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Ecografia pulmonara (LUS) si-a extins rapid aplicabilitatea n pediatrie si neonatologie
datorita portabilitatii, lipsei radiatiilor si costurilor reduse. Studiile recente confirma acuratetea
sa comparabild cu metodele imagistice conventionale, cu beneficii suplimentare in diagnostic
si monitorizare. Pandemia COVID-19 a evidentiat valoarea LUS in evaluarea afectarii
pulmonare si corelarea cu biomarkerii, facilitand interventii rapide, mai ales la copii.

Lucrarea de fata, intitulatd UTILITATEA ULTRASONOGRAFIEI TORACICE CA
METODA EXPLORATORIE IN PATOLOGIA RESPIRATORIE A NOU-NASCUTULUI SI
COPILULUI, analizeaza utilitatea LUS ca metoda neinvaziva in diagnosticul si monitorizarea
afectiunilor respiratorii pediatrice, incluzand COVID-19, cu accent pe corelatia cu biomarkerii
si simptomele clinice.

PARTEA GENERALA

COVID-19 a avut un impact semnificativ asupra nou-nascutilor si copiilor, determinand
complicatii acute precum prematuritatea, detresa respiratorie, bronsiolita, pneumonia si
simptome gastrointestinale precum diareea si varsaturile, care pot duce la deshidratare si
dezechilibre electrolitice. Afectiuni severe precum Sindromul Inflamator Multisistemic la Copii
(MIS-C) si sindromul de detresa respiratorie acutda (ARDS) necesitd frecvent tratamente
intensive, iar Sindromul long-COVID afecteaza calitatea vietii prin oboseala, dificultati
respiratorii si probleme cognitive. Aceste complicatii subliniazad necesitatea unui diagnostic
precoce si a unei monitorizari atente.

Biomarkerii inflamatori, precum CRP, PCT, IL-6 si D-dimerul, joaca un rol central in
diagnosticarea si monitorizarea COVID-19 la copii, indicand inflamatia sistemica si riscul de
complicatii trombotice sau hiperinflamatorii. Markerii cardiaci, precum troponina si BNP, sunt
cruciali pentru detectarea leziunilor miocardice, iar citokinele pro-inflamatorii (IL-1, IL-10, TNF-
a) ofera informatii esentiale pentru gestionarea furtunii de citokine, ghidand terapiile
imunosupresoare. In plus, metodele moleculare, precum PCR-ul, permit identificarea rapida a
agentilor patogeni si sprijina deciziile terapeutice.

LUS este o tehnica imagistica neinvaziva, sigura si rapida, esentiala pentru diagnosticul
si monitorizarea afectiunilor respiratorii la copii si nou-nascuti. Utilitatea sa in detectarea
pneumoniei, pneumotoraxului, revarsatelor pleurale si edemului pulmonar este bine
documentatd, iar capacitatea de a diferentia intre infectiile virale si bacteriene contribuie la
administrarea unor tratamente adecvate. in contextul COVID-19, LUS s-a remarcat prin
detectarea artefactelor specifice, precum liniile B si ingrosarea pleurei, facilitdind monitorizarea
evolutiei bolii si interventiile terapeutice rapide.

Pe langa aplicatiile respiratorii, LUS este valoroasa in detectarea fracturilor costale,
evaluarea paraliziei diafragmatice si monitorizarea malformatiilor congenitale sau a herniilor
diafragmatice. Portabilitatea sa permite utilizarea la patul pacientului, reducand riscurile
asociate transportului si fiind ideald pentru pacientii pediatrici imobilizati.

PARTEA SPECIALA

Cercetarea doctorald, desfasurata pe 375 de pacienti cu varste intre o zi si 18 ani,
exploreaza utilizarea LUS in diagnosticarea si monitorizarea patologiilor neonatale si
pediatrice. Structuratad in opt directii, aceasta abordeaza aplicabilitatea LUS in COVID-19,
diferentierea pneumoniilor virale si bacteriene, evaluarea fibrozei chistice si detectarea
fracturilor pediatrice, folosind protocoale personalizate si respectand standardele etice
internationale.



Studiile au utilizat echipamente moderne si au evaluat corelatia intre scorurile ecografice
(LUSS, LUS-CF) si biomarkeri serici (CRP, IL-6, D-dimer, LDH). Analiza datelor a implicat
metode statistice avansate pentru stratificarea severitatii bolii si optimizarea tratamentului.

Directiile de cercetare

Prima directie de cercetare a investigat utilitatea ecografiei pulmonare (LUS) in
diagnosticarea si monitorizarea nou-nascutilor cu infectie COVID-19, punand accent pe
identificarea modificarilor ecografice caracteristice si avantajele acestei metode fata de
imagistica traditionala. LUS a fost evaluata ca o alternativa sigura, lipsitéa de radiatii, potrivita
pentru pacientii vulnerabili.

Review-ul sistematic a inclus sapte studii, selectate conform ghidului PRISMA, care au
analizat 58 de nou-nascuti cu infectie confirmata sau suspectata cu SARS-CoV-2. Datele
extrase au inclus caracteristicile pacientilor, metodele de confirmare a infectiei, modificarile
ecografice si distributia leziunilor pulmonare.

Nou-nascutii au prezentat forme clinice predominant usoare sau asimptomatice.
Modificarile ecografice au inclus disparitia liniilor A, aparitia liniilor B (neconfluente si
confluente) si consolidari subpleurale. Liniile B confluente, observate in cazurile severe, au
generat aspectul de ,plaméan alb.” Leziunile au fost bilaterale, localizate in regiunile posterioare
si inferioare ale plamanilor. Scorurile ecografice au indicat severitatea bolii, fiind mai mari la
pacientii cu afectari extinse.

LUS s-a dovedit o metoda eficienta pentru diagnosticarea si monitorizarea afectiunilor
pulmonare la nou-nascuti, oferind rezultate rapide si precise la patul pacientului, fara radiatii.
Modificarile specifice LUS sunt similare altor pneumonii virale, sustinand utilizarea acestei
metode ca instrument generalizat. Sunt necesare studii suplimentare pentru standardizarea
protocoalelor si validarea extinsa in practica clinica.

Cel de-al doilea studiu a avut ca obiectiv principal identificarea modificarilor observate
prin LUS la nou-nascutii cu pneumonie asociatda COVID-19 si corelarea acestora cu
simptomele clinice si markerii biologici. S-a urmarit evaluarea utilitati LUS ca metoda
neinvaziva de monitorizare a afectiunilor respiratorii, Tn special in cazul acestei populatii
vulnerabile.

Studiul prospectiv s-a desfasurat intre februarie 2020 si februarie 2022, la Spitalul
Clinic Judetean de Urgenta ,Pius Brinzeu” din Timisoara, in sectia de Neonatologie si Terapie
Intensiva Neonatala (NICU). Au fost inclusi 19 nou-nascuti diagnosticati cu infectie SARS-
CoV-2, selectati pe baza unor criterii stricte de includere si excludere. Au fost inclusi nou-
nascuti cu infectie confirmata in primele 28 de zile de viata, prin transmitere verticala sau
dobanditad postnatal, iar cei cu alte patologii respiratorii sau malformatii congenitale au fost
exclusi. Examinarile ecografice s-au efectuat folosind echipamente de ultima generatie, iar
scorul LUSS (Lung Ultrasound Score) a fost calculat pe baza unui protocol standardizat,
impartind toracele in 12 zone.

