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RESUMO

Introduc¢ao: Tromboembolismo Pulmonar (TEP) ¢ a terceira causa de mortalidade
entre as doencas cardiovasculares agudas, apos infarto miocardico e acidente vascular
cerebral. A angiotomografia das artérias pulmonares (angio-TC) é o padrido ouro no
diagnostico de TEP, possibilitando a identificacdo de defeitos de enchimento nas veias
pulmonares em areas adjacentes ao TEP. Objetivo: Considerando que a obstrucdo
arterial pulmonar diminui o fluxo venoso; levantamos a hipotese de que defeitos de
enchimento nas veias pulmonares podem ser identificados em areas adjacentes a
embolia pulmonar (TEP), cujo sinal foi denominado “sinal da veia pulmonar” (SVP)
avaliamos a sua prevaléncia e desempenho no diagnoéstico de TEP na angio-TC.
Casuistica e Método: Este estudo retrospectivo incluiu pacientes consecutivos com
suspeita clinica de TEP que foram submetidos a angio-TC. O SVP foi definido pelos
seguintes critérios: (a) presenca de um defeito de enchimento homogéneo de pelo
menos 2 cm em uma veia pulmonar; (b) atenuacdo do atrio esquerdo [160 unidades
Hounsfield]. Utilizando-se como referéncia os casos que apresentaram TEP na angio-
TC, foram calculados a sensibilidade, a especificidade e os valores preditivos positivo e
negativo para SVP. Resultados: No total, 119 pacientes (73 do sexo feminino; idade
média de 62 anos) foram incluidos neste estudo. O TEP foi diagnosticado em 44
(35,8%) pacientes. O SVP estava presente em 16 dos 44 pacientes com TEP. A
sensibilidade foi de 36,36% (intervalo de confianca de 95% (IC) 22,83-52,26%); a
especificidade, 98,67% (IC 95% 91,79-99,93%); o valor preditivo positivo, 94,12% (IC
95% 69,24-99,69%); o valor preditivo negativo, 72,55% (IC 95% 62,67-80,70%). O
indice Kappa para o SVP foi bom (0,801; IC 95% 0,645-0,957). O SVP foi
correlacionado com embolia pulmonar lobar e segmentar (p \ 0,01). Conclusdes:
Apesar de uma baixa sensibilidade; a presenca do sinal da veia pulmonar foi altamente
especifica para TEP, com uma boa concordancia entre os leitores. Este sinal pode

contribuir para o diagndstico de TEP em estudos de angio-TC.
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ABSTRACT

Introduction: Pulmonary thromboembolism (PE) is the third leading cause of mortality
among acute cardiovascular diseases, after myocardial infarction and stroke. Computed
Tomography Pulmonary angiography (CTPA) is the gold standard for diagnosing PE,
making it possible to identify filling defects in the pulmonary veins in areas adjacent to
the PE. Objective: Considering that pulmonary arterial obstruction decreases venous
flow, we have hypothesized that filling defects in pulmonary veins can be identified in
areas adjacent to pulmonary embolism (PE); this sign has been called “pulmonary vein
sign” (PVS), therefore, we evaluated its prevalence and performance for PE diagnosis in
CTPA. Casuistic and Method: This retrospective study enrolled consecutive patients
with clinical suspicion of PE who underwent CTPA scan. The PVS was defined by the
following criteria: (a) presence of a homogeneous filling defect of at least 2 cm in a
pulmonary vein; (b) attenuation of the left atrium [160 Hounsfield units. Using the cases
that presented PE on CTPA as reference, sensitivity, specificity, and positive and
negative predictive values were calculated for PVS. Results: In total, 119 patients (73
female; mean age, 62 years) were included in this study. PE was diagnosed in 44
(35.8%) patients. The PVS was present in 16 out of the 44 patients with PE. Sensitivity
was 36.36% (95% confidence interval (CI) 22.83-52.26%); specificity, was 98.67%
(95% CI 91.79-99.93%); positive predictive value, 94.12% (95% CI 69.24-99.69%);
negative predictive value, 72.55% (95% CI 62.67-80.70%). The Kappa Index for the
PVS was good (0.801; 95% CI 0.645-0.957). PVS was correlated with lobar and
segmental pulmonary embolism (p \ 0.01). Conclusions: Despite a low sensitivity;
the presence of the pulmonary vein sign was highly specific for PE, with good
agreement between readers. This sign could contribute to PE diagnosis in CTPA

studies.



1-INTRODUCAO

Tromboembolismo pulmonar (TEP) caracteriza-se por quadro grave, que tem
inicio quando trombo (codgulo ou émbolo) localizado em uma das veias dos membros
inferiores ou da pelve que se desloca e obstrui artéria pulmonar.’ TEP ¢é a terceira
causa de mortalidade entre as doencas cardiovasculares agudas, apds o infarto
miocardico e acidente vascular cerebral.>® E a causa mais comum de morte evitavel
em pacientes internados.*> Acredita-se que a doenca tenha sido suspeitada em apenas
30% de pacientes que morrem devido ao TEP.(6®

Estima-se que, nos Estados Unidos, cerca de cinco milhdes de pacientes
apresentem trombose venosa profunda (TVP) todos os anos.®'¥ Destes, cerca de 650
mil (13%) evoluem para TEP e cerca de 100 a 200 mil (15,3 a 30,7%) morrem em
decorréncia da doenga.®!!

Estudos epidemioldgicos sobre TEP no Brasil sdo raros, quase todos oriundos de
necrépsia, mostrando prevaléncia em torno de 3,9 a 16,6% [12]. Golin et al.,®
avaliando 16.466 autopsias consecutivas no hospital da Faculdade de Medicina da Santa
Casa de Sao Paulo mostraram que a incidéncia de TEP foi 4,7%. Em 68% desses casos,
TEP foi considerado fatal.®

As apresentacdes clinicas mais comuns do TEP sao dispneia e dor tordcica, mas
tosse, febre, hemoptise e sincope podem ocorrer.!'*> Como muitas vezes estes sinais e
sintomas do TEP sdo inespecificos; necessitam de alto grau de suspeicao. O diagndstico
precoce para tratamento adequado ¢ fundamental para se evitar complicacdes, inclusive
0 6bito. Torres-Machado et al."V relataram que até 33,5% dos pacientes que chegam a
uma unidade de emergéncia tem retardo no diagnostico de TEP, sendo que até 11,9%

deles sdo encaminhados para casa com diagnostico clinico incorreto. Segundo estes



autores, pacientes com diagndstico de TEP que apresentam 48 horas da chegada até o
hospital, apresentam melhor progndstico.

