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INTRODUCERE

Bolile pulmonare interstitiale (BPI) cronice reprezinta un grup de afectiuni pulmonare difuze non-
neoplazice, rezultate in urma afectarii pulmonare prin varii combinatii de inflamatie si fibroza. BPI
cronice sunt clasificate impreuna datoritda manifestarilor clinice, radiologice si fiziopatologice similare.
Acestea reprezinta o problemd de sanatate publica importantd datoritd optiunilor terapeutice limitate,
calitatii scazute a vietii si mortalitatii ridicate. Tratamentul si prognosticul depind de subtipul balii,
subliniind importanta clasificarii si diagnosticului de acuratete.

Exista trei tipul histopatologice de pneumonii interstitiale fibrotice, dintre care pneumonia
interstitiala usuala (PIU) si pneumonia interstitiala nespecifica (PIN) sunt cele mai frecvente si reprezinta
subiectul principal a acestei teze. Eficacitatea terapiei imunomodulatoare si prognosticul sunt diferite.
Deteriorarea progresiva a functiel pulmonare si decesul precoce sunt tipice pentru PIU, in timp ce pentru
PIN stabilizarea si ameliorarea este caracteristica.

Efortul global pentru intelegerea, clasificarea, diagnosticul si managementul BPI cronice este
substantial. Insi la nivel national, existi o lipsa semnificativi de evidenti, ceea ce a dus la lipsa
protocoal el or standardizate pentru eval uarea acestor pacienti.

Tomografia computerizatd (CT) este examinarea de electie pentru evaluare pacientilor cu BPI
cronicd, pentru caracterizarea si monitorizareatipului si evolutiei bolii, insd necesita doze mari deiradiere
pentru a asigura o calitate a imaginii optima. In plus, numeroase studii au aritat cd, in unele cazuri,
diagnosticul diferential intre PIU si PIN este dificil si necesita efectuarea unei biopsii. Deoarece biopsia
prezinta anumite riscuri si morbiditati, identificarea pacientilor cu PIU si PIN prin metode neinvazive ar
putea reprezenta o resursa clinica valoroasa. Nu in ultimul rand, diferentierea leziunilor inflamatorii si a
celor fibrotice reprezinta un element determinant pentru raspunsul latratament si supravietuirea pe termen
lung, insd CT de inaltarezolutie poate ilustra un aspect morfologic similar.

Metode cuantitative fiabile sunt de interes, iar pentru aceasta imagistica prin rezonanta magnetica
(IRM) se poate dovedi valoroasda, permitand evaluarea atat morfologica cat si functionald. Scopul
prezentei lucrari este de a descrie contributia examenului IRM in cazurile de BPI cronica, tinand cont de
implicatiile clinice, terapeutice si de sanatate publica.

Printre modalitatile de imagerie pulmonara, IRM a fost ultima introdusa in practica, datorita lipsel
protocoal el or standardizate. IRM pulmonar a aparut ca o alternativa neiradianta la tehnicile bazate pe raze
X. Introducerea in rutina clinica este facilitata de dezvoltarea protocoalelor IRM adaptate tipului de
patologie, incluzand atét tehnici morfologice cét si functionale. Primele date sugerand rolul potential al
IRM n evaluarea pacientilor cu BPI cronica dateaza la Tnceputul anilor 1980. Cu toate acestea,
contributia IRM in evaluarea BPI cronice nu a fost complet investigata.

Aceasta teza ofera o noud abordare pentru cunatificarea fibrozei pulmonare si efectelor functionale
regionale, ce nu a fost descrisa anterior la nivel international, si care ar putea oferii informatii valoroase
pentru managementul pacientilor cu BPI cronica. In practica, metodele propuse ar putea contribui pentru:
monitorizarea progresiei bolii prin cuantificarea fibrozei pulmonare la nivel regional; reducerea
numarului de biopsii diagnostice; o mai buna selectie a pacientilor care pot beneficia de terapia
imunomodulatoare sau antifibrotica; evaluarea raspunsului latratament.

Aceasta lucrare stiintifica a fost posibila cu sprijinul Programului ERASMUS+ pentru doctoranzi si
a fost finantata partia printr-un grant oferit doctorandei de catre Societatea Europeand de Imagistica
Toracica (ESTI 2016 Early Stage Chest Radiology Researchers Grants).



