
Ti ricordiamo che questo materiale 
è di proprietà dell’Autore.

Come partecipante al 
XXVIII CONGRESSO NAZIONALE 
SIMRI questo materiale ti è fornito 

da SIMRI per esclusivo uso 
personale concesso dall’Autore

Società Italiana per le Malattie Respiratorie Infantili SIMRI



Polm on it e  c om p lic a t a : d a l 
la b ora t o rio  a lla  t e ra p ia  
fa rm a c olog ic a
Dott.ssa Gaia  Marte lli

SOD d i Pe d iatria – Dire ttore : Dott. Salvatore  Cazzato
Pre sid io d i Alta  Spe cia lizzazione  «G. Sale si»
Azie nda Ospe dalie ro-Unive rsitaria de lle Marche



Ve rsa m e nto  
p le u rico

Em p ie m a

Polm onite  
ne c rot izza nte

Asce sso  
p olm ona re

Brad le y JS e t a l.. Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n
old e r than 3 m onths of age : c linica l p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 
Oct;53(7):e 25-76.

The British Thoracic Socie ty
Pae d iatric Pne um onia Aud it
re porte d that 3% of case s of
CAP be com e com plicate d .



Parapne um onic e ffusion

• De fine d as a colle c tion of fluid in the p le ural space associate d
with unde rlying pne um onia.

• In child re n, p rospe ctive stud ie s of CAP in Europe and the
Am e ricas have de m onstrate d parapne um onic e ffusions in 2%–
12%

Brad le y JS, Byington CL, Shah SS, Alve rson B, Carte r ER, Harrison C, Kaplan SL, Mace SE, McCracke n GH Jr, Moore  MR, St Pe te r SD, Stockwe ll JA, Swanson JT; Pe d ia tric Infe c tious
Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n old e r than 3 m onths of age : c linica l 
p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 Oct;53(7):e 25-76.



Parapne um onic e m pye m a

• Colle c tion of pus in the p le ural space associate d with an
unde rlying pne um onia.

• Pus m ay be de fine d by gross appe arance , WBC count (50 000
WBCs/ m icroL), or positive bacte ria l culture .

Brad le y JS, Byington CL, Shah SS, Alve rson B, Carte r ER, Harrison C, Kaplan SL, Mace SE, McCracke n GH Jr, Moore  MR, St Pe te r SD, Stockwe ll JA, Swanson JT; Pe d ia tric Infe c tious
Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n old e r than 3 m onths of age : c linica l 
p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 Oct;53(7):e 25-76.



Ne crotizing pne um onia

• Exte nsive de struc tion and lique fac tion of lung tissue
• Ne crosis rap id ly progre sse s to cavita tion (p ne um a toce le s),

which is ge ne rally pe riphe ral and lim ite d to a sing le lobe . Sm all
cavitie s can coale sce and form large cysts with air-fluid le ve ls ,
m im icking a lung absce ss. Rup ture into the p le ural space can
cre ate b ronchop le ura l fis tu la .

• Ne crotis ing pne um onia com plicate s up to 7% of all case s of
pae d iatric CAP.



Lung absce ss

Patrad oon-Ho P, Fitzge rald  DA. Lung absce ss in child re n. Pae d iatr Re sp ir Re v. 2007 Mar;8(1):77-84.

• A lung absce ss is a thick-walle d cavity that contains purule nt m ate rial re sulting
from a pulm onary infe ction.

• The pathoge ne sis of lung absce ss involve s an are a of initia l pne um onitis that
le ads to ne crosis, cavitation and absce ss form ation. Pu lm ona ry a sp ira t ion m ay
be a ce ntral fac tor.

• A p rim a ry lung absce ss occurs in a pre viously we ll child with norm al lungs.
• A se cond a ry lung absce ss occurs in child re n with an und e rlying lung

abnorm ality, which m ay be conge nital (cystic fib rosis , im m unode fic ie ncy or
structura l as in a conge nita l cyst ade nom atoid m alform ation) or acquire d
(achalasia or a ne urode ve lopm e ntal abnorm ality such as ce re bra l palsy with
re pe ate d pulm onary asp iration and suppurative lung d ise ase ).

