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Resumo

Introducdo: Atualmente a tomografia computadorizada (TC) de térax é o
exame padrao de imagem utilizado nos pacientes com suspeita de
envolvimento pulmonar na esclerose sistémica (ES). A TC é um exame de
imagem muito sensivel para deteccdo de alteracbes da macroestrutura do
parénquima pulmonar e da fibrose estabelecida. Entretanto, ha variacdo na
avaliacdo e o método é subjetivo. Nesse cenario a ressonancia magnética (RM)
de pulméo progrediu nos ultimos anos. Evidéncias sugerem que a RM pode
desempenhar um importante papel na avaliacdo da atividade da doenca
pulmonar intersticial (DPI), tendo como principal vantagem a combinacéo
exclusiva de avaliacé@o estrutural e funcional em uma Unica sesséo de imagens.
Objetivo: Avaliar o estudo da arte da ressonancia magnética nas doencas
pulmonares intersticiais, e também, verificar a acuracia da RM na avaliagdo de
atividade inflamatéria ndo especifica em relagdo a TC em pacientes com ES.
Material e Métodos: Fizemos dois artigos, o primeiro sobre a importancia da
ressonancia magnética como modalidade diagnéstica para avaliacdo de
imagem das doencas pulmonares intersticiais (DPI) e o segundo artigo sobre a
acuracia da RM na identificacdo de atividade inflamatéria ndo especifica e
fibrose quando comparada a TC.

Resultados: O protocolo de RM de torax ideal para DPls deve incluir
sequéncias de retencao de respiracdo sem contraste, sequéncias de precessao
livre em estado estacionario e sequéncias de contraste. Uma das principais
aplicac6es da RM nas DPIs é a diferenciacdo entre areas de inflamacao ativa
(ou seja, estagio reversivel) e fibrose. A alveolite apresenta alta intensidade de
sinal nas sequéncias ponderadas em T2 (SW) e realce precoce nas sequéncias
de RM com contraste, enquanto as lesdes fibréticas predominantes
apresentam baixo sinal e realce tardio nessas sequéncias, respectivamente. A
RM pode ser util em doencgas do tecido conjuntivo, fibrose pulmonar idiopatica
e sarcoidose. Mostramos também que a RM apresenta acuracia de 84,62%
(1IC95%: 65,13% a 95,64%) atividade inflamatéria ndo especifica e para e
fibrose de 80,77% (1C95%: 60,65% a 93,45%) em relacdo a TC em pacientes
com ES.

Conclusdo: A RM pode ser util em doencas do tecido conjuntivo, fibrose
pulmonar idiopética e sarcoidose. Em pacientes com ES é um método util de
avaliacao e seguimento, pelo fato de ndo necessitar do uso de contraste e n&o
utilizar radiagao ionizante.

Palavras-chave: doenca pulmonar intersticial, tomografia computadorizada,
ressonancia magnética, fibrose pulmonar idiopatica, esclerose sistémica.



Abstract

Introduction: Currently, computed tomography (CT) of the chest is the
standard imaging test used in patients with suspected pulmonary involvement in
systemic sclerosis (SSc). CT scan is a very sensitive image to detect changes
in the macrostructure of the lung parenchyma and established fibrosis.
However, there is variation in the assessment and the method is subjective. In
this scenario, lung magnetic resonance imaging (MRI) has progressed in recent
years. Evidence suggests that MRI may play an important role in assessing the
activity of interstitial lung disease (ILD), with the main advantage of the
exclusive combination of structural and functional assessment in a single
imaging session. Aim of study: To evaluate the study of the art of MRI in
interstitial lung diseases, and also, to verify the accuracy of MRI in the
evaluation of non-specific inflammatory activity in relation to CT in patients with
SSc. Materials and Methods: We performed two articles in this thesis. One
about the importance of MRI that has emerged as a diagnostic modality for
image evaluation of ILD, and also, in the second article, the accuracy of MRI in
identifying non-specific inflammatory activity and fibrosis when compared the
CT. Results: The ideal chest MRI protocol for ILD should include non-contrast
breath holding sequences, steady- state free precession sequences and
contrast sequences. One of the main applications of MRI in ILD is the
differentiation between areas of active inflammation (ie, reversible stage) and
fibrosis. Alveolitis presents high signal intensity in T2-weighted (SW) sequences
and early enhancement in contrast- enhanced MRI sequences, while the
predominant fibrotic lesions show low signal and delayed enhancement in these
sequences, respectively. MRI can be useful in connective tissue diseases,
idiopathic pulmonary fibrosis and sarcoidosis. We also show that MRI has an
accuracy of 84.62% (95% CI: 65.13% to 95.64%) and nonspecific inflammatory
activity and fibrosis of 80.77% (95% CI: 60.65% to 93.45%) in relation to CT in
patients with SSc. Conclusion: MRI can be useful in connective tissue
diseases, idiopathic pulmonary fibrosis and sarcoidosis. And for patients with
SSc, it is a useful method of evaluation and follow-up because it not requires
the use of contrast in these patients.

Keywords: interstitial lung disease; computed tomography; magnetic
resonance imaging; idiopathic pulmonary fibrosis; systemic sclerosis.
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1. REFERENCIAL TEORICO

A esclerose sistémica (ES) € uma doenca autoimune complexa e
heterogénea que acomete Vvarios 6rgéos, causando a fibrose dos tecidos’. No
pulmdo pode se manifestar como doenca pulmonar intersticial.> As doencas
inflamatorias intersticiais sdo desordens inflamatérias difusas, que podem
cursar com injarias repetidas ao delicado parénquima alveolar levando a fibrose
progressiva.® Independente da etiologia a fibrose é um estado de dano
irreversivel. *°

O acometimento pulmonar € a principal causa de morte nos pacientes
com ES.° Muitos pacientes com ES chegam a centros especializados em
medicina respiratoria, com envolvimento pulmonar extenso decorrente do
diagndstico tardio da ES acarretando a uma limitacdo terapéutica, devido a
fibrose estabelecida, com a diminuicdo da qualidade de vida e progndstico
reservado dos pacientes . Quando o manejo clinico ocorre nas fases iniciais da
doenca, isso pode mudar a sobrevida e a qualidade de vida destes pacientes.’

Atualmente a tomografia computadorizada (TC) de térax é o exame
padrdao de imagem utilizado nos pacientes com suspeita de envolvimento
pulmonar na ES.2 A TC é um exame de imagem muito sensivel para deteccdo
de alteracdes da macroestrutura do parénquima pulmonar e da fibrose
estabelecida.’ Entretanto, ha variacdo na avaliacdo e o método é subjetivo.
Novos meétodos mais precisos tém sido cogitados, como a avaliagao
quantitativa da TC*°.

Ja a ressonancia magnética (RM) de pulmao progrediu nos ultimos

anos.Evidéncias sugerem que a RM pode desempenhar um papel na avaliacdo
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da atividade da doenca pulmonar intersticial (DPI), tendo como principal
vantagem a combinacao exclusiva de avaliagdo estrutural e funcional em uma
Unica sessdo de imagens.™ ' Esta tese tem como objetivo avaliar o estudo da
arte da ressonancia magnética nas doencas pulmonares intersticiais, e
também, verificar a acuracia da RM na avaliacdo de atividade inflamatéria ndo

especifica em relacdo a TC em pacientes com ES.

Doencas Pulmonares Idiopéaticas Intersticiais

As doencas pulmonares idiopaticas intersticiais (DPIl) sdo desordens
inflamatoérias difusas, que podem cursar com fibrose. *3

A fibrose pulmonar extensa compromete a funcdo respiratéria e se o
dano se perpetuar por ter curso progressivo a morte é o desfecho final. A
fibrose pulmonar leva a insuficiéncia respiratoria devido a incapacidade das
trocas gasosas e suas complicacoes. ***°

As pneumonias intersticiais sdo um grupo de doencas difusas do
parénquima pulmonar, também descrito como doencas pulmonares

intersticiais. As doencas pulmonares intersticiais sdo doencas heterogéneas,

que resultam do dano do intersticio pulmonar por inflamacgéo e fibrose e
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compartilham bases genéticas. As DPIl sdo agrupadas baseadas em

achados clinicos, radioldgicos e histopatolégicos similares.*’

A doenga pulmonar restritiva € a alteragdo funcional decorrente da
presenca de inflamacéo e fibrose do intersticio pulmonar, levando a reducéo
das capacidades pulmonares. Nas alteracdes clinicas da doenca pulmonar
intersticial e os sintomas preponderantes sdo tosse, dispnéia, taquipnéia, e
creptantes bibasais.'®

A fibrose pulmonar idiopatica (FPI) € uma sindrome clinico patolégica
marcada pela fibrose pulmonar progressiva e insuficiéncia respiratoria. O
padrdo histoldgico é referido como pneumonia intersticial usual (PIU), que pode
ser diagnosticada por um padréao especifico na TC de térax. Esse padrdo pode
ser também observado também nas doencas do tecido conjuntivo, nas
pneumonias de hipersensibilidade e na asbestose. Sabe-se que na PIU o
tempo de progressao da doenca € bem menor que na DPI da ES, assim como
a sobrevida. Quatro padrdes de imagem podem ser identificados com o uso da
tomografia de térax na DPI, o padrao “pneumonia intersticial usual (PIU), PIU
provavel, padrdo indeterminado para PIU e diagnéstico alternativo. A maioria
dos pacientes com esclerose sistémica se encaixam no padrao de diagndstico
alternativo pois apresentam achados de pneumonia intersticial ndo especifica