Populatia studiata a fost predominant masculina (63,2%), iar 10,5% dintre nou-nascuti
au fost prematuri. Greutatea medie la nastere a fost de 2936,84 + 585 g, iar 68,4% dintre
nasteri au avut loc prin cezariand. Transmiterea postnatalda a fost mecanismul principal
(84,2%), in timp ce transmiterea verticala a fost confirmata doar in 15,8% din cazuri. Din punct
de vedere clinic, majoritatea nou-nascutilor au prezentat simptome usoare sau moderate. Cele
mai frecvente simptome au fost agitatia psihomotorie (63,2%), inapetenta (52,6%) si rinoreea
(47,4%), urmate de febra (36,8%), tuse (21,1%) si diaree (21,1%).



Ecografia pulmonara a evidentiat stergerea liniilor A si prezenta liniilor B izolate la toti
pacientii (100%). Liniile B confluente au fost prezente la 57,9%, iar aspectul de ,plaman alb” a
fost observat la 36,8% dintre nou-nascuti. Neregularitatile pleurale au aparut la 68,4% dintre
pacienti, iar consolidarile subpleurale mici (<1 cm) au fost prezente la 31,6%. Doar 5,3% dintre
pacienti au prezentat efuziuni pleurale. Scorul LUSS a variat intre 4 si 18 puncte, cu o medie
de 12,21 * 3,56, iar pacientii cu LUSS >15 au avut o probabilitate mai mare de a necesita
suport respirator.

Analiza corelatiilor a aratat o relatie pozitiva semnificativa intre LUSS si nivelul de IL-6

(r=0,89, p = 0,03), confirmand severitatea leziunilor pulmonare. De asemenea, s-a observat
o corelatie negativa intre LUSS si saturatia de oxigen (r=-0,77, p=0,0001), ceea ce subliniaza
utilitatea ecografiei in anticiparea nevoii de oxigenoterapie.
Studiul a evidentiat ca LUS este o metoda valoroasa pentru diagnosticarea si monitorizarea
nou-nascutilor cu pneumonie COVID-19. Modificarile ecografice, precum liniile B confluente si
stergerea liniilor A, sugereaza edem pulmonar difuz caracteristic infectiilor virale. Corelatiile
dintre LUSS, IL-6 si saturatia de oxigen demonstreaza utilitatea acestei metode in evaluarea
severitatii afectiunii si managementul pacientilor. Transmiterea postnatala a fost cea mai
frecventa cale de infectie, iar recuperarea rapida observata la reevaluarile ecografice
sugereaza capacitatea de vindecare a nou-nascutilor. Rezultatele sustin integrarea ecografiei
pulmonare in protocoalele de diagnostic si tratament pentru aceasta categorie de pacienti.

Cea de-a treia directie de cercetare a avut ca obiectiv evaluarea utilitatii ecografiei
pulmonare (LUS) in diagnosticarea si monitorizarea afectarii pulmonare la sugari si copii mici
cu varsta sub doi ani, infectati cu SARS-CoV-2. Studiul a investigat corelatile dintre
modificarile imagistice, simptomele clinice si markerii biologici inflamatori, subliniind valoarea
LUS ca metoda sigura si neinvaziva pentru aceasta categorie de pacienti vulnerabili.

Studiul retrospectiv s-a desfasurat intre noiembrie 2021 si octombrie 2022, la Spitalul Clinic
de Boli Infectioase si Pneumoftiziologie ,Dr. Victor Babes” din Timisoara, si a inclus pacienti
cu varsta sub doi ani, diagnosticati cu SARS-CoV-2 prin test PCR. Criteriile de includere au
fost o spitalizare de minimum doua zile si absenta unor boli pulmonare cronice sau coinfectii.
Examinarile ecografice au fost realizate de un radiolog experimentat, utilizdnd aparate de
ultima generatie, iar scorul LUSS (Lung Ultrasound Score) a fost calculat pe baza evaluarii a
12 zone pulmonare, fiecare fiind punctata intre 0 si 3 in functie de severitatea leziunilor.
Studiul a inclus 19 pacienti, dintre care 52,6% au fost fete, iar 63,2% au fost sugari cu varsta
sub un an. Varsta medie a lotului a fost de 11,2 luni, iar durata medie a spitalizarii a fost de 4,7
zile. Evolutia clinica a fost favorabila, fara cazuri care sa necesite intubare sau administrare
de oxigen, ceea ce reflecta severitatea redusa a bolii in aceasta populatie.

Examinarile ecografice au identificat linii B rare la toti pacientii (100%), semn
caracteristic al afectarii interstitiale usoare. Linile B confluente, indicand edem alveolar
moderat, au fost prezente la 36,8% dintre pacienti, iar anomaliile pleurale, inclusiv ingrosari si
fragmentari, au fost observate la 42,1%. Consolidarile subpleurale mici (<1 cm) au aparut la
21,1% dintre pacienti, iar efuziunea pleurala a fost extrem de rara, fiind identificata la un singur
pacient (5,3%). Distributia leziunilor a fost predominant bilaterald, cu afectarea regiunilor
posterioare inferioare. Scorul LUSS mediu a fost de 4,47, indicand forme usoare péana la
moderate ale bolii.

Analiza corelatiilor a aratat relatii pozitive intre scorul LUSS si markerii inflamatori
precum LDH, D-dimer si IL-6, sugerdnd ca aceste valori pot reflecta severitatea leziunilor
pulmonare. Relatia negativda moderatd dintre LUSS si saturatia de oxigen a confirmat o



diminuare a functiei pulmonare proportionald cu severitatea leziunilor, desi toti pacientii au
mentinut saturatii normale, ceea ce subliniaza formele usoare ale infectiei.

Rezultatele demonstreaza ca ecografia pulmonara este o metoda valoroasa pentru
diagnosticarea si monitorizarea pneumoniei asociate COVID-19 la sugari si copii mici. Liniile
B neconfluente, predominante la majoritatea pacientilor, reflecta afectarea interstitiala usoara
caracteristica formelor pediatrice ale bolii. Corelatile cu markerii inflamatori LDH, D-dimer si
IL-6 evidentiaza potentialul acestei metode de a evalua severitatea bolii. De asemenea,
distributia bilaterala a leziunilor, cu afectarea regiunilor posterioare inferioare, confirma
rezultatele anterioare din literatura de specialitate, care subliniaza avantajele ecografiei
pulmonare in investigarea acestor regiuni.

Limitarile studiului includ dimensiunea redusa a esantionului, care limiteaza
generalizarea rezultatelor. Totusi, constatarile sustin utilizarea LUS ca metoda neinvaziva si
eficientd pentru diagnosticarea si monitorizarea pneumoniei asociate COVID-19 la aceasta
populatie vulnerabila. Viitoarele cercetari ar trebui sa includa esantioane mai mari si sa
exploreze relatile dintre markerii inflamatori si evolutia clinica pe termen lung. Ecografia
pulmonara se contureaza ca o metoda sigura, accesibila si precisa, care ar trebui integrata in
protocoalele de diagnostic si tratament pentru sugari si copii mici cu infectii respiratorii.

A patra directie de cercetare a avut ca scop explorarea diferentelor dintre nou-nascuti
si sugari in ceea ce priveste manifestarile clinice, markerii biologici inflamatori si modificarile
ecografice pulmonare asociate infectiei SARS-CoV-2. Studiul a urmarit sa evidentieze
particularitatile fiecarei categorii de varsta, oferind perspective valoroase pentru adaptarea
strategiilor de diagnostic si tratament in functie de specificul fiecarei grupe.