Casazza et al.*> relataram 3,9% de mortes por TEP em pacientes hospitalizados
e diagnosticados com TEP agudo. Obitos ocorreram dentro de 24; 48 e 72 horas, apos
apresentacao clinica em 27%, 39% e 49%, respectivamente; foi considerada como causa
TEP agudo em 100%, 95% e 89% dos casos nestes intervalos. Faixa etaria acima de 75
anos, sexo feminino, instabilidade hemodinamica, imobiliza¢do nos quatro dias prévios,
trauma recente e histéria prévia de doengas vasculares, corondrias ou arteriais foram
fatores de risco para evolugdo para 6bito ou deterioracio clinica.!>

Achados clinicos e de radiografia de térax sdo inespecificos, havendo
necessidade de angiografia ou exame de imagem menos invasivo, a angiotomografia
das artérias pulmonares (angio-TC). A angio-TC ¢ o padrdo ouro no diagnostico de
TEP, substituindo a angiografia, especialmente, com os avancos dos aparelhos de
tomografia computadorizada (TC) [16]. Recentemente, ressonancia magnética tem sido
utilizada em pacientes com TEP e com contraindicagio a angio-TC.!!"

A deteccido pela angio-TC de falhas de enchimento luminais arteriais € o achado
essencial para diagndstico e avaliacdo da extensdo da doenga. Além disso, a TC permite
também analise do parénquima pulmonar, mediastino ¢ da cavidade pleural.

Angio-TC ¢ um dos métodos de diagnodstico por imagem mais especificos para
diagnostico e quantificagdo de TEP.!¥1) O critério diagnéstico para TEP agudo inclui
oclusdo arterial com falha de enchimento de sua luz e aumento de calibre da artéria
comparada aos vasos pérvios adjacentes. Alguns sinais t€ém sido usados para

diagndstico indireto de TEP.?%2D Estes incluem oligoemia regional (sinal de



Westmark); opacidade triangular com base pleural (corcova de Hampton) e
proeminéncia da artéria pulmonar central (sinal de Fleischner).??

A principal consequéncia hemodindmica do TEP ¢ a redugdo do fluxo pulmonar,
a qual resulta em aumento da resisténcia vascular pulmonar e pressao arterial pulmonar,
sobrecarregando o ventriculo direito.*>?» Além disso, observa-se nos casos de TEP
reducdo do fluxo da drenagem venosa.?3-2>)

Devido a falta de suprimento causado pela obstrucdo da artéria pulmonar
opacificada pelo contraste (TEP), existe falha da drenagem deste sangue, de uma
determinada regido, pelas veias pulmonares, ocasionando falha na opacificacdo da veia
pulmonar central. Esta falha de enchimento em veia pulmonar central, com extensao
igual ou maior que 2 cm, nos denominamos SINAL DA VEIA PULMONAR (SVP) e
corresponde a sangue ndo opacificado pelo contraste, representando sinal secundario de
TEP.

Diante deste contexto, justifica-se o estudo da associacdo entre sinal da veia
pulmonar e diagnostico de tromboembolismo pulmonar agudo, pois a identificacdo de
defeitos de enchimento nas veias pulmonares em éreas adjacentes ao TEP. O SVP
podera contribuir sobremaneira no diagndstico de TEP e, por conseguinte, melhorar a
qualidade e quantidade de vida destes pacientes. Do ponto de vista cientifico, na

literatura ndo foram encontrados trabalhos com este enfoque.

1.1-  Objetivo

O objetivo deste estudo foi investigar a associacao entre sinal da veia pulmonar e

o diagnostico de tromboembolismo pulmonar agudo.



2- CASUISTICA E METODO

2-1. Casuistica

Foram estudados, retrospectivamente, pacientes que apresentaram suspeita de
TEP submetidos a angio-TC, independente de sexo e raca, no periodo de margo/2012 e
fevereiro/2013. Os pacientes foram atendidos no Instituto de Radiodiagnostico Rio
Preto, Sao José do Rio Preto-SP e na Santa Casa de Misericordia de Porto Alegre-RS.

Foram excluidos pacientes com alguma contraindicacdo a angio-TC como
insuficiéncia renal ou alergia ao meio de contraste iodado, e aqueles com suspeita
clinica maior que 48 horas.

Este estudo foi aprovado pelo Comité de Etica em Pesquisa em Seres Humanos

(CEP) da Faculdade de Medicina de Sao Jos¢ do Rio Preto (FAMERP) (Anexo 1).

2-2. Método

A angio-TC foi realizada em tomdgrafo multidetectores de 64 canais LightSpeed
VCT XT scanner (GE Healthcare Technologies, Waukesha, WI, Estados Unidos)
(Figura 1). Os cortes tomograficos foram realizados da base até o dpice pulmonar em
direcdo caudocefalica, usando os seguintes parametros: 225mAs, 120 kV, colimagao de
0,5 mm, tempo de rotacdo de 0,75s com um 3,5 cm/s de movimento da mesa por
rotagdo do gantry. A administragdo do meio de contraste foi realizada usando bomba
injetora (CT Injector, Ulrich Medical, Ulm-Jungingen, Alemanha) com fluxo de 4,5
mL/s. Todos os pacientes receberam 1 mL de Ominipaque 350 mg/mL por Kg de peso

corpéreo (Amersham Health, Cork, Irlanda). A administra¢do de cada bolo foi seguida



imediatamente por 60 mL de soro fisioldgico. A aquisi¢ao helicoidal foi iniciada, apos
inicio da administracdo do meio de contraste, a qual foi determinada pela regido de
interesse (ROI) com limiar de 130 unidades Hounsfield (UH) no atrio esquerdo
(SmartPrep, GE Medical Systems, Milwaukee, WI, Estados Unidos). Este protocolo foi
utilizado para aumentar o enchimento de contraste nos vasos subsegmentares.

As imagens foram avaliadas por dois radiologistas com experiéncia em
diagnéstico por imagem tordcica. Depois destes dois radiologistas analisarem
independentemente, eles revisaram as imagens conjuntamente com um terceiro
radiologista toracico, visando a obten¢ao de consenso.

Para diagnéstico de TEP agudo foram adotados os seguintes critérios: (a)
oclusdo arterial com falha de enchimento de todo o Iimen; (b) defeito de enchimento
parcial circundado por meio de contraste, produzindo sinal do trombo “a cavaleiro” nas
imagens adquiridas perpendicularmente ao eixo longo e sinal do “trilho de trem” nas
imagens longitudinais do vaso e, (c) defeito de enchimento intraluminal periférico que
apresenta angulos agudos com a parede arterial.

Para identificagdo do sinal da veia pulmonar foram consideradas as seguintes
caracteristicas: (a) defeito de enchimento homogéneo na veia pulmonar com no minimo
2 cm e, (b) atenuagdo do atrio esquerdo [160 UH] para melhor visualizagdao das veias

pulmonares.

2-3. Analise Estatistica

A prevaléncia foi obtida para todos achados radiolégicos com base nas imagens
de TC. Usando os casos que apresentaram TEP na angio-TC como referéncia,
sensibilidade, especificidade e os valores preditivos positivo e negativo foram

calculados para o SVP. Valores para razdo de verossimilhanga para um teste positivo



foram calculados como a sensibilidade, divididos por um (1), menos a especificidade.
Os valores da razdo de verossimilhanga para um teste negativo foram calculados como
um (1) menos, a sensibilidade, divididos pela especificidade.?¢-27

Concordancia entre radiologistas foi analisada usando teste de Kappa. A
interpretacdo deste teste baseou-se nos seguintes parametros: < 0,20 (baixa); 0,21-0,40
(razoavel); 0,41-0,60 (moderada); 0,61-0,80 (boa); 0,81-1,00 (muito boa).*® Para
avaliar associacdo entre SVP e outros achados parenquimatosos foi utilizado o teste
exato de Fisher.