• The pre se nce of a factor p re d isposing to lung absce ss will influe nce the
like lihood of ce rtain pathoge ns be ing isolate d .



La b ora t orio



Spe nce r DA, Thom as MF. Ne crotising pne um onia in child re n. Pae d iatr Re sp ir Re v. 2014 Se p ;15(3):240-5; quiz 245.
Te re sinha Moce lin H, Bue no Fische r G, Dane zi Picc ini J, de  Olive ira  Esp ine l J, Fe ijó Andrade  C, Bush A. Ne crotizing
Pne um onia In Child re n: A Re vie w. Pae d iatr Re sp ir Re v. 2024 Fe b 20:S1526-0542(24)00020-4.



Stre p tococcus Pne um onia e

• The m ost p re vale nt, with an ide ntification rate be twe e n 18 and 83 %.
• Introduction of the first 7-vale nt conjugate pne um ococcal vaccine was

associate d with an init ia l ra p id re d uc t ion in the incide nce of pne um onia and
com plicate d d ise ase ,

• Unfortunate ly som e of the se be ne fits we re short live d and the re followe d an
incre ase in e m pye m a re late d to se rotype s not p re se nt in the vaccine .

• Following g lobal re p lace m e nt of PCV7 with 13‐vale nt PCV (PCV13,
containing ad d itional Se rotype s 1, 3, 5, 6A, 7F, and 19A), incide nce
and hosp italization rate s for e m pye m a re duce d substantially

• An incre ase d tre nd in hosp ital ad m issions
was found in the late post‐PCV13 pe riod , e spe cia lly due to S. pne u-
m oniae case s.

• In Ita ly, S. pne um oniae se rotype 3 is the m ost associate d with NP occurring
e ve n in child re n with a com ple te vaccination sche dule with PCV13

Te re sinha Moce lin H, Bue no Fische r G, Dane zi Picc ini J, de  Olive ira  Esp ine l J, Fe ijó Andrade  C, Bush A. Ne crotizing Pne um onia In 
Child re n: A Re vie w. Pae d iatr Re sp ir Re v. 2024 Fe b 20:S1526-0542(24)00020-4.

Spe nce r DA, Thom as MF. Ne crotising pne um onia in child re n. Pae d iatr Re sp ir Re v. 2014 Se p ;15(3):240-5; quiz 245.



Sta p hilococcus Aure us

• The fre que ncy and m orbid ity of com m unity-acquire d m e thicillin-re sis tant S. aure us (CA-
MRSA) has s ig nifica nt ly inc re a se d in the last de cade .

• Although rare , pne um onia cause d by S. aure us producing Panton-Vale ntine le ukocid in is
pote ntially se rious, with a high m ortality ra te . PVL is a virule nce factor produce d by up to
74–100 % of CA-MRSA

Te re sinha Moce lin H, Bue no Fische r G, Dane zi Picc ini J, de  Olive ira  Esp ine l J, Fe ijó Andrade  C, Bush A. Ne crotizing Pne um onia In 
Child re n: A Re vie w. Pae d iatr Re sp ir Re v. 2024 Fe b 20:S1526-0542(24)00020-4.



Spe nce r DA, Thom as MF. Ne crotising pne um onia in child re n. Pae d iatr Re sp ir Re v. 2014 Se p ;15(3):240-5; quiz 245.

• Rare ly the  sole  cause  of NP 
• Gre ate r risk of se condary bacte ria l CAP 
• Viruse s can de cre ase bacte ria l c le arance  by d isrup ting the  re sp ira tory e p ithe lial

barrie r, im pairing m ucociliary function, incre asing bacte rial adhe re nce by 
upre gulating adhe re nce prote ins , and  m odulating im m une  function

Maste rs IB, Isle s AF, Grim wood K. Ne crotizing pne um onia: an e m e rg ing prob le m in child re n? Pne um onia (Nathan). 2017 Jul 25;9:11.