Studiul retrospectiv a fost desfasurat in doua spitale din Timisoara, intre februarie 2020
si octombrie 2023. Diagnosticul de SARS-CoV-2 a fost confirmat prin teste PCR, iar datele
clinice, biologice si imagistice au fost extrase din fisele medicale electronice. Au fost inclusi 42
de pacienti, impartiti in doua grupuri: nou-nascuti (sub 28 de zile) si sugari (28 de zile — un an).
Examinarile ecografice pulmonare au fost realizate folosind scorul LUSS pentru evaluarea
severitatii afectarii pulmonare, iar datele au fost analizate statistic cu software-ul MedCalc.

Studiul a inclus 19 nou-nascuti si 23 de sugari. Nou-nascutii aveau o varsta mediana
de 12 zile si o greutate mediana de 3060 g, iar infectia a fost predominant postnatala (84,2%).
Sugarii aveau o varsta mediana de 8 luni si o greutate mediana de 8600 g. Durata mediana a
spitalizarii a fost semnificativ mai mare la nou-nascuti (10 zile) comparativ cu sugarii (5 zile) (p
< 0,001).

Analiza markerilor biologici a aratat niveluri mai ridicate de CRP (9,63 mg/L vs. 3,5
mg/L, p = 0,0397), LDH (540 U/L vs. 295 U/L, p < 0,0001) si feritind (496,3 pg/L vs. 121,32
ug/L, p < 0,001) la nou-nascuti. Leucocitele si limfocitele au fost, de asemenea, mai ridicate la
nou-nascuti comparativ cu sugarii, reflectand o inflamatie sistemica mai intensa in acest grup.

Simptomele clinice au variat intre cele doua grupuri. Nou-nascutii au prezentat mai
frecvent agitatie psihomotorie (63,2% vs. 17,4%, p = 0,01), sindrom de deshidratare acuta si
candidoza orofaringiana (47,4% vs. 13%, p = 0,03). Tn schimb, febra (82,6% vs. 36,8%, p =
0,06) si tusea (56,5% vs. 21,1%, p = 0,07) au fost mai frecvente la sugari.

Scorul LUSS a fost semnificativ. mai mare la nou-nascuti (13, IQR: 10-14,75)
comparativ cu sugarii (4, IQR: 3-6,75) (p < 0,0001). Liniile B confluente si anomaliile pleurale
au fost mai frecvente la nou-nascuti (57,9% si 68,4%) decét la sugari (30,4% si 43,5%).
Consolidérile subpleurale mici (<1 cm) au fost raportate la 31,6% dintre nou-nascuti si doar la
17,4% dintre sugari.



Rezultatele evidentiazd diferente semnificative intre nou-nascuti si sugari in
manifestarile clinice, biologice si imagistice ale infectiei SARS-CoV-2. Nou-nascutii au
prezentat afectari mai severe, reflectate prin scoruri ecografice mai mari si valori crescute ale
markerilor inflamatori. Acest lucru poate fi explicat prin imaturitatea sistemului imun si
predispozitia la inflamatii sistemice severe.

Distributia predominant bilaterala a leziunilor in regiunile posterioare inferioare ale
plaméanilor, observata in ambele grupuri, confirma specificitatea ecografiei pulmonare in
detectarea leziunilor COVID-19. Diferentele in simptomele clinice, cum ar fi febra si tusea mai
frecvente la sugari, sugereaza o adaptare mai eficienta a raspunsului imun la aceasta
categorie de varsta.

Rezultatele sustin necesitatea personalizarii strategiilor de diagnostic si tratament
pentru fiecare grupa de varsta si subliniaza importanta monitorizarii atente a nou-nascutilor
datorita vulnerabilitatii crescute. Viitoarele cercetari ar trebui sa includa loturi mai mari de
pacienti si sa exploreze impactul pe termen lung al infectiei SARS-CoV-2 asupra functiei
pulmonare la copii.

A cincea directie de cercetare isi propune sa exploreze utilizarea ecografiei pulmonare
(LUS) pentru a diferentia pneumonia virala de cea bacteriana la copii, oferind o alternativa
neinvaziva la metodele imagistice traditionale. Prin analizarea scorurilor LUSS (Lung
Ultrasound Score) si a anomaliilor ecografice, studiul urmareste sa identifice caracteristicile
specifice fiecarui tip de infectie, imbunatatind strategia terapeutica.

Studiul a fost desfasurat in cadrul Spitalului Clinic de Boli Infectioase si
Pneumoftiziologie ,Dr. Victor Babes” din Timisoara, intre februarie 2022 si octombrie 2023. Au
fost inclusi copii cu varsta peste o luna, care prezentau simptome de infectii acute ale tractului
respirator inferior, confirmate etiologic prin teste PCR multiplex. Pacientii cu afectiuni
pulmonare cronice preexistente au fost exclusi.

Examinarile ecografice au fost realizate de radiologi experimentati, utilizand un protocol
standardizat pe 12 zone pulmonare, fiecare zona fiind evaluata pe o scara de la 0 la 3. Datele
clinice, ecografice si biologice au fost inregistrate intr-o baza de date securizata si analizate
statistic folosind MedCalc®. Diferentele intre grupurile virale si bacteriene au fost evaluate prin
teste Mann—Whitney si chi-patrat, iar pragul de semnificatie statisticad a fost stabilit la p <
0,0071.

Studiul a inclus 85 de copii, dintre care 43,52% au fost fete si 56,48% baieti, cu o véarsta
mediana de 14 luni. Durata mediana a spitalizarii a fost de 5 zile, fiind semnificativ mai lunga
la copiii cu infectii bacteriene (7 zile) decét la cei cu infectii virale (5 zile) (p = 0,0007).
Scorurile LUSS au aratat diferente semnificative intre grupuri. Pacientii cu infectii bacteriene
au avut un scor median de 10 (IQR: 8-13,5), comparativ cu 3 (IQR: 1-6) la cei cu infectii virale
(p <0,0001).

Liniile B confluente au fost observate in 90,91% dintre infectiile bacteriene, comparativ
cu 31,08% in cele virale (p = 0,0002), iar anomaliile pleurale au fost identificate la 81,82%
dintre pacientii bacterieni, fata de 32,43% in cei cu infectii virale (p = 0,001). De asemenea,
consolidarile subpleurale mici (<1 cm) au fost prezente in 81,82% dintre cazurile bacteriene si
doar in 20,27% dintre cele virale (p < 0,0001), in timp ce consolidarile mari (>1 cm) au fost
raportate exclusiv in grupul bacterian (45,45%), fiind absente in cel viral (p < 0,0001).
Efuziunile pleurale au fost observate in 9,09% dintre infectiile bacteriene, dar nu au fost
detectate in cele virale (p = 0,009).



Analiza curbelor ROC a indicat o sensibilitate de 77,14% si o specificitate de 80%
pentru scoruri LUSS <9 in diagnosticul infectiilor virale. Prezenta consolidarilor mari (>1 cm) a
demonstrat o sensibilitate si specificitate de 100% pentru infectiile bacteriene.

Rezultatele demonstreaza diferente semnificative intre infectiile virale si bacteriene in
ceea ce priveste scorurile ecografice si anomaliile pulmonare. Scorurile LUSS mai mari si
caracteristicile ecografice distinctive, cum ar fi consolidarile mari si efuziunile pleurale, sustin
utilizarea LUS ca instrument esential pentru diagnosticarea pneumoniei bacteriene. Tn schimb,
linile B neconfluente si consolidarile subpleurale mici sunt mai frecvent asociate infectiilor
virale, oferind un criteriu valoros pentru diferentiere.