Intervalos de confiangca de 95% (IC) foram calculados para as proporgdes,
conforme intervalo do escore de Wilson com correcio continua.?”

Todos os resultados foram analisados usando programas computacionais SPSS
versao 20 (SPSS Inc., Chicago, IL, Estados Unidos) e Excel 2010 (Microsoft

Corporation, Redmond, WA, Estados Unidos). Valores bicaudais de p < 0,05 foram

considerados estatisticamente significativos.

Figura 1: Fotografia mostrando tomoégrafo multidetectores de 64 canais LightSpeed
VCT XT scanner utilizado nesta pesquisa.

(Fonte:https://www.clinicalimagingsystems.com/product/ge-lightspeed-vct-64-slice-

scannet/).



3- RESULTADOS

Dos 119 pacientes estudados; 73 (61,34%) eram do sexo feminino e 46 (38,66%)
do masculino. A faixa etaria dos pacientes variou de 11 a 88 anos (média 62 anos).

O tempo total da angio-TC foi 7,40 + 1,45 min. para todo o tdérax, variando de
acordo com volume estudado. O intervalo de tempo para reposicionar o paciente da
cama para o aparelho e o inverso ndo foram calculados. Todos os achados foram de
qualidade suficiente para interpretagdo conclusiva.

O tromboembolismo pulmonar foi diagnosticado em 44 (35,8%) pacientes.
Dentre estes pacientes, considerando a possibilidade de émbolo em diferentes niveis no
mesmo individuo; 10,92% (n = 13) tiveram émbolos no tronco pulmonar; 11,76% (n =
14) em artérias lobares; 20,17% (n = 24) segmentares, e 6,72% (n = 8) subsegmentares,

conforme Tabelal e Figura 2.



Figura 2: Cortes axiais na angio-TC em A,B,C e reconstru¢dao coronal em D. Podemos
notar falhas de enchimento em ramos interlobares da artéria pulmonar direita,

bem como, em ramos segmentares e subsegmentares das artérias pulmonares

bilaterais (setas brancas).

Tabela 1. Prevaléncia e localizagdo de embolia pulmonar em 119 pacientes submetidos

a angiotomografia das artérias pulmonares.

Parametros N (%)
Prevaléncia 44 (36,97)
Localizagdo
central 13 (10,92)
lobar 14 (11,76)
segmentar 24 (20,17)
subsegmentar 8 (6,72)

N= namero de individuos.



O SVP foi detectado em 16 (36,36%) pacientes num total de 44 com TEP. A
Figura 3 representa exemplo de SVP associado a TEP. A sensibilidade foi 36,36%
(intervalo de confianca (IC) 95% 22,83-52,26%); especificidade, 98,67% (IC 95%
91,79-99,93%); wvalor preditivo positivo, 94,12% (IC 95% 69,24-99,69%), valor
preditivo negativo; 72,55% (95% IC 3,74-198,66). Razdo de verossimilhanga positiva
foi 27,27 (IC 95% 3,74-198,66) e razao de verossimilhanca negativa foi 0,64 (IC 95%

0,52-0,81).

Figura 3: Corte axial de angio-TC com TEP em ramos lobares inferiores das artérias
pulmonares inferiores bilaterais (cabecas de seta) e demonstrando o SVP na

veia pulmonar inferior direita (seta branca).
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Ja O indice de Kappa para o SVP entre os dois radiologistas foi bom (0,801; IC

95% 0,645-0,957), conforme demonstra a Tabela 2 a seguir:

Tabela 2. Sensibilidade, especificidade, valores preditivos positivo e negativo, razdes de
verossimilhanga e teste de Kappa para sinal da veia pulmonar em 119 pacientes
submetidos a angiotomografia das artérias pulmonares.

.Sinal da veia pulmonar % IC 95%
Sensibilidade 36,36 22,83-52,26
Especificidade 98,67 91,79-99,93
VPP 94,12 69,24-99,93
VPN 72,55 62,67-80,70
RV+ 27,27 3,74-198,66
RV- 0,64 0,52-0,81
Indice de Kappa 0,80 0,64-0,96

N = numero de individuos; IC = intervalo de confianga; VPP = valor preditivo positivo; VPN = valor
preditivo negativo; RV+ = razdo de verossimilhanga positiva; RV- = razao de verossimilhanca negativa

Houve associacgdo estatisticamente significativa entre SVP e TEP de localizagao
lobar e segmentar (P < 0,01). Entre os 44 pacientes com TEP; seis tiveram &mbolos
localizados (unilobar) e a sua localizagdao nao foi correlacionada com o SVP (P = 0,21).
Houve associacdo significativa entre TEP unilateral e SVP (P < 0,05), conforme a

Figura 4 a seguir:
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Figura 4: Cortes axiais de angio-TC em A B reconsgo em MIP (projecao de

intensidade maxima) coronal em C. Foram notadas falhas de enchimento em
ramos centrais das artérias pulmonares com formac¢do de “trombo a cavaleiro”,
bem como, em ramos interlobares, segmentares e subsegmentares das artérias
pulmonares bilaterais (cabegas de seta). Presenga do SVP a direita demonstrado

em B,C (setas brancas).

Prevaléncias de outros achados pulmonares encontram-se na Tabela 3. Nédulo
pulmonar, espessamento de paredes de bronquios e bandas lineares foram os achados
adicionais mais comuns (prevaléncias de 37,5, 22 ¢ 20%, respectivamente). Nenhuma

correlacdo entre esses achados e TEP foram estatisticamente significativos.
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Tabela 3: Prevaléncia de outros achados pulmonares em 119 pacientes submetidos a

angiotomografia das artérias pulmonares.

Achados Prevaléncia Unilateral Bilateral
n (%) n (%) n (%)
Consolidagao 12 (10,0) 8 (66,7) 4 (33,3)
Derrame pleural 15 (12,6) 3 (20,0) 12 (80,0)
Fibrose pulmonar 8 (6,7) 0 8 (100)
Atelectasia 12 (10,0) 2 (16,7) 10 (83,3)
Bandas lineares 24 (20,0) 9(37,5) 15 (62,5)
Massa pulmonar 6 (5,0) 0 6 (100)
Espessamento de bronquios 26 (22,0) 0 26 (100)
Bronquiectasia 2(1,6) 2 (100) 0
Noédulo pulmonar 45 (37,8) 5(11,1) 40 (88,9)

Nao houve correlagdo estatisticamente significativa entre estes achados e tromboembolismo pulmonar.
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4- DISCUSSAO

Neste estudo os resultados mostraram que a prevaléncia do sinal da veia
pulmonar foi altamente especifica para tromboembolismo pulmonar agudo. Houve
concordancia satisfatoria entre os resultados da avaliacao radioldgica inicial e revisdo de
imagens. O sinal da veia pulmonar, detectado por angiotomografia das artérias
pulmonares, pode contribuir para o diagndstico de tromboembolismo pulmonar agudo.

