOH °| 104 1 d13ewalshs syuow 0L pHLT eleasny YHM uaJpiiyd 9107 gy suey) l
(Apn3s
ay3 jo suorjejrwi) salpn3s papnjdul s3d ['you]
sjusawwo) s3|nsay SawodINQ/swiy Jo adAy pue N Apnis jo adA| asy ‘N Anuno) 9L Jesp sioyiny ‘N

*S3LPNIS Papn)duL ay3 4O sJlIsLIsldeIRy) | dlqel



Marseglia GL et al.

(z =u) g9d yIm
(@y3o) aseastp xnyal
1eadeydosao.ises
pue ‘(. = u)
S1Se303alydu0Iq

UILM aseastp sun)
uoljeuidse ‘(z = u)
gad pue (z = u)
RWYISE YIUM
9WOIpUAS shkemute
Jaddn (4 = u) aseasip
Bun) uone.idse

pue (g = u) ewyjse
Yam ggd ‘(z = u)
uolydajuL seuownaud
ewse)dodAw

pue ‘(g) = u)

g9d Ym ewyise

‘(£T = u) 99d yum
SeMm eloB|RWOaYde.)
:sisouSelp auo ueyy
alow pajsodal
(%9°£1) ua1p1yd
91€/19 J9A02IOW
‘eloR|RWOAYDdRI) pUR
‘sisougelp oytdads

© JNOYILM PaA0Sal
ysnod ‘sisejdalyduolq
‘ewyjse jo sisouselp
Joj payiodas sem

uapJing aseastp
uo A3ojo119 pue

salgojolla pue
uapJing aseastp

138

o5uel o5e Suowe uo 3uas
9DUDIDYIP JuRDYLUSLS pue a5e jo Aemyied
ysnood jo Juswalinsesw ou {(95e jo sueakh 7>) aduaNyuL dY3 jJuawaSeuew
9A1303(qo ue jo ¥oeT 7 uaJp)yd 4a8unoh ayy aulw.islsp o] ‘7 pazipiepuels
suotyejlwL] uL punoy Ajay1) aiow $5U1319S SNOLIRA e uo paseq
aduUSNYuUL $$I) Sey age sem ggd ‘(sisoqy ut Aemyzed salgojolle
pue 3ul319s 1ed1uL)d ay) o135A> pue ‘uopnjeuidse jJuswaseuew pue usping
uo juapuadap st ysnod ‘sise32a1ydu0.q) pJepueis e {UaJPILYD UL
olUoJYy>d JO Sa150)0139 sisougelp SutAjopun Bulsn saldojo139 (o8e ysnod ooiyd
jo Aouanbauy ayy L SNOLISS B pey pue uaping ayj Apnis ueaw) uo Apnis FRL:RE]
1SjUBWIWO) uaJIp|Llyd Jo %9°LL 91enieAd 0] | VN 9A1129dso.d sieah G 9y € eljeasny J9juadNW Y 7102 gy Sueyd 1%
(Apnas
ay) jo suorjejiwi) salpn3s papnjoul s3d ['Jou]
sjusWWOo) $3INsay SaW023INQ/SsWiy Jo adAj pue N Apn3s jo adAL ajy ‘N Aniuno) L Jeap sioyiny ‘N
‘panunuo) | slqel



139

Chronic cough in childhood

(anuryuod)

‘uaJipiyd
19p)0 pue s3u133as aued
Arewrid ut a8ueyd
Aew pajejndjed sy
aY3 snyj pue ‘uaip)iyd
SunoA jo 3ioyod
1eadsoy e uo Ayurew
paseq sem Apnjs siyy
10} pasn 13s elep ay]
*agueyd
Kew sanjeA ¥ ay3 pue
‘SN03USBOWOY-UOU SeM
Apnis siy3 Joy pasn dnoug
1043u02 dAljeIRdWOd BY] €
*Aisnoauejuods saAj0sal
ysnod Sulwnsse ‘quiod
w3 eyl 3e uaJpiiyd
1]e 10} suoledlpaw Jo
95N 3y} 9}eD0APE J0U Op
awiely awly J934oys ay3
asn jeyy saulapind ayl ‘7
*(SY99M 8< "SA SYIIM <)
]BISI9A043UOD SL YSnod
J1U0JYd JO uoLjeInp
93 jo uoljiuysp ayl |

*(€0°0-0 :1D
%56) 0 J0 Y7 2AeSaU
e pey sJajutod
aY3 e Jo aduasqe
ay3 () 03 35012 sy
aAlyesau) yonw Aiaa
Anigeqoud 3s93a1d
ay3 a5ueyd jou
pLp s4ajutod ysnod
enplALpul 1say3o jo
aduasqe ay3 ysnoyny
*dnoJs asned
-11e y3nod oy1dads
33 ul uaIpyd e ut
juasaid sem Jajuiod
ySnod auo 3ses) je
sealaym ‘Uautod
ysnood oytdads e
pey dnou3 paAjosal
Ajsnoauejuods ay3
UL uaJp)iyd om3 Aup °z
ewyise
104 ysSnod Aip pue
d4dd 4o} ysnod
19M UeY} J9Yl0
Mo) Ajjesausas
sem AJLALYISUaS
g “(%86<) usLy
sem sJajutod e
jo Ajoyioads ayy
‘siseydalyouolq
pue ewyjse
‘(gad) siyououq
1eLa1deq
pajoesjoud Jo4 °p
(rrsee-zy)
€07 :Ayewuouqe
ydesSotpel 3say)
(8'6¥€-€°1)
7’17 uo1dNIIsqo
Aemuie 31q1SI9AI
10 9Z33YyM °q
(z'vvs-01)
7€/ :ysnod 1om ‘e
110§ punoj a1am (1D
%G6) SYO JuRdYIUSIS |

o

(uoranosau
snoauejuods)
suoljedipaw
INOYIM
PaAj0sal
ysSnod asoym
usJipiiyo jo
a)youd jesiud
8y3 aquidsaq ‘7
ysnoo
oyldadsuou
wouj ysnod
oyloads
ajeljualaplp
sJajutod ysnod
119M Moy
aulw.Idp o] °|

VN

sisAjeue
9A102ds0.119Y

ysnod ooiyd
YIM UaJpiyd
Bulssasse

10} soljel
pooynayi jo
juswdojanaqg
¢(9reridoadde
sunjlem
1NJyd3eMm st
uaym :ysnod
oluoJYd

sleah g|> 9Z¢ eljeIIsny

yam ua1pIyD

a8 19

gv sueyd



Marseglia GL et al.