Pacientii cu infectii bacteriene au necesitat durate mai lungi de spitalizare, ceea ce
subliniaza severitatea clinica crescuta a acestor cazuri. Aceste observatii sunt in concordanta
cu literatura de specialitate, care sustine rolul ecografiei pulmonare in diagnosticarea si
managementul infectiilor respiratorii la copii.

A sasea directie s-a concentrat pe dezvoltarea unui scor de severitate bazat pe
corelatia dintre modificarile ecografice si parametrii biologici, pentru o evaluare mai precisa a
starii clinice a pacientilor. De asemenea, s-a urmarit analiza relatiei dintre scorul LUSS si
saturatia de oxigen, alaturi de impactul acestor corelatii asupra duratei de spitalizare. Studiul
isi propune sa ofere instrumente de diagnosticare si monitorizare minim invazive, evitand
expunerea inutila la radiatii si ghidand deciziile clinice pentru aceasta populatie pediatrica
vulnerabila.

Cercetarea s-a desfasurat pe o perioada de aproape patru ani, intre februarie 2020 si
noiembrie 2023, la Spitalul Clinic Judetean de Urgenta ,Pius Brinzeu” si Spitalul Clinic de Boli
Infectioase si Pneumoftiziologie ,Dr. Victor Babes” din Timisoara. Cohorta a inclus 42 de
pacienti, formata din nou-nascuti si sugari cu infectie SARS-CoV-2 confirmata prin teste PCR.
Toti participantii au fost internati cel putin trei zile, iar parintii sau tutorii legali au oferit
consimtamantul informat pentru includerea in studiu.

Datele clinice si biologice au fost extrase din dosarele medicale electronice si au inclus
informatii despre istoricul medical, simptome, teste de laborator si rezultate imagistice. Probele
de sange au fost colectate pentru analiza biomarkerilor inflamatori, cum ar fi CRP, feritina, IL-
6, LDH si D-dimer, utilizdnd tehnici standard de laborator. Examinarile ecografice pulmonare
au fost efectuate de radiologi certificati, folosind aparate portabile si stationare (General
Electric Vivid 1Q si Philips EPIQ 5), iar scorul LUSS a fost calculat pe baza unui sistem de
evaluare pe 12 zone, fiecare zona fiind punctata de la 0 la 3.

Analizele statistice au fost realizate cu ajutorul software-ului MedCalc. Corelatiile dintre scorul
LUSS, biomarkerii serici si parametrii clinici au fost evaluate folosind coeficienti de corelatie
Spearman si teste Mann—-Whitney, cu un prag de semnificatie stabilit la p < 0,05.

Cohorta de studiu a inclus 42 de pacienti, dintre care 57,14% au fost de sex masculin.
Varsta medie a participantilor a fost de 4 luni, iar durata medie a spitalizarii a fost de 5,5 zile,
variind intre 2 si 28 de zile. Simptomele clinice au fost diverse, cele mai frecvente fiind febra
(61,90%), tusea (40,47%) si rinoreea (42,85%). Simptome gastrointestinale, cum ar fi
pierderea poftei de méancare (54,76%) si sindromul de deshidratare acuta usoara (57,14%),
au fost, de asemenea, frecvent intalnite.

Examinarile ecografice au evidentiat modificari variate, cum ar fi linile B neconfluente
(100%), liniile B confluente (42,85%) si anomaliile pleurale (54,76%). Consolidarile subpleurale
mici au fost prezente in 23,80% din cazuri, iar pleurezia a fost rara, fiind observata doar la
4,76% dintre pacienti. Consolidarile mari (>1 cm) au fost absente in intregul lot. Scorul total
LUSS a aratat o afectare predominanta a zonelor posterioare inferioare ale plamanilor.



Analizele statistice au relevat corelatii semnificative intre scorul LUSS si mai multi
biomarkeri serici. Nivelurile de CRP, feritina, IL-6, LDH si D-dimer au avut corelatii pozitive
semnificative cu scorul LUSS, indicdnd o asociere intre severitatea afectarii pulmonare si
raspunsul inflamator sistemic. De asemenea, o corelatie negativa puternica a fost observata
intre scorul LUSS si saturatia oxigenului, ceea ce reflecta impactul afectarii pulmonare asupra
functiei respiratorii.

Studiul a demonstrat ca scorul ecografic pulmonar (LUSS) este un instrument valoros
pentru evaluarea severitatii pneumoniei asociate COVID-19 la nou-nascuti si sugari. Corelatiile
semnificative dintre LUSS si biomarkeri inflamatori precum CRP, IL-6 si LDH subliniaza
utilitatea ecografiei pulmonare in stratificarea severitatii bolii. Relatia negativa dintre scorul
LUSS si saturatia de oxigen evidentiaza importanta acestei metode in monitorizarea functiei
respiratorii.

Rezultatele sugereaza ca ecografia pulmonara poate fi utilizata ca un instrument
neinvaziv si eficient in evaluarea si monitorizarea pacientilor pediatrici afectati de COVID-19.
Integrarea scorului LUSS cu biomarkerii serici ofera o abordare cuprinzatoare pentru
managementul clinic, reducand necesitatea investigatiilor mai invazive sau care implica
radiatii.

Cel de-al saptelea studiu a evaluat utilitatea scorului ecografic pulmonar LUS-CF
pentru detectarea si monitorizarea leziunilor structurale pulmonare la pacientii cu fibroza
chistica (FC), comparandu-l cu scorul Bhalla modificat utilizat in tomografia computerizata
(CT). De asemenea, s-a analizat corelatia dintre scorurile imagistice si indicele de clearance
pulmonara (LCI), un parametru cheie al functiei pulmonare.

Studiul, desfasurat intre 2016 si 2020, a inclus 57 de pacienti cu varste intre 6 luni si
18 ani, diagnosticati cu FC si monitorizati prin ecografie pulmonara (LUS) si CT bi-anual.
Ecografiile au fost realizate folosind un sistem standardizat, iar scorul LUS-CF a fost calculat
pe baza modificarilor observate in 12 regiuni pulmonare. Scorul CT a fost utilizat pentru a
clasifica severitatea bolii (usoara, moderata, severd). Functia pulmonara a fost evaluata prin
LCI si spirometrie. Analizele statistice au evaluat corelatiile dintre scorurile imagistice si
parametrii functionali.

Varsta medie a pacientilor a fost de 11,8 ani, iar 42,1% au fost fete. Scorul mediu LUS-
CF afost de 5,88, iar scorul CT de 38,14. Corelatia dintre scorurile LUS-CF si CT a fost extrem
de puternica (rs = 0,87, p = 0,000). De asemenea, LUS-CF a corelat pozitiv cu LCI (rs = 0,8,
p = 0,000), iar corelatiile cu parametrii spirometrici (FEV1 si FEF 25—75) au subliniat relatia
dintre leziunile structurale si functia pulmonara.

LUS a demonstrat o sensibilitate ridicatd pentru detectarea consolidarilor (94,4%) si
atelectaziilor (83,7%). Bronsiectaziile cilindrice au fost detectate cu o sensibilitate de 77,7%,
insa specificitatea a variat in functie de tipul leziunilor.