Embora o SVP ndo tenha sido relatado previamente na literatura, alguns autores
tém estudado outros sinais tomograficos de TEP.?%?? Worsley et al. descreveram sinais
classicos de TEP, como sinais de Westmark, Fleischner e corcova de Hampton,
apresentando sensibilidades variando de 8 a 22%, e especificidades de 80 a 96%.%% No
entanto, neste estudo estes sinais foram avaliados na radiografia de toérax para pacientes
em que o TEP tinha sido confirmado angiograficamente. Apesar das diferengas
metodoldgicas, nesta pesquisa a sensibilidade foi baixa (36,4%) e a especificidade alta
(98,7%); equiparavel para o SVP. Além disso, a prevaléncia foi similar do TEP
(36,97%) a diversas séries anteriores de angio-TC.%3%

Recentemente, Ermin et al. [31], estudando 286 pacientes com TEP,
encontraram o SVP em 32,7% deles, sendo a especificidade de 88,46%. No presente
estudo, o SVP foi identificado em 36,36% dos pacientes com TEP, sendo a
especificidade de 98,67%. Apesar da frequéncia de ocorréncia do SVP ser proxima
entre estes trabalhos, ¢ importante ressaltar que existem diferengas como quantidade de
detectores dos tomografos; sendo 16 no de Ermin et al.®" e 64 no presente estudo.
Além disso, o protocolo da angio-TC foi distinto. Neste trabalho foi padronizada a
administracio do meio de contraste, determinada pelo ROI com 130 UH no atrio

esquerdo, enquanto Ermin et al.®" otimizaram a opacificagdo da artéria pulmonar.
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Considerando que os critérios para deteccdo exata do SVP incluem atenuacdo do atrio
esquerdo maior que 160 UH. Nem todos os exames possibilitardo a identificagdo do
SVP, pois a drenagem das veias pulmonares ocorre em direcdo ao atrio esquerdo.

Zhang et al.®? investigaram valor preditivo do preenchimento insuficiente do
meio de contraste em veias pulmonares de pacientes com TEP agudo por meio de
angio-TC. Entretanto, os autores ndo especificaram os critérios tomograficos para a
detec¢do dessa falha no preenchimento. Nesta pesquisa, um dos critérios foi defeito de
enchimento homogéneo na veia pulmonar com no minimo 2 cm.

Nesta investigacdo, houve correlagdo estatisticamente significativa do SVP e
émbolos lobares e segmentares, mas ndo para codgulos no tronco pulmonar nem em
TEP subsegmentar (6,72%). Vale ressaltar que alguns mecanismos fisiopatoldgicos
podem ser responsaveis por esta associacdo. Usualmente alteracdes hemodindmicas
iniciais por TEP ocorrem devido a mecanismo de reflexo, que causa vasoconstric¢ao de
artérias pulmonares pequenas aumentando a resisténcia arteriolar pulmonar.®® Quando
o TEP ¢ macico ou repetitivo, um mecanismo de bloqueio do leito vascular pulmonar
pode resultar em hipertensio pulmonar sustentada.®® Este mecanismo também pode
afetar o SVP, o qual pode ser transitorio com TEPs pequenos. Recentemente, Koike et
al.,.®¥ utilizando TC com dupla energia para avaliar perfusio pulmonar no TEP,
verificaram que a diferenca do volume de perfusdo sanguinea pulmonar em pacientes
com e sem TEP tende a ser maior na fase precoce do que na fase tardia. A provavel
explicacdo para este achado ¢ que na fase inicial existe avaliagdo da perfusdo da artéria
pulmonar, enquanto em fase tardia existe a participagao de artérias colaterais sistémicas.
Além disso, salientaram o importante papel das artérias colaterais sistémicas em

portadores de TEP. Isso também pode interferir no SVP, como aumento na perfusdo de
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volume sanguineo pulmonar, devido ao fluxo sist€émico de colaterais durante a
aquisicdo de imagens tardias que poderia também aumentar o fluxo venoso,
modificando a apresentacao do SVP.

Apesar dos achados pulmonares adicionais serem frequentes, ndo foi encontrada
correlagdo estatisticamente significativa com TEP. Coche et al.?” investigando o valor
dos achados parenquimatosos e pleurais dos pacientes com clinica suspeita para TEP,
observaram diferenca significativa somente em consolidagdes com formato triangular e
bandas lineares. Nesta série, apesar de ndo analisar consolida¢des de acordo com seu
aspecto morfologico, estes achados ndo foram associados com TEP em nossas
sequéncias.

Algumas limita¢des deste estudo incluem amostra de tamanho reduzido. Estudos
prospectivos adicionais podem também tentar avaliar alguma correlagdo entre SVP e
indicadores clinicos de TEP, como o escore de Wells e/ou risco de mortalidade. Além
disso, estimar o tempo médio do evento do TEP e da apresentacao do sinal pode ser uatil
para caracterizar futuramente este achado. Nesta pesquisa, foi investigado o SVP em
pacientes com TEP agudo. Estudos adicionais podem investigar este achado em TEP
cronico e/ou embolia ndo trombotica. Alguns pacientes incluidos em nossa amostra
apresentaram anormalidades estruturais nos pulmdes, como fibrose e massas
pulmonares, o que pode afetar a circulacdo pulmonar, influenciando na acuracia do
SVP. O SVP deveria também ser investigado em situacdes de fluxo venoso reduzido,
como disfungdo cardiaca esquerda e doenca pulmonar veno-oclusiva, a qual

provavelmente afeta a prevaléncia e acurécia deste sinal.
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5- CONCLUSOES

Nesse sentido, diante da literatura cientifica da area, dos resultados obtidos e da
discussao realizada, ¢ possivel concluir que:

1- A prevaléncia do sinal da veia pulmonar foi altamente especifica para
tromboembolismo pulmonar;

2- O sinal da veia pulmonar, detectado por angiotomografia das artérias

pulmonares, pode contribuir para o diagnostico de tromboembolismo pulmonar agudo.
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Abstract

Purposes Considering that pulmonary arterial obstruction
decreases venous flow, we hypothesized that filling defects
in pulmonary veins can be identified in areas adjacent to
pulmonary embolism (PE). This sign was named the
“pulmonary vein sign” (PVS), and we evaluated its
prevalence and performance for PE diagnosis in computed
tomography pulmonary angiography (CTPA).