(PINE).** %
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Aspectos histopatolégicos das DPII

O espaco intersticial inclui 0 espaco entre membranas basais do epitélio
e endotélio, e é o sitio principal da lesédo nas DPII. Entretanto, estas desordens
frequentemente afetam ndo somente o intersticio, mas também, os espacgos
aéreos, vias aéreas periféricas e vasos ao longo do seu trajeto epitelial e
endotelial. *®

Histologicamente na PIU, focos de infiltracdo fibroblastica sao
observadas inicialmente, com o tempo estas areas apresentam mais colageno
e menos células. Ocorre a destruicdo da arquitetura alveolar com a formacao
de espacos cisticos, delimitados por pneumdcitos hiperplasicos do tipo Il ou
epitélio bronquiolar. Na PINE, o padrdo histolégico é dividido no padréo celular
e fibrosante. O padrdo celular consiste em inflamagéo cronica do parénquima
pulmonar, contendo linfocitos e células plasméaticas. O padrao fibrético é
constituido por lesdo difusa ou em placas de fibrose intersticial no mesmo
estagio de evolucdo. Focos fibroblasticos, faveolamento e granulomas estédo
ausentes. 2! %

Marcadores bioldgicos ou biomarcadores, tem sido estudados para
melhorar a avaliacao clinica de pacientes com DPI, como a metaloproteinase-1
(MMP-1) na disfuncdo de células epiteliais; a lisil-oxidase-like 2 (LOXL-2) na
renovacao da matriz extracelular e o ligante 18 de quimiocina C-C (CCL18) na

desregulacéo imune.?®
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Doenca pulmonar intersticial nas doencas do tecido conjuntivo

As doencas do tecido conjuntivo sdo desordens sistémicas autoimunes
que incluem o ldpus eritematoso sistémico, as miopatias inflamatorias, a
Sindrome de Sjogren, a esclerose sistémica, doenca mista do tecido
conjuntivo, além das sindromes de sobreposicdo que compartiiham
mecanismos Unicos de autoimunidade sistémica, assim como, dano Orgao
imune mediado.?*? As doencas reumaticas autoimunes acometem mais vezes
as mulheres,”® e podem cursar com envolvimento pulmonar em cerca de dois
tercos dos casos.?’

O envolvimento pulmonar pode ser a primeira manifestacdo nas doencas
do tecido conjuntivo, precedendo em anos as outras manifestacoes. As
manifestagdes pulmonares relacionadas a DPI nas DTC, sé&o classificadas pelo
mesmo sistema radiolégico-patolégico que as outras DPIl. 2° Na DPI das
doencas autoimunes, os padrées histolégicos mais encontrados incluem a
pneumonia intersticial ndo especifica, pneumonia intersticial usual, a
pneumonia organizante, o dano alveolar difuso e a pneumonia intersticial
linfocitica. A PINE é o padréo mais encontrado, com excecao da DPI da artrite

reumatéide onde a pneumonia intersticial usual é o padrdo mais encontrado.*
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O envolvimento pulmonar é a principal causa de morte em pacientes
com esclerose sistémica.**®? De fundamental importancia é a diferenciacéo
entre o dano pulmonar agudo alveolite e o dano ja estabelecido a fibrose para
determinar o curso do tratamento. >3

A ressonancia magnética (RM) de pulmé&o progrediu nos Ultimos anos,**
tendo como principal vantagem a sua combinacdo exclusiva de avaliagao
estrutural e funcional, em uma Unica sessdo de imagens. Evidéncias sugerem
gue a RM pode desempenhar um papel na avaliagdo da atividade da doenca
nas DPII. Os padrdes tipicos, como alteracdes reticulares/reticulonodulares,
opacidades em vidro fosco, consolidacdo e faveolamento, sdo facilmente

visualizados por meio da RM.*®> A esclerose sistémica é a doenca do colageno

em que h& a maior prevaléncia de DPI.*

Esclerose Sistémica

A esclerose sistémica (ES) ou esclerodermia foi reconhecida como uma
entidade clinica e recebeu esse nome no meio do século XIX. O termo
escleroderma vem do grego, “sclero” significa endurecimento e “derma”
significa pele. Hipdcrates foi primeiro a descrever a “doenca da pele
endurecida” por volta de 400 AC. A primeira descricao detalhada de um caso
foi feita por Curzio de Napoles em 1753. Em 1847, o francés Gintrac revisou
cinco relatos preévios, incluindo o relato de Curzio e chamou essa condi¢ao de
“sclérodermie”. No século XIX, a esclerodermia era considerada como uma

doenca da pele, embora alguns relatos tenham mencionado o acometimento de
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outros 6rgdos, como achados concomitantes e nao parte de um processo
anico. O conceito de esclerodermia como uma doenga sistémica surgiu pela
primeira vez em 1945. GOetz conclui que o termo esclerodermia deveria ser
abandonado, e o termo esclerose sistémica progressiva deveria ser adotado,
descrevendo a condicdo adequadamente até o dia em que a etiologia da
doenca fosse estabelecida.®

A ES €é uma doenca sistémica autoimune caracterizada pelo
envolvimento da microvasculatura, ativacdo de fibroblastos e producgéo
excessiva de colageno, resultando em fibrose da pele e visceras e pela
presenca de autoanticorpos especificos. A pele, os pulmdes, o trato
gastrintestinal, o coracdo e os rins sdo os principais alvos da ES.* O fenémeno
de Raynaud est4d presente na maioria dos pacientes.®*® O dano na
microvasculatura se reflete nas mudancgas nos capilares do leito periungueal,
prontamente identificados pela capilaroscopia microscépica periungueal (CPU),
incluindo perda de capilares e ectasias capilares.*’

Anticorpos contra o centrébmero (ACE) e contra a DNA-topoisomerase |
(antitopo-1) sdo também fortemente associados com a ES. Fatores, hormonais,
ambientais genéticos e epigenéticos modulam a expressdo da ES.** A ES é
sempre considerada uma doenga com envolvimento sistémico, e os termos ES
limitada e difusa, se referem a extensédo do espessamento cutaneo limitado ou
difuso. As manifestacdes clinicas da ES estdo associadas a trés processos
patolégicos: a uma vasculopatia obliterativa ndo inflamatéria*’, a deposicéo
patoldgica de colageno na pele e nos 6rgdos internos (fibrose)® e a

autoimunidade.**
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Na auséncia de testes diagndsticos para provar a auséncia ou presenca
de ES, varios critérios de classificacdo vém sendo propostos. O propésito dos
critérios de classificacdo € incluir pacientes com caracteristicas similares com
fins de pesquisa. Critérios de classificagdo ndo s&o sindnimos de critérios
diagnosticos, mas quase sempre refletem a lista dos critérios usados para
diagnostico. O objetivo inicial destes critérios, foi seu uso para trabalhos
cientificos para comparagcdo entre 0s grupos, entretanto ao longo dos anos
passaram a ser utilizados na pratica clinica como critérios diagndsticos.*> Os
critérios mais usados para o diagnostico de ES foram os do Colégio Americano
de Reumatologia de 1980, sendo o diagnéstico feito na presenca do critério
maior que é esclerodermia proximal as metacarpofalangeanas, ou dois dos
critérios menores, que incluem a esclerodactilia (espessamento da pele dos
dedos), Ulceras ou perda de substancia nas polpas digitais e fibrose pulmonar
nas bases pulmonares, mas estes critérios excluem muitos pacientes®.
Recentemente foram propostos novos critérios diagndésticos, que se
mostraram bem mais sensiveis que 0s anteriores, pois incluem outras
manifestacdes clinicas que podem ser usadas para diagnostico na auséncia da
esclerodermia proximal as metacarpofalangeas.

Os critérios para definicdo de esclerose sistémica do EULAR/ACR de
2013, se baseiam em um critério maior — esclerodermia proximal as
articulacbes metacarpofalangeanas, e em critérios menores — esclerodactilia,
Ulceras ou microcicatrizes e ou perda de substancia de polpas digitais, fibrose
pulmonar e/ ou hipertensdo pulmonar, presenca de telangiectasias, fendémeno
de Raynaud, presenca de autoanticorpos relacionados a ES, anormalidades na

circulacdo periungueal visualizados pela capilaroscopia periungueal *’. O's
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novos critérios para o diagnéstico de ES tem uma sensibilidade 91% e
especificidade de 92%, englobando muitos pacientes que antes

4648 precisam ser melhor estudados os

permaneceriam sem diagnostico
pacientes com ES precoce, pacientes com fendmeno de Raynaud que
apresentem achados anormais na capilaroscopia periungueal e/ou presenca de
certos anticorpos, sao um grupo com elevado risco para o desenvolvimento de
ES e doencas correlatas®. Os pacientes com ES tem uma diminuicdo da
sobrevida e o envolvimento pulmonar é a principal causa de morte®. O
acometimento pulmonar, que se caracteriza por fibrose pulmonar e hipertensao
arterial pulmonar, se tornou o foco principal de pesquisa em ES, sendo que,
entre os pacientes que morrem por doencas relacionadas a ES, 50% tem
mortes relacionadas & doenca pulmonar®?>*,