Studiul confirma ca LUS-CF este o metoda eficienta pentru monitorizarea leziunilor
pulmonare la pacientii cu FC, oferind rezultate comparabile cu CT in identificarea anomaliilor.
Corelatia puternica dintre scorul LUS-CF si LCI sustine utilizarea sa ca metoda non-invaziva
si non-iradianta, mai ales in formele avansate ale bolii. Desi CT raméane standardul de aur,
LUS ofera o alternativa valoroasa pentru monitorizarea periodica, reducand expunerea la
radiatii.

Rezultatele acestui studiu sustin integrarea LUS in ghidurile clinice pentru managementul FC,
cu potential de a imbunatati diagnosticarea si monitorizarea pacientilor pediatrici. Studiile
viitoare ar trebui sa includa cohorte mai mari pentru a valida aceste concluzii.



Nu in ultimul rand, a opta directie de cercetare analizeaza sensibilitatea si specificitatea
ecografiei musculoscheletale (MSK-US) comparativ cu radiografia conventionala, evidentiind
beneficiile acestei metode pentru reducerea expunerii la radiatii si cresterea confortului
pacientului pediatric.

Articolele incluse au fost selectate conform ghidurilor PRISMA din PubMed si Cochrane
(2011-2021). Au fost incluse studii pe subiecti pediatrici ce compara ecografia cu radiografia
in diagnosticarea fracturilor. Datele extrase au inclus sensibilitatea, specificitatea si experienta
examinatorilor.

Din 24 de studii, incluzand 2247 pacienti, MSK-US a demonstrat sensibilitate si
specificitate ridicate, variind intre 90-100% pentru fracturile membrelor superioare si
inferioare. Pentru fracturile humerale si radiusului distal, MSK-US a fost aproape echivalenta
radiografiei in diagnostic, iar pentru fracturile cotului si ale membrului inferior, a redus
necesitatea radiografilor cu pand la 23%. In cazul fracturiior metacarpienelor Si
metatarsienelor, sensibilitatea a fost intre 91-97%, fiind eficienta si pentru detectarea calusului
0sos mai devreme decat radiografia.

MSK-US este un instrument complementar valoros in diagnosticul fracturilor pediatrice,
cu avantaje clare in reducerea expunerii la radiatii, detectarea timpurie a calusului si confortul
pacientilor. Desi nu poate Tnlocui complet radiografia, reprezintd o metoda de prima linie pentru
fracturile simple si monitorizarea evolutiei acestora. Necesitad instruire minima, dar ofera
acuratete ridicata, fiind o optiune viabila pentru integrarea in practica pediatrica de urgenta.

Actuala lucrare doctorala demonstreaza utilitatea LUS ca metoda sigura, neinvaziva si

accesibilad pentru diagnosticul si monitorizarea afectiunilor pulmonare pediatrice. Dezvoltarea
scorurilor ecografice, precum LUSS si LUS-CF, a oferit o evaluare standardizata si precisa a
severitatii bolilor, contribuind la integrarea rapida a ecografiei in practica clinica. Aceste scoruri
s-au dovedit valoroase in stratificarea severitatii bolilor precum COVID-19, fibroza chistica sau
pneumonia, reducand expunerea la radiatii si sustinand deciziile terapeutice.
Rezultatele evidentiaza, de asemenea, capacitatea ecografiei de a diferentia pneumonia virala
de cea bacteriana prin analiza specifica a leziunilor pulmonare. In cazul fibrozei chistice, LUS-
CF a aratat o corelatie excelenta cu scorurile CT si cu indicele de clearance pulmonara (LCl),
consolidand utilitatea ecografiei ca alternativa neiradianta pentru monitorizarea leziunilor
pulmonare avansate.

In ceea ce priveste fracturile pediatrice, MSK-US s-a dovedit rapida si eficienta, avand
sensibilitate si specificitate comparabile cu radiografia. Aceastd metoda reduce expunerea la
radiatii, fiind deosebit de utila in diagnosticarea si monitorizarea fracturilor in practica de
urgenta pediatrica.

Contributiile personale includ validarea unor noi scoruri ecografice, analiza relatiei
dintre biomarkeri si imagistica pulmonara, promovarea colaborarii interdisciplinare si
publicarea de studii inovatoare care au avut un impact semnificativ asupra literaturii de
specialitate, sustinand utilizarea extinsa a ecografiei in pediatrie.
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The rapid expansion of the applicability of lung ultrasound (LUS) in pediatrics and
neonatology is due to its portability, lack of radiation, and low costs. Recent studies confirm its
accuracy as comparable to conventional imaging methods, with additional benefits in diagnosis
and monitoring. The COVID-19 pandemic highlighted the value of LUS in assessing pulmonary
involvement and correlating it with biomarkers, facilitating rapid interventions, especially in
children.

This thesis, titled UTILITY OF THORACIC ULTRASONOGRAPHY AS AN
EXPLORATORY METHOD IN RESPIRATORY PATHOLOGY OF THE NEWBORN AND
CHILD, analyzes the usefulness of LUS as a non-invasive method in diagnosing and
monitoring pediatric respiratory conditions, including COVID-19, emphasizing the correlation
with biomarkers and clinical symptoms.

GENERAL PART

COVID-19 has had a significant impact on newborns and children, causing acute
complications such as prematurity, respiratory distress, bronchiolitis, pneumonia, and
gastrointestinal symptoms like diarrhea and vomiting, which can lead to dehydration and
electrolyte imbalances. Severe conditions such as Multisystem Inflammatory Syndrome in
Children (MIS-C) and Acute Respiratory Distress Syndrome (ARDS) often require intensive
treatments, while long-COVID syndrome affects quality of life through fatigue, respiratory
difficulties, and cognitive problems. These complications underline the necessity of early
diagnosis and careful monitoring.

Inflammatory biomarkers, such as CRP, PCT, IL-6, and D-dimer, play a central role in
diagnosing and monitoring COVID-19 in children, indicating systemic inflammation and the risk
of thrombotic or hyperinflammatory complications. Cardiac markers, such as troponin and
BNP, are crucial for detecting myocardial injuries, while pro-inflammatory cytokines (IL-1, IL-
10, TNF-a) provide essential information for managing cytokine storms, guiding
immunosuppressive therapies. Additionally, molecular methods, such as PCR, allow for the
rapid identification of pathogens and support therapeutic decisions.

LUS is a non-invasive, safe, and rapid imaging technique essential for diagnosing and
monitoring respiratory conditions in children and newborns. Its utility in detecting pneumonia,
pneumothorax, pleural effusions, and pulmonary edema is well-documented, and its ability to
differentiate between viral and bacterial infections contributes to the administration of
appropriate treatments. In the context of COVID-19, LUS has stood out for detecting specific
artifacts, such as B-lines and pleural thickening, facilitating disease progression monitoring
and timely therapeutic interventions.

Beyond its respiratory applications, LUS is valuable in detecting rib fractures, assessing
diaphragmatic paralysis, and monitoring congenital malformations or diaphragmatic hernias.
Its portability allows for bedside use, reducing transport-associated risks and making it ideal
for immobilized pediatric patients.

SPECIAL PART

This doctoral research, conducted on 375 patients aged between one day and 18 years,
explores the use of LUS in diagnosing and monitoring neonatal and pediatric pathologies.
Structured into eight directions, it addresses the applicability of LUS in COVID-19, the
differentiation between viral and bacterial pneumonias, the evaluation of cystic fibrosis, and



the detection of pediatric fractures, using customized protocols and adhering to international
ethical standards.