Methods This retrospective study enrolled consecutive
patients with clinical suspicion of PE who underwent
CTPA scan. The PVS was defined by the following criteria:
(a) presence of a homogeneous filling defect of at least
2 cm in a pulmonary vein; (b) attenuation of the left
atrium > 160 Hounsfield units. Using the cases that pre-
sented PE on CTPA as reference, sensitivity, specificity,
and positive and negative predictive values were calculated
for PVS.
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Results In total, 119 patients (73 female; mean age,
62 years) were included in this study. PE was diagnosed in
44 (35.8%) patients. The PVS was present in 16 out of 44
patients with PE. Sensitivity was 36.36% (95% confidence
interval (CI) 22.83-52.26%); specificity, 98.67% (95% CI
91.79-99.93%); positive predictive value, 94.12% (95% CI
69.24-99.69%); negative predictive value, 72.55% (95%
CI 62.67-80.70%). The Kappa index for the PVS was good
(0.801; 95% CI 0.645-0.957). PVS was correlated with
lobar and segmental pulmonary embolism (p < 0.01).
Conclusion Despite a low sensitivity, presence of the
pulmonary vein sign was highly specific for PE, with a
good agreement between readers. This sign could con-
tribute for PE diagnosis on CTPA studies.
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pulmonary angiography - Pulmonary vein sign
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Introduction

Pulmonary embolism (PE) is a relatively common medical
emergency. Characterized by partial or total obstruction of
pulmonary arteries usually due to a thrombus, PE results in
a sudden reduction or cessation of perfusion in the corre-
sponding zome [1]. The most common clinical
presentations are shortness of breath and chest pain, but
cough, fever, hemoptysis, and syncope can occur [2]. As
these symptoms are non-specific, imaging plays a funda-
mental role in the diagnosis of PE [3].

Computed tomographic  pulmonary  angiography
(CTPA) is one of the most accurate imaging modalities for
PE diagnosis [4. 5]. The diagnostic criteria for acute PE
include an arterial occlusion with failure to enhance the
entire lumen due to a filling defect, and the artery could be
enlarged compared to adjacent patent vessels. Some
ancillary signs have been used for indirect diagnosis of PE
[6. 7). These include regional oligemia (Westermark sign);
peripheral, pleural-based, wedge-shaped area of increased
opacity (Hampton hump); and prominence of the central
pulmonary artery (Fleischner sign) [8]. Determination of
the diagnostic value of these ancillary signs may permit
more reliable diagnoses when emboli are suboptimally
visualized, or they can suggest the diagnosis when PE is
not suspected.

The main hemodynamic consequence of PE is an acute
mechanical reduction of the pulmonary vascular cross-
sectional area, which results in sudden increase in pul-
monary vascular resistance and pulmonary arterial
pressure, intensifying right ventricular work [9, 10]. In
addition, all PE cases show an ipsilateral reduction in
venous drainage [9, 10]. Based on the theory that the
pulmonary arterial obstruction decreases venous flow, our
hypothesis is that we can identify filling defects in the
pulmonary veins in areas adjacent to the PE. This sign was
named the “pulmonary vein sign” (PVS). The aim of this
study was to evaluate the prevalence and performance of
this sign to diagnose PE in CTPA.

Materials and Methods
Patient Selection

This study was performed with the approval of our Insti-
tutional ~ Review  Board (ISCMPA  Committee,
IRBOO002509), and informed consent was waived. We
retrospectively analyzed CTPA scans performed between
March 2012 and Febroary 2013 of patients who presented
in our emergency department with clinical suspicion of PE.
All examinations were completed within 48 h of clinical
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presentation. Subjects were excluded if there were any
contraindications for CTPA, such as chronic renal failure
or allergy to iodine medium.

Computed Tomography Protocol

Computed tomography angiography was performed using a
multidetector scanner (64-slice LightSpeed VCT XT
scanner, GE Healthcare Technologies, Waukesha, Wis-
consin, United States of America). Lungs were scanned
from the base to the apex in the caudocephalic direction
using the following parameters: using the following scan
parameters: 225 mAs, 120 kV, 0.5 mm collimation, rota-
tion time of 0.75 s with a 3.5 cm/s table movement per
gantry rotation. Administration of contrast material was
performed using an antomatic power injector (CT Injector,
Ulrich Medical, Ulm-Jungingen, Germany) at a low rate of
4.5 mL/fs. All patients received 1 mL of Omnipaque
350 mg/mL per kilogram body weight (Amersham Health,
Cork, Ireland). Administration of each bolus was followed
immediately by a 60 mL saline flush. The helical acquisi-
tion was initiated after the start of the bolus administration
of contrast medium, which was determined by a region of
interest (ROI)} with a threshold of 130 HU in the left
atrium. (Smart Prep; GE Medical Systems). We routinely
use this protocol to increase the contrast fill in subseg-
mental vessels.

Imaging Evaluation

Image interpretation was performed by two radiologists
specifically trained in thoracic imaging, with 10 and
9 years of experience. After these two radiologists had
conducted independent analyses, they reviewed the images
together with a third senior chest radiologist with more
than 20 vears of experience to reach final consensus.
Findings were analyzed according to the Fleischner Soci-
ety’s Glossary of Terms [11].

For acute PE diagnosis, the following criteria had to be
included: (a) arterial occlusion with failure to enhance the
entire lumen due to a large filling defect, and artery could
be enlarged compared to adjacent patent vessels; (b) partial
filling defect surrounded by contrast material, producing
the “polo mint” sign on images acquired perpendicular to
the long axis of a vessel and the “railway track™ sign on
longitudinal images of the vessel: (c) a peripheral intralu-
minal filling defect that forms acute angles with the arterial
wall.

The PVS was defined by the following criteria:
(a) presence of a homogeneous filling defect in the least
2 cm of a pulmonary vein; and (b) attenuation of the left
atrium > 160 HU. We hypothesized that this filling defect
would be a consequence of a decreased venous flow due to
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pulmonary arterial obstruction. Likewise, we have settled
this threshold for attenuation of the left atrium for a better
visualization of pulmonary veins.

Statistical Analysis

All results were analyzed using commercial software
(SPSS ver. 20, SPSS Inc., Chicago, IL, USA; Excel 2010,
Microsoft Corporation, Redmond, WA, USA). Two-tailed
p values < 0.05 were considered to indicate statistical
significance. Based on the CT images, prevalences were
obtained for all radiological findings. Using the cases that
presented PE on CTPA as reference, sensitivity, specificity,
and positive and negative predictive values were calculated
for the PVS. Values for likelihood ratios for a positive test
were calculated as the sensitivity, divided by 1 minus the
specificity; and likelihood ratios for a negative test were
calculated as 1 minus the sensitivity, divided by the
specificity [12, 13]. Agreement between radiologists was
assessed using kappa statistics. Interpretation was con-
ducted based on the following parameters: kappa < 0.20,
poor agreement; kappa = 0.21-0.40, fair agreement;
kappa = 0.41-0.60, moderate agreement; kappa = 0.61—
0.80, good agreement; kappa = 0.81-1.00, very good
agreement [14]. Fisher’s exact test was used to assess any
associations between the PVS and other parenchymal
findings. 95% confidence intervals (CI) were calculated for
the proportions, according to Wilson score interval with
continuity correction [15].