A inflamacéo do pulméo (alveolite) pode levar a fibrose na ES. ES/DPI é
mais prevalente em pacientes com ES cutanea difusa (30-71%) do que na
forma cutanea limitada (21-53%)°. Na esclerose sistémica o beneficio no uso
de imunossupressores vem sendo demonstrado®. Embora o curso clinico seja
diferente da fibrose pulmonar idiopatica e na DPI da ES, ambas patologias
compartilham mecanismos patogénicos em comum, sendo que recentemente o

uso de nintendanibe, uma droga antifibréica motrou-se util para diminuir a

progressao da fibrose na ES™.
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Producéo de autoanticorpos na ES

Em 1980, Tan e al.>*, demonstraram a presenca de autoanticorpos no
soro de 43 de 45 pacientes com ES. Essa alta porcentagem de reacoes
positivas resultou do uso de uma cultura de tecido usada como substrato (HEp-
2) para detectar anticorpos antinuclear por imunofluorescéncia indireta. Os
padrdes de imunofluorescéncia nuclear encontrados incluiram pontilhado fino,
pontilhado grosseiro, nucleolar e centromérico (ACE). Trés tipos de anticorpos
foram descritos nesse artigo como altamente especificos para esclerodermia:
anticorpos anti-Scl-70, ACE e antinucleolares. O ACE foi descrito na esclerose
sistémica com acometimento cutaneo limitado (antiga sindrome CREST) que
se caracteriza pela presenca de cianose, fendbmeno de Raynaud,
esclerodactilia, dismotilidade esofédgica e telangiectasias. O ACE identificou
pacientes com doenca menos severa, enquanto o anti-Scl-70 identificou
pacientes com envolvimento cutaneo extenso, pulmonar e cardiaco®®, além de
neoplasias®’.

Os alvos intracelulares para os anticorpos na ES sao diferentes dos alvos
em outras doencas do tecido conjuntivo.>® O alvo dos anticorpos na ES séo a
DNA- topoisomerase |, os centrdbmeros dos cromossomas ou proteinas do
cinetocore (CENP-A, CENP-B, CENP-C), RNA polimerase (anti-RNAP) I, I, I,
e componentes nucleolares. O anti -centrémero ocorre na ES limitada®®, o anti-
Scl-70 , na ES difusa e o anti-RNA polimerase Ill, na ES com envolvimento
renal®. Embora a presenca dos anticorpos ajude a estabelecer diagnésticos e
definir progndsticos, ndo sabemos se atuam e como exercem seu papel na

patogénese dessa doenca.®
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Os titulos de ACE tendem a permanecer inalterados ao longo do tempo,
sugerindo uma resposta imune gerada por células T, persistente.’? Os
anticorpos anti-Scl-70, entretanto, podem desaparecer em um grupo de
pacientes previamente reagentes para a DNA-topoisomerase |, sendo que
estes pacientes apresentariam um melhor progndstico.®®

Os anticorpos que precipitam anti-RNAP | e lll sdo especificos para ES,
enquanto os anticorpos anti-RNAP |l ocorrem na ES, mas ndo séo especificos.
A prevaléncia de anticorpos contra anti-RNAP | e Il descrita na literatura é de
11,7%, predominando em pacientes com doenca cutanea difusa e
envolvimento renal ®*.

Anticorpos contra antigenos nucleolares ja descritos na ES sao
antifibrilarina, Th/To e PM-Scl. O anticorpo antifibrilarina ocorre em 12-48% dos
pacientes com anticorpos antinucleares positivos, estd associado a doenca
grave e a alelos HLA especificos®®. O anticorpo anti-PM-Scl é encontrado na
associacdo de ES e miopatia inflamatéria®®. Anti-NOR-90 s&o anticorpos contra

as regides organizadoras dos nucléolos, sitios iniciais para a nucleologénese.®’

Tomografia de Térax

Exames de imagem tem papel fundamental no diagnéstico e

acompanhamento de pacientes com DP|®

. A TC é um exame de imagem muito
sensivel para deteccdo de alteracbes da macroestrutura do parénquima

pulmonar e da fibrose estabelecida, entretanto, ha variacdo na avaliacdo e o
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método é subjetivo. Novos métodos mais precisos tém sido cogitados como a
avaliacdo quantitativa da TC®.

A doenca pulmonar intersticial é diagnosticada por tomografia de torax
de alta resolugdo quando se identifica presenca de vidro despolido,
reticulacbes e o faveolamento, encontrado na fibrose ja estabelecida™. O
padrdo mais observado é o da pneumonia intersticial ndo especifica, ocorrendo
em algumas vezes achados de pneumonia intersticial usual™*. A tomografia de
térax € o padrdo ouro, e deve ser solicitada em todos os pacientes com
diagnéstico de esclerose sistémica’?, pois 0 acometimento do pulméo pode ser
silencioso e pouco sintomatico, evoluindo para casos de fibrose extensa. A
avaliacdo da TC de pulméao pode ser subjetiva ou quantitativa.

As provas de funcdo pulmonar sdo realizadas, juntamente com a CT
para detectar o envolvimento pulmonar. "®. O padrédo ventilatério restritivo é o
mais comumente encontrado associado a diminuicdo da difusdo pulmonar
(DLCO), podendo ser definido pelos dados espirométricos’®. Nesta avaliacdo
sdo observados os valores da capacidade vital forcada (CVF), volume
expiratério forcado (VEF;), relacdo VEF:/CVF, volume residual (VR),
capacidade pulmonar total (CPT) e D_.CO. No padrdo ventilatério restritivo se
observa uma diminuicdo das capacidades pulmonares, estando mantida o
VEF,;.”

Sulivan et al. "® demostrou um alto risco de ndo diagnéstico da DPI-ES
com o uso de provas de funcao pulmonar (PFP) isoladas, e valores normais na
espirometria. Chamando a atencao a necessidade da associagdo com exames
de imagem mesmo em pacientes assintomaticos devido a altos indices de falso

negativos nas provas de fungéao pulmonar nos pacientes com DPI-ES.
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Molberg & Hoffmann-Vold’’ discutem estratégias de deteccdo precoce
no diagndstico do acometimento pulmonar da ES, e indicam o uso da TC de
térax para avaliar o acometimento pulmonar. O uso de PFP isoladamente
como testes diagndésticos de screening nao é indicado pelos autores, entretanto
chamam a atencdo ao fato de que uma TC de térax equivale de 15 a 25
radiografias de térax, cerca de 1,5 a 25 mSy.”’

Estudo de Launay et al. "®

sugere que o screening com TC de torax pode
classificar os pacientes com ES em dois subgrupos, 0 primeiro grupo com um
risco muito baixo de desenvolver DPI, e o segundo no qual a DPI esta presente
no momento do screening, com risco alto de complicacoes .

Métodos para o diagnostico do dano pulmonar através da TC de torax
vem sendo sugeridos. O escore de Wells é um index semi-quantificativo, que
estratifica o envolvimento pulmonar através da TC térax, podendo ser usado
para definir tratamento apropriado na ES™.

A realizacdo de inumeras TCs para acompanhamento dos pacientes
com DPII, expde os pacientes a altos niveis de radiacdo. Esta exposicdo a

80,81

radiacdo esta associada a um aumento no risco de neoplasias™ """, por isso

novos métodos de acompanhamento dos pacientes com ES precisam ser

explorados®®*.

Ressonancia Nuclear Magnética

A ressonancia nuclear magnética (RM) € uma modalidade de exame de

imagem ndo invasiva, sem radiagdo, que usa campos magnéticos, ondas de
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radiofrequéncias, e os movimentos dos protons presentes no corpo para criar
imagens diferentes dependendo da quantidade de agua nos tecidos. Os
avancos na técnica da RM, nos Ultimos anos, tais como as aquisi¢oes,
reconstru¢cdo mais rapida e uma maior cobertura das imagens, propiciaram um

uso mais abrangente do exame®.

Definicdo e principios fisicos da RM

Por definicdo, a RM €é a propriedade fisica exibida por nudcleos de
determinados elementos que, quando submetidos a um campo magnético forte
e excitados por ondas de radio (RF) em determinada frequéncia (frequéncia de
Larmor), emitem radio sinal, o qual pode ser captado por uma antena e
transformado em imagem. O nlcleo do hidrogénio consiste em um Unico
préton, com movimento spin e momento magnético, sendo mais apropriado
para obtencdo de imagens por RM. O processo por meio do qual o nudcleo
excitado retorna ao equilibrio devido a liberacdo de energia para 0 ambiente é
conhecido como relaxacgéo. Ela ocorre por meio da relaxacao spin-lattice e da
relaxacao spin-spin, as quais sao definidas por duas constantes exponenciais
de tempo T1 e T2 respectivamente °.

Os nucleos atbmicos mostram sua presenca através da absorcdo ou
emissdo de ondas de radio. A intensidade de um campo magnético € medida
em Unidades de Tesla ou Gauss. Os atomos de hidrogénio excitados emitem
um sinal de radiofrequéncia, que é medido por uma bobina receptora. Quanto

mais forte for o campo magnético, maior sera a quantidade de sinais de radio
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gue podem ser induzidos a partir de atomos do corpo e, portanto, maior sera a
qualidade das imagens de ressonancia, quando expostos a um campo
magnético suficientemente forte.%*®

As constantes de relaxacdo (T1 e T2) que possibilitam diferenciar
tecidos. Os prétons excitados com um pulso de radio frequéncia inicial , apés
um determinado tempo t, e um segundo pulso, levam ao surgimento de um

segundo sinal. Este segundo sinal € um eco do primeiro e aparece na bobina

num tempo igual a 2t.%

Espectro eletromagnético (EEM)

O EMM existe na natureza e permite carregar informacéo. Toda radiacéo
eletromagnética é luz, que é uma particula com comportamento de onda
eletromagnética, com oscilacdbes de campo elétrico e magnético, vibrando
perpendicularmente, e a sua velocidade de propagacédo depende do meio ®.