The studies utilized modern equipment and evaluated the correlation between
ultrasound scores (LUSS, LUS-CF) and serum biomarkers (CRP, IL-6, D-dimer, LDH). Data
analysis involved advanced statistical methods for stratifying disease severity and optimizing
treatment.

Research directions

The first research direction investigated the utility of lung ultrasound (LUS) in
diagnosing and monitoring hewborns with COVID-19 infection, emphasizing the identification
of characteristic ultrasound changes and the advantages of this method over traditional
imaging. LUS was evaluated as a safe, radiation-free alternative suitable for vulnerable
patients.

The systematic review included seven studies, selected according to the PRISMA
guidelines, which analyzed 58 newborns with confirmed or suspected SARS-CoV-2 infection.
The extracted data included patient characteristics, methods of infection confirmation,
ultrasound changes, and the distribution of pulmonary lesions.

The newborns presented predominantly mild or asymptomatic clinical forms.
Ultrasound changes included the disappearance of A-lines, the appearance of B-lines (non-
confluent and confluent), and subpleural consolidations. Confluent B-lines, observed in severe
cases, generated the “white lung” appearance. Lesions were bilateral, located in the posterior
and lower regions of the lungs. Ultrasound scores indicated disease severity, being higher in
patients with extensive damage.

LUS proved to be an effective method for diagnosing and monitoring pulmonary
conditions in newborns, offering rapid and accurate results at the patient’'s bedside, without
radiation exposure. The specific LUS changes are similar to those seen in other viral
pneumonias, supporting the use of this method as a generalized tool. Additional studies are
needed to standardize protocols and extend validation in clinical practice.

The second study aimed primarily to identify changes observed through LUS in
newborns with COVID-19-associated pneumonia and to correlate these findings with clinical
symptoms and biological markers. It sought to evaluate the utility of LUS as a non-invasive
method for monitoring respiratory conditions, particularly in this vulnerable population.

The prospective study was conducted between February 2020 and February 2022 at
the “Pius Brinzeu” Emergency Clinical County Hospital in Timisoara, in the Neonatology and
Neonatal Intensive Care Unit (NICU). Nineteen newborns diagnosed with SARS-CoV-2
infection were included, selected based on strict inclusion and exclusion criteria. Newborns
with confirmed infection within the first 28 days of life, via vertical transmission or postnatal
acquisition, were included, while those with other respiratory pathologies or congenital
malformations were excluded. Ultrasound examinations were performed using state-of-the-art
equipment, and the Lung Ultrasound Score (LUSS) was calculated based on a standardized
protocol, dividing the thorax into 12 zones.

The study population was predominantly male (63.2%), with 10.5% of newborns being
premature. The average birth weight was 2936.84 + 585 g, and 68.4% of births occurred via
cesarean section. Postnatal transmission was the primary mechanism (84.2%), while vertical
transmission was confirmed in only 15.8% of cases. Clinically, the majority of newborns
presented with mild or moderate symptoms. The most frequent symptoms were psychomotor



agitation (63.2%), poor appetite (52.6%), and rhinorrhea (47.4%), followed by fever (36.8%),
cough (21.1%), and diarrhea (21.1%).

LUS revealed the absence of A-lines and the presence of isolated B-lines in all patients
(100%). Confluent B-lines were present in 57.9%, and the "white lung" appearance was
observed in 36.8% of newborns. Pleural irregularities were detected in 68.4% of patients, while
small subpleural consolidations (<1 cm) were present in 31.6%. Only 5.3% of patients showed
pleural effusions. The LUSS ranged from 4 to 18 points, with a mean of 12.21 + 3.56, and
patients with LUSS >15 were more likely to require respiratory support.

Correlation analysis revealed a significant positive relationship between LUSS and IL-
6 levels (r =0.89, p = 0.03), confirming the severity of pulmonary lesions. A negative correlation
was also observed between LUSS and oxygen saturation (r =-0.77, p = 0.0001), underscoring
the utility of ultrasound in anticipating the need for oxygen therapy.

The study demonstrated that LUS is a valuable method for diagnosing and monitoring
newborns with COVID-19 pneumonia. Ultrasound changes, such as confluent B-lines and the
absence of A-lines, suggest diffuse pulmonary edema characteristic of viral infections. The
correlations between LUSS, IL-6, and oxygen saturation highlight the utility of this method in
assessing disease severity and managing patients. Postnatal transmission was the most
frequent route of infection, and the rapid recovery observed in follow-up ultrasounds suggests
the newborns' capacity for healing. The results support the integration of lung ultrasound into
diagnostic and treatment protocols for this patient category.

The third research direction aimed to evaluate the utility of LUS in diagnosing and
monitoring pulmonary involvement in infants and young children under two years of age
infected with SARS-CoV-2. The study investigated correlations between imaging changes,
clinical symptoms, and inflammatory biological markers, emphasizing the value of LUS as a
safe and non-invasive method for this vulnerable patient population.

The retrospective study was conducted between November 2021 and October 2022 at
the “Dr. Victor Babes” Clinical Hospital for Infectious Diseases and Pulmonology in Timisoara
and included patients under two years of age diagnosed with SARS-CoV-2 through PCR
testing. Inclusion criteria required hospitalization for a minimum of two days and the absence
of chronic pulmonary diseases or co-infections. Ultrasound examinations were performed by
an experienced radiologist using state-of-the-art equipment, and the Lung Ultrasound Score
(LUSS) was calculated based on the evaluation of 12 pulmonary zones, each scored from 0
to 3 depending on the severity of lesions.

The study included 19 patients, of whom 52.6% were girls, and 63.2% were infants
under one year of age. The median age of the cohort was 11.2 months, and the average
hospitalization duration was 4.7 days. Clinical evolution was favorable, with no cases requiring
intubation or oxygen administration, reflecting the reduced severity of the disease in this
population.

Ultrasound examinations identified rare B-lines in all patients (100%), a characteristic
sign of mild interstitial involvement. Confluent B-lines, indicative of moderate alveolar edema,
were present in 36.8% of patients, while pleural abnormalities, including thickening and
fragmentation, were observed in 42.1%. Small subpleural consolidations (<1 cm) were
identified in 21.1% of patients, and pleural effusion was extremely rare, identified in only one
patient (5.3%). The lesions were predominantly bilateral, affecting the posterior and inferior
lung regions. The mean LUSS score was 4.47, indicating mild to moderate disease.

Correlation analysis showed positive relationships between the LUSS score and
inflammatory markers such as LDH, D-dimer, and IL-6, suggesting that these values may



reflect the severity of pulmonary lesions. A moderate negative relationship between LUSS and
oxygen saturation confirmed a decrease in pulmonary function proportional to the severity of
the lesions, although all patients maintained normal oxygen saturation, emphasizing the mild
nature of the infection.

The results demonstrate that lung ultrasound is a valuable method for diagnosing and
monitoring COVID-19-associated pneumonia in infants and young children. Non-confluent B-
lines, predominant in most patients, reflect mild interstitial involvement characteristic of
pediatric forms of the disease. Correlations with inflammatory markers such as LDH, D-dimer,
and IL-6 highlight the potential of this method to assess disease severity. Furthermore, the
bilateral distribution of lesions, with involvement of posterior and inferior regions, confirms
previous findings in the literature, emphasizing the advantages of lung ultrasound in
investigating these regions.