Results

The study protocol included 119 patients (female, n = 73
(61.34%); mean age, 62 years; age range, 11-88 years).
Median total CTPA scanning time was about 7.40 min
(SD =+ 1.45 min) for the entire chest, varying according to
the covered volume. The time interval for repositioning the
patient from bed to the magnet and back has not been
assessed. All findings were of sufficient quality for con-
clusive interpretation.

Pulmonary embolism was diagnosed in 44 (35.8%)
patients. Among these patients, considering the possibility
of emboli in different levels in the same subject, 10.92%
(n = 13) had emboli in the pulmonary trunk, 11.76%
(n = 14) in lobar arteries, 20.17% (n = 24) in the seg-
mental level, and 6.72% (n = 8) were subsegmental PE
(Table 1).

The PVS was present in 16 out of 44 patients with PE.
Figure 1 depicts an example of the PVS associated with PE
in the right lower lobe. Sensitivity was 36.36% (95%
confidence interval (CI) 22.83-52.26%); specificity,
98.67% (95% CI 91.79-99.93%); positive predictive value,

Table 1 Pulmonary embolism prevalence and the “pulmonary vein
sign” performance in 119 patients

Parameters n (%) 95% CI

Prevalence 44 (36.97) -

Location
Main 13 (10.92) -
Lobar 14 (11.76) -
Segmental 24 (2017 -
Subsegmental 8 (6.72) -

“Vein sign" performance
Sensitivity 36.36% 22.83-52.26
Specificity 98.67% 91.79-99.93
PPV 94.12% 69.24-99.69
NPV 72.55% 62.67-80.70
LR+ 27.27 3.74-198.66
LR~ 0.64 0.52-0.81
Kappa index 0.80 0.64-0.96

Cf confidence interval, LR+ positive likelihood ratio, LR— negative
likelihood ratio, NPV negative predictive value, PPV positive pre-
dictive value

94.12% (95% Cl 69.24-99.69%). negative predictive
value, 72.55% (95% CI 62.67-80.70%). Positive likelihood
ratio was 27.27 (95% CI 3.74-198.66), and negative like-
lihood ratio was 0.64 (95% CI: 0.52-0.81). The Kappa
index for the pulmonary vein sign between the two radi-
ologists was good (0.801; 95% CI 0.645-0.957).

There was a statically significant association between
the PVS and PE location at lobar and segmental levels
(p < 0.01). Among the 44 patients with PE, six had
localized (unilobar) embolisms and this location was not
correlated with the PVS (p = 0.21). There was a statisti-
cally significant association between unilateral PE and the
PVS (p < 0.05).

Prevalences of other pulmonary findings are presented
in Table 2. Pulmonary nodule, bronchial thickening, and
linear brands were the most common additional pulmonary
findings (prevalences, 37.5, 22, and 20%, respectively).
None of the correlations between these features and PE was
statistically significant.

Discussion

In this study, we have tried to demonstrate an association
between the PVS in CTPA scans and pulmonary embolism.
Although this sign had not been reported previously in
literature, other authors have studied the diagnostic per-
formance of other ancillary CT signs of PE [8, 16].
Worsley et al. described classic signs for PE, such as
Westermark, Fleischner, and Hampton hump signs, pre-
senting sensitivities ranging from 8 to 22%, and
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«Fig. 1 Images from a 46-year-old woman on the seventh post-
operative day after bilateral breast augmentation surgery, with history
of mastectomy due to breast cancer. Patient presented at the
emergency department with sudden chest pain and dyspnea. Axial
(a) and coronal (b) computed tomography images demonstrating a
filling defect on a segmental pulmonary artery of the right lower lobe
(white arrow). A filling defect greater than 2 cm is also noted in the
adjacent pulmonary vein on the coronal (b) and oblique (¢) CT
reconstructions (white square), characterizing the “pulmonary vein
sign." Comparatively, the other pulmonary veins are normally filled
with contrast media (white arrowhead)

specificities ranging from 80 to 96% [8]. However, this
study evaluated these signs at chest radiographies for
patients that PE was angiographically confirmed. Despite
methodological differences, our study demonstrated com-
parable low sensitivity (36.4%) and high specificity
(98.7%) for the PVS. Additionally, we demonstrated a PE
prevalence (36.97%) similar to several previous CTPA
series [16-21].

There was a statistically significant correlation for the
PVS and lobar and segmental pulmonary emboli but not for
clots in the pulmonary trunk neither for subsegmental PE.
This could be due to the small sample size and low
prevalence of subsegmental PE (6.72%). However, some
physiopathology mechanisms might be also account-
able for this association. Usually initial pulmonary
hemodynamic changes due to PE occurs from a reflex
mechanism that causes vasoconstriction of small pul-
monary arteries, increasing pulmonary arteriolar resistance
[22]. When PE is massive or repetitive, mechanical
blockage of the pulmonary vascular bed might result in
sustained pulmonary hypertension [22]. This mechanism
could also affect the PVS, which could be transient with
small PEs. In a recent study by Koike et al. [23] that used
dual-energy CT to assess lung perfusion in PE, the authors
have found that difference in perfusion blood volume of the
lung between patients with and those without PE tend to be
larger in the early phase than in the late phase (respec-
tively, 14 vs. 40 s from the start of injection of contrast
media). This result might have reflected the reduction of
pulmonary perfusion from the pulmonary artery and an
enhanced role of systemic collaterals in patients with PE.
This could also interfere in the PVS, as an increase in
perfusion blood volume of the lung due to systemic col-
lateral flow during late acquisition images could also
increase venous flow, modifying PVS presentation.

Despite frequent additional pulmonary findings, no statis-
tically significant correlation was found with pulmonary
embolism. In a study by Coche et al. that tried to determine the
value of lung parenchymal and pleural findings in patients with
clinical suspicion of PE, a statistically significant difference
was found only for wedge-shaped consolidations and linear
bands [16]. Although we have not analyzed consolidations
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Table 2 Prevalence of other

Imaging findings
pulmonary findings £ine £

Prevalence n (%)

Unilateral n (%)

Bilateral n (%)

Consolidation
Pleural effusion
Pulmonary fibrosis
Atelectasis

Linear bands

Lung mass
Bronchial thickening
Bronchiectasis
Pulmonary nodule

12 (10.0) 8 (66.7) 4(333)
15 (12.6) 3 (20.0) 12 (80.0)
8 (6.7) 0 8 (100)
12 (10.0) 2(16.7) 10 (83.3)
24 (20.0) 9 (37.5) 15 (62.5)
6 (5.0) 0 6 (100)
26 (22.0) 0 26 (100)

2 (1.6) 2 (100) 0
45 (37.8) 5(1L1) 40 (88.9)

None of the correlations between these features and PE was statistically significant

according to their morphology likewise, these findings were not
associated with PE in our series.