CONTRIBUTIA PERSONALA

Studiul 1. Harti de relaxare T2 ale diferitelor tipuri CT de remodelare fibroasia in boala
pulmonara interstitiala cronica

Scopul studiului. Considerand diferentele morfologice CT intre ariile de sticla mata (SM),
reticulatie (RE) si fagure de mire (FM) in PIU si PIN, ipoteza acestui studiu a fost aceea ca aceste leziuni
ar prezentasi un timp de relaxare T2 diferit. Scopul studiului afost de a evalua timpul de relaxare T2 a
parenchimului pulmonar normal si patologic, si de a stabili utilitatea hartilor de relaxare T2 pentru
caracterizarea cuantitativa si diferentierea leziunilor de tip SM, RE si FM in PIU si PIN. Nu in ultimul
rand, am dorit sa oferim o metoda neiradianta pentru posibila monitorizare a evolutiel BPI cronice.

Material si Metoda. 12 pacienti cu diagnostic de PIU sau PIN stabild au urmat cate o examinare
CT deinaltarezolutie si IRM pulmonar la 1.5T. Un numar de 188 de regiuni au fost clasificate CT drept
fiind normale (n=29) si patologice, incluzand SM (n=48), RE (n=60) si FM (n=51). Pentru fiecare pacient
au fost generate harti de relaxare T2 pe baza unei secvente de tip multi-echo single shot TSE (timp de
ecou: 20, 40, 79, 140, 179 ms), achizitionate in apnee la finalul expirului si cu monitorizare ECG.

Rezultate. Timpul derelaxare T2 a ariilor de SM afost de 67 [60-72] ms. Leziunile de RE au avut
un timp de relaxare T2 de 74 [69-79] ms, iar Th cele de FM acesta a fost de 79 [74-89] ms. Timpul de
relaxare T2 al plamanului normal a fost de 41 [38-49] ms si a prezentat diferenta semnificativa statistic
fata de ariile patologice (p<0.001). Diferenta stetistica s-a gasit si intre timpul de relaxare T2 a ariilor de
SM, RE s FM (p<0.05).

Concluzii. Harti de relaxare T2 robuste ale BPI cronice au fost implementate cu succes. Metoda
ofera informatii cuantitative privind timpul de relaxare T2 a diferitelor leziuni din BPI cronica fara a
necesita administrare de substanta de constrast. Ariile de SM, RE si FM din PIU si PIN prezinta timp de
relaxare T2 diferit. Timpul de relaxare T2 in remodelarea pulmonara din BPI cronica poate reflecta
cantitatea de fibroza regionala, permitand astfel monitorizarea evolutiei bolii si raspunsului latratament.

Studiul 11. Analiza texturala folosind densitatea protonica si timpul de relaxare T2 la
pacienti cu diagnostic histopatologic de pneumonie interstitiali uzuald sau pneumonie interstitiala
nespecifica

Scopul studiului. Considerand diferentele histologice intre PIU, ce prezintd heterogenitate
spatiala si temporala, si PIN, ce prezinta omogenitate spatiala si temporala, ipoteza acestui studiu a fost
aceea ca o analiza folosind parametri IRM cuantitativi, precum timpul de relaxare T2 si densitatea
protonica (PD), poate releva caracteristici specifice ale microstucturii pulmonare importante pentru
diferentierea PIU si PIN. Scopul studiului afost de a evalua timpul de relaxare T2 si PD in PIU si PIN, si
de a stabili utilitatea acestora In diferentierea celor doud tipuri de BPI cronici. in plus, am dorit si
investigdm daca acesti paramentri a putea gjuta la diferentierea leziunilor inflamatorii-active de cele
fibrotice-stabile in PIN.

Material si Metoda. 34 de pacienti (varsta medie: 69 de ani; M:F, 1:1) cu boala dovedita
histopatologic (PIU:PIN, 1:1), au urmat céte o examinare CT de inalta rezolutie si IRM pulmonar la 1.5T.
Un numar total de 437 de regiuni au fost clasificate CT drept fiind leziuni avansate, moderate sau minime.
Pe baza unei secvente multi-echo single-shot TSE achizitionate la 5 timpi de ecou diferiti, la sfarsitul
expirului si cu monitorizare ECG, au fost generate harti de relaxare T2 si PD pentru fiecare pacient.



