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Abstract

Community-acquired pneumonia can lead to a serious complication called empyema, which refers to pus within
the pleural space. While it poses a significant threat to morbidity, particularly in children, it is fortunately not
associated with high mortality rates. However, determining the best course of management for children, including
decisions regarding antibiotic selection, administration methods, and treatment duration, remains a topic of
ongoing debate. This scoping review aims to map the existing literature on empyema in children, including types
of studies, microbiology, therapies (both antimicrobial and surgical) and patient outcomes. We systematically
searched PubMed and SCOPUS using the terms “pediatric” (encompassing children aged 0 to 18 years) and “pleural
empyema” to identify all relevant studies published since 2000. This search adhered to the Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA ScR) checklist.

A total of 127 studies was included. Overall, 15 attempted to compare medical treatments (alone or in
combination with pleural drainage or fibrinolysis) with more invasive surgical approaches, and six studies compared
diverse surgical interventions. However, the diversity of study designs makes it difficult to derive firm conclusions
on the optimal approach to pediatric empyema. The heterogeneity in inclusion criteria, pharmacological/
surgical approaches and settings limit the ability to draw definitive conclusions. Overall, 78 out of 10,896 children
(0.7%) included in the review died, with mortality being higher in Asia and Africa. Our scoping review highlights
important gaps regarding several aspects of empyema in children, including specific serotypes of the most
common bacteria involved in the etiology, the optimal pharmacological and surgical approach, and the potential
benefits of newer antibiotics with optimal lung penetration. New trials, designed on a multi-country level a higher
number of patients and more rigorous inclusion criteria and designs, should be urgently funded.
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Introduction

Parapneumonic empyema, characterized by pus accu-
mulation on the pleura, is a common local complication
of childhood community-acquired pneumonia (CAP)
[1-5]. While estimates suggest parapneumonic effusions
develop in approximately 1 in every 100 to 150 children
with CAP [6, 7], hospitalized children with CAP may
have a prevalence as high as 40% [8].

The primary causative agent of CAP is predominantly
Streptococcus pneumoniae, and its incidence has demon-
strated fluctuations over time [9]. Notably, there has been
a significant global decrease in pneumococcal disease
and mortality rates following the introduction of the hep-
tavalent pneumococcal conjugate vaccine (PCV7), which
targets serotypes 4, 6B, 9V, 14, 18 C, 19 F, and 23 F, into
routine childhood immunization schedules [10]. How-
ever, in subsequent years, the USA observed an uptick
in pneumococcal empyema cases associated with sero-
types not covered by PCV7 [11]. Following the transi-
tion from PCV7 to PCV13, which additionally includes
pneumococcal serotypes 1, 3,5, 6 A, 7 F, and 19 A, there
has been a noteworthy reduction in the incidence and
hospitalization rates related to empyema [12]. This shift
to PCV13 is particularly significant given the strong cor-
relation between parapneumonic empyema and pneu-
mococcal serotype 1 [13]. Although other bacteria, such
as group A Streptococcus and Staphylococcus aureus, are
less commonly linked with CAP, they are potential bacte-
rial pathogens associated with parapneumonic empyema
[13].

The clinical manifestation of parapneumonic empy-
ema closely resembles that of uncomplicated CAP [9, 13].
Suspecting empyema is prudent in children experiencing
prolonged fever (lasting 7 days or more) or those showing
no improvement after 48—72 h of appropriate antibiotic
therapy. Physical examination typically reveals reduced
air entry and dullness to percussion [9]. Chest X-ray and/
or pulmonary ultrasound are used to confirm suspected
parapneumonic empyema. Ultrasound is particularly
valuable due to its higher sensitivity compared to X-ray
in assessing fluid collection extension and nature; addi-
tionally, it avoids radiation exposure for children. While
thoracic computed tomography (CT) isn't a first-line
diagnostic tool for empyema, it may be warranted when
diagnosis is unclear or malignancies are suspected, such
as Burkitt’s lymphoma.

Treatment for parapneumonic empyema always
includes empiric intravenous broad-spectrum antibiotic
therapy targeting common bacteria like Streptococcus
pneumoniae, Streptococcus pyogenes, and Staphylococ-
cus aureus [5, 14]. In cases of significant effusion (>2 c¢m)
or respiratory compromise, chest drainage is recom-
mended [14]. Ultrasound-guided chest drainage is stan-
dard, often performed with children under sedation or
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general anesthesia. Intrapleural fibrinolytics, like uroki-
nase, can expedite hospital discharge for cases with slow
drainage or thick, loculated fluid [5, 14]. Thoracic surgery
should be considered in cases of antibiotic therapy fail-
ure, ineffective chest drainage, or inadequate response to
fibrinolytics. However, current guidelines lack clear rec-
ommendations on the ideal surgical procedure, timing of
intervention, duration of drainage and antibiotic therapy,
transition to oral antibiotics, and how these factors influ-
ence outcomes. This scoping review aims to comprehen-
sively outline the literature on study types, microbiology,
therapeutic interventions (both antimicrobial and surgi-
cal), and outcomes of empyema in children since 2000.

Methods

Review questions

To address the lack of consensus on optimal treatment
for pediatric parapneumonic empyema literature [15],
this review primary focus will be to examine the existing
literature on antibiotic and surgical interventions about
pediatric empyema. This will include investigating the
selection of first-line agents, appropriate dosages, routes
of administration, and treatment durations. Furthermore,
this review will address the following sub-questions:

1. What are the most commonly identified pathogens
reported in literature?

2. What are the predominant outcomes and
complication rates associated with empyema, as
reported in the literature?

3. Which conservative or invasive treatments are
most frequently reported, and which demonstrate
improvements in outcomes and reduced length of
stay?

The protocol for this review has been published prospec-
tively and can be accessed at https://osf.io/9wkma/.

Inclusion criteria

This review encompasses studies involving children and
adolescents (under 18 years old) who have received a
confirmed diagnosis of empyema, defined by the pres-
ence of pus within the pleural cavity. Diagnosis of empy-
ema is established through the identification of pus,
positive Gram’s stain, culture, or nucleic-acid amplifi-
cation tests in the pleural fluid. Only studies explicitly
mentioning the performance of microbiological inves-
tigations, administration of antimicrobial and surgical
treatments, as well as outcomes (at least until discharge),
have been included.

The primary focus of this review is to comprehensively
examine all aspects of empyema, with particular atten-
tion given to treatment options. Due to the severity of the
condition, articles involving non-hospitalized patients
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were not anticipated, thus only inpatient studies have
been considered.

To capture a broad range of evidence, this review
includes randomized controlled trials, non-randomized
controlled trials and all observational studies, (prospec-
tive and retrospective, including case-control, cohort,
and cross-sectional studies, as well as small case series or
single case reports).

Search strategy

The search was conducted by one reviewer. It began in
April 2023, using the bibliographic databases PubMed
and SCOPUS. We limited our search to English-language
articles published between January 1, 2000, to March 31,
2023. The search strategy incorporated a combination
of keywords and their synonyms, including “pediatric,’
“empyema,” and “treatment” The PubMed search strat-
egy is accessible in the supplementary data section of this
protocol; the terms used in this search were adjusted for
use with other bibliographic databases.

Following the search, studies were exported to
Rayyan. Initially, one author screened for duplicates.
Subsequently, titles and/or abstracts of retrieved stud-
ies were independently screened by two reviewers to
identify potentially relevant studies for inclusion in the
review. Full texts of potentially eligible studies were then
retrieved and independently assessed for eligibility by
two reviewers. Each researcher was blinded to the deci-
sion of the other. Any discrepancies regarding study eligi-
bility were resolved through discussion and, if necessary,
consultation with a third reviewer.

Studies failing to meet the inclusion criteria were
excluded, and a table detailing the reasons for exclusion
was included in the final manuscript. The results of the
search were reported using the PRISMA flow diagram.

Data extraction was performed independently by two
review authors, each using a separate Excel spreadsheet.
Each researcher remained blinded to the other’s deci-
sions. In cases of discordance, disagreements were identi-
fied and resolved through discussion (with involvement
of a third author if needed).