O EEM abrange a radiacdo visivel ultravioleta que causam transi¢cdes
eletrdnicas dentro das moléculas; a radiacdo na regido do Infravermelho que
causam vibracbes moleculares, a radiacdo na regido da radio frequéncia que
sdo de baixissima energia e causam transicdes de spin nuclear, que é uma
rotacdo similar a rotacdo da Terra sob o seu proprio eixo, usadas na RM. O
efeito da ressonancia magnética nuclear fundamenta-se basicamente na
absorcédo ressonante de energia eletromagnética na faixa de frequéncias das
ondas de radio. Ao contrario das ondas de RX descobertas em 1895, que sé&o

raios de alta energia, ionizantes, a ondas de radiofrequéncia ndo causa lesao
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aos tecidos, sédo consideradas néo-ionizantes. A radiag&o ionizante transporta
energia e ocasiona a perda de elétrons nos atomos, fazendo com que se torne

carregado eletricamente (ionizado) .

Seguranca da RM

A seguranca da RM é superior a TC em relacdo aos riscos dos raios-x,
pois ela ndo expde o corpo a radiagdes ionizantes, que tem a propriedade de
danificar o DNA, levando a aberracdes cromossdmicas™. Entretanto riscos
associados a RM sé&o descritos: objetos cotidianos podem se transformar em
projéteis, a deposicdo de energia pode causar queimaduras, diferentes campos
podem induzir estimulacdo nervosa, e ruidos altos podem levar a perda
auditiva. Como o aparelho da RM se comporta como um grande ima, sérios
danos aos tecidos podem ocorrer quando objetos metalicos condutores, estéo
presentes no corpo dos pacientes submetidos a RM. Os metais eletro
condutores s&o a prata, o ouro, o cobre, o ferro ®°.

Assim pacientes que realizaram micro pigmentacdo e tatuagem, com
tintas que contenham pigmentos artificiais com componentes metélicos, nao
podem realizar o exame. A presengca de metais no pigmento pode induzir
gueimaduras, pelo superaquecimento dos metais. Da mesma forma pacientes
com marcapasso e outras estruturas metalicas como pinos ndo podem realizar

o exame.™*
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Hist6rico da RM

A Historia da RM inicia com Nikola Tesla, que descobriu o campo
magnético rotativo, em 1882, em Budapeste, Hungria. Em 1938, Isidor Isaac
Rabi descreveu o fenbmeno quéantico apelidado de ressonancia magnética
nuclear (RMN), ganhando o prémio Nobel de Fisica em 1944. Em 1946,
Edward Purcell e Felix Bloch, independentemente estudaram as propriedades
de ressonancia magnética de atomos e moléculas em solidos e liquidos,
recebendo por estes estudos o Nobel de Fisica de 1952. Em 1956, a “Unidade
de Tesla” foi proclamada. Todos os aparelhos de ressonancia magnética séo
calibrados em “Unidades de Tesla™?.

As primeiras imagens com RM foram produzidas no inicio da década de
1970. Os primeiros estudos com RM foram feitos em 1971 por Raymond
Damadian RV®?, demonstrando que as constantes de relaxacéo da agua eram
bastante diferentes em tumores malignos de ratos quando comparados a
tecidos normais e o primeiro sujeito humano vivo foi retratado em 1977. Paul
Lauterbur demonstrou em 1973 que era possivel usar a RM para criar imagens,
e juntamente com Sir Peter Mansfield ganhou o Nobel de Medicina em 2003.

Em 1981 - foram publicados primeiros estudos usando RMN em
pacientes. Ao longo da década de 80, os aparelhos de RM comecaram a ser
comercializadas, tornando-se o seu uso comum ao longo dos anos®.

Muitas limitagbes restringiram o uso da RM ao longo dos anos. A
intensidade limitada do sinal foi umas das dificuldades, causada porque a
densidade dos pulmdes é bem menor do que a de outros tecidos moles. Como

a intensidade do sinal é dependente da densidade dos proétons, o sinal nos
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pulmbes é dez vezes menor do que nos outros tecidos. Os movimentos
fisiologicos do coracdo e pulmdo também podem levar a perda do sinal,
prejudicando a qualidade das imagens®.

A RM tem sido indicada no estudo do parénquima pulmonar em varias
doencgas, tendo sido inicialmente utilizada/idealizada de neoplasias e
posteriormente utilizado para detec¢cdo de nodulos pulmonares: carcinomas,
metéstases, invasfes mediastinais, suplementando informac¢des morfologicas
aos achados da TC de térax®°,

O primeiro autor a descrever um possivel uso para a RM em pacientes
com doenga pulmonar intersticial foi McFadden em 1987, investigando a
possibilidade do uso da RM de térax para distinguir pacientes com alveolite
daqueles com fibrose pulmonar estabelecida, supondo que a intensidade de
imagem ou sinal se correlacionaria com a densidade da agua, devido ao uso de
hidrogénio para a aquisicdo de imagens médicas®’.

Em um artigo de 1992, a RM de térax foi comparada a TC de térax em
25 pacientes, com doenca infiltrativa pulmonar, pacientes com pneumonia
intersticial, sarcoidose e pneumonia de hipersensibilidade, além de outras
condicbes que foram estudados. Neste estudo a RM foi inferior a CT para
alteracdes anatdmicas relacionadas a fibrose, entretanto para avaliacdo de
opacidades em vidro fosco, que sdo areas de opacificacdo do espaco aéreo, a

RM foi comparavel a TC de térax*®.
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Protocolos de Imagem

Na RM, imagens em T1, destacam o tecido adiposo dentro do corpo. O
tempo das sequéncias de pulso de radiofrequéncia usadas para fazer imagens
T2 resulta em imagens que destacam gordura e agua dentro do corpo.
Imagens T2 sdo um mapa de energia de prétons dentro de tecidos gordurosos
e a base de agua do corpo O tecido gorduroso € distinguido do tecido a base
de &gua comparando-se com as imagens Tl — qualquer coisa que seja
brilhante nas imagens T2, mas escura nas imagens T1 é tecido a base de
fluidos®.

Os achados da RM séo correlacionados a TC de torax, podendo ser
observados com a mesma riqueza de detalhes morfolégicos descritos através
do grau de contraste entre T1 e T2. Assim altera¢cdes do parénquima pulmonar
descritos pela CT de térax, como captura de ar, atelectasias, bronquiectasia,
cavitacdo, consolidacdo, enfisema, opacities em vidro fosco, sinal de halo,
espessamento de septo interlobular, massas, micetoma, ndédulos, fibrose
progressiva, sinal de halo reverso e padrao de arvore em brotamento, podem
ser visulalizados da mesma forma pela RM de térax*®.

A RM vem sendo estudada como um exame alternativo na avaliacao da
DPI devido a sua capacidade de distinguir entre lesbes predominantemente
inflamatorias e lesbes fibréticas. Sabendo-se que as DPI causam danos no
parénquima pulmonar, alternando areas de inflamacao e de fibrose'®*.

O protocolo para RM do pulmé&o, recomenda scanners padrao com forca
de campo de 1,5 tesla (T). Este protocolo é indicado para a RM de pulméo no

auxilio ao diagnéstico tratamento e acompanhamento de pacientes com
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nédulos pulmonares, doenca tromboembdlica pulmonar, estadiamento de
metastases, hipertensdo pulmonar, fibrose cistica, e avaliagdo de pacientes

com pneumonia®.

RM de térax nas DPIl nas DTC

A RM de toérax vem sendo estudada como método alternativo para os
pacientes com doencas inflamatorias difusas do pulméo, como é o caso da ES
e outras doencas do tecido conjuntivo. A RM de térax € método diagndstico que
nao utiliza a radiacdo e vem sendo aprimorada a tal ponto que podemos
distinguir padrbes de inflamacéo no pulméo, de doenca em atividade, que n&o
podem ser avaliados pela TC de térax. A importancia da deteccéo da atividade
inflamatéria deve-se ao fato de que neste caso o tratamento impede a
progressdo da doenca ou o estabelecimento da fibrose. Pacientes com sinais
de atividade inflamatéria ha RM se beneficiaram de medicamentos que atuem
na origem do processo inflamatério, na autoimunidade™®.

A RM obtém imagens detalhadas e ndo expfe o paciente a radiacao
ionizante, como ocorre na CT de térax®. Na avaliacdo por RM de térax
variaveis preditoras de atividade inflamatdria atual sdo o hipersinal em T2 e 0
realce tardio pelo meiol04. A diferenciagcdo entre o padréo fibrotico e
|105

inflamatorio predominante € crucial para definir o tratamento. Miller et a

estudaram 24 pacientes com DPI-ES através da CT e RM de torax, obtendo
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na deteccdo de DPI, através da RM uma sensibilidade de 100% (82,35%-—
100%); e uma especificidade de 60% (14,66—94,73)"%.