Some limitations of this study include a small sample
size. Further prospective studies should also try to evaluate
any correlation between the PVS and clinical indicators of
pulmonary embolism, such as the Wells score and/or
mortality risk. In addition, estimating a mean time between
the PE event and the sign presentation could be helpful to
further characterize this finding. We have analyzed the
PVS in patients with acute PE. Further studies could
investigate this finding in chronic PE and/or non-throm-
botic embolism. Some patients included in our sample
presented structural abnormalities in the lungs, such as
pulmonary fibrosis and lung masses, what could affect
pulmonary circulation, influencing on the accuracy of the
PVS. The PVS should also be investigated in situations of
decreased venous flow, such as left heart dysfunction and
pulmonary veno-occlusive disease, which probably affect
this sign prevalence and accuracy.

In summary, despite a low sensitivity, presence of the
“pulmonary vein sign” was highly specific for PE, with a
good agreement between readers. This sign could con-
tribute for PE diagnosis on CTPA studies.
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A22-year-old asymptomatic female was referred to our hospital
due to an abnormal finding on a chest radiograph during a rou-
tine check-up (Fig. 1A). Physical examination was unremarkable.

Fig. 1. Posteroanterior chest radiograph (A) showing bilateral anomalous curvili-
near vessels in the lower pulmonary regions. Enhanced chest computed tomogra-
phy (CT) examination with axial (B) and coronal (C) maximum intensity projection
imaging, which demonstrated bilateral pulmonary veins with anomalous routes in
the lower pulmonary regions (yellow arrowheads), but draining normally into the
left atrium. Coronal volume-rendering 3D reconstruction (D) shows the anomalous
veins (red) and normal pulmonary arteries (blue).

* Corresponding author.
E-mail address: edmarchiori@gmail.com (E. Marchiori).

https:f/doi.org/10.1016/j.arbres.2018.05.017
0300-2896/© 2018 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

She underwent enhanced chest computed tomography (CT) exam-
ination (Fig. 1B-D), which demonstrated bilateral pulmonary veins
with anomalous routes in the lower pulmonary regions, and normal
drainage into the left atrium. The diagnosis of bilateral meandering
pulmonary veins (MPV) was made based on the CT findings, and
the patient was discharged with no further investigation.

Itis important to distinguish between pulmonary venous return
malformation (PVRM) and MPV. PVRM (e.g., scimitar syndrome)
results in a left-to-right shunt, which can lead to cyanosis and may
require surgical correction. Consequently, patients are often symp-
tomatic and present at a young age. In contrast, MPV involves no
left-to-right shunt.2 As in our case, patients with MPV are usually
asymptomatic, with the diagnosis made incidentally. Recognition
of these variations is important for the clinician to avoid unneces-
sary investigation when the differential diagnosis includes vascular
malformations requiring surgical or interventional treatment. Fur-
thermore, when patients with MPV require surgery for other
reasons, thoracic surgeons should be aware of the anomaly to avoid
injury to the anomalous vein. Treatment has not been required in
any reported case of MPV.
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LETTER TO THE EDITOR

DEAR EDITOR:

A 42-year-old female nonsmoker with no history of
comorbidities was admitted to the hospital with a 6-month
history of right-sided chest pain and dyspnea. A chest X-ray
showed marked elevation of the right lung base (Figures
1A and 1B). Laboratory test results were unremarkable.
A magnetic resonance imaging scan of the chest revealed
a heterogeneous mass in the right hemithorax, with
intermediate signal intensity on T1- and T2-weighted
images (Figures 1C and 1D). A transthoracic needle
biopsy was performed, and the results were inconclusive.
The patient underwent radical surgical resection by open
thoracotomy. The tumor was pedunculated, with free
margins, measuring approximately 12 x 11 x 6 cm, and
the pedicle was connected to the mediastinal pleura. The
final diagnosis was solitary fibrous tumor of the pleura
(SFTP). The postoperative evolution was uneventful.

Elevation of the right lung base may occur associated with
elevation of the right hemidiaphragm or with the diaphragm
in normal position. In the first condition, the main causes
are phrenic paralysis'*’ and the presence of an expansive
lesion (e.g., a hepatic tumor or a subphrenic abscess)
below the diaphragm. In the second condition, the main
cause is infrapulmonary pleural effusion, although other,
uncommon, causes include pleural tumors, such as SFTP.

A solitary fibrous tumor is defined as a mesenchymal
neoplasm that has fibroblastic characteristics and clear
peripheral vascular tumor-like branching vascularization.
Although such tumors most commonly affect the
pleura, they can occur in other thoracic areas (i.e.,
the mediastinum, pericardium, and lung), as well as in
extrathoracic areas (i.e., the abdomen, head/neck, and
central nervous system).%

An SFTP is often asymptomatic and discovered
incidentally by radiography performed for other reasons.
When signs and symptoms (including digital clubbing and
hypertrophic osteoarthropathy) are present, they are
usually associated with larger tumors. Patients with SFTP
occasionally have hypoglycemia, which is seen more often
in patients with malignant SFTP and is known as Doege-
Potter syndrome. Doege-Potter syndrome is believed to
be a type of non-insulin-dependent hypoglycemia.?*

Computed tomography (CT) of a small SFTP frequently
demonstrates a homogeneous, well-defined, noninvasive,
lobular soft-tissue mass, usually adjacent to the chest
wall or within a fissure. Larger lesions are typically
heterogeneous and may not exhibit CT features suggestive

Solitary fibrous tumor of the pleura: a rare
cause of elevation of the right lung base

Arthur Soares Souza Jr'-%2, Luciana Volpon Soares Souza'®,
Glaucia Zanetti*<, Edson Marchiori*¢

of focal pleural tumors.® Heterogeneous areas of low
attenuation on unenhanced CT scans may be caused by
hemorrhage, necrosis, or cystic changes.# Changes in
tumor location can be detected and are often related to
the attachment of a benign SFTP to the pleural tissue
through the pedicle.® Most localized fibrous tumors arise
from the visceral pleura, and nearly half are pedunculated,
the vascular supply to the tumor being contained within
the pedicle.®

SFTPs show variable signal intensity on magnetic
resonance imaging. The masses have predominantly low
or intermediate signal intensity on T1- and T2-weighted
images. They may also present high signal intensity
on T2-weighted images. It has been suggested that
this variable signal intensity is mainly dependent
on the relative amounts of collagen and fibroblasts,
as well as on the presence of areas of hemorrhage,
necrosis, or cystic degeneration within the tumor.
Intense heterogeneous enhancement after intravenous
administration of gadolinium is typical and is generally
due to high vascularity.