140

pasedwod

pue pajen|eAs aiam
swyiLIog)e Juauag 'z

70 10} saLpn3s ou pue
‘€0 pue |D J0J S1DY M3 L

so13sL1930RIRYD YSN0d
pue A103s1y 1estur)d
Aq siayy1p 31 ‘sap '€
70 40 salpms oN °Z
‘pasn
wyjLiose ayy o
9A13Dadsalll sisouselp
e SulAalyoe ut
$s920ns ysiy paliodau
S3IpN3s 34040d ay3
JO IV "ysnod jo
uoljelnp 1ayloys e
pue 9314-ySnod aiom
oyMm uaIp)yd Jo
uonyodoud uaysiy e
pey pue AjjuedyLusis
700 paAoidwi
wyjLIog)e ysnod
9yj Jo asnisiy ayl ‘|
(%001-16
‘12 %S°L6 PaPIs
-3U0) %00L JO aNjeA
aAlDLpald aALjeSau
e U3Im y3nod oyLdads
Jo Aniqrssod ayy Ino
pajnJ sia3utod ysnod
1] Jo duasqe ay |
(%001 :A31ALISUSS)
9INSeaW SALSUDS
Aysiy e sem siajutod
ysnood sytdads ay) jo
auo Aue jo aduasald ay |

Rioisiy
es1und pue
ysnod ayy jo
sol3sLi930RIRYD
pajeldosse ay)
uo Suipuadap
I3JIp wiy3LIos e
Bulsay o
jJuswaseuew
ysnod ayy
pinoys
SIPETEY
Jo/pue
uoljeanp ay3
uo Suipuadap
I3JIp wiy3LIos e
Bulsay o
jJuswaseurw
ysnoo ayy
pinoys
£S9W023N0
1eo1u1)2 aroadwit
(swyjriode

10) sjoo030.4d
jJuswaseuew
ysnood og
:ysnod otuolyd
UM uaJpiiyd
ulL swyjLiose
Jo sAemyzed
jJuswaseuew
40 asn ay)

2}enjeAs o]

=

€} 1140Y0)
€10y

S

pIo

sleah y|5

VN

eneisny

SMaLAI
J11eWISAS
:y8nod oruoayd
Yam uaipiiyd
ul swyjLioge
Jo sAemyyed
jJuswaseuew

Jo asn

9107

wnle 12

gv sueyd 9

(Apnmas
3y3 Jo suorepwL)
sjuswwo)

s}nsay

SaWo0dINQ/SwWiy

salpn3s papnjoul
Jo adAy pue N

Apnis jo adAL

agy

sad

A1uno)

9L

Jeap

['you]
sioyiny N

‘panuuod)

l 91qel



141

Chronic cough in childhood

(anuruod)

‘ysnodjam

JLUOJYD YILM USIPILYD

ul uol3daul Aemuie

19M0) pa1dtpald Aqenal

uol3euLquiod Ul J0 suoje

sqems Jeauhieydolo Jou
1eagukieydoseu JayllaN

salouanbauy

JO J9PJO JUDIDYIP B

aAeY Aew uaIpilyd
ut sdnous age juataylg

*y3nod uorda4uL
-1sod pue ‘ewyise
JueLIBA YSN0D ‘QWOIpuAs
ysnod Aemure saddn
!SMO])04 Se SL M0J2q pue
P10 SJe3A G JO uaIp)Iyd
uL ysnod dLuouyd Jo
ASo)0119 ay3 jo onjeu
uonisodwod Asewrid ay

1easuhieydouo ut ueyy
Jeagukieydoseu ut
JuaieAald aiow a1oMm
SI)DY.JIDIDD D])AXDIOW
pue ‘epiuownaud
$n330303da.3S
‘abzuan)fut snjiydowapH
*98e Jo sieak 9
19A0 $323[qns ay)
uL sisougelp uowwod
3SOW puodas aY) Sem
ysnood o1uasoydAsd
3yl (% 1'6) awoupuAs
ysnod Aemure
Jaddn pue (% 6°L1)
(ggd) shatyduouq
1eL1a3oeq pajoeyold
‘(% 61) swoydwAs
n-ewyise (% 6'+7)
BWUYISe :SMO)J0) SB
sem sjuedidiyied ayy
11e wo.y sisouSelp
Jeuy uowwod 3sow ay |
"(%6°G)
ysnod jo sasned
umouyun pey sased
G pue “(%°7) ysnod
15191 Ue pey sased
T “(%G°€) ydnod xnyad
1easeydosaoiises
pey sased € ‘(%8°8L)
uol3dajul Jaje
ysnod e pey sased
91 ‘(%9°LE) swoupuhs
ysnod Aemute yaddn
pey sased 7€ (%8°1€)
BWUYISe jueLieA ySnod
pey sased /7 :SM0)|0}
Se Sem 45nod dLuoayd
Jo uolnqLi3sip
ASojo139 ay

pue
1easukieydoseu
woJy painynd
suasoyyed
1eL1a)oeq
Aiojeardsal

aJsedwod o] VN

*dnous ase ayy
0} SulpJodde
‘uonyeindod
dLijepad ay) ut
ysnood d1uodyd
JO s103o®)
1eo15010139

ay) azAjeue o) VN

uaJpiiyd

SunoA ut

ysnood d1uoJyd

oy1dads-uou 10y

suerdLiyerpad

JO S)9A9)

juswieas

pue d1souselp

ay3 arosdwi of VN

Apnis

9A130adsoud

Apnis

aAlDadsold

Apnis

aA130ads0.19y

(o8e
uelpaw)
sieak €7

(gs ‘oBe
ueauw)
sieak

8°EFY'G

(gs ‘o8e
ueauw)
sieak

11¥8°¢

$ysnod

J1U0IYD UM

uaJpyiyd ut

NIlCTRRENI

Aemuie Jamo)

Ayauapt

sa4nynd

Aemute uaddn

60€ eljeJjsny

wy3iLioge

1estul)d

Mau e Aq

patuedwodde

ysnod owoJyd

UM UaJpiiyd

€96 Aaxuny

1958unoA

pue sJjeah g

40 uaJpyiyd ut

ysnod oLuoiyd

oy1dads-uou

Jo sisAjeue

G8 BUlYD

pautquiod oq

€96 jO uonenieAy

A3oj0133

810C

G0z

810C

n’1e I
W) =2JeH

a’1€ 39
A 2ED]

a’le 39
X usyd

6

8

L



Marseglia GL et al.