Timpul de relaxare T2 si PD respectiva au fost cuantificare prin masuratori efectualte in regiunile
selectate CT.

Rezultate. La nivel regional, PIU si PIN nu au putut fi diferentiate doar prin masuratori ae
timpului de relaxare T2 sau ale PD. Per total, in PIN exista o corelatie pozitiva puternica intre timpul de
relaxare T2 si PD, r=0.64, p<0.001; aceastd coreclatie este daba in PIU, r=0.20, p=0.01. Timpul de
relaxare T2 a prezentat diferenta semnificativa statistic intre leziunile inflamatorii-active si cele fibrotice-
stabile din PIN pentru toate localizarile, p<0.05, in timp ce pentru analiza leziunilor localizate ventral, PD
nu a prezentat diferenta statistica, p>0.05.

Concluzii. Timpul de relaxare T2 si PD pot oferi informatii cuantitative utile pentru diferentierea
PIU si PIN, reducand astfel numarul diagnosticelor confirmate histopatologic. Aceste metode cuantitative
IRM au potentialul de a diferentia leziunile inflamatorii-active de cele fibrotice-stabile in PIN, permitand
astfel o mai buna selectie apacientilor ce ar putea beneficia de terapie imunomodul atoare.

Studiul I11. Modele de acumulare a substantei de contrast in boala pulmonara interstitiala
cronica utilizand 5D IRM

Scopul studiului. Tn acest studiu am urmarit Si analizim comportamentul substantei de contrast
(SC) in leziunile fibrotice din BPI cronica folosind reconstructii 5D ale unei achizitii radiale de tip
gradient echo in libera respiratie. In acest context termenul de 5D se refera la trei dimensiuni spatiale si
doua temporale, extinzand conceptul de IRM 4D la momente de timp diferite. Tn plus, a fost evaluata
corelatia dintre comportamentul SC si diferitele nivele de severitate ale BPI cronice, pentru o mai buna
caracterizare a afectdrii regionale a functiel pulmonare.

Material si Metoda. 20 de pacienti (varsta medie: 71 de ani; M:F, 13:7) cu diagnostic de fibroza
pulmonara idiopatica (FPI) in 12 cazuri si non-FPI Tn 8 cazuri au efectuat teste functionale pulmonare, CT
de inalta rezolutie si IRM pulmonar. S-a administrat SC pentru evaluarea perfuziei pulmonare prin IRM.
La 2 minute de la injectare, s-a achizitionat o secventa de tip T1-VIBE radiala in libera respiratie pe
durata a 5 minute, urmatd de reconstructia 5D a datelor. Pacientii au fost clasificati drept avand boala
severd sau non-severd in functie de testele functionale pulmonare, severitatea morfologicd regionala si
extinderea totala a afectarii pulmonare la CT, si defectul de perfuzie la IRM. In total au fost masurate 200
de leziuni pe reconstructiile IRM, cate 10 pentru fiecare pacient.

Rezultate. Atat in boala severa cat si in cea hon-severa, exista un varf al captarii SC mai tardiv si
o ratd a acumularii mai crescuta in FPI decat in non-FPI, p<0.01. Tn non-FPI, leziunile fibrotice au un varf
al captarii rapid si acumulare lentd, insd leziunile mai severe au un varf al captarii mai tardiv si spalare
mai lenta decit cele non-severe, p<0.05. In FPI, leziunile fibrotice au un varf al captirii tardiv si
acumulare lenta la toate nivelele de severitate. Acumulare continud, fara spalare, s-a gasit doar la pacientii
cu FPI.

Concluzii. Dinamica SC este influentata de tipul si severitatea bolii. Aceste rezultate ar putea fi
utile pentru o caracterizare mai aprofundata a fibrozei pulmonare, un interes particular reprezentand
vascul arizatia regionald in contextul noilor tratamente antifibrotice disponibile. Nu in ultimul r&nd aceste
informatii sunt obtinute utilizand o metoda neinvaziva, neiradianta, si o achizitie in libera respiratie.