An Excel file was utilized to store extracted data, which
included the following when available:

1. Study details: title, author, year of publication, study
type, number of patients, geographic location.

2. Participant characteristics: sample size, nationality,
age, socio-economic status, comorbidities.

3. Clinical manifestations: fever duration, cough with
mucus, dyspnea, chest pain, and others.

4. Imaging findings: lung involvement type on chest
X-rays, lung ultrasound (US), CT scans, or MRI.

5. Details of antimicrobial treatments administered
during empyema (e.g., duration, antibiotics used).
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6. Adjunctive treatments and their durations during
empyema (e.g., steroids, other immunomodulatory
medications).

7. Surgical interventions and their durations during
empyema (e.g., drainage, thoracoscopy, surgical
resection).

8. Outcomes (e.g., death, survival, survival with
sequelae, type of sequelae).

Data analysis and presentation

To present our findings, we adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR)
Checklist, as detailed in the supplementary material.
A narrative synthesis was conducted to summarize the
results obtained from the studies included in the review,
providing our interpretation of the findings. Special
attention was given to antimicrobial and surgical thera-
pies, with a focus on the frequency of antibiotic selection,
efficacy, and treatment duration. more than 100 records
were included after the initial selection process, prefer-
ence was given to original articles and those published
within the last 5 years.

Tables and charts were employed to concisely sum-
marize both the characteristics of included studies and
essential clinical, diagnostic, treatment, and outcome
data. Various tables and figures were compiled to outline
the types of studies and their primary findings, covering
microbiology, therapies, and outcomes. Additionally, we
emphasized areas for future research to address existing
gaps in knowledge.

Patient and public involvement

Patient and public involvement was not directly incor-
porated into this review. However, the primary inquiries
that motivated our research project were influenced by
public dialogues initiated by family associations in the
media. These conversations underscored the significance
of gaining a deeper understanding of how empyema can
be identified earlier in the disease progression, prior to
clinical deterioration becoming uncontrollable. Addition-
ally, they raised questions about the potential for prevent-
ing empyema if it arises as a complication of a previously
undetected and untreated lung infection.

Results

Characteristics of available literature

We reviewed literature published between January 2000
to January 2023 and identified 127 articles in our system-
atic review. Figure 1 shows the included studies accord-
ing to PRISMA flowchart. The majority of studies were
observational studies (93), 77 retrospective and 16 pro-
spective, 20 case series, 9 randomized clinical trials and 5
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case series. Geographically, most studies originated from
Asia, Europe and North America, with a minority from
low-income countries. Interestingly, Fig. 2 reveals a slight
increase in publications on pediatric empyema over the
last decade.
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Microbiology of empyema

All 127 studies in our scoping review assessed microbio-
logical etiology of empyema. Microbiological examina-
tions were performed on either pleural fluid or biological
samples obtained from bronchoalveolar lavage, blood
culture, or a combination of two or more of these
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Fig. 3 Description of bacteria involved in the pathogenesis of empyema

samples. Overall, 2% (n=2) of the studies, despite inves-
tigating the microbiological etiology, did not provide
quantitative results or the percentage of patients for each
pathogen. Another 2% (n=2) of the studies did not report
microbiological results in the specific text. Moreover, 6%
(n=9) of the studies reported that the examined micro-
biological samples yielded negative results. Finally, 90%
(n=114) of the studies specified the pathogen by report-
ing the number of patients with positive results.

In the 114 studies where the microbiological diag-
nosis of empyema was specified, various etiological
agents were implicated. Streptococcus pneumoniae was

highlighted in patients from 92 studies, group A Strep-
tococcus in 42, and Staphylococcus aureus in 91 (Fig. 3).
In 80 studies, other microorganisms implicated were
reported, different from those previously mentioned,
including: Haemophilus influenzae, Streptococcus angi-
nosus, Streptococcus viridans, Escherichia coli, Neisseria
spp, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Fusobacterium necrophorum, coagulase-negative Staph-
ylococcus, Enterococcus spp., Enterobacter aerogenes,
Enterobacter cloacae, and influenza A, as well as fungi.
Notably, 107 studies documented negative microbiologi-
cal results.
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Antibiotic treatment

Details on medical therapy were available only in 71 out
of the 127 included studies. In 30 cases out of 71, the
molecule used was not specified. Of the studies report-
ing specific antibiotics, the rest of them was mentioned
as follows, often administered in combination: in 73.1%
(n=30 studies) Ceftriaxone was the most frequent, fol-
lowed by Vancomycin 46.3% (n=19), Amoxicillin-Cla-
vulanic acid, 41.4% (n=17), Clindamycin 41.4% (n=17),
Linezolid 17% (n=7) and Teicoplanin 4.8% (n=2). Fur-
thermore, no studies compared the effectiveness of dif-
ferent antibiotic classes, single vs. combination therapies,
or explored variations in treatment durations and admin-
istration routes (fully intravenous vs. partial intravenous
vs. fully oral).

Surgical management

The studies employed various surgical approaches, as
detailed in Fig. 4. Pleural drainage was the most frequent
procedure, reported in 123 studies (97%), intrapleu-
ral fibrinolysis in 73 (58%), video-assisted thoracoscopy
surgery (VATS) in 79 (62%), surgical treatments as lung
decortication or lobectomy in 51 (40%). In 26 studies
(20%), all types of surgical techniques were performed,
mostly in Europe and Asia, while in 18 (14%) only pleu-
ral drainage and in 3 (2%) only VATS was conducted.
The remaining studies involved combinations of vari-
ous surgical techniques. Most studies originated from
Asia, Europe and North America, and the application
of surgical techniques displayed significant geographical
variability.

It’s noteworthy that VATS procedures became more
prelevant from 2019 onwards, whereas their use was less
consistent in earlier years. Similarly, the use of fibrinoly-
sis primarily began after 2012.

Treatment comparisons
Fifteen studies tried to compare medical treatments
(alone or in combination with pleural drainage or

Pleural Drainage

VATS

Intrapleural fibrinolysis

Open surgery

Fig. 4 Surgical treatments performedin studies on pediatric empyema
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fibrinolosis) with more invasive surgical approaches, and
6 studies that compared diverse surgical intervetions.
Nearly half of these studies originated from Asia.

To assess the safest and most effective tratmente, these
studies employed various criteria, which exhibited signif-
icant heterogeneity between studies.

Interestingly, most studies considered the total dura-
tion of hospitalization as a marker of treatment severity
and, indirectly, treatment success.

However, the different inclusion criteria, diverse phar-
macological/surgical approaches and study settings, do
not allow to reach firm conclusions. Table 1 summarizes
the main findings from those studies that attempted to
perform specific therapeutic comparisons [16—37].

Mortality

Mortality data was reported in 100 out of 127 stud-
ies. Two studies did not mention mortality in outcome
(2/127). Among the studies reporting mortality (25/127),
the mortality rate was below the 5% of the sample size
(21/25) and under 15% in the rest of cases (4/25). Over-
all, 78 deaths occurred among the 10,896 children (0.7%)
included in the review.

Focusing on the region, mortality was predominantly
in developing countries (19/25); the majority were con-
ducted in Asia, while the highest percentages of mortality
related to sample size (up to 10% of the sample size) were
recorded in studies conducted in Africa.

Discussion

This scoping review mapped the existing literature on
pediatric empyema published over the past 23 years.
To the best of our knowledge, this represents the most
extensive description of current knowledge in the topic.
Overall, we have found that evidence on the topic is still
inconclusive and difficult to translate into rigorous guide-
lines. Aetiologies are frequently reported, with a probable
role of molecular assays in improving microbe detec-
tion. As expected, S. pneumoniae, Group A Streptococcus

97%

62%

58%



Page 7 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

uoisnye (1 10'0=d) paziu
-ebio pue (1000 > d) 9z1s ab.e|
e pue ‘(1000 >d) Junod (DGM)
|92 POO|q 91YM pasealdul ue
(2000 =d) uleis weio piny
[ean3jd aAnisod e aney o3 Aja|
2I0UI DI9M UOUSAIRIUI [€D
-161NS JUsMISpUN 1Y) SJUlled
sdnoib 7 ay1 usamiag Jejiuis
sem abieydsIp Jaye Adesayy
J1101g13ue [BJO JO UoleIN( -
(80=d) uon

-ezljeudsoy 210497 suoldwAs
JO UONBINP UBIPSW 24} JO
(80=d) sdnoib 7 sy1 usamiaq
UoIeIUSAId [eUOSEIS Ul 9DUD
-IayyIp ou sem 313y - (¥00'0=d)
auo|e Adeiayy [eDIpaU Yum
pa1eai} A||njssaddns syualed
ueyy Jlabunok Apuesyiubis
QUM S 1A bulinbal syusiied -