Study limitations include the small sample size, which restricts the generalization of
results. However, the findings support the use of LUS as a non-invasive and effective method
for diagnosing and monitoring COVID-19-associated pneumonia in this vulnerable population.
Future research should include larger samples and explore the relationships between
inflammatory markers and long-term clinical outcomes. Lung ultrasound is emerging as a safe,
accessible, and precise method that should be integrated into diagnostic and treatment
protocols for infants and young children with respiratory infections.

The fourth research direction aimed to explore the differences between neonates and
infants regarding clinical manifestations, inflammatory biological markers, and pulmonary
ultrasound changes associated with SARS-CoV-2 infection. The study sought to highlight the
particularities of each age group, providing valuable insights for adapting diagnostic and
treatment strategies according to the specifics of each category.

The retrospective study was conducted in two hospitals in Timisoara between February
2020 and October 2023. SARS-CoV-2 infection was confirmed through PCR testing, and
clinical, biological, and imaging data were extracted from electronic medical records. A total of
42 patients were included, divided into two groups: neonates (under 28 days) and infants (28
days to one year). Lung ultrasound examinations were performed using the LUSS (Lung
Ultrasound Score) to evaluate the severity of pulmonary involvement, and data were
statistically analyzed with MedCalc software.

The study included 19 neonates and 23 infants. The neonates had a median age of 12
days and a median weight of 3060 g, with infection predominantly postnatal (84.2%). The
infants had a median age of 8 months and a median weight of 8600 g. The median
hospitalization duration was significantly longer for neonates (10 days) compared to infants (5
days) (p < 0.001).

Analysis of biological markers showed higher levels of CRP (9.63 mg/L vs. 3.5 mg/L, p
= 0.0397), LDH (540 U/L vs. 295 U/L, p < 0.0001), and ferritin (496.3 pg/L vs. 121.32 pg/L, p
< 0.001) in neonates. Leukocyte and lymphocyte counts were also higher in neonates
compared to infants, reflecting more intense systemic inflammation in this group.

Clinical symptoms varied between the two groups. Neonates more frequently
presented with psychomotor agitation (63.2% vs. 17.4%, p = 0.01), acute dehydration
syndrome, and oropharyngeal candidiasis (47.4% vs. 13%, p = 0.03). Conversely, fever
(82.6% vs. 36.8%, p = 0.06) and cough (56.5% vs. 21.1%, p = 0.07) were more common in
infants.

The LUSS score was significantly higher in neonates (13, IQR: 10-14.75) compared to
infants (4, IQR: 3—6.75) (p < 0.0001). Confluent B-lines and pleural abnormalities were more



frequent in neonates (57.9% and 68.4%) than in infants (30.4% and 43.5%). Small subpleural
consolidations (<1 cm) were reported in 31.6% of neonates and only 17.4% of infants.

The results highlight significant differences between neonates and infants in clinical,
biological, and imaging manifestations of SARS-CoV-2 infection. Neonates exhibited more
severe involvement, reflected by higher ultrasound scores and elevated inflammatory marker
levels. This may be explained by the immaturity of their immune system and a predisposition
to severe systemic inflammation.

The predominantly bilateral distribution of lesions in the posterior and inferior lung
regions observed in both groups confirms the specificity of lung ultrasound in detecting COVID-
19 lesions. Differences in clinical symptoms, such as fever and cough being more frequent in
infants, suggest a more effective immune response adaptation in this age group.

The findings support the need to personalize diagnostic and treatment strategies for
each age group and emphasize the importance of close monitoring of neonates due to their
increased vulnerability. Future research should include larger patient cohorts and explore the
long-term impact of SARS-CoV-2 infection on lung function in children.

The fifth research direction aims to explore the use of LUS in differentiating viral
pneumonia from bacterial pneumonia in children, providing a non-invasive alternative to
traditional imaging methods. By analyzing LUSS and ultrasound abnormalities, the study seeks
to identify specific characteristics of each type of infection, improving therapeutic strategies.

The study was conducted at the "Dr. Victor Babes" Clinical Hospital for Infectious
Diseases and Pneumophthisiology in Timisoara between February 2022 and October 2023.
Children over one month old presenting symptoms of acute lower respiratory tract infections,
etiologically confirmed by multiplex PCR tests, were included. Patients with pre-existing
chronic pulmonary conditions were excluded.

Ultrasound examinations were performed by experienced radiologists using a
standardized protocol on 12 pulmonary zones, each scored on a scale from 0 to 3. Clinical,
ultrasound, and biological data were recorded in a secure database and statistically analyzed
using MedCalc. Differences between viral and bacterial groups were evaluated using Mann—
Whitney and chi-square tests, with the statistical significance threshold set at p < 0.0071.

The study included 85 children, 43.52% of whom were girls and 56.48% boys, with a
median age of 14 months. The median hospital stay was 5 days, significantly longer for children
with bacterial infections (7 days) compared to those with viral infections (5 days) (p = 0.0007).

LUSS scores showed significant differences between groups. Patients with bacterial
infections had a median score of 10 (IQR: 8-13.5) compared to 3 (IQR: 1-6) for those with
viral infections (p < 0.0001).

Confluent B-lines were observed in 90.91% of bacterial infections compared to 31.08%
in viral infections (p = 0.0002), while pleural abnormalities were identified in 81.82% of bacterial
cases versus 32.43% in viral cases (p = 0.001). Additionally, small subpleural consolidations
(<1 cm) were present in 81.82% of bacterial cases and only 20.27% of viral cases (p < 0.0001),
while large consolidations (>1 cm) were reported exclusively in the bacterial group (45.45%),
being absent in the viral group (p < 0.0001). Pleural effusions were observed in 9.09% of
bacterial infections but were not detected in viral infections (p = 0.009).

ROC curve analysis indicated a sensitivity of 77.14% and a specificity of 80% for LUSS
scores <9 in diagnosing viral infections. The presence of large consolidations (>1 cm)
demonstrated 100% sensitivity and specificity for bacterial infections.

The results demonstrate significant differences between viral and bacterial infections
concerning ultrasound scores and pulmonary abnormalities. Higher LUSS scores and



distinctive ultrasound characteristics, such as large consolidations and pleural effusions,
support the use of LUS as an essential tool for diagnosing bacterial pneumonia. In contrast,
non-confluent B-lines and small subpleural consolidations are more frequently associated with
viral infections, providing a valuable criterion for differentiation.

Patients with bacterial infections required longer hospitalization durations,
underscoring the increased clinical severity of these cases. These observations align with the
existing literature, which supports the role of lung ultrasound in diagnosing and managing
respiratory infections in children.

The sixth research direction focused on developing a severity score based on the correlation
between ultrasound changes and biological parameters to more accurately assess the clinical
status of patients. Additionally, it aimed to analyze the relationship between the LUSS score
and oxygen saturation, alongside the impact of these correlations on hospitalization duration.
The study seeks to provide minimally invasive diagnostic and monitoring tools, avoiding
unnecessary radiation exposure and guiding clinical decisions for this vulnerable pediatric
population.

The research was conducted over nearly four years, from February 2020 to November 2023,
at the "Pius Brinzeu" County Emergency Clinical Hospital and the "Dr. Victor Babes" Clinical
Hospital for Infectious Diseases and Pneumophthisiology in Timisoara. The cohort included 42
patients, consisting of newborns and infants with SARS-CoV-2 infection confirmed by PCR
tests. All participants were hospitalized for at least three days, and parents or legal guardians
provided informed consent for study inclusion.