ORIGINALITATEA $SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Tn ciuda tendintei si eforturilor globale de a standardiza abordarea medicald, exista in continuare
elemente necunoscute Tn intelegerea bolii fibrozante pulmonare. La nivel national, exista o lipsa
substantiala de cercetare a BPl cronice, comparativ cu evolutia globalda pentru standardizarea
managementului acestor cazuri. Astfel, lucrarea de fata reprezintd o premiera nationald in investigarea
fibrozei pulmonare folosind tehnici IRM.

Pana in prezent, aceasta este prima lucrare stiintifica ce evalueaza aportul examenului IRM in
evaluarea patologiei pulmonare interstitiale cronice, publicati in Romania. Tn plus, la nivel international,
teza reprezintd o premiera din motive ce vor fi sintetizate in urmatoarele paragrafe.

Tn primul studiu, descriem prima abordare neinvaziva, neiradianta si cuantitativa la pacienti cu BPI
cronicd, folosind un echipament IRM de uz clinic de 1.5T si harti de relaxare T2 robuste. Aceasta teza
cuprinde primul studiu publicat Tn care timpul de relaxare T2 prezintd diferente semnificative intre
diferitele tipuri de leziuni, la nivel regional. Acest studiu aratd o crestere a timpului de relaxare T2 odata
cu cresterea fibrozei. Metoda oferd informatii cuantitative prinvind timpul de relaxare T2 atét a
plamanului normal cat si tesutului patologic, fard a necesita administrare de substanta de constrast.
Timpul derelaxare T2 in remodelarea pulmonara prin fibroza poate reflecta cantitatea acesteia, permitand
astfel monitorizarea evolutiel bolii si a raspunsului latratament la pacientii cu BPI cronica.

In cel de-a doilea studiu, prezentaim prima descriere cuantitativa prin IRM, folosind timpul de
relaxare T2 si PD la pacienti cu confirmare histopatologica a diagnosticului de PIU sau
PIN. Tn plus, am investigat utilitatea acestor parametri Tn diferentierea leziunilor inflamatorii de cele
fibrotice, Tn PIN. Rezultatele noastre arata ca timpul de relaxare T2 si PD pot oferi informatii cuantitative
importante pentru diferentierea PIU si PIN, astfel reducand numarul biopsiilor diagnostice. Aceste metode
cunatitative IRM permit totodata diferentierea leziunilor inflamatorii-active de cele fibrotice-stabile in
PIN, permitand o mai buna selectie a pacientilor ce pot beneficia de terapiaimunomodul atoare.

Al treilea studiu este primul care analizeaza dinamica substantei de contrast in leziunile fibrotice
din BPI cronica la diferite nivele de severitate. Rezultatele arata ca tipul si severitatea fibrozei
influenteazd comportamentul substantei de constrast, permitand corelarea nivelului de severitate cu
dinamica substantei de constrast si astfel o definire mai aprofundata a afectarii functiei pulmonare.

Tn ce priveste posibilitatea detectarii activitatii inflamatorii a bolii si a evolutiei acesteia, teza se
incadreaza in trendul actual de a gds metode rapide, minim invazive si cuantitative de evaluare. Toate
acestea ar putea guta la implementarea medicinii personalizate Tn managementul pacientilor cu BPI
cronica.

Patologia pulmonara interstitiala cronica necesita o abordare diagnostica si terapeuticd complexa.
Asa cum consensul multidisciplinar a devenit standardul de aur Tn diagnosticul BPI cronice, ar fi de
asteptat ca 0 abordare imagistica multimodala sa fie solutia pentru gasirea datelor inca necunoscute in
evaluarea acestor pacienti, pentru rezultate optime care ar aduce informatii valoroase atét pentru decizia
terapeutica cat si pentru prognostic.

Abordarea imagistica multimodala in cuntificarea BPI cronice si urmarirea in timp a evolutiei bolii
vor reprezenta scopul studiilor viitoare.
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INTRODUCTION

Chronic interstitial lung diseases (ILDs) represent a heterogeneous group of non-neoplastic diffuse
parenchymal lung diseases that result from damage to the lungs by varying combinations of inflammation
and fibrosis at the level of the pulmonary interstitium. They are an important public health issue due to
limited therapeutic options, decreased quality of life and increased mortality. Treatment and prognosis of
ILD typically depend on the underlying subtype, highlighting the importance of accurate classification
and diagnosis.