Juo|e Adesay) SAIIRAISSUOD

Y3IM Palou sem awod3no Aleuowl|nd pooo

%96'€8

sem euwaAdwa Joj Juawabeuew [ed1pau Jo siel
$S92DNS ||RI9A0 3Y] "3B1eydsIp Jo awil 3Y} 1e 4dO

SALD =y Ul

dn moj|o4 01 payse a1am INoj pue ‘Aexs [eydsoy
3y} BulNp pa1an0dal oM} ‘933 JO UOISSIUIpPE JO
QWY Y3 1€ ejnisy [einajd-oyduoiq pey Xis ‘9say3
4O INQO "ejn3sy einajd-oyduoig padoPAap sjudl}
-ed 1ybi3 ‘|exdsoy ayy Ul Juswiealy ayi buunp
paip syuaned (%#87) 2143 'UaIp|IY2 901 4O INO
SUORUSAIIUI [BDIBINS JO SPOYIDLL JUSISHIP YIMm
UR4PJIYD JO SWODINO Ul 9DUBISYIP OU Sem 1oy |

pEZeNEY]

01 2w} 2I0W A[3UedYIUDIS PIPISU UO[IUIAIIUI
[e2164ns Juamiapun ey syuaned (Loy'0=d ‘%86
"SA 9556 Ul A19A0D4 213|dW0d) auoje dey |eina|d
UIM 9504} pUR SUOIUSAISIUI [BD1BINS YHM
syualjed Usamiag |qeseduiod Sem SWodINO

[euy ay1 ybnouyy
‘K1I9A0231 [ed1UlD 913|dWwod

paydeal SI3Y10 92143 3y 3jiym ‘(Ayredownaud
21UOJYD) JuaWIed W] [BDIUID WO} PRIBYNS (%)
OM} AJuo ‘Joaiay | *A1aA0d3i [edIbo|oIpR) JO/pUR

[e21ul2 932|dwodul Se pauysp

'3W021N0 J0ood padusiadxs syusied 34/3dd A4

'SYjesp Jo suoned

-I|[dwod aAiesadonad Juedyiubis ou alam a1ay |

‘suojedl|dwod aanesadoeiul

ou yum suanied |je ul p13|dwod sem SvA

(L00'0>d 'skep 6 "sh

17 SO1) auoje dey jeinajd yum
950y} ueyy pazijeydsoy Jsbuoj
AjpuedyIubIs 219Mm SUOIUSAISIUL
1e2164ns yum syusned 3d/3dd

(10000>d)
dnoib

S1WA OU 9y} ul ueyy dnoib
S1VA Y3 ul Jlabuoj Apuesyiubis

(uopedIod9p

pue SIyA ) Juswabeueuw
|ed1bins pue abeutelp
[PISO2I23UI Y10 + 521301 11UY

AWO0100RI0Y] PUB VA
‘Adesayy onAjounqy jeinaid
-eJ3Ul YiM Jo auoje sbeuelp
90N3 153YD) UOIIUIA

-J2)Ul [B21BINS YHM PaUIGUIOD
S}NS31 159}

|e2160]01goIdIW 0} Bujpiodde
Juswiieal} payabiey Jo (sasop

€ Ut Al kep/Bx/bui 001) DY
/XY YHM Juswiealy jesuiduy

SIVA+Adeiayy
J)30Ig1IUe SNOUSARIIU
wnJ3oads peolg

‘Adesay) onAjounqy
noyIm

/4um sapoignue
pue sbeurelp

agn} [3S02.AU|

S}nsal
159} |ed1bojoIqosdIW
03 buIpiodde JusW
-}eal} payabley Jo
(sasop € Ul

Al Kep/By/6wi 001)

DV/XINY YIim
Juswiealy [eouiduwg

Adelayy oo
-Igljue snouaAeiul
winldads peoig

[81]

(cz00)

ayey

peseld

901 eIsy  weAys

[£1]

6100

Jnaineg

1A

W

il adoing  puied

911

suoljeAlasqo 12yl

2WodlnQ

Keys jo ybua

C UOIJuoAIR1U|

L UOIJUDAID1U|

(6100)

deaj

651 e|ueadQ 3IA]
(1eak)

(N) loyy
sjuan -ny

-ed uoibay 1414

SUOIIUSAIIUI JUUYIP PaIedWiod 1Y) SIIPNIS JO SDIAsp1DRIRYD) | d|qel



Page 8 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

(S0'0>d) (Ll
dnoub onAjounqgy sy Jo 1eyl ‘dnoub dpAjounqy Ul yyeap | paunddQ ‘(skep G'p) (uonejnsul (2002)
uey ss9| sem dnoio) pajelado ‘(skep 1'6) dnoib onAjoulqy uey (skep 9seupyoln) 1289
93U JO 21025 A1I9AS URAdWS dnoib onAjouligy ueyy (skep z'| |) dnoib paje  /'g) dnoib aalzelado Ul ssa| sem (UoeDI11I0d3P) ‘Adeiayy o1A| uejsess
UBSW 9y} 'UORUSAIDIUL IBYY  -12dO Ul 210U Sem 3gNn} 3Sayd [eIHUl Jo uoieing  Ae)S [eHASOY UOIIUSAISIUI-SO dnoib aniesadp  -ounqy jeinajdeiy 1/ adoing unyy
‘paje|duwauod
10U sem AJabins
2I9YM UOILISSUI Ulelp 1s9ydy/|ie1bid pue uolepas
|einpadoud Joj se
[|oM se ainpadoldisod/aid bunioyuow Joj Yiog
‘ualp|iyd [|amun Aje3nde poddns 03 sem Uols
-sjupe D[ A3uinof [eydsoy J1ay3 uj 96e3s aWos
18 (NDI) 31UN 31eD SAISUSIUI SY3 0} PRIISJSUEI}
QUM (978) s3uaiied Jo Ayiofew Juedyiubls
‘(Yoeoudde
SAIPAISSUOD pauue|d [ejiul J91Je UOUSAISIUI (L00=d ‘sKep €1 | SA (sonAjounqg4 o7l
paAe|ap 'S95BD PRIR[OSI SUIOS U 10 3pIs [eJaielisdl 1) 1OYOD [|BISAC 34} Ul SINP (Awojodeioy|  DD| pue sdnoiqiRuy (¢200)
33 Uo ainpadold yeadal e bulinbal 950G -930.d abeulelp aaizesodouou SIVA)  9uOo|e SDIOIqIIUY ) wiejnen
1sowie) Adeiay [edipaw yum a3el ainjie) ybiy yum Aes Jo yibua| paseanuy [ea16ing [eDIPR €51 elUR3DQ [luy
'sdnolb Y10q Ul SYJUOW 7 Sem ydIym ‘Kep/Byy/N|
‘uofiezijewiou [e3160|0lpes 0} W} Y3 Ul 30U 00001 Jo asop e e
-12JJ1p JUeDYIUDIS OU OS|e 24aM I3y “| | 0} UOIS aUl[eS Ul )N Jo uon
-19AU0D3] Palinbal §] yum pajeasy syuaiied ayy -NJIp JW/(N]) sHun
JO SUON ‘"uolesadoal Jou INg uols [eanajdennul 0001
(€00=d) (N)  -nysuen Buuinbai syuiod uigojbouwsy omy ueyy e JO s9sNn|joq Ajlep
95eUPOIN dIAJOULIQY JO UOIE|  SIOW JO 95e2I23pP B YHM bulpaalq S1-1s0d yum (60°0=4d) @duedyIubls € JO P33SISUOD pue 61]
-|nsul jeanajdesiul Jusmispun pajuasaid Juaned auQ ‘sainpadoid ayi jo Aue 0135012 (G YOI SAep 71 'SA ‘£ Aep Buimoy|o} ay3 1o (¢200)
oym dnolb ayj Ui skep | | pue  Jaye punoj sem asde|jod Bun| 1o yes| Jie pabuoj YOI ‘sAep 6) Ja1I0Ys sem Aels Juswiaded zanb
(S1) Adoosooeioyy yuamispun  -oid ‘ejnisy [eanajdoyduoiq Auy “uonensiuiwpe  jeinpasoidisod 3y (1000 >d ulelp J9Ye pauels -1IpOY
oym dnoib ay3 ui skep g SN Jaye sixe|Aydeue paiayns syualjed Jo suou 1 YOI ‘sKep G| 'SA'S'E YOI Sem uolie||sul eleq|
219M saINpadold sy Jaye ‘suonedldwod  ‘shep ¢) dnoib S ay3 ul Jsbuoj JnAjounqly eSOy
Adeiayi onolgniue Jo skep ay | pale|aJ-1udWieal} 9y} 03 bulpioddy sem Aeys [einpadoidaid ay | (S1) Adodsooeioy | (3N) aseunyoin G¢ adoing  euepy
(1eak)
) 1oy
sjuan -ny
SUOIBAIdSqO Y10 awodInQ Keys jo 1ybua T UONUAAIRU| 1 uUonuaAIRU| -ed uoibay 1sa14