142

y8nod d1uoiyd jo
dnyJom ay3 ul sueldLuld
104 1003 SULUAIDS

ua.piLyd Jo 949 ul
ysnod pasuojoud yum

uoljeinp sy29m
# ueyy aiow Jo
ysnood d1uodyd
B UM uaipiiyd
ul Ael-x snuts

1nyasn Ajjestul)d e st wy pajeldosse pue Aei-x jewouqe ue (a5e uaJpLyd ut
SNULS M3IA S,J93eM Y1 °| Aq payoalap alom Jo Aduanbauy Apnis ueaw) ysnod dwoiyd PRI:RE]
1SjUBWIWO) saljljew.ouqe snuis ‘| Y3 dulwexa o] ‘| VN 9A1309ds0.319y s1eak 9°'¢ 98 epeAIN pue sLjisnuls 7107 MN UOSIIM 1L
‘eluownaud
pue ‘qy3o ‘ewyise
Aq pamo)o4 ‘punoy
Ky auow st gdd
‘(95e jo steak 7>)
uaJp)yd J193unoA ayy
u| ‘etuownaud pue 9oualiadxa
‘SYSO ‘a¥39 ‘dad J1393ua3-315uLs
1J0YsS Sem Aq pamo)o} ‘ysnod v :eaude daa)s
poriad dn-mo10) 9y] 7 olU04yd Jo asned (o8e 9A132N.135q0
sal31plqJowod uowIiwod 3sowW ay) ysnod dLuodyd uelpauw) sutpn)out
UM uaJp)lyd paJeadde ewyise Jo ABojone sieak ysnod ooiyd a’le 19
pa)104ud sioyine ayj ‘| ‘o8e Jo sueal 7 a\qissod e se Apnis (G6°€l UM uaipilyd 73N
suonyejlwl] uey3 Jsapjo uaipjys uj VSO ssasse o1 VN 9A1329dso.d -87°0) & LET Aospany J0 uotjenieAs 810T uejs.ie| (0]
‘A19A110adsal ‘sqems
u3oq 104 (€6 ‘18 :1D
%G6) %88 pue (89
PG 11D %56) %19 pue
‘sqems eaguhieydolo
104 (Z/ ‘65 1D %S56)
%99 Pue (52 ‘¥ :1D
%G6) %G9 ‘Sqems
Jeasuhieydoseu
104 (16 ‘8L 1D %S56)
%G8 Pue (0 ‘S
:[12 %561 1eAI3UL "ysnod
90U3aPYU0D %G6) J9M DluoJYd B
%€9 919M suadoyied UILM uaip)iyd
93ly3 9sayy Jo Aue uL uoLdauL
Aq uor3oayul Aemure Aemure Jomo)
19MO) 10J AdN pue asouselp 0}
Add “(AaAndadsal «plepueis p0§,,
‘%7€ PUR ‘%T°9 ay3 se saunjnd
‘%LT "SA %ET pue Ve YIUM sqems
‘%€ “‘%LE) SqRMS 1easuhseydoio
(Apnas
ay) jo suorjejiwi) salpn3s papnjoul s3d ['Jou]
sjusWWOo) $3INsay SaW023INQ/SsWiy Jo adAj pue N Apn3s jo adAL ajy ‘N Aniuno) L Jeap sioyiny ‘N

"panunuo) | Jjqer



143

Chronic cough in childhood

(anuryuod)

03 Sunuasaud uaip)yd
40 Jaquinu ysiy A1y
3y3 J0/pue pa)j0Jud jou
INQ PaUIDIIS SI9M OYM
uaJpjyd jo uoryiodoud
95.e) e papn)dul Apnis

U1 Jo suonew YL

juawjealy ajeridoidde
0} papuodsal pue
uaJp)yd ut ysnod
J1UO0JYD 4O SJ0}DRY
d15010139 A1axN ay3 Jo
%08< 40} pajunodde

ewyjse pue ‘A819))e ‘xnyay

SUI92U0D
1ejuated pue sSnup
AJessadauun Jo asn ay3
S ]]9M se sisouselp
BuoJm ay3 Suryew jo
Aniqeqoud ysuy e st
a9y ‘ated juarjed
Jnpe .o} yoeoidde
pJepueis ay3 sulsn

Aq apew st uaipiyd

ul ysnod d1uoayd Jo

sisougelp ay3} Usaym

ualpiyd
(1°€Z 03 L) *1D %56
‘%°07) 6£8/1LL ‘8T
Aep 1y “juswyolus e
sAep /> Jo uolyeunp
ysnod e pey (%8'¥/

‘479 = u) UaIPIYD IsOW

*(%07) sai8ojon3a
a1dmnuw pue (%G°7)
uoljedidse (%g)
uod3uL (%5771
ewyise (%572
A31ame (%5°L7)
9SeasIp xnyjal
1easeydosaoiises
919M $101DeJ J15010139

uowiwod jsow ay |

“(%01)

@y39 pue (%5°Gh)
SWOJPUAS ayl)-ewyise
“(%/7) ewyise aiom
$103}2®) D15010119

uowiwod jsow ay |

Apms

ano 03 juautyiad JoN €

Apnis

ano 03 juautiiad JoN ‘7

SsauL
Aiojeardsal
93nde ULMO)\04
ysnod d1uoJyd
J0 9duajesasd
ay3 Ayauapt of

ysnod d1uoJyd
JO s103o®)
1eo13010139

azAjeue o]

ysnood d1uoJyd
JO s103o®)
1eo13010139

azAjeue o]

synsaJ Aeu-x
ym swolrdwAs
91e)9440d 0]
systSojolped
pue sueldLund
Areuow)nd
/AB19e
uaamlaq wy
snuls ayj Jo
uolyeyaidiajul
ay3 aJsedwod o)

l

T

Apnis
VN 9A1329dsoud

Apnis
VN aA13Dadsold

Apnis
VN aA13Dadsold

(98e
uelpaw)
sieak €7

(98e
ueaw)
slealk g/

(gs ‘ofe
ueaw)
sieak

€CT*FG69

9867 elensny
sueaQ

oF MaN

04T Aaxanp

Apnis 14040d
V :UaIpiiyd
ut ssauqt
AKiojeuidsal
9ynde-3sod
ysnood dwoay)

ysnod ooiyd

Yim uaipiiys

uL $103o8)
pajeldossy

saulaping
suelIsAyd
IsdYd jo
959110)
uedLawy Aq
patuedwodde
ysnoo
pasuojoud
Yim
uaJpjiyd jo
uoljen|eAs ay|

£10T

600¢

€102

1819
EN|
Ape1n,0

AL
A 00Usoyy

0z'1B 32
W 19qeie)y

14

€l

4



Marseglia GL et al.