Sawicki GS, Lu FL, Valim C, Cle ve land  RH, Colin AA. Ne crotising pne um onia  is an incre asing ly d e te c te d com plica tion of pne um onia  in child re n. Eur Re sp ir J. 2008 Jun;31(6):1285-91.

Su sangue :
• Le ucocitosi
• Ane m ia
• Ipoalbum ine m ia
• Incre m e nto de gli ind ici d i

infiam m azione (PCR, VES)

Su liquido p le urico:
• pH basso*
• Ridotto g lucosio
• Ele vata ce llularità con

pre dom inanza ne utrofilica
• Esam e colturale positivo

(ind ipe nde nte m e nte da
antib iotico pre -
ospe dalizzazione )

• Stud io re trospe ttivo osse rvazionale
• Bam bini ospe dalizzati a l Child re n’s Hosp ita l Boston pe r 

polm onite  ne crotizzante  da  Ge nnaio 1990  a  Fe bbraio 2005 
(80  casi)

*Ne i bam bini, valori d i pH < 7.2 
sono sta ti associa ti a  ne ce ssità  
d i d re nagg io p le urico

Brad le y JS e t a l. Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n
old e r than 3 m onths of age : c linica l p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 
Oct;53(7):e 25-76.



• Le ss than 10 % of b lood culture s are positive , p rob ab ly due to
pre vious use of antib iotics

• Se nsitivity is highe r in p le ural fluid culture , but culture -ind e pe nd e nt
m e thod s are a good alte rnative in the e tiolog ical de finition of culture -
ne gative case s (q PCR and im m unochrom atographic assay for antige n
de te ction)

• The re fore , id e a lly, b oth cu ltu re -b a se d a nd m ole cu la r d e te c t ion
te chniq ue s shou ld b e use d to d e te rm ine a e t io log y.

• The stud ie s of child re n with NP disp laye d in Tab le 1 show positive
m icrob iology re sults in 8–55% of case s

Te re sinha Moce lin H, Bue no Fische r G, Dane zi Picc ini J , d e  Olive ira  Esp ine l J, Fe ijó And rad e  C, Bush A. Ne crotizing Pne um onia In Child re n: A 
Re vie w. Pae d iatr Re sp ir Re v. 2024 Fe b 20:S1526-0542(24)000 20-4.

Maste rs IB, Isle s AF, Grim wood K. Ne crotizing pne um onia: an e m e rg ing prob le m in child re n? Pne um onia (Nathan). 2017 Jul 25;9:11.



• Sie rolog ia pe r Mycoplasm a

• Esam e colturale de ll’e spe ttora to:
 Non facilm e nte re alizzab ile in e tà pe d iatrica
 Il riscontro d i Pne um ococco può avve nire anche in bam bini sani

• L’isolam e nto d i virus ne lle vie re spira torie può e sse re utile ne lla
com pre nsione de lla patoge ne si e ne lle m isure d i isolam e nto, m a non de ve
guidare il succe ssivo m anage m e nt (rischio d i sospe nsione d i antib iotic i)

Maste rs IB, Isle s AF, Grim wood K. Ne crotizing pne um onia: an e m e rg ing prob le m in child re n? Pne um onia (Nathan). 2017 Jul 25;9:11.



Tuğcu GD, Özse ze n B, Türkyılm az İ, Pe hlivan Zorlu B, Eryılm az Polat S, Özkaya Parlakay A, Cine l G. Risk fac tors for com plicate d
com m unity-acquire d pne um onia in child re n. Pe d iatr Int. 2022 Jan;64(1):e 15386.

• Re trospe ctive cohort s tudy
• 111 patie nts with CAP (n= 93)

and CCAP (n= 18) who visite d
the pe d iatric ward of the study
hospital be twe e n January 1,
2017 and De ce m be r 31, 2017.