(ponunuod) | 3jqelL



Page 9 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

“UOI1PD111023P pUB AWOI0dRIOY}
10} pa3U 3y} s95E3IDUI pUB A|9Y||
SS9 JUsWabeURW [BIIPIUW UYIIM
KI2NOD21 DRI ||IM SS3UJ|I JO
195U0 3y} 1e ewWaAdwWa |eina(d
ul abeulelp snd ayenbapeul pue
paAe|2@ 2gN3 1524 [elIul 343
Jo 9zIs 93enbapeul sy Jo asned
-390 JUSW}e3J} SAIJRAISSUOD

0} puodsai 03 pa|ie} SIS

SIy3 ul syusied ay3 Jo Auely
(£5'0=4d) @duedyIubIs [e21ISIPIS
yoeas 0} pajie} UUHIP SIYL
"9UO[e JusWabeueW [EDIPaW
01 9suodsal poob pamoys

oym syuaned Ul skep 25 F €9
0} pasedwlod ‘uoisnys |einaid
9y3 Jo ddueleadde sy Jaye
sKep #'GF |'g 1 UleIp 1sayd e

JO UOIMISSUI J3)e| WioJ) iede
‘K196.Nns aAeY 10U PIP JO pIp
OUM 350U} U9aMI3q Sa1n3eay
Buuasald [esiuld [eriul ay3 Jo
AUe Ul 92UI24Ip OU Sem a1y

“uoISNy [elpieduiad

onayiedwAs pue ejnisy [eanajdoyouoiq ‘aseasip
Bun| 9A11-D113531 SISO1|0S ‘SS325Ce BUN| Y1m eI
-Adwia JusNda) :papn|DUl suoned!ldwod Jlsy |
‘Sy0'0=d) pake|ap Ajpuedyiubis sem AwolodrIOy}
WIOYM Ul UIP[IYD 341 Ul U93S aam suoliedld
-W0d 959y "ANpIgiow uedyiubis pasusuadxe
A||e21BIns pa1eai) uaip|Iyd 7€ JO INO UIASS

‘sy1esp
OU 9JoM 243y |

'sAep G1 JO UBIPSW pue sAep ¥/ G 1 JO
Keys [eydsoy

ueaW e Jaye ||om pabieydsip a1om spuaired ||y

‘Adelsayy
opoigiue pue Aeys [eudsoy
pabuojoid e buninbai 1ansy

JuS3sisiad pue uoISNYS JUSLIND
-31 JO WoJ dY3 Ul suoned|jdwiod
padojanap AjaAizelado-uou
pajeal} syuaned G| 4o no 3y

(1000=d) Wuswiean

[BOIPSW AJUO POAIDDDI OYM
syusiied ul skep €GF €L Yum
paledwod sAep |'6F9QL JO
Aeys [eydsoy Jabuoj e pey A1ab
-INS JUSMIDPUN OYM S)UB13ed

(Awoisodeloyy agny
Y1IM UO[RUIGWIOD Ul
10 2UOJR $ONOIGIIUR)

"U0I1LDI}0dP IO JUBW JusWIeal
-3plgep pue Awolodeloy | SAIIBAISSUOD) /Y
“UoI1edI11I0d9pP
pue Awojodeioyy sopolgnue

Y1IM UORUSAIRIUI [e216ING pue agn} 13y S

[€dd

(0002)

Jeyueys

a2doing N

[cd

(0002)

ueyd

adoing NMd

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

N)
sjuan

Z UOIUBAIRI| L UOIIUBAIRU| -ed

(1eak)

oYy

-ny

uoibay 1414

(ponunuod) | 3jqelL



Page 10 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

's95ed eWaAdW
paziueblo pue 31e| 10} PIAISSII
90 p|Noys pue A1aAo0dal Jusied

dn spaads ‘syusied s|geins

Ul SUOIIRDIPUI }D3410D YHM
pawlioylad Ji ‘uoiredsi033Qg
"A)l|epOW JUSUIIeI] JUSIDYYD
pue 3jes e 3 0} PUNOJ Sem UO[}
-eljsjuiuipe yn |ednajdenul ‘sbe
-UleIp 3gN3 153y Jo sabeys Ajes
3y3 bunp payiuapi suoisnys
|eana|d pa1e|ndo| Jo $3sed u|
'snyexs sjualjed

3y} Ul abueyd e s 213y} ssajun
UO[IUSAISIU| [BUOIIIPPR OU YIIM
A|950]2 paydiem aqg p|noys
syuaned 9|ugey Ajpuaisisiad
'310J212Y] "8 Aep U0 3|lgRy
usied | yum ‘s | Aep uo 9|1gs)
paulewal 90| ‘s Aep Ag a|ugaye
2J1am dnolb SyA Al1ea ayy Ul
syualied 1SO ‘||BIDAO 19A3) JO
Yi1bua| paseadap e pey SIvA
AJJea Juamispun oym syuslied
“dI0YD

JO JUSWLSJ} B PAISPISUOD 3G
p|NOYs pue ualp|iyd ul ewaid
-Wwa Bulyeall Jo poyaw a4es
pUE SAI1D49 Ue SI S YA Al4e3

‘euaAdw

Yam suaired Jo Alofew sy ul uoiNjosal [|ny Ul
paynsas sonoigiue aeudoidde pue abeurelp
2N} 159> 31enbape yum Juswsbeuew [e2IPS|N
A)i[e1IOW OU SeMm alay |

"yoeoidde aAI1BAISSUOD B UYIM A]|NJssa0dns
pa3eai] S1oMm Syualied Syl JO 949°/8 ‘s91I9S INO U]

‘pouad Apnis

9y1 buunp eluownaud paiinboe-Ayunwiwiod
YIM Pa1eID0Sse euaAduws wol) sy1esp ou
2J9M 319y "‘pouad Apnis ay3 buunp Awoidaqo|
palinbai syusiied 1ybi3 'sdnoib |eaibins pue |ed
-16INSUOU B} Usamiaq Juedyiubis Ajjesnsiiels
JOU 31aM 'Y ¢ 33| Jle pue ‘UoISNySueI} POO|q

e JO JUsaWwalinbai ‘ain|ie} Alojelidsal ‘UolewIo)
e|N1SY [e4najdoyduoIg ‘UOIIRUIIOY 3|9201eW
-naud ‘ssadsge bun| buipnpul ‘suoeddwod

‘Ap2Inb pasanodal syusiied ayy
pue papuedxs bun| ay3 ‘eina|d
D13SB|UI Y3 JO [eAOWI B}

191y "dnoib Juswieal) 9AIRRAISS

-U0d 3Y3 J0j Ueyy Jobuo| yanw
AJjeal ul sem syuaned asay) 1oy
Ae3s [eydsoy abesane ayy ‘sny
‘Ssyuow ¢ Jo pouad abeiane
U 10§ SUOIINIASUL JUISYIP Ul
paz|eydsoy uaaq Ajsnojaa.d
pey siuaijed asayy ‘dnoib ann
-BAJ2SUOD 2y} 03 patedwiod
191I0YS SI YDIym ‘shep | | sem
dnoub uoned30d3p 3y} o) Aels
[eudsoy ueaw ay3 ybnoyyy
syodal Jayjo

JO Jeyy 03 Jejiwis sem ‘dnoub
SAI}PAIDSUOD DY} 10 SABP 77

Jo uonezieydsoy uesw ay |

uedylubis

Ajjeaiulp si uonezijeydsoy ul
uopoNpal Aep-t 3y S1VA Allea
YHM pajeal; a1am oym syusiied
10} 49340ys Ajpuesyiubis SO

(UonedIL0d3P)
uonuaAIRUl [e216ING

(Awojodeioyy uado 1o ‘Aw
-0}02RIOYHUIU ‘S] WA JUOIIUSA
-191ul [e21BINSs JO 9dA} aUIOS)
dnoib |eaibing