Three distinctive pathologic patterns of fibrotic interstitial pneumonias have been described,
including usua interstitial pneumonia (UIP), fibrotic nonspecific interstitial pneumonia (NSIP), and
airway-centered fibrosis. The present work will focus on UIP and NSIP, which are far more frequent in
clinical practice. The efficacy of immunomodulatory therapy and overall prognosis are distinct, making
accurate diagnosis of this two entities critical. Progressive deterioration of lung function and early death
are specific for UIP, while for NSIP stabilization or improvement is more characteristic.

Globaly, much effort has been put into the understanding, classification, diagnosis and
management of chronic ILDs. At national level, however, there is a significant lack of evidence on this
topic, which led to the absence of standardized protocols for evaluating these patients.

Computed tomography (CT) is the investigation of choice for the evaluation of patients with
suspected or known ILD, to characterize and monitor the type and course of the disease, but requires a
relatively high radiation dose to ensure optimal image quality. Moreover, several reports have shown that,
in some cases, the differential diagnosis between UIP and NSIP by CT aone is not aways
straightforward, requiring additional surgical lung biopsy. However, lung biopsy carries some risk and
morbidity, therefore the identification of patients with UIP or NSIP by a noninvasive procedures, would
prove to be a valuable clinical resource. Nonetheless, the distinction between active-inflammatory and
stable-fibrotic lesionsis considered a major determinant of treatment response and long-term survival, but
on high-resolution CT, active inflammation and fibrotic lesions may present similar morphology.

Reliable and robust quantitative methods are of interest, and for that magnetic resonance imaging
(MRI) might prove valuable, allowing for both morphological and functional assessment. The aim of the
present work was to describe the contribution of MRI in patients with chronic ILD, given the important
clinical, therapeutical and public health implications.

Among the modalities for lung imaging, MRI was the last to be introduced into clinical practice
due to lack of customized clinical protocols. MRI of the lung has emerged as a radiation free alternative
to the well-established x-ray based techniques. The introduction into clinical routine is facilitated by
customized comprehensive MRI protocols including morphologic and functional techniques. The first
report suggesting the potential role of MRI in the assessment of patients with chronic ILD dates in the
early 1980s. However, the contribution of MRI in the assessment of chronic ILD has not yet been
completely investigated.

This thesis offers a new approach for the quantification of lung fibrosis and its functional regional
effects, that has not previoudy been internationally reported, and that might bring new vauable
information for proper management of patients with chronic ILD. In clinical practice, the proposed
methods could contribute to: monitor disease progression by quantifying lung fibrosis at regional level;
reduce the number of diagnostic biopsies; better stratify the patients who can benefit from
immunomodul atory or antifibrotic treatment; assess treatment response.

This scientific work was supported by the ERASMUS+ Program for PhD students and was partly
financed from European Saciety of Thoracic Imaging 2016 Early Stage Chest Radiology Grants.
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PERSONAL CONTRIBUTION

Study |. T2 mapping of CT remodelling patternsin chronic interstitial lung disease

Purpose. Given the CT morphological differences between ground-glass opacity (GGO),
reticulation (RE) and honeycombing (HC) in usua interstitiadl pneumonia (UIP) and non-specific
interstitial pneumonia (NSIP), we hypothesized that these patterns would also show different T2
relaxation. The purpose of our study was to assess the T2 relaxation of normal and impaired lung and to
evaluate the utility of lung T2 mapping for quantitative characterization and differentiation of CT patterns
in UIP and NSIP. Ultimately, we aim to enable a radiation free method for possible monitoring of the
disease course with and without therapy.

Material and Methods. Twelve patients with stable UIP or NSIP underwent thin-section
multislice (TSMS) CT and 1.5-T MRI of the lung. A total of 188 regions were classified at CT into
normal (n=29) and pathological areas, including GGO (n=48), RE (n=60) and HC (n=51)
predominant lesions. Entire lung T2 maps based on multi-echo single shot TSE sequence (TE: 20, 40, 79,
140, 179 ms) were generated from each subject with breath-holds at end-expiration and ECG-triggering.