144

*@y39 Jo sisouselp
ay3 Joj paepueis
P108 ay3 st ydiym
‘Apn3s Suriojuow-Hd
y-$7 © wuojiad
j0U pip sioyine ay |
suorjejiwn]
ysnod dwoiyd
JO 9sned uowwod jsow
3y} a19M ewyise pue
awoupuAs dup jeseuisod
SjUSWIWO)

*Apms

ay3 Jo Ayqeziessauss
33 UO SJULRIISU0D
saoe|d 3| *pauaauds Jou
9I9M OYM SInoy asinu
yoJeasal Jo apisino g3

EN-ENDLRGIIEY]
1eadeydosao.ises
UM (G = u) %Z°€ pue
‘ysnod oasoydAsd
Unm (6 = u) %L°G
“ewy3se jueLieA
ysnod yim (gh
=U) %9°6 ‘Ysnod
paje)ost dyLdadsuou
Yim (gL = u)
%G°LL ‘syouolq
JeLIa3oeq pajdesjod
Yam (6L = u) %Z°ZL
‘ewyase yum (61 = u)
%27} ‘@wolpuAs diip
Jeseulsod Yum (67
= U) %98} ‘ewyise
snyd sawoupuAs
dup jeseuysod
YiLm pasouselp

a19m (0€ = U) %T'6)
g9d Yitm pasouselp
219M (%0°LY) LLL/SS
‘uaJpIlyd (%8°0¢€)
£L1/9€ ul pasouselp
Ssem aseaslp sun)
2lU0JYD SNOLISS pue
Mau Y -3stSojouownd
oLjelpad e Aq
PEIYEIVEVIETEIY
(%°89) L1 ‘Ua1p1yd
L11 95343 JO “(%1°91)
1£1/8T Ul d)1qeLieA
pue (%%°97) LLL/S Ul
KIp “(%G°€) LLL/6S
uL 19M sem ysnod
3y "jusW)oIud e
uolyeanp ysnood jo
9A1303dsalll ysnod
juajsisiad pey

uaJipyys ut
ysnood d1uoJyd (as
40 JuawaSeuew ‘ueauw)
pue JUSWSSISSE Apnis sieak
ay) 93enjeAs 0| VN 9A1323dso.d 9TF W8 961 Aaxany

ysnood d1uoJyd
YILM uaJpiyd
JO sawod3IN0

Jlysousgelp ayy
aulw.IIap 0] ‘7

1eLiy jestuld
‘aA130adsoud
‘aannduinsaqg
:saulapLns
£a100¢
o1oRI0Y |
ystiig ayy
0] SutpJodoe
uaJipiys
ut ysnod
J1Uo4Yd Jo
jJuawaseuew
pue 119
juswissasse ay | €10t 9 eisn Gl

(Apnas
ay) jo suorjejiwi)
sjuswwo)

S}nsay

salpn3s papnjdut syd
SaW023INQ/SsWiy Jo adAj pue N Apn3s jo adAL ajy ‘N Aniuno)

['Jou]
oL JeaA sioyiny N

"panunuo) | Jjqer



145

Chronic cough in childhood

‘eaude daa)s 9A1IONIISAO ‘YSO MILASI D1IRWSISAS YS
{9seasip xn)aJ 1eadeydosaotises ‘Y3 ‘OpLX0 LU Pajeyxa Jeuolydel) ‘ONS4 ekl pa))o4iuod paziwopuel ‘| )y ‘9)gedndde jou ‘YN ‘UOLIBIASP piepuels ‘qS ‘9duatajal 1oy

Adoosoyduoiq

uo si1ysuoiq Juanind
JO 9DUSPIAS SARY 0)
punoy ua}yo aJe ysnod
19M DLUOIYD YIM

juasaid oym uaipiy)

‘an)eA

aAndLpald aanisod

yS1y syt 03 anp ysnod
olu04Yd y3m gurjuasaud
sjualjed ul poylaw
o13souselp a)qelas pue
32Inb e se pasn aq

ued juswainsesw ONa4

juarjed

| ulL apiuownaud
D]joisqaly pue
‘(%Z1) sna.np

sn22020)Aydpis “(%/1)

SI)DYJIDIDD D])AXDIOW
‘(%07) aptuownaud
$N320203da.3s

‘(%6¥) apzuanyul
snjiydowapH a1qedAy
-uou pamoys pue
uaJipiyo ayy jo

(16) %9% ut aAsod
219M sain3nd
JeLia3oeq ageAe)
Jej0aAIROYDUOI]

3yl “(£8) %k ut
si3iyouo.Uq uanind
-uou pue sased (L))
%9S ul sialyououq

ssulpuy
oidodsoypuolq
119y} azAjeue
03 pue ygnod

jua)nind pamoys J9M D1UoJIYD
Adoosoyduouq ay UM UJIpILYd
‘eloejewoayde.} o ut siyduoIq
/pue eloejeWOSUAIR) JeLia31deq jo
pey (%£°0¢€) €€ Aouanbauy ayy Apnis afe
‘ualpiyd 601 40 aULWISISp O] VN aA13Dadso0.19y 40 sieak ¢-0
ysnod d1uoyd
yum Sunuasaud
sjualyed ul
sisougelp yum
*ysnod doIyd ueLULd 3Y3
UUMm sjualied ut Isisse ued jey)
eWUY3se jo sisouselp anbiuyoday
ay3 ul AdN %L6 pue SALSRAULUOU
‘Add %18 ‘fydy1dads e se (as
%76 ‘AILALIISUDS juswainseaw ‘ueawl)
%8L Pa3GIYXd ONa4 Apnis sieak
juswainseaw ONa4 91e511saAuL 0] VN aA1Dadsold 9°€ 801

601 vsn

06 Aayany

ysnoo

J9M DluoIYd B

UM UaJpiiyd

ul sSutpuy
oldoosoyduolg

sjualjed
ysnod dLuoiyd
Ul 9PIX0 JLIU
pauolydely

JO uollenieay

[4%014

9102

FAERS
q easaysz

ﬂN._m
19 A ZIPIIA

L)

91



146

Marseglia GL et al.

Table 2 List of excluded studies and reasons for exclusion.

N. Authors Year Title Reasons for exclusion
1 Xepapadaki P 2010 Impulse oscillometry testing in chronic cough in Focused on impulse oscillometry
et al. children. testing
2 Anne S et al. 2016 What are management options for chronic cough Review
in children?
3 Chang AB et al. 2017 Management of children with chronic wet cough Guidelines
and protracted bacterial bronchitis: CHEST
guideline and expert panel report
4 Greifer Metal. 2015 Pediatric patients with chronic cough and It is not possible to extract data
recurrent croup: the case for a multidisciplinary only on chronic cough
approach.
5 Petrunin Y 2018 Pediatric chronic cough characteristics and Abstract Meeting
et al. etiology - A retrospective tertiary clinic cohort
study
6 Willis C et al. 2010 Multicentre RCT using a standardized management  Abstract Meeting
algorithm for the treatment of chronic cough in
children
7 Schmit KM 2013 Evaluating cough assessment tools: A systematic It is not possible to extract
et al. review data only on chronic cough.
8 Chang AB et al. 2006 Guidelines for evaluating chronic cough in Guidelines
pediatrics: ACCP evidence-based clinical
practice guidelines.
9 Zgherea D 2012 Bronchoscopic findings in children with a chronic Focused on protracted bacterial
et al. wet cough bronchitis
10 Zhou J et al. 2018 Values of fractional exhaled nitric oxide for cough-  Focused on the diagnosis of cough-
variant asthma in children with chronic cough variant asthma in children with
chronic cough
11 Chang AB et al. 2013 A cough algorithm for chronic cough in children: A Algorithm
multicenter, randomized controlled study
12 Fracchia MS 2019  The diagnostic role of triple endoscopy in It is not possible to extract
et al. pediatric patients with chronic cough data only on the pediatric
population
13 Hare KM et al. 2015 Respiratory bacterial culture from two sequential Not pertinent
bronchoalveolar lavages of the same lobe in
children with chronic cough
14 McCallum GB 2014 Clinical pathways for chronic cough in children Review
et al.
15 Yilmaz O et al. 2014 Children with a chronic nonspecific isolated cough  Focused on treatment
N: number.

variant asthma (25.9%), post-infectious cough (22.2%),
GERD (3.7%), and allergic cough (3.7%)."