Clinical and biological data were extracted from electronic medical records and included
information about medical history, symptoms, laboratory tests, and imaging results. Blood
samples were collected to analyze inflammatory biomarkers such as CRP, ferritin, IL-6, LDH,
and D-dimer, using standard laboratory techniques. Lung ultrasound examinations were
performed by certified radiologists using portable and stationary equipment (General Electric
Vivid 1Q and Philips EPIQ 5), and the LUSS score was calculated based on a 12-zone
evaluation system, with each zone scored from 0 to 3.

Statistical analyses were conducted using MedCalc software. Correlations between
LUSS scores, serum biomarkers, and clinical parameters were evaluated using Spearman
correlation coefficients and Mann—Whitney tests, with a significance threshold set at p < 0.05.

The study cohort included 42 patients, of whom 57.14% were male. The mean age of
participants was 4 months, and the mean hospitalization duration was 5.5 days, ranging from
2 to 28 days. Clinical symptoms were diverse, with the most common being fever (61.90%),
cough (40.47%), and rhinorrhea (42.85%). Gastrointestinal symptoms, such as loss of appetite
(54.76%) and mild acute dehydration syndrome (57.14%), were also frequently observed.

Ultrasound examinations revealed various changes, such as non-confluent B-lines
(100%), confluent B-lines (42.85%), and pleural abnormalities (54.76%). Small subpleural
consolidations were present in 23.80% of cases, while pleural effusion was rare, observed in
only 4.76% of patients. Large consolidations (>1 cm) were absent across the cohort. The total
LUSS score indicated predominant involvement of the posterior lower lung zones.

Statistical analyses revealed significant correlations between LUSS scores and several
serum biomarkers. CRP, ferritin, IL-6, LDH, and D-dimer levels showed significant positive
correlations with LUSS scores, indicating an association between the severity of pulmonary



involvement and systemic inflammatory response. Additionally, a strong negative correlation
was observed between LUSS scores and oxygen saturation, reflecting the impact of pulmonary
involvement on respiratory function.

The study demonstrated that LUSS is a valuable tool for assessing the severity of
COVID-19-associated pneumonia in newborns and infants. Significant correlations between
LUSS and inflammatory biomarkers such as CRP, IL-6, and LDH underline the utility of lung
ultrasound in stratifying disease severity. The negative relationship between LUSS and oxygen
saturation highlights the importance of this method in monitoring respiratory function.

The results suggest that lung ultrasound can be used as a non-invasive and effective
tool for evaluating and monitoring pediatric patients affected by COVID-19. Integrating the
LUSS score with serum biomarkers provides a comprehensive approach to clinical
management, reducing the need for more invasive or radiation-based investigations.

The seventh study evaluated the utility of the pulmonary ultrasound score LUS-CF for
detecting and monitoring structural lung lesions in patients with cystic fibrosis (CF), comparing
it with the modified Bhalla score used in computed tomography (CT). Additionally, the
correlation between imaging scores and the lung clearance index (LCI), a key parameter of
lung function, was analyzed.

The study, conducted between 2016 and 2020, included 57 patients aged 6 months to
18 years diagnosed with CF and monitored biannually using pulmonary ultrasound (LUS) and
CT. The ultrasounds were performed using a standardized system, and the LUS-CF score was
calculated based on changes observed in 12 pulmonary regions. The CT score was used to
classify disease severity (mild, moderate, severe). Pulmonary function was assessed through
LCI and spirometry. Statistical analyses evaluated the correlations between imaging scores
and functional parameters.

The average age of the patients was 11.8 years, and 42.1% were female. The mean
LUS-CF score was 5.88, while the CT score was 38.14. The correlation between LUS-CF and
CT scores was extremely strong (rs = 0.87, p = 0.000). Moreover, LUS-CF correlated positively
with LCI (rs = 0.8, p = 0.000), and correlations with spirometric parameters (FEV1 and FEF
25-75) highlighted the relationship between structural lesions and pulmonary function.

LUS demonstrated high sensitivity for detecting consolidations (94.4%) and atelectasis
(83.7%). Cylindrical bronchiectasis was detected with a sensitivity of 77.7%, but specificity
varied depending on the type of lesion.

study confirms that LUS-CF is an effective method for monitoring lung lesions in CF
patients, providing results comparable to CT in identifying abnormalities. The strong correlation
between LUS-CF scores and LCI supports its use as a nhon-invasive and radiation-free method,
especially in advanced forms of the disease. Although CT remains the gold standard, LUS
offers a valuable alternative for periodic monitoring, reducing radiation exposure.

The results of this study support the integration of LUS into clinical guidelines for CF
management, with the potential to improve the diagnosis and monitoring of pediatric patients.
Future studies should include larger cohorts to validate these conclusions.

Lastly, the eighth research direction analyzes the sensitivity and specificity of
musculoskeletal ultrasound (MSK-US) compared to conventional radiography, highlighting the
benefits of this method for reducing radiation exposure and increasing the comfort of pediatric
patients.

The articles included were selected following PRISMA guidelines from PubMed and
Cochrane (2011-2021). Studies on pediatric subjects comparing ultrasound with radiography



for diagnosing fractures were included. The extracted data encompassed sensitivity,
specificity, and the experience of examiners.

From 24 studies, including 2,247 patients, MSK-US demonstrated high sensitivity and
specificity, ranging between 90-100% for fractures of the upper and lower limbs. For humeral
and distal radius fractures, MSK-US was nearly equivalent to radiography in diagnosis, while
for elbow and lower limb fractures, it reduced the need for radiographs by up to 23%. In the
case of metacarpal and metatarsal fractures, sensitivity ranged from 91-97%, and it was also
effective in detecting bone callus earlier than radiography.

MSK-US is a valuable complementary tool in diagnosing pediatric fractures, with clear
advantages in reducing radiation exposure, early detection of bone callus, and improving
patient comfort. Although it cannot completely replace radiography, it serves as a first-line
method for simple fractures and monitoring their progression. It requires minimal training but
provides high accuracy, making it a viable option for integration into pediatric emergency
practice.

The current doctoral thesis demonstrates the utility of LUS as a safe, non-invasive, and
accessible method for diagnosing and monitoring pediatric pulmonary conditions. The
development of ultrasound scores, such as LUSS and LUS-CF, has provided a standardized
and precise assessment of disease severity, contributing to the rapid integration of ultrasound
into clinical practice. These scores have proven valuable in stratifying the severity of diseases
such as COVID-19, cystic fibrosis, or pneumonia, reducing radiation exposure and supporting
therapeutic decisions.

The results also highlight the ability of ultrasound to differentiate viral pneumonia from
bacterial pneumonia through the specific analysis of pulmonary lesions. In the case of cystic
fibrosis, LUS-CF showed excellent correlation with CT scores and the Lung Clearance Index
(LCI), reinforcing the utility of ultrasound as a non-irradiating alternative for monitoring
advanced pulmonary lesions.

Regarding pediatric fractures, MSK-US proved to be rapid and effective, with sensitivity
and specificity comparable to radiography. This method reduces radiation exposure, making it
particularly useful in diagnosing and monitoring fractures in pediatric emergency practice.

Personal contributions include the validation of new ultrasound scores, the analysis of
the relationship between biomarkers and pulmonary imaging, the promotion of interdisciplinary
collaboration, and the publication of innovative studies that have had a significant impact on
the specialized literature, supporting the extended use of ultrasound in pediatrics.