• Re trospe c tive study base d on 282 child re n with NP adm itte d to
Kunm ing Child re n’s Hosp ital from January 2014 to Nove m be r 2022

• The child re n with NP we re d ivide d into m assive ne crotizing
pne um onia (MNP) group and non-MNP group accord ing to the
se ve rity of the lung ne crosis (> 30% ve rsus < 30%).

Ove ra ll (=282) NON-MNP (=188) MNP (=94) P va lue



• Re trospe c tive study base d on 282 child re n with NP adm itte d to
Kunm ing Child re n’s Hosp ital from January 2014 to Nove m be r 2022

• The child re n with NP we re d ivide d into m assive ne crotizing
pne um onia (MNP) group and non-MNP group accord ing to the
se ve rity of the lung ne crosis (> 30% ve rsus < 30%)

A pre d ictive nom ogram
conta ining six inde pe nde nt
p re d ic tors (hae m atoge nous
sp re ad , WBC, Hb , CRP, LDH,
and APTT) was e stab lishe d
by log istic re g re ssion

Ove ra ll (=282) NON-MNP (=188) MNP (=94) P va lue



Masarwe h K, Gur M, Toukan Y, Bar-Yose ph R, Kassis I, Gut G, Hakim  F, Nir V, Be ntur L. Fac tors assoc iate d with com plicate d pne um onia in 
child re n. Pe d iatr Pulm onol. 2021 Aug;56(8):2700-2706.

• Re trospe ctive sing le -ce nte r study
• 6778 child re n adm itte d from January 2001 until March

2020 with a d iagnosis of pne um onia .
• 323 arrive d with com plicate d pne um onia (COMP-ADM),

232 de ve lope d a com plication during hosp ita lization
(COMP-HOSP) and 6223 had uncom plicate d pne um onia
(PNEUMO).



Fig . D: Re lationship of d iffe re nt
se ve rity of lung ne crosis with
p le ural pne um ococcal load . The
horizontal line s ind icate m e dian
value s

Hsie h YC, Chi H, Chang  KY, Lai SH, Mu JJ, Wong KS, Liu CC, Huang  YC, Lin HC, Chang  LY, Huang  YC, Huang  LM; Taiwan Pe d iatric Infe ctious Dise ase s Alliance . 
Incre ase in fitne ss of Stre p tococcus pne um oniae is associa te d with the  se ve rity of ne crotizing pne um onia . Pe d iatr Infe ct Dis J. 2015 May;34(5):499-505.

• Prospe ctive m ulti-ce nte r s tudy
• From  March 2010  to April 2012, a  tota l of 801 child re n age d <18 ye ars we re adm itte d for CAP 

Fig . E: Corre la tion of nasopharynge al
pne um ococcal load with ple ural
pne um ococcal load (Spe arm an te st).



Te ra p ia  
fa rm a c olog ic a



• Initia l the rapy m ust be e ffe ctive against S pneumonia e (the com m one st cause
of CCAP) and S a ureus, guide d by local bacte riolog ical knowle dge .

• High-dose p e nic illin or a m p ic illin , a m oxic illin–c la vu la nic a c id , o r a se cond -
g e ne ra t ion or third - g e ne ra t ion ce p ha losp orin (e g , ce furoxim e , ce fotaxim e , or
ce ftriaxone ) are ofte n use d intrave nously.

• Pe nic illin, am pic illin, and ce ftriaxone are ge ne rally insuffic ie nt for cove rage of S
a ureus, and should not be use d in se ttings whe re this m icroorganism is
pre vale nt.

• In are as whe re the re is a high pre vale nce of m e tic illin-re sis tant S a ureus,
va ncom yc in, line zolid or rifa m p ic in should be use d as an ad d itional first-line
age nt until culture re sults are availab le .