In children younger than 2 years of age, protracted
bacterial bronchitis (PBB) was more likely found (30.8%),
followed by asthma (27%), asthma-like syndrome (15.5%),
GERD (10%), and pneumonia (7.6%).'%'820

In children of 5 years old and below, the main etiologies
of chronic cough were as follows: asthma (31.8%), upper
airway cough syndrome (37.6%), cough after infection
(18.8%), GERD (3.5%), allergic cough (2.4%), and unknown
causes of cough (5.9%)."5¢

In the pediatric population aged 5-16 years, GERD,
allergy, asthma, infections, and aspiration accounted for
>80% of the likely etiologic factors of chronic cough.??* The

psychogenic cough was also a common cause of chronic
cough in children over 6 years of age (Table 3).162

By the characteristics of the cough, it has been
reported that asthma, rhinosinusitis, and GERD were the
most frequent causes of chronic specific cough, with an
incidence of 69.82%, 4.6%, and 8.3%, respectively." The
remaining 21% of patients showed noncystic fibrosis bron-
chiectasis, cystic fibrosis, bronchiolitis obliterans, tubercu-
losis, pneumonia, foreign body aspiration, hemosiderosis,
and ganglioneuromas.'® PBB was the second most common
cause of chronic wet cough, with bacterial culture positive
for Hemophilus influenzae (43.2%), Streptococcus pneumo-
niae (23.9%), Moraxella catarrhalis (23.9%), Streptococcus
pyogenes (6%), and Staphylococcus aureus (3%)."®



Chronic cough in childhood

147

Table 3 The most common causes of chronic cough in the
pediatric population by age.

Box 1 List of systemic and pulmonary cough pointers.

Systemic* cough Pulmonary* cough pointers

Population Causes pointers
Infants Airway cough syndrome (33.3%) Cardiac abnormalities  Chest pain
(5 months to  Cough-variant asthma (25.9%) Digital clubbing Daily moist or productive
1 year of age) Post-infection cough (22.2%) cough
GERD (3.7%) Failure to thrive Hemoptysis

Allergic cough (3.7%)
Children Protracted bacterial bronchitis (30.8%)
(1-2 years of Asthma (27%)
age) Asthma-like syndrome (15.5%)
GERD (10%)
Pneumonia (7.6%)
Asthma (31.8%)
Upper airway cough syndrome (37.6%)
Cough after infection (18.8%)
GERD (3.5%)
Allergic cough (2.4%)
Unknown causes of cough (5.9%)

Children (2-5
years of age)

Children >80%:
(5-16 years of  GERD
age) Allergy

Asthma
Infections

Psychogenic cough

GERD, gastroesophageal reflux disease.

Patients with a dry cough showed croup, tracheo-
bronchomalacia, psychogenic cough, vascular, and air-
way abnormalities as the most frequent etiologies.”
Mycoplasma pneumoniae and Chlamydia pneumoniae were
the most common post-infectious causes in patients with
chronic dry cough on normal pulmonary function tests
(PFTs) and chest X-rays.™

Moreover, two or more associated causative factors
were frequently identified in children with a chronic cough
in some studies.'”»?" Specifically, Chang et al. found that
17.6% of children had more than one diagnosis: tracheom-
alacia was with PBB (n = 27), asthma with PBB (n = 13),
and M. pneumoniae infection (n = 2), PBB with asthma
(n = 8) and aspiration lung disease (n = 4), upper airways
syndrome with asthma (n = 2) and PBB (n = 2), an aspiration
lung disease with bronchiectasis (n = 1), and GERD with PBB
(n=2)."?

Laboratory and instrumental findings

Currently, the clinical history and cough characteristics
have been adopted as criteria to determine the diagnostic
workup of chronic cough.

In their prospective study, Chang et al.” enrolled 326
children newly referred for chronic cough and evaluated
data on specific cough pointers (Boxes 1 and 2). They
showed that the presence of a specific cough pointer indi-
cating a cause of chronic cough had a sensitivity of 1.0 (95%
confidence interval [CI]: 0.98-1.0), specificity of 0.95 (95%

Medications or drugs
associated with
chronic cough

Abnormal cough characteristics
and/or auscultatory findings

Neurodevelopmental Recurrent pneumonia
abnormality
Fever Hypoxia/cyanosis

Immunodeficiency History of the previous lung
disease or predisposing causes

Exertional dyspnea or dyspnea at
rest or tachypnea

Chest wall deformity

Chest radiograph or pulmonary

function test Abnormalities

Feeding difficulties

History of contacts

Cl: 0.82-0.99), positive predictive value (PV) of 0.99 (95%
Cl: 0.97-1.0), negative PV of 1.0 (95% Cl: 0.89-1.0), positive
likelihood ratio (LR) of 20 (95% Cl: 5.18-77.21), and negative
LR of 0 (95% Cl: 0-0.03)."” Thus, those authors concluded
that children with chronic cough without any cough point-
ers could be safely managed using the watchful waiting
approach, while, in the presence of any cough pointers,
children would benefit from further investigations, with an
odds ratio (OR) of 5.28 (95% Cl: 1.23-22.73).B

When specific cough pointers (systemic and/or pulmo-
nary cough pointers (Boxes 1 and 2) are present (high-qual-
ity evidence) and/or cough does not resolve within a
specific time frame (ranging from 1 to >6 months) following
the use of antibiotics (moderate-quality evidence), investi-
gations should be undertaken to determine if an underlying
lung disease or other diseases are present.’

In this regard, the most frequently performed investi-
gations were fiberoptic bronchoscopy (FB) with broncho-
alveolar lavage (BAL) and chest computed tomography
(CT) scans or assessment of immunity; however, the chest
radiograph remains the first line of instrumental investiga-
tion to perform in children with chronic cough. The FB was
reporting up to 74% airway abnormalities,” purulent bron-
chitis in 56% of cases, and laryngomalacia and/or trache-
omalacia in 30.3% of cases.?® BAL, considered as the “gold
standard” to identify lower airway infections, was used
to detecting Haemophilus influenza (49%), S. pneumoniae
(20%), M. catarrhalis (17%), and S. aureus (12%) as the most
common bacteria.?® Chest CT scans were also reported as
positive, and poor radiologic outcomes and structural air-
way abnormalities were more frequently occurring with
longer cough duration.’