Results. The median T2 relaxation of GGO was 67 ms (range 60-72 ms). RE predominant lesions
had a median relaxation of 74 ms (range 69-79 ms), while for HC pattern this was 79 ms (range 74-89
ms). The median T2 relaxation for norma lung areas was 41 ms (ranged 38-49 ms), and showed
significant difference to pathological areas (p<0.001). A statistical difference was found between the T2
relaxation of GGO, RE and HC (p < 0.05).

Conclusions. Non-invasive, robust and quantitative T2 mapping of ILD was successfully
implemented. The method provides quantitative information regarding the T2 relaxation in various ILD
patterns without the need of contrast agents. Ground-glass opacity, reticulation, and honeycombing
lesions in stable NSIP or UIP show different T2 relaxation values. T2 relaxation in lung remodelling can
reflect the amount of fibrosis burden, potentialy allowing for monitoring of progression and response to
treatment, in chronic interstitial lung disease.

Study 1. Texture analysis using proton density and T2 relaxation in patients with histological
usual inter stitial pneumonia or nonspecific inter stitial pneumonia

Purpose. Giving the histological differences between usual interstitial pneumonia (UIP),
presenting spatial and temporal heterogeneity, and nonspecific interstitial pneumonia (NSIP), showing
spatial and temporal homogeneity, we hypothesized that an analysis using quantitative MRI parameters
such as T2 relaxation times and proton density (PD) signal intensity values may reveal specific features
of lung microstructure valuable for the distinction of UIP and NSIP. The purpose of our study was to
assess PD and T2 relaxation of UIP and NSIP and to evaluate their utility in differentiating the two
patterns. Furthermore, we aim to investigate whether these two parameters could help differentiate active-
inflammatory and stable-fibrotic lesionsin NSIP.

Material and Methods. 34 patients (mean age: 69 years, M:F, 1:1) with pathologically proven
disease (UIP:NSIP, 1:1), underwent thoracic TSMS CT scan and 1.5T MRI. A total of 437 regions-of-
interest (ROIs) were classified at CT as advanced, moderate or mild aterations. Based on multi-echo
single-shot TSE sequence acquired at five echo times, with breath-holding at end-expiration and ECG-
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triggering, entire lung T2 and PD maps were generated from each subject. The T2 relaxation time and the
respective signal intensity were quantified by performing a ROl measurement on the T2 and PD maps in
the corresponding CT selected areas of the lung.

Results. UIP and NSIP regiona patterns could not be differentiated by T2 relaxation times or PD
values measurements alone. Overall, a strong positive correlation was found between T2 relaxation and
PD in NSIP, r=0.64, p<0.001; however, this correlation was weak in UIP, r=0.20, p=0.01. T2 relaxation
showed significant statistical difference between active-inflammatory and stable-fibrotic NSIP regions at
al levels, p<0.05, while for the analysis of ventral lesions PD proved no statistical difference, p>0.05.

Conclusions. T2 relaxation times and PD signal intensity values may provide helpful quantitative
information for differentiating NSIP from UIP pattern, thus decrease the amount of pathologically
confirmed NSIP or UIP pattern. These quantitative MRI methods, have the potential to differentiate
active-inflammatory and stable-fibrotic lesons in NSIP, therefore possibly alowing for a better
stratification of patients who might benefit from immunomodul atory therapy.

Study I11. Contrast agent accumulation patternsin chronic interstitial lung disease using 5D
MRI

Purpose. In this study, we aim to analyze the contrast agent (CA) accumulation patterns of fibrotic
lesions in chronic interstitial lung disease (ILD) using a 5D MRI reconstruction of radial gradient echo
data acquired in free-breathing. In this context the term 5D refers to three spatial and two temporal
dimensions, extending the concept of 4D MRI to several time points. Furthermore a correlation between
the accumulation pattern and different severity levels will be assessed in order to classify fibrotic lesions
into distinct subgroups for a more accurate definition of regional lung function impairment.

Material and Methods. 20 patients (mean age: 71 years, M:F, 13:7) with diagnosis of idiopathic
pulmonary fibrosis (IPF) in 12 cases and non-IPF in 8 cases underwent pulmonary function tests and
TSMS CT as part of the standard diagnostic protocol and additionaly MRI of the lung. CA was
administrated to assess pulmonary MRI perfusion. Two minutes after CA injection, a radia-VIBE
sequence with golden-angle spacing was acquired during 5 minutes of free-breathing, followed by 5D
reconstructions of the data. Patients were categorized as having severe or hon-severe disease according to
their pulmonary function tests, regional morphological severity and overall extent at CT, and perfusion
defect on MRI. A total of 200 ROI measurements were performed on the radia-VIBE reconstructions,
including 10 ROI from each patient.