“INO Pallied sem
uonelsiuiwpe (yn)
aseurjoin jeinajdesy
-Ul usyy ‘|aad paziu

-ebJo ue ul bun|
93 JO Juswidesjus
SeM 233 pue suop
-e|noo| padojanap
pey juaned au |
sojjoIgiue pue
sbeurelp agny 159y
JUsWwiabeuew
SA1JBAISSUOD

(‘padeid agny
1S9 e pey Jo/pue
S|S93UadRIOY) B PRy
10 ‘Ajuo sonoignue)
dnoib [ea1bins uoN

[sd]

(#002)

njgos3

€6 elsy E!

izd|

(¥002)

eDLRWY  ZHNYDS

[4Y4 YLON ‘a

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI|

L UOIJUDAIDIU|

(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 11 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

Ajjes1paw

pabeuew uaip|iyd ayj o3 pased
-wod se (L0 =d) 1yblam ss3
pue ybnod a1ow pey (z0'0=d)
19A34 Jo AI03sIy pabuojoid

pey (100 =d) 126unoA atem
ualp|iy> pabeuew Ajjed1bing

“JUsW}eal} [eniul ay3 se pasod
-oid 3 p|Noys S1vA ‘uoneziu
-ebuo [einajd smoys A1abewl
|eIHUI J1 ‘95IN0D JO ‘Aj9AIzebaU

sisouboud 193ye Aew 1abuUO)
Buepn sisiad Aew ‘puey Jayio
3U1 Uo 19n24 Aydeibolpes Ag

PaWIYUOD Se UoendeAa piny

9A1103}J2 pue eaudsAp pasnpal

AQg pabneb aq ued suwoydwAs

Kiojesidsal ur Jusuanolduwi
‘AlleatulD skep { Jo pouad el
93U} UIynm ADBDLYS SH MOUS [[IM
Juawiieal; [eaIpay “Adesayi aul|
-15J1 D11BWIRISAS B Se S| \yA Bulsn
poddns Jou sa0p Apnis INQO

(3]90038WN3Ud pue Je|NIsyY

Areuowndoypuoiq ‘siiRAW021s0 qu

‘snd Jo U003 ‘PUISSAYd WIS SNOSURINOGNS)
suoned|duwod pado

-[2Asp Suaiied usayl "9bIeydSIP JO Y 7/ Ulylim
paniwpeal 21om syusired ybig sAep | | F 71
SeM UIeIP 1S3YD JO UOIIRIND [P0} PUB ‘Ulelp
159D

Yim pabieydsip alom syuaned (96/€) SUo-A1104
"uone|nbeod JejndseAesiul

P1RUILISSSIP PUE ‘SISASS 918ASS 1M SUO pue
siiuownaud buiziloidau ag 01 punoy ‘ain|iey
Ki0jeuidsal pue ewaAdwa pue ejuouwnaud
2IDASS YHM paRIWIpe 7 ‘palp syuaned a1y
‘A||e21Bans

pabeuew ualpjiys 03 pasedwod (900 =d) SIS0IAD
-0gQWIOIY} SS9 Sey Ajjedipaw pabeuew uaip|iyd

suopned||dwod ayy pue ‘sainpadold jeuoiippe 1o}
P92 23U} ‘DWWl dA11eId0 JO eL1LD di3souboid
juepiodwi ayy Ul Ajepadsa ‘sdnoibgns omy 9sayl
U99M19q 9DUIHIP JUedYIUbIS OU Sem a1ay |
JUSWieal} [edIpaw

J21IQ 3UI-ISIY PRY OYM S0U3 PUB S WA 21eIpaUl
Wi pey oym ualpjiyd | dnoib jo uosiedwod
‘dnoib siy3

Ul palinbal a1am S| A |euoiippe om| ‘ewsAdwa
JO 92U31INJ31 U0 pue elUOWNBUd BUIZII0Id8U
yum ewAyouaied bun| wouy sabexes) Jie Aq
xejoyiouwnaud

40 sasdejas omy :z dnoib ul Ajuo Juasaid

2lam suonedljduwo)

‘Aje21bins psbeuew usipjiyd
03 paledwod (1000 >=d) Aeis
Jo yabus| Jspioys sey Ajed
-Ipaw pabeuew uaIp|iyd

SO140 ‘9beulelp Jo uoneinp
'awi} 9AneIado 9seaidul 0}
WI99s 10U pIp da)s [edipaw 151y
SIy] v Aep 210joq Adodsodeioyy
AQ PaMO||0) JUSWIIEI] [EDIPaW
J2Uq [elIul yum paseduiod
SEM S/ D11BWIR)SAS SUl|-1Si4

(Awoydsuownaud

pue UO[}ed1}I0D3p
‘UleJp 153D ‘UOI1IeD11I0d3P puUR ‘Aluo
UleJp 352D ‘AJUO UleIp 1s9YD)  Juswiieal) aAod
A|jleaibins pabeuely  -dns pue sopoigiuy
‘Jusawieal)
[B3IPaW JO |Bl] JolIq
e pey Ajjeniur oym
95011 pUe S]A 238
-Ipawwd] suobispun
peyY oym usipjiys
9y} 2sedwod 0y
19yln} pspIAIp
sem uayy | dnoio
‘(UoneNJBAS BWD
-Adwa |esibinsuou
pue sopoiqiue)
JusWIea.} [edIpaW
JO (sAep €) |euy Jauq
e JoYe Jo sisoubelp
12)e Aj21e1pauwiu]
sainpadoud [ed1bins
JuamIapun
OUM 350U} Se pauy
-9p (Adodsodeioyy
A11ed) | dnoi

v Aep Ja)e SIVA

Jusamliapun

oym Ualp|iyd papnjpul (Adod
-S0DRIOY} J23e|) 7 dnouo

VA4

(¥1020)

Woo|eg

4 eIsy qv

[odl
(#000)
oz adoing ejey N

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI| L UOIIUBAIRU|

(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 12 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

‘S1VA 2beajes 03 paledwod se
uolezijendsoy Jo yibua| 1oa1oys
B P3N G|/ DA AleS
pue Adeiayy [ed1paw a1enbape
audsap ured 1sayd pue suoljel
-|dsai o12udsAp 4anay A101oeu)Rl
Yum syuaned Jo4 Ajuo sbeuteip
|eina)d pue Adeiay dnoigiue
Buisn skep |'g+ /€7 4O Ar3S
ueaw e yym pabuojoid Ajjensn
sem Juswabeuew aAIlRAISSUOD
40 954n0d 3y ‘ewakdwa

Jo 9beys yusnindounqy

Ul UOIIUSAIRIUI [eDIBINS JO ANIS
-5923U 2y} 10§ SI0301paid omy
ale < 35S pue |/ >Hd jeuna|d
1ey1 15966ns eyep Juasaid ay |
ewiaAduwa dluow

-naudeled Ul > JO 35S YaIMm
950} UBY} UonUaAIRIUI ‘A1abins
Bupinbal jo aoueyd sawin 94
9ARY § B JO (eWaAdwT JO 21005
AJIASS) JSS U Y3m Siualied

‘(dnoib
95eUI0JN) U0 Ul siiydauojnIawolb aynde pue
(dnoib S]yA Ul Y10Q) sausned omy Ul SWOIPUAS

Jjwaln dpAjoway ‘(dnodb S wA aY3 Ul 9a143)
syuanied Inoj ul ssadsge bun| ‘dnoib S A aYl
woij Juaiied e ur uonoayul xod uandIyd-350d xel
-0Y10WayoAd papn|dul JusuUIeal] ay3 01 pale|al
Appa1ip

10U suopedlidwo) Aeys [eudsoy buibuojoid
21042494} pue UOIIasuUIaI Bulinbal ‘syusied Jnoy
Ul IN0 ||94 SUlelp 1sayD ‘dnoib aseuoln sy ul
"I9aA9MOH “dNnoIb 13U Ul JUSWIIRaI} SY3 O} Pa3e)
-1 A|12311p SIUIAS 3SI9APE AUB JOU SeM I3y |

“UIp[IYd Ul ewaAdws Jo
JUSWIea1} 98U} 10 S WA Alewnd
pue aseupjoin [eanajdeliul

YUM UleJp 15342 snoaueiniad
US9M19G UONUSAISIUI D)