A retrospective analysis, enrolling 58 pediatric patients
younger than 18 years, revealed that flexible laryngos-
copy, chest radiograph, and CT scan of the sinuses were
also commonly performed in patients with chronic cough.
Flexible laryngoscopy appeared useful both in the diagnosis
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Box 2 Cough pointers and related underlying diseases.

Cough pointers

Underlying disease

Wheezing episodes

Atopy

Dyspnea on exertion

Allergic salute

Clearing throat

Wet/productive cough

Persistent/recurrent endobronchial infections

Choking with food

Penetration syndrome

Brassy or barking cough

“Bizarre” cough

Dry cough, breathless, restrictive spirometry
Progressive cough, weight loss, fevers

History of contacts

Hemoptysis

Chest deformity

Auscultatory findings

Symptoms worsening after feeding or when lying down
Digital clubbing

Neonatal onset

Positive history for prematurity and neonatal respiratory
intensive care

Cough productive of casts

Chronic wet cough in mornings only

Asthma

Allergic rhinitis

Postnasal drip

Cystic fibrosis

Primary ciliary dyskinesia

Protracted bacterial bronchitis
Recurrent aspiration

Foreign body inhalation
Tracheo/bronchomalacia, airways compression
Psychogenic cough

Interstitial lung disease

Exertional dyspnea or dyspnea at rest or
tachypnea

Tuberculosis

Interstitial lung disease
Bronchiectasis
Chronic lung disease

GERD
Systemic immunodeficiency

Congenital abnormalities
Bronchopulmonary dysplasia

Plastic bronchitis or asthma
Suppurative lung disease

GERD, gastroesophageal reflux disease.

of upper respiratory tract affections and GERD."” A chest
radiograph was ordered for patients for whom the treat-
ment failed, resulting in positive in most cases.” OR for
abnormal chest radiograph findings appeared significant for
the diagnosis of PBB and pneumonia, showing a sensitiv-
ity of 0.20 (95% Cl: 0.16-0.26), specificity of 1.0 (95% Cl:
0.89-1.00), positive PV of 1.00 (95% Cl: 0.92-1.0), negative
PV of 0.15 (95% Cl: 0.11-0.2), positive LR infinity, and neg-
ative LR of 0.8 (95% Cl: 0.75-0.85) for the specific cough
all-causes.” CT scan of the sinuses was positive in patients
with chronic nasal symptoms and chronic cough; X-ray of
the sinuses was able to detect sinus abnormalities in more
than half of the cases."”

Although spirometry (pre- and post-R2-agonists) is com-
monly performed in daily practice, literature data are lack-
ing regarding its use in the pediatric population with chronic
cough.”'2423 Nevertheless, in their multicenter study, the
authors revealed that spirometry showed a sensitivity of
0.03 (95% CI: 0.01-0.06), specificity of 1.0 (95% Cl: 0.89-1.00),
positive PV of 1.00 (95% Cl: 0.60-1.0), negative PV of 0.13
(95% Cl: 0.09-0.17), positive LR infinity, and negative LR of
0.97 (95% Cl: 0.95-0.95) for the specific cough all-causes.™

Finally, only one of the studies included in our system-
atic review investigated the diagnostic role of fractional

exhaled nitric oxide (FeNO) in 90 children, aged 6-17 years,
with chronic cough.? By assuming 24 part per billion (ppb)
and above values for FeNO positivity, Yildiz et al. revealed
that FeNO showed a sensitivity of 0.78, a specificity of
0.92, a positive PV of 0.81, and a negative PV of 0.91, sup-
porting its use as a quick and reliable diagnostic method in
patients with chronic cough.?

Discussion

Chronic cough, defined as the presence of daily cough for
more than 4 weeks in duration, is hugely complicated to
evaluate, and very often, the underlying disease remains
not diagnosed, misdiagnosed, and/or inappropriately
treated. After conducting an updated systematic review
about the management of chronic cough in children and
adolescents, the SIAIP proposed a diagnostic algorithm to
offer a practical guide for the pediatrician to improve man-
agement and clinical outcomes (Figure 2).

The initial assessment of chronic cough includes a
detailed history and physical examination. First, obtaining
a comprehensive clinical history allows the pediatrician to
understand whether the patient is affected by a chronic
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cough. The definition of chronic cough is nebulous, and
it varies widely among the studies.”? In this study, we
adopted a period longer than 4 weeks as a cutoff period
to define the cough as chronic. This prolonged observa-
tion period allows observing a spontaneous cough resolu-
tion for 20% of otherwise healthy children, according to
the postinfectious etiology in many children with chronic
cough.>"? Furthermore, during childhood, numerous ana-
tomical and physiological maturation processes in the
respiratory tract, nervous system, and immune response
naturally occur and positively contribute to spontaneous
cough resolution.? 2

A detailed clinical history also permits to guide the
workup for a specific diagnosis by the age of the child, the
age at symptom onset, and the presence or absence of sys-
temic and/or pulmonary “red flags” (Boxes 1 and 2). If the
cough starts early after birth, spontaneously or acquired
after prior intubation, trauma, infection, or inflammation,
genetic disorders (cystic fibrosis, primary ciliary dyskinesia
[Box 3]¥); immunodeficiencies; congenital anomalies (pul-
monary, cardiac, and vascular abnormalities); pulmonary
disorders (tracheobronchomalacia and surfactant dysfunc-
tion); and neuromuscular diseases must be clinically sus-
pected.® A sudden onset, a history of choking, followed by
prolonged cough in a healthy child between 0 and 3 years
of age, may suggest foreign body aspiration.®*° Due to the
enhanced responsiveness of the cough receptors, pro-
longed ciliary repair, and increased mucus secretion follow-
ing infections, 28-57% of preschool children with a previous
positive history of pneumonia suffer from post-infectious
cough, which is generally self-limited.’"3> The history of
post-tussive vomiting and nausea, paroxysmal cough, and/
or inspiratory whoop suggests that chronic cough can be
caused by Bordetella pertussis.®? The “allergic salute” and
the “throat-clearing” type of cough can suggest the pres-
ence of postnasal drip, although the evidence of a relation-
ship between postnasal drip and irritation of the larynx is
lacking.®

Attention must be paid to the occurrence of symptoms
of a dry, noisy, and barky cough occurring only during the
night, which in many cases suggests a functional breathing

disorder (somatic or tic cough). Although some guidelines
suggest that the presence or absence of nighttime cough
with barking or honking characteristics should not be used
to diagnose or exclude a dysfunctional cough syndrome,
undoubtedly, the sudden occurrence of cough symptoms in
an adolescent exclusively during the night remains sugges-
tive of somatic or tic cough.?