Results. In severe, as well as in non-severe disease, there is later peak enhancement and higher
accumulation rate in |PF compared to non-1PF, p<0.01. In non-1PF, fibrotic lesions have fast time to peak
and slow accumulation rate; however, the more severe lesions had longer time to peak and slower wash-
out rate as compared to non-severe ones, p<0.05. In IPF, fibrotic lesions have late peak enhancement and
slow accumulation rate, at all severity levels. Continuous CA accumulation, without wash-out, was found
only in patients with | PF.

Conclusions. The timing of CA accumulation is influenced by the type and severity of fibrosing
lung disease. The results might prove useful for a more thorough characterization of lung fibrosis —
disease burden, of specia interest being the regional blood flow in the context of new antifibrotic
treatment available. Neverthdess, this may be achieved using a non-invasive, nonirradiating, free-
breathing method.
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ORIGINALITY AND INNOVATIVE CONTRIBUTION

Despite the global tendency and efforts for a standardized medical approach, there are still many
gaps in the knowledge and understanding of fibrosing lung disease. At national level there is a lack of
research on chronic ILD, as opposed to the global efforts and advances in standardize the management of
these cases. Therefore, the present work represents a national premiere for the research in lung fibrosis
using MRI techniques.

To our knowledge, this is the first scientific work evaluating the contribution of MRI in the
assessment of chronic ILD, published in Romania. Moreover, at internationa level, the present work
represents a premiere for several reasons, which will be summarize in the following.

In the first study, we describe the first non-invasive, robust and quantitative T2 mapping of chronic
ILD in human subjects using a 1.5T clinical MRI unit. This thesis presents the first published study in
which T2 values showed significant differences between various regional patterns of ILD. Our study
shows an increase in T2 relaxation time with the increase in fibrotic tissue concentration. The method
provides quantitative information regarding the T2 relaxation both in normal lung parenchyma and in
various regional patterns without the need of CAs. T2 relaxation in lung remodelling can reflect the
amount of fibrosis burden, potentialy allowing for monitoring of progression and response to treatment
of patients with chronic ILD.

In the second prospective study, we presented, to the best of our knowledge, the first quantitative
MRI description, using T2 relaxation times and PD intensity values, in patients with pathologically
proven UIP and NSIP. In addition, we investigated the utility of these parametersin differentiating active-
inflammatory from stable-fibrotic lesions in patients with NSIP. Our results show that T2 relaxation times
and PD values may provide helpful quantitative information for differentiating NSIP from UIP pattern,
thus decrease the amount of pathologically confirmed NSIP or UIP. These quantitative MRI methods
have the potential to differentiate active-inflammatory and stable-fibrotic lesions in NSIP, therefore
possibly alowing for a better stratification of patients who might benefit from immunomodulatory
therapy.

To the best of our knowledge, the third study isthe first to analyze the CA accumulation patterns of
fibrotic lesionsin chronic ILD at different severity levels. We found that the type and severity of fibrosing
lung disease influence the timing of CA accumulation. Moreover, by correlating the accumulation
patterns and severity levels, the method alows for a more accurate definition of regional lung function
impairment.

Regarding the significance of predicting the presence of acute inflammation and disease
progression or response to treatment, this thesis falls into the current trend of searching for an early,
minimally invasive quantitative method of assessment. Overall, this would help the implementation of
personalized medicine to the management of patients with lung fibrosis.

Chronic interstitial pneumonias require complex diagnostic and therapeutic management. Just like
the multidisciplinary meeting resulted in being the gold-standard in the diagnosis of ILD, it could be that
a multimodality approach in imaging lung fibrosis may be the solution to fill the missing information in
the evaluation of these patients, for an optimal result that could bring valuable data, with both therapeutic
and prognostic implications.

The proposed methods may be applied in other lung pathologies for specific quantification. The
multimodality imaging approach for quantifying chronic ILD lesions on short and long term follow-up
will be our main focus for future research.