Caravan et al.’?®, fazendo uma revisdo sobre novos métodos de imagem
como a TC de térax quantitativa e a RM de térax usados para doencgas
pulmonares intersticiais com fins prognésticos, de funcdo e informacéo
molecular, revisam a sua aplicacdo na doenca intersticial relacionada a DPI-
ES. Concluindo que, com o0s avan¢gos em relacdo a técnica, a RM pode
detectar a presenca de DPI-ES com alta acuracia, sem o uso de radiacao
ionizante, que traz uma grande vantagem em relacdo a TC'%. A RM de térax é

também uma potencial ferramenta no diagndstico da HAP da ES'".
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3. OBJETIVOS

3.1 Objetivo geral

Avaliar o estado da arte da ressonéancia magnética nas doencas

pulmonares intersticiais.

3.2 Objetivo especifico

Verificar a acuracia da ressonancia magnética na avaliacdo de atividade

inflamatéria ndo especifica em relagdo a tomografia computadorizada em

pacientes com esclerose sistémica.
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Abstract

Magnetic resonance imaging (MRI) has been emerging as an imaging modality
to assess interstitial lung diseases (ILD). An optimal chest MRI protocol for ILDs
should include noncontrast breath-holding sequences, steady-state free
precession sequences, and contrastenhanced sequences. One of the main MRI
applications in ILDs is the differentiation between areas of active inflammation
(i.e. reversible stage) and fibrosis. Alveolitis presents high signal intensity on
T2-weighted sequences (WS) and early-enhancement on contrastenhanced MR
sequences, while fibrotic-predominant lesions present low signal and
lateenhancement in these sequences, respectively. MRI can be useful in
connective tissue diseases, idiopathic pulmonary fibrosis, and sarcoidosis. The
aim of this state-of-the-art review was to perform a state-of-the-art review on the
use of MRI in ILDs, and propose the optimal MRI protocols for imaging ILDs.

Keywords: interstitial lung disease; computed tomography; magnetic
resonance imaging; idiopathic pulmonary fibrosis; connective tissue disease;

sarcoidosis.
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1. Introduction

Interstitial lung diseases (ILD) are a heterogeneous group of disorders
characterized by diffuse damage of the lung parenchyma, affecting mainly the
most peripheral and delicate interstitium in the alveolar walls (1-3). There are
more than 200 ILDs described, including infectious, immunologic,
environmental, toxic and genetic mechanisms, whereas an etiological agent
cannot be identified in many ILDs (1-4).

Diffuse ILDs mostly encompass inflammatory processes of the lung
interstitium, which comprehends the space between the epithelial and
endothelial basement membranes (1, 4-6). However, these disorders frequently
affect not only the interstitium, but the airspaces, peripheral airways, and
vessels along with their respective epithelial and endothelial linings (5, 6). A
repeated injury may lead to progressive interstitial fibrosis, either in the form of
abnormal collagen deposition or proliferation of fibroblasts capable of collagen
synthesis (1, 7). Regardless of the underlying etiology, lung fibrosis is
considered an irreversible process, representing a cardinal feature of many
ILDs (4-6). Significant pulmonary fibrosis compromises respiratory function and
may lead to respiratory failure and death if the injury continues with progressive
amount of fibrosis.

Computed tomography (CT) has been the gold standard imaging method
for ILDs evaluation. As clinical presentation and histopathologic patterns can
show significant overlap in ILDs, and significant heterogeneity of disease
throughout the lung may be present, chest CT is considered critical tool in the
initial evaluation of ILDs (8, 9). However, CT is associated with ionizing
radiation exposure, what should be a concern especially for patients with ILD as
multiple CT scans might be necessary through the chronic course of these
pathologies.

With recent technical developments, magnetic resonance imaging (MRI)
has been emerging as an imaging modality to assess the chest. Combining

functional and morphological information, MRI has been arising as a radiation-
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free alternative, comparable to CT in many instances (10, 11). However,
evidence available in the literature is weak for the use of MRI in the assessment
of ILD (12). The aim of this study was to perform a state-of-the-art review on the
main applications of MRI in ILD, and discuss the optimal MRI protocols for

evaluating these diseases.

2. Chest MRI Protocol

A standard chest MRI protocol is mainly based on non-contrast breath-
holding sequences and takes approximately 15 minutes (13). The imaging
protocol usually begins with a gradient echo (GRE) localizer during inspiration
(two-dimensional fast low-angle shot, 2D-FLASH). After this localizer sequence,
a coronal T2-weighted is usually the first sequence to be acquired using single
shot techniques (e.g., Half-Fourier Acquisition Single-shot Turbo spin Echo
imaging, HASTE, by Siemens; Single-shot fast spin echo, SS-FSE, by General
Electrics, GE) (13, 14). T2-weighted HASTE is useful to demonstrate pulmonary
infiltrates, mucus and fluid accumulation and inflammatory bronchial thickening.
Air-space infiltrates are demonstrated as hyperintense areas on the T2-
weighted images contrasting against the dark background of the normal lung
parenchyma (11). Fast T2-weighted spin-echo sequences with respiratory
triggering are a reasonable alternative to patients that cannot cooperate or
breath-hold (15-17). Following T2-HASTE, a transverse T1-weighted sequence
is obtained using spoiled three-dimensional (3D) GRE (e.g., volumetric
interpolated breath-hold examination, VIBE, by Siemens). T1-3D-GRE is helpful
for the evaluation of pulmonary nodules, masses, consolidations, and
mediastinum (13). However, T1-GRE images do not provide enough information
about infiltrative processes for diagnostic purposes (14).

Afterwards, a steady-state free-precession GRE sequence may be
acquired during free breathing (e.g., true fast imaging with steady-state
precession, TrueFISP, by Siemens; fast imaging employing steady-state
acquisition, FIESTA, by GE; balanced fast field echo, balanced-FFE, by
Philips). Steady-state free-precession acquisitions have advantage over some

single-shot fast spin echo sequences, such as HASTE, due to shorter echo and
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acquisition times, lower sensitivity to motion artefacts and mixed T2/T1 contrast
weighting (18). In a study that used a two-dimensional balanced steady-state
free-precession sequence, MRI revealed a sensitivity of 89% in the identification
of pulmonary fibrosis, depicting 75% of ground-glass opacities, 67% of traction
bronchiectasis and 45% of cystic fibrosis (18). TrueFISP sequences also can
display lung vessels with excellent contrast, and several studies have
demonstrated a great accuracy in the detection of pulmonary embolism (19-22).
As patients with ILDs are at higher risk for PE, the inclusion of a steadystate
sequence is recommended (23, 24).

The standard protocol can be extended to included contrast-enhanced
sequences. Post-contrast scans markedly improve the diagnostic yield of 3D-
GRE sequences by clearer visualization of vascular and hilar structures, pleura,
and solid nodules/masses. Contrast-enhanced images are also helpful to
characterize lung fibrosis represented by late-enhancement areas in T1-
weighted 3D-GRE acquisitions from 1 to 10 minutes after contrast
administration (6, 25-27). T1-weighted 3D-GRE sequences with the use of
parallel imaging and echo sharing allow for short acquisition times of
approximately 1.5s for a 3D dataset (so-called 4D or 3D + t) needed to visualize
perfusion during the peak enhancement of the lung parenchyma (13).

In patients with ILDs at moderate-advanced stages, breath-hold might be
problematic, and some techniques to prolong breath-hold may be necessary,
such as the use of nasal canulla for oxygen delivery, hyperventilation of the
patient before sequence acquisition, and reduction in the number of phase
encoding steps of the sequence (27). Parallel imaging techniques are
recommended as they allow substantial improvement in image acquisition
speed by using arrangements of multiple coils to acquire additional information
along the phase encoding direction (13, 14). When parallel imaging techniques
are not available, multi-breath hold acquisitions can be used instead. ECG is
not required on a routine basis, but ECG-triggered sequences can be planned
when it is necessary to enhance details of structures close to the heart. Half-
Fourier acquisition or ultra-short echo times (UTE) are recommended (28). UTE
sequences can limit signal decay and produce high signal-to-noise and high-
resolution images. Using a UTE of 192 ps, Ohno and colleagues found an

excellent diagnostic performance of MRI in the identification of ILD and/or
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pulmonary fibrosis, with no significant difference compared to standard or low-
dose CT (29).

Another sequence using UTE that has been investigated for chest MRI is
the pointwise encoding time reduction with radial acquisition (PETRA)
sequence, which is a noiseless prototype hybrid approach to UTE three-
dimensional imaging capable of achieving the shortest possible encoding time
for a given imaging unit (30, 31). Dournes et al. investigated the use of PETRA
sequence with respiratory gating in healthy lung MR imaging compared to
conventional T1-weighted VIBE and found significant differences in the visibility
of fine lung structures, such as lung fissures, bronchi, and small vessels (31).
Despite significantly higher cardiac and respiratory motion artefacts with
PETRA, all bronchi could be visualized up to the sub-segmental generation in
this sequence, whereas conventional VIBE segmental could only identify all
bronchi up to the lobar generation (31). The authors also included three patients
with cystic fibrosis and found a 100% agreement between the CT and PETRA-
MR images, despite motion artefacts due to moderate-severe dyspnea (31).
However, till now, the PETRA sequence has not been investigated in ILD.
Chest magnetic resonance elastography (MRE) is another technique that has
also been studied as a promising biomarker of ILDs. This non-invasive
technique can quantify the topographical distribution of shear stiffness in tissues
and is already widely used in the assessment of liver fibrosis (32). In a study by
Marineli et al., MRE could quantitatively differentiate healthy controls and
patients with ILDs, as the parenchymal shear stiffness was increased in fibrotic
zones of the lung at both the residual volume and the total lung capacity (Figure
1) (33).