Ae3s [eudsoy Jo uoneinp ul
92URIYIP [eDIUI]D JURDYIUDIS ON

‘K|9AI10adsal skep

/T pue /'€ Jo Keys abelane
ue pey syuaned asay}
‘A19bins pey oym syusied uj
sKep 47| 'sA dnoib [edipawl
93U} Ul SAep 90| SeM JaAd) JO
uoleinp abesane ay |

‘SIVA PRY

oym syuaiied sy 03 pasedwod
se awi3 Jo porad Japioys
Ajpuedylubis 10) pakess osje
dnoub [ed1paw a3 Ul syusleyd

aseupjoin jeina|d
-B1JUI YIM ulelp

SIVA  1S9UD SNOSULRINDIR

‘dnoib SvA
AJ1ea ue 10 G\ obeajes e oul

paz11063322gNS JSY1IN 2I9M
K19bins suobiapun pey oym
sjualed ay3 ‘'UonUSAIIUI [BD
-161ns Jo aw 3y pue Adesayy
Jo

3WODIN0 34} ApN3s 03 JapJo U]
(SLvA)

UOIIUSAIRIUI [BDIBING

(abeurelp

2gN1 159D INOYUM
/YHm sdnolgiiue)
dnoub [edipapy

l67]
(9007)
eddeu

09 adoiny  -uoS S

[8al
(5002)
Puop

18 elsy S

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI|

L UOIJUDAIDIU|

(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 13 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

‘2inpasoud

abeAes L1epuodas e se Adodsodeioyy |ny

‘AuojooeIoyy 10 Adodsodeioyy -$5920N5

,2l0Y A3y, e aADaye pey 0M3 12410 343 1S|Iym 3siadxe d1dodsodel
se s| aseupyjoln [einajdesul 1eyl -0y} ‘(A dnoib)
Bulesipul panIasqo a1am  Jo AJljige|ieAeun O3 anp AuolodeIoy) 03 3ybiesss Awojodeioyy
sdnoib Jusweal} usamiaqg papaad0id 353y JO U 2unpadoid (111 dnoib)
91es uoled||dwod Jo  Alepuodas e jusmiapun dnolb aseuryoin/Auwoy Adodsodeloyy
Keys |eydsoy Jo y3buaj ul sadua -SODBIOY] U1 Ul USIP|IYD 331Y] “(dYD Parens| ‘(Awojodeioyy {(j dnoib)

-I2Ip OU ApN3s SIY} U]
dnoub Juswiealy Awoiodeioyy
93 Ul dYD JO uonezijeuwlou

pue eixalAd Ju3sisiad ‘asiejew) subis pue
swoydwiAs uaisisiad 03 anp ainpado.d abeajes
Alepuo2as e se Awojodeioyy paiinbai (j| dnoib)

‘Adodsooeloyy ‘aseunoin +agn|
‘auole Awoisodeioy] ) sdnoib
93 usamiaq Adelayy oo

aseupjoIn+agny (|
dnoib) suoje agny
‘UOUSAIIUI

A|Jed Sp1emOo} puall B Sem 2194} Adodsodeioyy -1gl3ue Jo uoleInp 1o Aeis Arewd ay} Jo siseq [0€]
pue Awojodeioyl buiobispun Aq pabeuew pjiyd jayoue pue (| dnoib) [RUOIIUSAIDIUI 3y} uo sdnoib (£002)
uaJp|Iyd ul pides 10w sem  SUO|e AW03ISOdrIOY] 9gNn] Ag pateasy pjiyd suQ  3sod ‘Ae3s [eydsoy jo yibus| sbe 1N0j 03Ul PIPIAIP 1By
eIxaIAd JO uoRIOIPWY "2Inpad0oid A1epuOISS B PIPRSU USIP|IYD SAI4  -I9AR Ul 9DUSIIP OU SeM U9y | QUM UIP|IYD 8¢ a2doing Vg

(1eak)

(N) oy}

sjuan -ny

suoljeAlasqo 124l

2WodlnQ

Keys jo 1ybua

Z UOIUBAIRI| L UOIIUBAIRU|

-ed uoibay 15414

(ponunuod) | 3jqelL



Page 14 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

EIIBEIIEN]
sI abeuleIp 9gN3 1S9YD WOYM Ul
syuaned ul Ajjeidadsa ‘Aexs jend
-soy pabuojoid pue uolesado
1INoYyIp 3UaAid O3 pasedipul si
uoluaAIaIUl [e216iNs 3dwoid
jusuwiiealn)

Arewud se Adodsodeioyy
JUSMISPUN OYM 3SOU} Ul LB}
sbeuleip agn3 153y aAleId
-doaid yum syusized ul 1abuoj
SeM aWI} uofesado uesw ay|

(L00'0>d) Aess [eydsoy (30}

JO uopeInp Jsbuo| e yim pajerd
-osse Ajpuesyiubis sem abeurelp
20N} 3594d aAnesadoald Ajuo
1ey} 1BY} PIMOUS SIsAjeue
S1eUBAIINIA (860°0=d) 10108}
JUBDLIUBIS SUl|IapPIOg

B Sem uojssiwpe ND| aAielado
-a1d 1ey3 pue ‘si03oej Juedyiubis
2I19M (100°0 > ) dbeulelp agny
19D 2Aneld

-doaid pue ‘(££0°'0=4d) eluow
-naud BuIznoD3U (1000=4d)
SAep { ueyl 20w ewaAdwa
aAljesadoald 1eyy pamoys
sisAjeue a1eleAlun ‘Aexs |eydsoy
[p3O} BUIId3YP S10}0R) 1O

‘Aeys

|eudsoy aaieladoisod 1abuoj e
Yyum

P31eID0SSe 2J9M UOISSIUIPE D)
aAnesadoaid pue sbeutelp agny
159D aAljeladoald ‘eluownaud
Buizinoioau jo aduasald ay |
‘sKep

(%6'6) Sxuaied | Ul padojaAap suoIed

-||[dwod aARRIad01S0d *S313I[HOU OU dIaM U3y |
sjuaned

€€ Ul painbai sem uoissiupe )] dAIzeladoald

| sem
Ae3s |eydsoy [e103 uelpaw 3y}
pue ‘skep €| sem Aeys [eydsoy

oAeId0ISOd URIPRaW By |

Juaw1eal]
AKrewd ayy se Adodsodeioy |

Adodsodeloyy
AQq pamoj|o} abe
-Ulesp agny 1sayD

[Le]

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI|

L UOIJUDAIDIU|

(6007)

usyd

Lot elsy ST
(1eak)

(N) oy
sjuan -ny

-ed uoibay 1414

(ponunuod) | 3jqelL



Page 15 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

‘SHSIA uedIsAyd jo

19quInu Jo ‘suoydwiAs Jo skep
‘JUN0D ||92 poo|q aHym ‘poddns
uabAx0 Jo 33163p ‘1ybram ‘abe
Ul sdnolb usamiaq seduURYIP
OU 3JaMm 2194} ‘sisoubelp 1y

*35eas|p Aleuow|nd jua1indal Jo bujobuo 1oy
abieyosip Jaye payiupeal 21om dnoub Jsyyis ul
syuaned oN Adesayi JO uoleIIUl JS1JE PUSSIOM

Ajjeatuip

dnoib sisAjounqy 2y ui syuaized op sisAjelp
Alejodwa)

Bupinbal ain|iey jeuas Jusisuely ul bupnsau
sisdas aAIssalIb

-0i4d 9ABY O} PaNUIIUOD WOYM JO SuO0 ‘Adesayy
191je poddns

1038|13UaA pasinbal dnoib S yA ay3 ul syuaned

om| ‘AdeIayl AIHUYSP 10J S WA palinbai Apusnb

-95gNs SISAjoulqy 3yl Ul (%991) syuaned a1yl
IsAjounqy
yum pajeas dnolb ayy pue S A Yim paleld
dnoib ay3y usamiaq syuawalinbal disableue Jo
‘3]11ga4e |RUN sAep Juswalinbal usbAxo Jo skep
Ul 92UBI34IP OU PIMOYS BIep SWODIN0 3y |

‘SISKounqy Yam

paiealy dnoib ayy pue S vA
yum paiesy dnoib sy3 usamiaqg
UOIIUSAIRIUI J2)e UOIIeZI|}
-1dsoy Jo sAep ul @oualayIp