Exposure to pollution, allergen, and smoke may be a
reason for chronic cough.® The presence of comorbidities
and the use of drugs must also be investigated; intersti-
tial lung diseases can occur in patients who experience
autoimmune or neoplastic diseases and/or undergo cyto-
toxic drugs or radiation treatment.’ Finally, the impact of
cough on patients’ quality of life should also be recorded
by administering validated questionnaires (e.g., Parent
Cough-Specific QOL Questionnaire [PC-QOL], generic child:
Pediatric QOL Inventory 4.0 [PedsQL], parent QOL ques-
tionnaires [SF-12], visual analog score [VAS], and verbal
category descriptive [VCD] score), which might be helpful
to stage cough and report changes in clinical symptoms.3*

Differentiating between a dry and wet cough may
detect the presence or absence of cough pointers (Boxes 1
and 2) that would point to an underlying disease. At this
point, a chest radiograph and, when age-appropriate, spi-
rometry should be undertaken in the first-line assessment
of children with chronic cough, since the presence of
abnormalities implies the presence of disease.?

In the absence of cough pointers, a short-term of high-
dose (400 pg/d) inhaled corticosteroids (ICS), budesonide
or beclomethasone, trial (2-4 weeks) in children with a
chronic dry cough could provide a modest but significant
benefit in cough symptoms.®*® Among the guidelines on
chronic cough, a defined period of ICS trial is not provided,
ranging from at least 2 to 12 weeks.>®* Probably, the
authors aimed to differentiate the responders to a 2-week
trial from the non-responders, requiring a more extended
treatment period and eventually developing asthma.>®33%¢
Specifically, if asthma therapy is warranted, the use of a
400 pg/d equivalent dose of budesonide (or beclometh-
asone) up to 2 weeks has been suggested, and a clinical
reassessment after 2-3 weeks is also recommended. Cough

Box 3 Seven-point questionnaire-based prediction tool (Primary CiliARy DyskinesiA Rule: PICADAR) to predict the likelihood of

primary ciliary dyskinesia (PCD).?

PICADAR

Does the patient have a daily wet cough that started in early childhood?

Was the patient born pre-term or full-term? Term 2
Did the patient experience chest symptoms in the neonatal period (e.g., tachypnoea, Yes 2
cough, and pneumonia)?
Was the patient admitted to a neonatal unit? Yes 2
Does the patient have a situs abnormality (situs viscerum inversus or heterotaxy)? Yes 4
Does the patient have a congenital heart defect? Yes 2
Does the patient have persistent perennial rhinitis? Yes 1
Does the patient experience chronic ear or hearing symptoms (e.g., glue ear, serous Yes 1

otitis media, hearing loss, ear perforation)?

Yes - complete PICADAR
No - STOP. PICADAR is not designed
for patients without a wet cough

Total score =
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that is unresponsive to ICS treatment should not be treated
with increased doses of ICSs. On the other hand, the res-
olution of cough with ICS therapy does not necessarily
support a diagnosis of asthma, as an asthma-like transient
clinical syndrome may occur post-upper respiratory tract
infections (URTIs); thus, the patient should be reevaluated
after treatment is stopped.?¢3

A 2-4-week course of appropriate oral antibiotic guar-
antees a high response rate (>75%) in the resolution of
chronic wet cough.®* The efficacy of antibiotics in chronic
wet cough treatment was assessed by three RCTs, show-
ing a clear benefit.” However, in their systematic review,
Chang et al.* found lower-level evidence about the
type and duration of antibiotics required. Amoxicillin-
clavulanate appeared the most commonly used antibiotic,
followed by clarithromycin, erythromycin, and cefaclor.
Macrolide antibiotics are generally administered in chil-
dren with pertussis.*® Other antibiotics were rarely used
in chronic cough treatment.** The duration of treatment
ranged from 1 to 8 weeks: a 2-week course was sufficient,
but when a chronic wet cough persists after 2 weeks of
antibiotic treatment, an additional treatment of 2 weeks
is suggested, especially if a PBB is suspected (Box 4).% If
a PBB diagnosis is confirmed, the patient should undergo
bronchoalveolar lavage or sputum to differentiate “PBB
without lower airway bacteria confirmation” from “PBB
with lower airway bacteria confirmation,” requiring a spe-
cific therapeutic regimen.? Children not reporting clinical
improvement after 4 weeks of antibiotic treatment showed
an increased risk of CT scan-diagnosed bronchiectasis that
can occur with several chronic lung diseases, such as cys-
tic fibrosis, primary ciliary dyskinesia, and also with PBB
(adjusted OR: 5.9 [95% Cl: 1.2-28.5]).>* Therefore, further
investigations such as chest CT and flexible bronchoscopy
should be performed to assess for an underlying disease.*

In the presence of cough pointers or persistence of
cough, a referral from a primary care physician to a spe-
cialist is suggested. If systemic or pulmonary cough point-
ers are detected (Boxes 1 and 2), further diagnostic and
therapeutic management will be guided by the clinical
features and etiologic hypothesis. If no specific point-
ers are reported, we suggest that further investigations
need to be undertaken and targeted toward the patient.

Box 4 Diagnostic criteria for the clinical diagnosis of
protracted bacterial bronchitis (PBB).*

Diagnostic criteria

1. Presence of continuous chronic (>4 weeks’ duration)
wet or productive cough

2. Absence of symptoms or signs (i.e., specific cough
pointers) suggestive of other causes of wet or
productive cough

3. Cough resolved following a 2-4-week course of an
appropriate oral antibiotic

*All three of the above-reported criteria must be
fulfilled.3®

Complete blood count, erythrocyte sedimentation rate
(ESR), C-reactive protein, and first-step immunity evalua-
tion (immunoglobulin [Ig]A, IgM, and IgG) should be per-
formed for cases with the most likely causes of chronic
cough.’® Viruses such as Cytomegalovirus, Respiratory
Syncytial Virus, and Adenovirus, or atypical microor-
ganisms, including M. pneumoniae, C. pneumoniae,
B. pertussis or Parapertussis can result in chronic cough.
Accordingly, blood culture, serology, or polymerase chain
reaction on nasopharyngeal secretions and sputum should
be attempted in case of suspected infectious causes. In
settings with high tuberculosis exposure or abnormal X-ray
findings, appropriate tests for Mycobacterium tuberculosis
infection are required.3%4

As conflicting findings about the relationship between
chronic cough and atopy are reported, in the absence of
symptoms and signs of allergy, testing for sensitization,
such as skin prick test, total, and specific IgE, should not
be performed.>¢ It has been reported that all these tests
are unlikely to predict the patient’s response to treatment,
and cough sensitivity in atopic children is not elevated.?