3. Evaluation of inflammation and fibrosis predominant lesions

Many ILD have a clinical course characterized by an alternation of acute
exacerbations and chronic stable disease, with variable degrees of inflammation
and fibrosis (1, 6, 25). Differentiation of inflammation and fibrosis-predominant
lesions is important to predict prognosis of ILDs which could determine specific

target-treatments. The presence of alveolitis in ILDs, a marker of active disease,
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could predict response to treatment with immunosuppressive or anti-
inflammatory drugs, while fibrotic changes are irreversible. At high-resolution
CT, areas of active inflammation and fibrosis can have similar patterns,
presenting as ground-glass opacities for example, and lung biopsy might be
required.

Usually, lesions with high metabolic activity, such as inflammation and
tumors, are associated with high water content within the tissues. For this
reason, active alveolitis could be demonstrated on T2-weighted MRI as areas of
high signal, whereas fibroticporedominant lesions would present a low signal

(Fig. 1 and 2). The presence of high signal intensity lesions has been reported

as a helpful predictor of treatment response and prognosis (34).

Fig 1. 61l-year-old woman with non-specific interstitial pneumonia. high-
resolution CT (HRCT) axial (A) and coronal (B) images demonstrate diffuse
reticulation and traction bronchiectasis, and mild ground-glass opacities in the
left upper lobe. In the MRI, the corresponding areas of ground-glass opacities
are seen as hyperintense lesions in the axial T2-weighted sequence (C). In the
T1l-weighted post-gadolinium sequence, these areas demonstrate an early
enhancement (arrowheads) in the early acquisitions (D) most likely zones of
active inflammation, which were further confirmed through left upper lobe
biopsy. Combined MRI magnitude and elastogram axial images (E)

demonstrate an increased parenchymal shear stiffness in the areas of fibrosis.
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Fig 2. 47-year-old man with rheumatoid arthritis. High-resolution CT image (A)
shows mild subpleural interlobular septal thickening. T2-weighted MRI (B)
shows mild hyperintense areas along with the subpleural interlobular septal
thickening, which were further confirmed as active inflammation in
histopathology. These findings could also be seen in the PETRA sequence (C),
despite the known limitation of this MRI sequence in susceptible areas to

respiratory motion, such as the lung bases.

Contrast-enhanced MRI sequences are also useful in the evaluation of
ILDs. In previous series, early-enhanced lesions were an accurate indicator of
active disease, while late-enhancement was a characteristic of fibrotic-
predominant lesions (25, 27, 35). Molecules of gadolinium can freely diffuse
across the capillary’s endothelium into the extravascular spaces of lung
interstitium and later reenter the intravascular space (36, 37). Inflammatory-
predominant lesions present an increased extravascular interstitium volume and
increased angiogenesis, what would explain the earlier and faster enhancement
on MR images compared to normal lung interstitium (25). On the other hand,
late enhancement associated with fibrotic-predominant lesions might be a result
of the destruction of the lung interstitium microvasculature due to fibrosis,
impairing contrast washout (Fig. 3). In a recent proof-of-concept study, Lavelle
et al. tested a segmented inversion-recovery turbo low-angle shot MRI

sequence (turboFLASH) to evaluate lung fibrosis, adjusting the inversion times
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individually to null the blood pool in the pulmonary artery, hence nulling the
signal from contrast within the pulmonary circulation. They found significantly
higher late-enhanced MRI signal for lung fibrosis, presenting a 204.8% higher

signal compared to the normal lung (27).

Fig 3. 64-year-old man with idiopathic pulmonary fibrosis. CT axial image (A)
and T1- weighted VIBE post-gadolinium images (B) demonstrate late

enhancement in the subpleural zones of lung fibrosis.
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4. Magnetic resonance imaging in specific interstitial lung diseases

4.1. Connective tissue diseases

Several connective tissue diseases (CTD) can course with lung
involvement, such as systemic lupus erythematosus, rheumatoid arthritis,
systemic sclerosis, Sjogren syndrome, dermatomyositis, polymyositis, and
mixed connective tissue disease (38, 39). ILD usually is the most common
pulmonary complication in CTD and can be the first complication of these
diseases, preceding in years other manifestations (38, 39).

Parenchymal pulmonary abnormalities found in CTD-related ILDs (CTD-
ILD) are classified with the same pathologic-radiologic system than other ILD
(40). Non-specific interstitial pneumonia (NISP) and usual interstitial pneumonia
(UIP) are the most common patterns described in patients with CTD-ILD (41). In
NISP, both interstitial inflammation and fibrosis can occur at the same time (42)
(Fig. 4). MRI has also been shown to accurately detect inflammation areas
within lung tissue of patients with systemic sclerosis with great agreement with
CT findings (43) (Fig. 5). In a study by Pinal-Fernandez et al., MRI presented an
area under the curve of 0.96 to detect ILD in systemic sclerosis, also presenting
good intra- and inter-reader agreement and good significant correlations to
forced vital capacity, diffusing capacity of carbon monoxide, and HRCT (44).

The use of quantitative MR imaging in patients with CTD-related ILD has
also been investigated. In a 3T scanner, Ohno et al. used echo times lower than
100 us, minimizing the signal decay due to short transverse relaxation time
(T2/T2 star [T2*]) (42). The authors found significantly higher T2* values in
patients with CTD-ILD compared to normal controls with significant correlations
to pulmonary function tests and serum levels of KL-6 (a marker of pneumonitis)
(42). These results suggested that quantitative MRI might be as effective as
thin-section CT for assessment of disease severity in terms of pulmonary
involvement in CTD patients (42). In a study by this same research group, the
authors also found oxygen-enhanced MRI to be as useful as thin-section CT for
pulmonary functional loss and disease severity assessment of CTD patients
with ILD (45).
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Fig 4. 58-year-old man with CTD-related ILD. HRCT axial image (A)

demonstrates a probable usual interstitial pneumonia pattern with subpleural
reticulation and traction bronchiectasis. T2-weighted BLADE image (B) shows
areas of hyperintensity in the right lower lobe, which were confirmed as
inflammatory lesions in histopathology. After a threemonth course of anti-
inflammatory drugs, the findings remain mostly unaltered in the HRCT control
scan (C), while in the MRI control scan (D) the hyperintense areas previously

seen are resolved.
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Fig 5. 80-year-old woman with systemic sclerosis. Active-inflammatory biopsy-
confirmed pulmonary lesions in the lower lobes presenting hyperintensity in T2-
weighted BLADE MRI (A) and ground-glass opacities in the HRCT scan (B).

4.2. ldiopathic pulmonary fibrosis

The most common form of idiopathic interstitial pneumonia is idiopathic
pulmonary fibrosis (IPF). The main imaging modality in IPF is HRCT which
plays an essential role in the initial assessment of suspected IPF, considerably
influencing subsequent management decisions. The primary role of HRCT is to
distinguish chronic fibrosing lung diseases with a UIP pattern from those
presenting a non-UIP pattern, suggesting an alternative diagnosis when
possible (46). The presence of a typical UIP pattern on HRCT in the absence of
any evidence for an alternative etiology for the ILD is enough for the diagnosis
of IPF (47). In the absence of a typical UIP CT pattern, surgical lung biopsy is
advised for the final diagnosis (47). However, lung biopsy is an invasive
procedure, and associated mortalities rates from 2% to 7.1% have been
reported in ILDs (48, 49).

Thus far, evidence on the use of chest MR imaging in IPF is weak (50).
Some studies have investigated MRI as a complementary tool to HRCT that
could possibly provide more data to obviate the need for invasive diagnostic
procedures. A case with typical UIP HRCT pattern and the corresponding MR

images demonstrating the honeycombing and reticulation is shown in Figure 6.
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In a series with patients with pathologically proven UIP and nonspecific
interstitial pneumonia (NSIP), quantitative MRI findings were able to
differentiate active-inflammatory and stable-fibrotic lesions in NSIP (26). In
NSIP, patients with suspected inflammatory activity presented significantly
higher T2 relaxation times and proton density values than those with stable
disease. However, these parameters were not able to differentiate UIP and
NSIP individually, and the only significant difference between these two patterns
on proton densities was for advanced lesions with dorsal location (26). The
authors hypothesized that air-containing cystic lesions in UIP such as
honeycombing would contribute to a lower proton density in a dorsal distribution

of the lungs.

Fig 6. 61-year-old man with idiopathic pulmonary fibrosis. HRCT axial image (A)

shows a typical usual interstitial pneumonia pattern with reticular opacities with
subpleural and basal predominance and honeycombing. The corresponding T2-
weighted MRI (B) also shows the same findings. Note that it is not possible to
find any hyperintense active inflammatory lesion that could represent a

reversible stage of the disease.

A promising modality that can reveal subtle changes in lung ventilation
and microstructure is MRI with hyperpolarized gases, such as helium (3He MRI)
or xenon (129Xe MRI) (51). Historically, one of the major drawbacks of lung
MRI has been the much lower density of hydrogen protons in the lungs
compared to other anatomical structures, limiting the signal available for MRI.