OU PaMOYS B}ep SWO0DIN0 Y|

‘Pappe sem Y 9 A1aAa (3sop Jad
B31/6W G 1) uDAwodURA UsY}
paISIXd

AJ|Igeisul djueuApoulay
#yci

K19A3 (9s0p Jad By/bw G7)
SUOXPLIL3D pue Y 9 A19AS (350p
1ad By/6ul 0) uPAWepU|D JO
pa3sisuod sdnoib yioq 1oy

ueld [eigolojwiiue [esausb ay |
JusWapLgap

21d02502RI0Y} P3ISISSE-03PIA

‘Peppe

SeM Y 9 AI9AS (9s0p
1ad BY/Ow g|)
uPAWodURA

usyy

‘pa3sIX AYljIgeIsul
JlueuApoway
H#Yci

KI9A3 (350p Jad B
/bW G7) suoxelyad
pue Y 9 A19A9 (950p
1ad By/6w 1)
upAwepuld Jo
pa1sisuod sdnolb
yioq Joj ued jeigod
-lwnue [essusb ay|
"9SPAIIDY Sem Juabe
onAjounay ayy
"uoin|os diAjounqy
JO uoIsnyul |einald

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI|

L UOIJUDAIDIU|

[cel

(6002)

eOLAWY 1313

9¢ YUoN  Sas
(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 16 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

'$$9201d UOI1R[EISD DY)
Buimol|oy ‘sased Juajnindounqy
Ul ‘uonediod9p bun) a1e|dwod

10§ S1WA 40 Awojodeioyy uado
1942.1d 9 JUB WIS} DAISBAUL
$$9| JO $5920NS BU} S3SEAIDU|
1UaWieal) siy] abeuresp agny
1592 paso|d 03 buipuodsal

10U pwaAdwa aseyd juajni
-ndoupqy Jo sased ||e Ul paL
90 PINOYS 1 19AIMOH "UIP|IYD
Ul sewaAdwia paje|ndoj ul Ajjerd
-2dsa ‘A19bINns 03 aAlzRUIRY R

ue jou s| Adesay dnAjounqiy
‘Adodsodeloyy pajies buimol|oy
pue sisAjouliqy [D1URYD 0} dAIS
-uodsaIun sased J0j 140SaI I5e| B
Se papaau ||i3s S| Auojodeioy |

syjeap ou :3 dnoig

‘dnoub siy1 ul palp Juaired suo

pue 358D (%8717 1) 2AY Ul p3|ie SIYA Q dnoiD
‘e|nisy [ednajdoyduoiq padojansp

1uaized auQ Juaized auo ur abeyuowsay [eina|d
pue uoioeal 21bJ3jje Ue pamo||o yread D dnoio
‘syusned 9a1y3 Ul U9as sem

e|n1sy |eanajdoyouoig ‘Auojodeioyy
1USMISPUN 3UO pue eluownaud buiAueduwod
-D JO 95ned3q palp syuaned omy :g dnoio
syieap ouy dnoin

(€1-9

obuel) skep 0| sem ‘3 dnoib
‘A19b1ns uado sayje Aexs [eydsoy
uelpaul ay] ‘(£ 1-/ abuel skep
0'11) D dnoib ‘Adeisyi onnkjou
-11gYy PaAIDRI OYM UIP|IYD
YHm pasedwod (| |-G abuel)
skep QL 4o Aeys |exdsoy uon
-uansunsod Jaroys e pey

' dnoib ‘SIVA UM siuslied
“(z1—5 2buel) sKep ¢ Jo Aeis
|eydsoy uejpawl Jo uoneinp
19110ys e pey y dnoib uiypum
pa31eal} A]|NJssadoNSs sjulied

sainpadoid pajie}
pue juswdejus
Bun| Jaye Awoiod
-eloyy :3 dnoub pue
‘Adeiayy o1k
-oulqy pajie}
Buimoyjo SIVAQ
dnoub sbeurelp
30N 1594d 31enba
-peul Jaye Adesayy
oiAjounqy D dnoib
‘auoje abeulesp
20N} 31say> :g dnoib
aUo|e SIS}
-uadeJoyy y dnoib
:sdnoib JuswuIea]
[eI}IUI DAY O3UI PAYIS
-SB|D 2I9M SJUDIIed
'S}NSal 2N nd
9AIISOd pieMmO)
P310|Ie} 131B| 2I3M
pue (Wedeqins,/u|
-|pIdwe) sonoigiue
wnJ30ads-apim
YHm pabeurw aiam
syuaned e ‘Ajjeriul

[e€]

(€100)

ulyes

0ge elsy v

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI|

L UOIJUDAIDIU|

(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 17 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

‘euaAdwa yym syuaned
du3elpad Jo SwodIN0 3y}

uo siskjouniqy pue uteip 1sayd
YHM S]WA JO 10343 a3 a/edwiod
0} pajueLeM S| APN3S 9AI3dadS
-0Jd  Ja1e| 2Y3 yum paseduwod
suoped|dwod

19M3} 10 AR)S [endsoy J91Ioys

U[ 3INS34 30U S30p JaUlIoy

a1 1ey) bupsabbns ‘dnoib
JuswWieal} sAleIsdouou pue
dnolb

Juswieal} (S1vA) oAiesado ayy
U9aM3aq suoliedlduod pue
Ae3S Jo Y3bua| ay3 Aq pa3dayyau
Se 9UIODINO Ul 9DUIYIP

ou sem a1y

"9W023IN0 poob Yum ‘soiolgiue
yum Ajuo pajeasy ‘| dnoub ul ssaosqe bunj Jo ased
auo pue (] dnoib ur ased |) Awolodeloyy buunp
e|n3sy buisopd Aq Jo (|| dnoib ul sased 1) abeuelp
Buljeas Jaremiapun Ajuo buisn pajesly alam pue

‘(xesoyyownaudoipAy) aceds |eina|d ul Jie Jo
9ou3said Yy AQ paynRuapI 1M YdIYym Sejnisy
|einajdoyduoiq

40O 9duasald 01 pauajal AUPIGUON Alijerow

ou pey am ‘syuaied duieipad 9| Jo dnolb uno uj

(S1vA) K196

-Ins 21d02SODRIOY} PAISISSE-0IPIA UM UOL
-BDI}I0D3P 4O ‘SISA|OULIqY Y3IM UlRIP 1S3YD B ‘ulelp
153D B PaPa2U WAY3 JO ||B PUB Y 177 15e3] 1B 10y
JIUN 21D SAISUSIUI Di3eIPad U3 Ul Paleal} lam
(St=u) dnoib ewakdua ay3 ul UIP|IYD ISON
‘A}1|RIOW P3IRIDOSSe-RULIDAUID OU Sem 1y |
‘soyoeosdde

OM] 34} US3MIS] SUO[IEDI|dUIOD Ul 92UISHIP ON

“(UO1eDI}I0D3P

pue Awojodeioyy) || dnoib ul
SAep Gz PUe (Ulelp 1sayd+2l
-joiqnue) | dnoib ul skep G|
sem Aeys [eydsoy uejpaw ay |
'S}Nsal 1o

3W02IN0 J0od YyMm ‘sagni ujelp
-1S9UD Yim paieal Alsnoiaaid
2J9M A3U1 95Ne3Q ‘UlRIp 159D
pue djolque AJuo yum pajess)
UJP|IYD URY3 Jay3es Uojedn
-1029p Ym Auojodeioyy uado
pey oym uaipjiyd 1oy 196uo)
sem Aes [eydsoy jo yibua

“(eagesS Ul

sAep

8/ SAeuURQ Ul SABP 751 1)
sjexdsoy bunedpiyed 7 ayy
usamiaq

Aeys |eydsoy ueaw ay3 uj
90UBI3YIP OU SeM 21943} pue
‘(AjaA10adsal ‘'skep oy 17|

‘SA SABP 1 1) A|[BUOIIUSAUOD
pajeal}

2I9M OUM 350U} PUB S]VA
JUSMISPUN OYM UIP|IYD 10§
Jejjuis sem uonez

-lexdsoy Jo uoieinp eI} Y|

SUOI1eD11I0J9pP
pue Awoiodeloy} ulelp
uado 1S3yd+2noigiue

sisAjounqy
YIM UleIp 1s9yD
SIVA 10 3uoje uleIp 1sayD

[s€]
(€107)
uesnp

9] adoing  -ngy

[v€l

(€100)

us0g

-nie

E5)