• Whe n M pneumonia e infe ction is d ocum e nte d , tre atm e nt should also include a
m a cro lid e . Macrolide s should ne ve r be use d as the sole antib iotic in
com plicate d pne um onia.

d e  Be ne d ictis  FM, Ke re m E, Chang  AB, Colin AA, Zar HJ, Bush A. Com plicate d pne um onia  in child re n. Lance t. 2020  Se p  12;396(10253):786-798.

Spe nce r DA, Thom as MF. Ne crotising pne um onia  in child re n. Pae d iatr Re sp ir Re v. 2014 Se p ;15(3):240-5; quiz 245.



• The d uration of intrave nous antib iotic the rapy to p re scribe is
controve rsia l, and oral antib iotic the rapy should b e starte d as soon
as possib le

• A course of 2–3 we e ks of intrave nous antib iotic the rapy is usually
suffic ie nt, ofte n with a transition to oral the rapy whe n fe ve r has
abate d for at le ast 24–48 h, the re is no re sp ira tory d istre ss or
e vide nce of uncontrolle d se psis, the child is tole ra ting e nte ral fe e d s
and has an im prove d m ood and p layfulne ss, and whe n inflam m atory
m arke rs are re ducing .

• Oral antib iotics are g e ne rally p re scribe d for around 14-21 days afte r
intrave nous the rapy is stoppe d .

d e  Be ne d ictis  FM, Ke re m E, Chang  AB, Colin AA, Zar HJ, Bush A. Com plicate d pne um onia  in child re n. Lance t. 2020  Se p  12;396(10253):786-798.
Maste rs IB, Isle s AF, Grim wood K. Ne crotizing pne um onia: an e m e rg ing proble m in child re n? Pne um onia  (Nathan). 2017 Jul 25;9:11.



Ne crotizing pne um onia
• Sim ilar antib iotic cove rage is use d for m ost patie nts with

ne crotis ing pne um onia.
• The e ffe c t of the antib iotics on p e rs is te nt fe ve r and se ve re

c linical m orb id ity, which are probab ly d rive n by the
ne c rot is ing p roce ss ra the r tha n the p e rs is te nce of infe c t ion,
is unknown; in fac t, d ire c t culture s of the ne crotic m ate ria l are
com m only ne gative .

d e  Be ne d ictis  FM, Ke re m E, Chang  AB, Colin AA, Zar HJ, Bush A. Com plicate d pne um onia  in child re n. Lance t. 2020  Se p  12;396(10253):786-798.



Lung absce ss

Patrad oon-Ho P, Fitzge rald  DA. Lung absce ss in child re n. Pae d iatr Re sp ir Re v. 2007 Mar;8(1):77-84.



Lung absce ss
• More prolonge d the rapy m ight be ne ce ssary be cause the y are typ ically slow to

re solve (m any re m ain fe brile for 2 we e ks or m ore )
• Conse rvative tre atm e nt with IV antib iotics for 2-3 we e ks, followe d by 4 we e ks’ oral

tre atm e nt.
• If fe ve r falls to se ttle afte r 2 we e ks, d rainage should be conside re d .
• Most of anae rob ic bacte ria that cause lung absce ss are p e nic illin-se ns it ive (IV

the rapy with high-dose of se cond or third -ge ne ration ce phalosporin to cove r
ane robe s, MSSA and stre p tococci.

• Many ce nte rs ad d m e t ronid a zole or c lind a m yc in to p e nic illin a s firs t line -
the ra p y be cause of the rise of p e nic illin re s is ta nce .

• Antib iotics for the oral phase of tre atm e nt includ e se cond -ge ne ration
ce phalosporin, co-am oxiclav or a m acrolide .

• De com pre ssion of the absce ss m ay be re quire d acute ly in the rare situation whe n
the absce ss is large e nough to caouse significant a irway com pre ssion or
m e d iastinal shift

Patrad oon-Ho P, Fitzge rald  DA. Lung absce ss in child re n. Pae d iatr Re sp ir Re v. 2007 Mar;8(1):77-84.