Hyperpolarization of external gases, such as 3He and 129Xe, increase their
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magnetization, allowing them to work as gaseous contrast media to image the
airways and airspaces (52). Although 3He MRI has been studied for diseases
such as chronic obstructive pulmonary disease, asthma, and cystic fibrosis, the
use of 3He MR imaging is not economically sustainable due to 3He low
availability and high costs, with prices per liter varying from $800 to $2000 (52-
56). On the other hand, MRI hyperpolarized with 129Xe has been demonstrated
to be a well-tolerated and fast technique, allowing evaluation of the gas uptake
in the microstructures of the lungs. 129Xe present different resonance
frequency shifts for every tissue it crosses through diffusion in the alveoli
(alveolar epithelial cells, interstitial tissues, capillary endothelium, plasma, and
capillary red blood cells (RBC)), which can be measured on MR spectroscopy
(52, 57-59). Due to these proprieties, 129Xe MRI has been studied for IPF
assessment, providing both structural and functional information on fibrotic
change and gas exchange (60-62). In a study by Wang et al., the authors found
that the ratio of the signal from the 129Xe uptake in RBCs by the signal of the
gas uptake in the alveoli barrier was significantly reduced in patients with IPF,
reflecting interstitial thickening and poor gas transfer to RBCs (61). Moreover,
the 129Xe indices were correlated to monoxide carbon diffusion factor (DLco), a
direct marker of global gas exchange used in the assessment of ILDs,
suggesting that both techniques reflect similar underlying gas exchange
pathophysiology RBCs (61). Likewise, Weatherley et al. also found similar
correlations, sensitive to longitudinal changes in IPF in a follow-up period of 12
months, demonstrating that 129Xe MR spectroscopy maybe could be useful for

diagnosing and monitoring IPF disease progression (62).

4.3. Sarcoidosis

Sarcoidosis is an inflammatory autoimmune multisystemic condition with
diffuse collections of noncaseating granulomas throughout the body. In most
cases, the disease affects the lungs (> 90% of patients) and the lymphatic
system (about one-third of cases) (63, 64). The diagnosis of sarcoidosis is
usually done as a diagnosis of exclusion when no other identifiable cause of

granulomatous inflammation can be found, such as mycobacterial and atypical
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mycobacterial disease and some lung mycoses, such as coccidioidomycosis
and histoplasmosis (65). Non-caseating granulomas with epithelioid and giant
cells are the histological hallmark of sarcoidosis (64, 65). On imaging,
pulmonary sarcoidosis usually presents as perilymphatic nodularity commonly
with symmetric hilar and mediastinal lymphadenopathy, and in chronic cases,
lung involvement can progress to fibrosis (64, 66, 67). HRCT is one of the main
imaging modalities in sarcoidosis, as it is the standard for assessment of
pulmonary findings, lung fibrosis, and mediastinal lymph nodes (66, 67). HRCT
presents better efficacy in assessing subtle parenchymal modifications even in
the early stages of sarcoidosis that may be unnoticed in chest radiographies
(66, 67).

As sarcoidosis is a chronic disease with an early onset age, between 25
to 40 years, many patients will undergo several imaging investigations, raising
concerns on cumulative exposure to ionizing radiation (63, 64). As a radiation-
free alternative, chest MRI applications in sarcoidosis have been widened in the
previous years. Studies have reported a good correlation between MRI and
HRCT in pulmonary sarcoidosis (66, 68, 69). In a study by Chung et al., MRI
was comparable to HRCT in the assessment of parenchymal opacification and
reticulation in sarcoidosis (66) (Fig. 7). However, MRI sensitivity for nodules
evaluation and fine reticulation was lower, a limitation that might have occurred
due to the inherent lower spatial resolution of MRI and the acquisition protocol
adopted in the study, non-optimal for nodules assessment on MRI (13, 66, 70).
In a study using late-enhanced chest MRI with individual nulling of the
pulmonary blood pool signal (turboFLASH sequence), MRI could detect and
determine the extension of fibrotic pulmonary sarcoid, accurately comparing to

the anatomical characterization on HRCT (69).
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Fig 7. 42-year-old woman with pulmonary sarcoidosis. Non-contrast HRCT axial

images (A and B) show reticulation, nodules, masses, and mediastinal
lymphadenopathy. The same findings can be seen as hyperintense areas in T2-
weighted BLADE (C). The enlarged calcified lymph node located in the right
lower paratracheal station presents a hypointense core with a thin rim of
hyperintensity in the T2-weighted MRI (arrow), characterizing the “dark lymph

node sign’.

Another advantage is that MRI can accurately detect subtle
enhancement and necrosis within mediastinal and hilar lymphadenopathy (Fig.
8). Presence of necrosis within mediastinal and hilar lymph nodes is a feature
commonly found in tuberculosis but not in sarcoidosis, what can help in the
differential  diagnosis (67). A characteristic MRI appearance of
lymphadenopathy in sarcoidosis has been described in the literature as the
“‘dark lymph node sign” (71). This feature represents hilar and mediastinal
lymph nodes with an internal hypointensity and peripheral rim of hyperintensity
on T2-FSE (BLADE) and post-gadolinium 3D-GRE (VIBE) images (Fig. 7). The
dark lymph node sign was present in up to 49% of patients with sarcoidosis and

probably corresponds to areas of central nodal fibrosis (71).
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Fig 8. 37-year-old man with pulmonary sarcoidosis. MR images show enlarged

lymph nodes in the subcarinal and hilar regions, presenting low signal intensity
in T2-weighted BLADE (A) and prominent homogeneous enhancement in T1-

weighted VIBE postgadolinium (B).

5. Summary

In this state-of-the-art review, we have discussed several applications of
MRI in the evaluation of interstitial lung diseases, such as CTD, IPF, and
sarcoidosis. Despite still being mostly restricted to research purposes, the field
of use of MRI in thoracic imaging continuously increases with recent
improvements of acquisition techniques and imaging resolution. Although more
robust evidence is needed, MRI will very likely start to be featured in the

management of interstitial lung diseases.
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Highlights:

MRI could differentiate areas of reversible active inflammation from

irreversible fibrosis.

MRI can be useful in connective tissue diseases, idiopathic pulmonary

fibrosis, and sarcoidosis.
An optimal chest MRI protocol for ILDs should include non-contrast

breath-holding sequences, steady-state free-precession sequences and

contrast-enhanced sequences.
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Abstract

Proposal: To assess the inflammatory activity of systemic sclerosis (SSc) lung
disease through magnetic resonance imaging (MRI) and correlate the findings
with the ones obtained through computed tomography (CT). Methods: This
cross-sectional single-center study including participants were at least 18 years
old with a confirmed diagnosis of SSc based on 2013 American College of
Rheumatology (ACR) and European League Against Rheumatism (EULAR)
criteria and recent (within the previous 3 months) pulmonary function tests and
high-resolution CT performed with standard parameters. The lung MR imaging
was performed with peak gradient strength and slew rate. Using the CT, as the
gold standard, we calculated the accuracy for MRI findings. Results: The
assessment of non-specific inflammatory activity, MRI has an accuracy of
84.62% (95% CI: 65.13% to 95.64%), with a sensitivity of 75.00% (95% CI:

42.81 to 94.51%) and specificity of 92.86% (95% CI: 66.13% to 99.82%) in
relation to CT in patients with SSc. When we compared the findings compatible
with fibrosis, MRI had an accuracy of 80.77% (95% CI. 60.65% to 93.45%).
Conclusions: The use of chest MRI (an examination without ionizing radiation)
could be a possible option in patients with SSc. Further studies, including a
larger number of patients, are necessary for a better evaluation of the method in

established fibrosis and acute inflammation/alveolitis.

Keywords: interstitial lung disease; computed tomography; magnetic

resonance imaging; idiopathic pulmonary fibrosis; systemic sclerosis.
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Introduction

Interstitial Lung Diseases (ILD) is a diffuse inflammatory disorders that
may lead to Pulmonary Fibrosis™?. Lung involvement, including ILD, is a leading
cause of death in Systemic Sclerosis (SSc)°. Few researchers have addressed
the issue of using MRI for the evaluation of ILD in SSc and correlated
diseases®. Thus far, computed tomography (CT) has been the gold standard
imaging method to assess pulmonary diseases’. The presence of alveolitis in
ILD is a marker of active disease, and it is known that alveolitis responds to
treatment with immunosuppressive drugs, while fibrotic changes are
irreversible®’. There is, however, a gap in the evaluation of the presence of
alveolitis in CT, as it cannot always be related to active alveolitis and fibrosis
may have already been stablished®®.

High-field Magnetic Resonance Imaging (MRI) of the Ilung has
demonstrated to be a feasible method to determine the presence of activity in
patients with lung diseases, but further studies are still needed. MRI has been
recently established as a valuable diagnostic modality in body imaging.’® The
development of ultrafast sequences and improvements in speed and image
quality, associated with its lack of ionizing radiation and versatile tissue

I'*, On account of that, the

characterization abilities, add advantages to MR
objective of this work is to assess the inflammatory activity of SSc lung disease

through MRI and correlate the findings with the ones obtained through CT.
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Methods

This cross-sectional single-center study was approved by the Irmandade
da Santa Casa de Misericérdia de Porto Alegre (ISCMPA) ethics committee
(study number, 1780557). From January 2012 to December 2019, all
consecutive participants with SSc referred for cardiac MRI as part of their
routine follow-up at ISCMPA (Porto Alegre, Brazil). We included participants
were at least 18 years old with a confirmed diagnosis of SSc based on 2013
American College of Rheumatology and European League Against Rheumatism
criteria and recent (within the previous 3 months) pulmonary function tests and
high-resolution CT performed with standard parameters.