I elsy )

suoljeAlasqo 124l

2Wodln0

Keys jo 1ybua

Z UOIUBAIRI| L UOIIUBAIRU|

(1eak)

(N) ioyy
sjuan -ny
-ed uoibay 1414

(ponunuod) | 3jqelL



Page 18 of 21

(2024) 50:136

Buonsenso et al. Italian Journal of Pediatrics

‘pousd A1sn0d3l

331 |nun uondo Juswieal}
[ea164ns uado ayy auodisod
pue ssa16a1 03 SUOIs9| Aleyined
9y 10} Aj3ualied 1iem ued

A3U1 'asIMI

-410 uesald s| 4dg e Ji uondo
1UdWieal [ed

-164ns 3Y3 9SN pNoys sueRIuID

'SU3eap OU 2J9M 219y} pabeuew sased €1 Jo INO

"dnoub Juswiiesly [ed16INS 8y} Ul 2IaMm ||e pue
syuaned (%17)
14yb13 Ul punoy sem (44g) ejnisy [eanajdoyduoiq iy

Juswieal] JO Sepowl Joyio

SNSIDA S WA Aleuld Jusmispun

OUM URIP|IYD 350y} U3aM13q
9|qesedwiod sem Aeys [eudsoy
40 yibuo| abesane uesw ay |
(S0°0 < d) 3uedyIubIs Ajjed
-1511835 10U SeM SIU3INQ S1VA
104 19559] SEM AR)S JO UOIRINP
a3 dnoib sbeuaip [edounajd 0y
paiedwod pue SyA AQ paieal)
2Jam syualjed ay3 JO 1O
(1000>4d)

Aj[eDIpaw paieal} a1am oym
950U Uey3 [eudsoy ay3 Ul swiy
40 spouad Ja1oys Ajpuedylubis
pakels syuaijed pajealy
A|[e2161NS 3Y3 1Y) pajeanal
uonezijendsoy Jo yibua| ann
-esadoysod ayj Jo UoleN|eAS
I9ASMOH *(010'0=d) dnoib
pajealy A|jeaibins ayy ueyy
uopeInp juapedul JIsjoys
Ajpuedylubis pey Ajjedipaw
pa3e31} 35043 1y} paMoys
sdnoub Jusiayip omy sy} Jo
uoljezijeydsoy Jo

U1bua| [e101 Y3 JO SISAjeue Uy

(Awo3129q0| + UoedI1I033Q
Awoy

-29}UaWIH3S + UOoNIedI11I033(Q
uondasal

9bpam +uoed033g
UO[1eJ1/|00

A11ABD +U011RDI11I023(
UOoeDI1I023(Q)

Juswiealy [ea1bing

SIVA

Aq pamol|o4
9AIIBAISSUOD)
SIVAAQ
pamol|o} dD
al
Amu_po_o_zcm
Auo)
9AIIBAISSUOD)
S1vA Atewlid

Jusudieall |eoIpaN

€]
(0z07)
‘e
ybuis
Jewny|

€l eisy  ysaley

[9€]
(€100)

8¢ Blsy  Jely L

suoljeAlasqo 19yl

awodInQ

£ess jo 1ybua

C UOIJUDAIR1U|

L UOIJUSAIR1U|

(1eak)

(N) oy
sjuan -ny
-ed uoibay 15414

(Panunuod) | 3jqelL



Buonsenso et al. Italian Journal of Pediatrics (2024) 50:136

and S. aureus are the most frequent pathogens. How-
ever, gaps remain: the serotypes of S. pneumoniae are
rarely reported, as well as children’ vaccination status.
Therefore, the real burden of S. pneumoniae serotype 3
in empyema in vaccinated children remains unclear, as
current vaccines may offer/provide lower protection
against it [38]. Studies have in fact described vaccine
breakthrough cases of serotype 3 complicated pneumo-
nia in vaccinated children [38]. Additionally, the distinc-
tion between methicillin-susceptible S. aureus (MSSA)
and methicillin-resistant S. aureus (MRSA) is seldom
reported, even though their pathogenicity might differ.
Finally, M. pneumoniae was rarely identified as a leading
pathogen.

Currently, there are no rigorous guidelines concerning
antibiotic treatment for pediatric empyema, and the liter-
ature still appears lacking solid scientific evidence, which
is why pediatricians relies mainly on expert opinions. It
is common to start with empirical broad-spectrum anti-
biotics which can be switched to narrow-spectrum fol-
lowing examination culture and susceptibility testing also
considering local antibiotic resistance. However, while
this is what is usually suggested, in routine practice there
is confusion in terms of number of drugs, routes and
length of antibiotic therapies, as well as optimal surgical
approaches.

In general, we observed that the most common per-
formed surgical treatment was pleural drainage, while
the less performed one was open surgery, reserved for
the most severe cases. Video-assisted thoracoscopic
surgery (VATS) and fibrinolysis were performed almost
equally. However, the studies included patients with
diverse characteristics and employed different criteria
for inclusion. Additionally, the causative organisms were
often unknown, making it difficult to translate these find-
ings directly into routine clinical practice-. Specifically,
a recent ongoing systematic review and meta-analysis,
which continuously updates its findings, compared vari-
ous treatment approaches for pediatric empyema man-
agement. This review revealed that therapies such as
fibrinolytic therapy, (VATS), and thoracotomy were
linked to shorter hospital stays compared to chest tube
drainage alone [39]. However, is it important to acknowl-
edge that assessing hospital length of stay can be sub-
jective, potentially limiting the generalizability of these
findings. Notably, short- and long-term morbidity rates
were similar across different treatment options, and mor-
tality rates were low across all interventions, consistent
with the outcomes observed in our study. In addition,
inclusion criteria for the diagnosis of empyema varied.
Some studies included biochemical findings in the pleu-
ral fluid, while others considered loculations on imaging.
However, interpreting pleural fluid loculations can be
subjective, and lung ultrasound might be a more reliable
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imaging tool for this purpose [40], which however has
only recently been significantly implemented in pediatric
practice [41]. Small studies conducted by expert pedia-
tricians in the field found that lung ultrasound seems to
be very sensitive in predicting empyema, and may guide
therapeutic choices. However, there are currently no
trials to evaluate whether children diagnosed with lung
ultrasound and given to different pharmacological arms
may benefit from one intervention over another.

Importantly, another limitation in the interpretation of
available literature is the absence of clinical trials com-
paring antibiotic therapies while having a fixed surgical
intervention, nor trials comparing surgical approaches
while having fixed antibiotic therapies. As such, it is chal-
lenging to understand the impact of each drug, or surgical
intervention, on the patient’s improvement. Our review
identified that children often undergo multiple antibiotic
treatments due to an apparent lack of clinical response to
pharmacological treatment. However, in many cases, it is
possible that persistence of fever may not to be attributed
to the lack of pharmacological efficacy but could sim-
ply be due to the persistence of inflammation. As such,
multiple antibiotics are frequently administered, whereas
a single effective antibiotic paired with a single effective
surgical approach may suffice. The absence of bacteria-
specific trials makes it difficult to provide clear treatment
recommendations. Also, a recent brief review from the
European Society of Pediatric Infectious Disease provides
reasonable options rather than defined indications [42],
and also five of the major international societies have
similar but still different recommendations [43-47]. Of
note, only a few studies have described the role of newer
drugs with optimal lung penetration such as linezolid, yet
with no trials available.

Importantly, despite the mentioned limitations of
the available literature and uncertainties about optimal
management, mortality in children with empyema is
overall low. However, significant differences have been
highlighted between high and low-to-middle income
countries. Such differences may be multifactorial, both
associated with availability of healthcare resources like
intensive care units and surgery, but also pathogen- (e.g.,
multidrug resistance in specific countries) and host- (e.g.,
malnutrition, genetics, delay in diagnosis due to socio-
economic issues) related factors. Such differences would
need more studies to better understand this point and
reduce inequalities in children’s outcomes.

Conclusions

Despite an increase in pediatric empyema research over
the past two decades, a significant gap exists in high
quality clinical trials. This hinders to fully understand
the disease and the optimal surgical approach. While
some existing surgical trials suggest potential benefits
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for fibrinolysis in terms of safety, costs and success rates,
the best antibiotic regimen remain unclear. Future
well-designed trials should aim to investigate different
antibiotics (including newer ones with optimal lung pen-
etration) accompanied by fixed surgical approaches, as
well as different surgical interventions accompanied by
optimal antibiotic therapies.
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