Brad le y JS, Byington CL, Shah SS, Alve rson B, Carte r ER, Harrison C, Kaplan SL, Mace SE, McCracke n GH Jr, Moore  MR, St Pe te r SD, Stockwe ll JA, Swanson JT; Pe d ia tric Infe c tious
Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n old e r than 3 m onths of age : c linica l 
p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 Oct;53(7):e 25-76.



Brad le y JS, Byington CL, Shah SS, Alve rson B, Carte r ER, Harrison C, Kaplan SL, Mace SE, McCracke n GH Jr, Moore  MR, St Pe te r SD, Stockwe ll JA, Swanson JT; Pe d ia tric Infe c tious
Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . The  m anage m e nt of com m unity-acquire d pne um onia  in infants and  child re n old e r than 3 m onths of age : c linica l 
p rac tice guid e line s by the  Pe d ia tric Infe c tious Dise ase s Socie ty and  the  Infe c tious Dise ase s Socie ty of Am e rica . Clin Infe c t Dis. 2011 Oct;53(7):e 25-76.



Role of corticoste roids?



• 17 RCTs com prising a tota l of 2264 partic ipants: 13 
RCTs include d 1954 adult partic ipants , and  four
RCTs include d 310  child re n. 

• All tria ls  lim ite d  inclusion to inpatie nts with 
com m unity-acquire d pne um onia (CAP)

• Am ong child re n with bacte ria l non-se ve re CAP, corticoste roid s
re d uce d e a rly c lin ica l fa ilu re ra te s , base d on two sm all, c linically
he te roge ne ous tria ls, and re duce d m orb id ity, b u t non m orta lity

• Corticoste roid the rapy was associa te d with m ore adve rse e ve nts,
e spe cia lly hype rg lycae m ia



• Multice nte r, rand om ize d , d oub le
b lind , p lace bo-controlle d clinical
tria l of 60 child re n from 1 m onth to
14 ye ars of age with com m unity-
acquire d pne um onia (CAP) a nd
p le ural e ffusion.

• Patie nts we re rand om ly assigne d
to the DXM (n = 30) or p lace b o (n =
30) g roup

• The aim was to inve stiga te
whe the r the tre atm e nt of DXM
(0 .25 m g/ kg / dose e ve ry 6 hours
for 48 hours) with antib iotic
the rapy d e cre ase d the tim e to
re cove ry of parapne um onic
p le ural e ffusion com pare d with
p lace bo.

Tagarro A, Othe o E, Baque ro-Artigao F, Navarro ML, Ve lasco R, Ruiz M, Pe nín M, More no D, Rojo P, Mad e ro R; CORTEEC Stud y Group . De xam e thasone for 
Parapne um onic Ple ural Effusion: A Rand om ize d , Double -Blind , Clinical Tria l. J Pe d iatr. 2017 Jun;185:117-123.e 6.

• The  m e d ian tim e  to re cove ry was 68 hours  (2.8 days) shorte r in the  patie nts re ce iving DXM 
• The re we re no significant d iffe re nce s in com plications or adve rse e ve nts a ttributab le to the  study 

d rugs, e xce p t for hype rg lyce m ia. 



Role of corticoste roids?

Syste m ic corticoste roids cannot be  
re com m e nde d for patie nts  with CCAP 
and  m ore  stud ie s are  ne ce ssary. 



• Oxyge n
• Fluid and  e le c trolyte re p lace m e nt (hyponatrae m ia) 

isotonic intrave nous fluid was associate d with a  lowe r risk of 
hyponatrae m ia

• Nutritional sta tus should be  m onitore d during and  afte r 
hosp ita lisation for child re n with CCAP (hypoalbum inae m ia) 



Dott .ssa Ga ia  Ma rte lli
g a ia .m a rte lli@osp e d a liriunit i.m a rche .it

Azie nd a  Osp e d a lie ro Unive rs ita ria
d e lle Ma rche

SOD d i Pe d iatria - Dire ttore  Dott. Salvatore  
Cazzato

Ospe dale Pe d iatrico G. Sale si

Dom a nd e ?
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