Children with a chronic wet cough should also be inves-
tigated to document the underlying causes such as cystic
fibrosis.>

In patients with chronic cough reporting recurrent
symptoms suggestive of sinus and nasal inflammation, an
otorhinolaryngological visit, nasal endoscopy, and sinus
CT scan may be performed.?*# On the one hand, nasal
discharge and chronic cough are symptoms commonly
reported in a child affected by chronic sinusitis, while, on
the other hand, the evidence does not support the cause-
effect relationship and reveal discordance between clinical
symptoms and diagnostic tests and, consequently, the non-
appropriateness of treatment options.>“24

Airways resistance determined by the interrupter
technique and spirometry pre- and post-B2-agonists test is
useful in detecting isolated cough associated with airway
hyperresponsiveness and asthma.®

A child with a chronic cough should undergo a chest
radiograph. However, in the presence of chronic cough
refractory to treatment in a child without a precise diag-
nosis, despite a normal chest X-ray, a chest CT scan should
be attempted to evaluate small airway structural integrity
and document lung diseases not visible on chest radiograph
and, potentially, requiring FB.>® Other indications for FB in
children affected by chronic cough are localized radiology
changes, suspicion of inhaled foreign body, aspiration lung
disease, or the need to perform clearance, lavage, and
microbiological investigations.> Purulent bronchitis, laryn-
gomalacia, and tracheomalacia are frequently detected
in children with a chronic wet cough by performing FB.?
Although BAL findings are widely reported and interpreted
by the study authors as being consistent with infections,
only a few studies have performed quantitative bacterio-
logic testing. Among these, prospective and retrospective
studies have found clinically significant levels of both respi-
ratory bacteria density (>10* colony forming units/mL) and
neutrophils assessing a persistent airways infection in chil-
dren with chronic wet cough.®#0:44

The clinical usefulness of FeNO measurement in aiding
diagnosis in patients with chronic cough has not yet been
systematically evaluated, due to its high positive predictive



152

Marseglia GL et al.

value. However, we suggest that FeNO can be used as the
second level of investigation in patients presenting with
chronic cough-variant asthma.®454¢

Despite claims to the contrary, gastroesophageal reflux
appears to be a less frequent and doubtful cause of chronic
cough in the pediatric population.® Although there is a high
incidence of esophageal dysmotility in patients with chronic
cough, it is more likely that reflux is the effect and not the
cause of chronic cough.® For children with a chronic cough
in the absence of underlying lung disease, the treatment
for GERD is not suggested when clinical features of GER,
such as recurrent regurgitation, dystonic neck posturing
in infants, or heartburn/epigastric pain in older children,
are absent. The patient should be treated following evi-
dence-based GERD-specific guidelines?; if an acid-suppres-
sive therapy is required, it should be administered for 4-8
weeks and, after treatment suspension, a clinical reassess-
ment is recommended.? Esophageal impedance 24-hour
pH monitoring is the most sensitive tool for assessing all
types of gastroesophageal reflux; in children aged less
than 2 years, cough episodes were frequently preceded by
weak acid reflux.”® Other diagnoses (Box 5) require further

Box 5 Symptoms that may be associated with
gastroesophageal reflux disease (GERD) and ‘Red Flag’
symptoms are suggestive of disorders other than GERD in
infants and children 0-18 years old.*

Symptoms associated with Red Flags symptoms

GERD
General: General:
1. lIrritability 1. Weight loss
2. Failure to thrive 2. Lethargy
3. Feeding refusal 3. Fever
4. Dystonic neck posturing 4. Excessive irritability/
pain
5. Dysuria

6. Onset of regurgitation/
vomiting >6 months or
increasing/persisting
>12-18 months of age

Gastrointestinal: Neurological:

1. Recurrent regurgitation 1. Bulging fontanel/
with/without vomiting in rapidly increasing head
the older child circumference

2. Heartburn/chest pain 2. Seizures
3. Epigastric pain 3. Macro/
4. Hematemesis microcephaly
5. Dysphagia/odynophagia
Airway: Gastrointestinal:
1. Wheezing 1. Persistent forceful
2. Stridor vomiting
3. Cough 2. Nocturnal vomiting
4. Hoarseness 3. Bilious vomiting
4. Hematemesis
5. Chronic diarrhea
6. Rectal bleeding
7. Abdominal distension

investigations such as laboratory tests, contrast imaging,
upper gastrointestinal endoscopy, and high-resolution
esophageal manometry, depending on presenting symp-
toms.>#“® Recently, a multidisciplinary “triple” endos-
copy has been proposed as a useful investigative tool for
patients with recalcitrant aero-digestive complaints like
chronic cough.® In their retrospective study, the authors
reported that a rigid upper airway evaluation, a flexible
bronchoscopy, bronchoalveolar lavage, and an endoscopy
with biopsies performed by a gastroenterologist could pro-
vide more than one diagnosis, usually missed by one single
procedure.®

Finally, if an extensive evaluation fails to clarify the
etiology of chronic cough, somatic cough disorder such as
habit cough, tic cough, and a psychogenic cough must be
hypothesized, and counseling or referral to a psychologist/
psychiatrist has been suggested in the diagnostic manage-
ment.>® Although the habit cough is featured by a repet-
itive cough with barking or honking characteristics, and
absence of symptom once asleep, these characteristics
should be not used as a marker of habit cough. Similar to
tics, suppressibility, distractibility, suggestibility, variabil-
ity, and the presence of a premonitory sensation should be
taken into consideration. Moreover, by the DSM-5 classifica-
tion of diseases, the authors suggest substituting the diag-
nostic term “tic cough” with “habit cough” and “somatic
cough” with “psychogenic cough”.2

Limitation of the study

We developed this systematic review using a rigorous
research method. However, we cannot exclude that some
studies have not been included in the present manuscript.

Conclusions

In summary, we elaborated a comprehensive algorithm to
guide a primary care approach to pediatric patients with
chronic cough.

Several algorithms for the management of chronic
cough have been adopted and validated in clinical prac-
tice>®16:20.35. however, unlike the latter, we developed
an algorithm focused on the pediatric age, and, also,
in accordance with the Italian National Health System,
which always follows the child from birth to all life-
long. Based on our findings, children with chronic cough
without cough pointers can be safely managed, initially,
using the watchful waiting approach and, successively,
starting empirical treatment based on cough character-
istics. Unlike other algorithms that suggest laboratory
and instrumental investigations as a first step,>¢16:20.3 we
highlighted the importance of a “wait and see” approach,
consisting of parental reassurance and close clinical
observation, also due to interprofessional collaboration
and communication between general practitioners and
specialists that guarantee better patient management,
appropriate prescription behavior, and improved patient
outcome. Moreover, the neonatal screening program,
provided by the Italian National Health System, which
intercepts several diseases precociously allowing to treat
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them in a very early stage, helps and supports a “wait
and see” approach.

Conversely, in the presence of cough pointers or per-
sistence of cough, the patient should be tested and treated
by a specialist. Further investigations and treatments will
be based on cough etiology, aiming to intercept the under-
lying disease, prevent potentially irreversible tissue dam-
age, improve the general health of patients affected by
chronic cough, as well as the quality of life of patients and
its family.

Further high-quality RCTs are needed to validate this
algorithm’s performance in real-life clinical practice.
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