Lung MR imaging was performed with a 1.5-T HDx imager (GE
Healthcare, Milwaukee, Wis) with peak gradient strength and slew rate. An
eight-channel cardiac receive array radiofrequency coil (GE Healthcare, Aurora,
Ohio) was used throughout. A stack of axial two-dimensional bSSFP images
were acquired with the fast imaging employing steady-state acquisition
sequence (FIESTA; GE Healthcare) and the following parameters: repetition
time msec/echo time msec, 2.8/1.0; flip angle, 50°; field of view, 48 x 43.2 cm;
matrix, 256 x 256; bandwidth, 125 kHz; and section thickness, 10 mm. The lung
apex to the diaphragm was covered in one breath hold. This sequence was
performed at full inspiration and with a 12-second breath hold. As part of the
patient work-up in evaluation of PH, these bSSFP breath-hold images serve as
scout images when planning the geometry of the cine cardiac examinations

used to assess right-sided heart function.
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CT pulmonary angiography and thin-section CT were performed as a part
of the diagnostic assessment of patients with PH by using a 64-section CT
scanner (Light Speed; GE Medical Systems, Milwaukee, Wis). CT pulmonary
angiography was performed during one breath hold, and the following standard
acquisition parameters were used: 100 mA with automated dose reduction, 120
kV, pitch of 1, 0.5-second rotation time, and 0.625-mm collimation. The field of
view was 400 x 400 mm with an acquisition matrix of 512 x 512. A total of 100
mL of intravenous contrast agent (Ultravist 300; Bayer Schering, Berlin,
Germany) was administered at a rate of 5 mL/sec. CT pulmonary angiography
was not performed in patients with impaired renal function or poor peripheral
venous access. The CT pulmonary angiographic images were reconstructed by
using a soft filter to yield contiguous 0.625-mm axial sections from the apex of
the lung to the diaphragm for review. The 1.25-mm thin-section CT images were
also reconstructed every 10 mm from the contrast agent—enhanced acquisition
by using a high-spatial-resolution filter. For evaluation of pulmonary fibrosis,
bronchial disease, and emphysema, thin-section CT images were used. CT
pulmonary angiography was used to assess pleural and mediastinal disease
and solid lung lesions.

The MR images were reviewed at a standard workstation (GE
Healthcare) by two independent radiologists (B.H., MCB.), each with 10 years of
clinical experience, who were blinded to the CT findings. The CT scans were
assessed for the presence or absence of the following morphologic
abnormalities: pulmonary fibrosis, pleural and mediastinal disease, solid
lesions, bronchial disease, and emphysema. The criteria for positive

interpretation of fibrosis on CT and MR images included one or more of the
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following findings: interlobular septal thickening, intralobular interstitial
thickening, honeycombing, and traction bronchiectasis or ground-glass
opacity™.

Interstitial lung changes were graded on the basis of a system previously
described®®. Each lung was divided into three zones defined as follows: the
upper zone was defined as the area above the aortic arch, the middle zone was
defined as the area between the aortic arch and the pulmonary veins, and the
lower zone was defined as the area below the pulmonary veins. The sum of the
scores for all zones for each patient was obtained (minimum score, 0; maximum
score, 30).

The CT and MR images were also studied for pleural and pericardial
effusions and enlarged mediastinal lymph nodes. For the purpose of this study,
a short-axis transverse lymph node diameter greater than 10 mm was
considered enlarged. Bronchial disease was considered mild when there was
cylindrical dilatation of the bronchus, saccular dilatation was graded as
moderate, and marked dilatation of bronchi was graded as severe.

Data are presented as means * standard deviations or frequencies with
percentages. We used kappa coefficients to evaluate inter-reader agreement,
rated as poor (k < 0.01), slight (k = 0.01-0.20), fair (k = 0.21-0.40), moderate (k
= 0.41-0.60), substantial (k = 0.61-0.80), and almost perfect (k = 0.81-1.00)
(12). Using the computed tomography, as the gold standard, we calculated the
sensitivity, specificity and accuracy for magnetic resonance findings. In all
cases, p values < 0.05 were considered to be significant (2-sided). Statistical
analysis was performed using SPSS software (ver. 18; (SPSS Inc., Chicago, IL,

USA).
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Results

Twenty-six patients diagnosed with SSc according to the ACR/EULAR
criteria were included in this research because they presented interstitial lung
disease through chest CT. Twenty two (85%) were women and the average age
was 59 + 8 years.

In this study the inter-reader agreement was rated as substantial for non-
specific inflammatory activity and for findings compatible with fibrosis
respectively (x = 0.78, 95% CI: 0.70-0.82; k = 0.65, 95% CI: 0.61-0.73).
Regarding the assessment of non-specific inflammatory activity, MRI has an
accuracy of 84.62% (95% CI: 65.13% to 95.64%), with a sensitivity of 75.00%
(95% CI. 42.81 to 94.51%) and specificity of 92.86% (95% CI. 66.13% to
99.82%) in relation to CT in patients with SSc.

When we evaluated the findings compatible with fibrosis, MRI had an
accuracy of 80.77% (95% CI: 60.65% to 93.45%) compared to CT in patients
with SSc with sensitivity of 54.55% (95% CI: 23.38 83.25%) and specificity of

100.00% (95% CI: 78.20% to 100.00%).

Discussion

In this study, we compared the findings of chest CT with MRI in SSc ILD

disease. In general, our findings are consistent with findings from previous

studies, indicating that MRI has a role in the evaluation of ILD in SSc. Our study
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suggests that chest MRI has good sensitivity and specificity and can be used as
a useful tool in the diagnosis and follow-up of patients with ILD in SSc.

The use of chest MRI for the diagnosis of interstitial lung disease in
systemic sclerosis has been described in the literature. Muller et al**, found
using MRI of in patients with SSc and interstitial lung disease, a sensitivity of
100% in the assessment of PID in relation to chest CT. However, the specificity
found of 60% of pulmonary MR compared to chest CT.

In SSc, organic involvement occurs in the first 5 years of the disease®”.
Interstitial lung disease is an early manifestation of the disease, with pulmonary
involvement being the main cause of morbidity and mortality in these patients™®.
Early diagnosis and screening for pulmonary involvement is essential to prevent
a significant loss of lung function, which is irreversible due to pulmonary
fibrosis'®. Chest CT is a mandatory exam for the diagnosis of interstitial lung
disease in SSc'’. Physical examination, chest X-rays and even pulmonary
function tests have low sensitivity for the diagnosis of interstitial lung disease in
Ssc'é.

It is known that the course of interstitial lung disease fluctuates between
periods of activity and remission'®. Patients with active interstitial lung disease
are patients in whom immunosuppressive treatment is indicated, as there is
therapeutic gain when treatment is established in the presence of inflammation
before established pulmonary fibrosis?®. MRI is a useful test to define patients
with current inflammatory activity®'.

Chest MRI has been shown to be very useful for the assessment of
thoracic pathologies due to advances in the technique with the development of

ultrafast sequences, magnetic resonance imaging (MRI) has established itself



83

as a valuable diagnostic tool. Due to improvements in the acquisition speed and
quality of images, MRI is currently an appropriate method also for the study of
lung diseases?®.

In patients in whom serial pulmonary parenchyma assessments are
required, the use of chest MRI, an examination without ionizing radiation, would
be a possible option. Further studies, including a larger number of patients, are
necessary for a better evaluation of the method in established fibrosis and acute
inflammation/alveolitis. Due to the increasing technological advances in relation
to MRI, it appears as an option in the diagnosis and follow-up of patients.
However, its role needs to be better studied, the results point to a promising

future of its use.
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5. CONCLUSOES

Mostramos nessa tese que a ressonancia magnética pode ser uma
ferramenta Gtil em doencas do tecido conjuntivo, fibrose pulmonar idiopatica e
sarcoidose. E também, na esclerose sistémica apresentando boa acuracia
nesta populacédo na avaliagdo de atividade inflamatoria ndo especifica e para e
fibrose em relagdo a TC em pacientes com ES.

Vimos que os protocolos de RM de térax ideais para DPIs devem
incluir sequéncias de retencédo de respiragdo sem contraste, sequéncias de
precesséo livre em estado estacionario e sequéncias de contraste. Uma das
principais aplicacbes da RM nas DPIs é a diferenciagdo entre areas de
inflamacéo ativa (ou seja, estagio reversivel) e fibrose. A alveolite apresenta
alta intensidade de sinal nas sequéncias ponderadas em T2 (SW) e realce
precoce nas sequéncias de RM com contraste, enquanto as les@es fibréticas
predominantes apresentam baixo sinal e realce tardio nessas sequéncias,

respectivamente.
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exclusivamente para a finalidade prevista no seu protocolo.Sera garantida a manutencao do sigilo e da
privacidade dos participantes da pesquisa durante todas as fases da pesquisa.

Beneficios:
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