Making the differential diagnosis between benign and
malignant SFTP is usually problematic. Although some
imaging aspects, such as changes in the tumor location
(suggesting the presence of a pedicle) and homogeneous
attenuation of the lesion, are often associated with
benign tumors, most authors have found that malignant
lesions are indistinguishable from those with benign
histological characteristics on imaging methods. =
Currently, SFTP is primarily diagnosed on the basis of
microscopic pathology findings, especially those obtained
with immunohistochemical techniques.>* On histological
analysis, localized fibrous tumors appear as low-grade
neoplasms with variable cellularity. The tumor cells are
ovoid to spindle-shaped with round to oval nuclei, evenly
distributed fine chromatin, inconspicuous nucleoli, and
bipolar faintly eosinophilic cytoplasm with indistinct cell
borders. Nuclear pleomorphism is minimal, and mitoses
are usually rare or absent. Cellularity is variable and is
inversely related to collagen content. Areas of necrosis,
hemorrhage, or cystic degeneration may be evident,
particularly in lesions that are large or in malignant
lesions. Immunohistochemical staining shows that tumor
cells are immunoreactive for CD34 and Bcl-2, albeit
they typically lack expression for cytokeratin or S-100
protein.%) Complete surgical excision is the treatment
of choice and is the only effective treatment.
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Figure 1. Frontal and lateral chest X-rays (A and B, respectively) showing elevation of the right lung base. Unenhanced
coronal T2-weighted and sagittal T1-weighted magnetic resonance imaging scans (C and D, respectively) showing a
large mass (arrows) occupying the inferior region of the right hemithorax with a heterogeneous, intermediate signal.
The mass lies between the right lung base and the liver, with a well-defined cleavage plane between the two.

The prognosis for patients with SFTP is generally lesions recur, undergo malignant transformation, or
favorable. However, in a small number of cases, the metastasize.*?
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Neurofibromatosis type 1 (NF-1), also known as von Recklinghausen's disease, is an autosomal dominant dys-
plasia of the ectoderm and mesoderm with a variable clinical expression, but near-complete penetrance before
the age of 5 years. The estimated incidence is 1 in 3000 births. NF-1 is characterized by collections of neuro-
fibromas, café-au-lait spots, axillary and inguinal freckling, and pigmented hamartomas in the iris (Lisch no-
dules). Pulmonary manifestations of NF-1, which usually include bilateral basal reticulations and apical bullae
and cysts, are reported in 10-20% of adult patients. Clinically, neurofibromatosis-associated diffuse lung disease
(NF-DLD) usually presents with nonspecific respiratory symptoms, including dyspnea on exertion, shortness of
breath, and chronic cough or chest pain, at the time of diagnosis. Computed tomography (CT) is highly accurate
for the identification and characterization of NF-DLD; it is the most reliable method for the diagnosis of this lung
involvement. Various CT findings of NF-DLD, including cysts, bullae, ground-glass opacities, bibasilar reticular
opacities, and emphysema, have been described in patients with NF-1. The typical CT pattern, however, is
characterized by upper-lobe cystic and bullous disease, and basilar interstitial lung disease. Currently, the goal of
NF-DLD treatment is the earliest possible diagnosis, focusing on symptom relief and interventions that positively
alter the course of the disease, such as smoking cessation. The aim of this review is to describe the main clinical,
pathological, and imaging aspects of NF-1, with a focus on pulmonary involvement.

1. Introduction and more serious manifestations, such as plexiform neurofibromas,

malignant peripheral nerve sheath tumors (MPNSTs), and optic nerve

Neurofibromatosis type 1 (NF-1) is a genetic syndrome character-
ized by clinical manifestations of systemic and progressive involvement
that mainly affect the skin, nervous system, bones, and eyes, and can
affect any other organ [1,2]. Collections of neurofibromas, café-au-lait
spots, axillary and inguinal freckling, and pigmented hamartomas in the
iris (Lisch nodules) are the main features of NF-1 and represent some of
the diagnostic criteria for this disease [1-4]. Less common features
include bone deformities (pseudarthrosis, dysplasia), scoliosis, short
stature, cognitive deficits, seizure disorders, peripheral neuropathies,

and other central nervous system gliomas [3,5].

The thorax and lungs can be affected in several ways, including by
the development of cutaneous and subcutaneous neurofibromas on the
chest wall, kyphoscoliosis, ribbon deformity of the ribs, posterior ver-
tebral scalloping, intrathoracic neurogenic neoplasms, meningoceles,
bullous lung disease, pulmonary hypertension (PH), and interstitial
lung disease [1,6,7]. The aim of this review is to describe the main
clinical, pathological, and imaging aspects of NF-1, focusing on thoracic
and pulmonary involvement.
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2. Epidemiology and genetic aspects

NF-1 traditionally exhibits autosomal dominant inheritance, being
the most common of the phakomatoses (neurocutaneous syndromes)
and the most common autosomal dominant disorder. It has a reported
incidence of 1 in 3000 births; in 30-50% of cases, affected individuals
have no family history of the disease, and NF-1 is caused by the
spontaneous appearance of de novo mutations in (usually paternal)
germ cells [4,8-11]. Penetrance is nearly complete before the age of 5
years, but the clinical expression of NF-1 is highly variable, even within
the same family. Conversely, members of different affected families
frequently show similarity in the distribution of lesions [2,12]. At least
1 million individuals worldwide are believed to be living with NF-1 [2].
The disease has no predilection for sex, and several studies have failed
to establish any significant racial difference in its incidence [2,9].

NF-1 results from a mutation in the NF1 tumor-suppressor gene,
located on the long arm of chromosome 17 (at locus 17q11.2) and
encoding a cytoplasmic protein called neurofibromin type 1. This pro-
tein is a negative regulator of the Ras proto-oncogene, and is pre-
dominantly expressed in neurons, Schwann cells, oligodendrocytes, and
astrocytes [2,9,12].

A central region of neurofibromin is structurally and functionally
homologous to GTPase-activating proteins, which accelerate the hy-
drolysis of p21Ras-GTP (the active form) to p21Ras-GDP (the inactive
form) by stimulating intrinsic p21Ras-GTPase activity. As p21Ras pro-
teins play central roles in cell differentiation and growth, inactivation
of the NF1 gene favors the active state (p21Ras-GTP), resulting in the
permanent stimulation of a cascade of signals and excessive cell divi-
sion due to non-regulated activation of the MAP kinase pathway. This
pathway could play a role in the development of benign neurofibroma-
type tumors, MPNSTs, PH with hyperplasia of pulmonary artery
smooth-muscle cells, and interstitial disease, such as hyperplasia/me-
taplasia of interstitial pulmonary fibroblastic cells [2,12].

3. Diagnosis

The diagnosis of NF-1 is based on the presence of two or more of the
following seven criteria, determined by the clinical evaluation and fa-
mily history of the patient: six or more café-au-lait spots (diameter >
5mm before puberty and > 15 mm after puberty), two or more neu-
rofibromas of any type or one plexiform neurofibroma, axillary freck-
ling, two or more iris hamartomas (Lisch nodules), optic glioma, typical
bone lesions (sphenoid dysplasia or tibial pseudarthrosis), and one or
more first-degree relatives with NF-1. These diagnostic criteria were
defined in 1987 by the United States National Institutes of Health and
have been proven to be strong and reliable, as they have stood well over
time [13-16]. Approximately 50% of patients meet the diagnostic cri-
teria for NF-1 up to the age of 1 year, 97% meet the criteria by the age
of 8 years, and virtually all patients fulfill them by the age of 20 years
[16].

Café-au-lait spots (Fig. 1) are symmetrical flat areas of cutaneous
hyperpigmentation (classically described as being light brown in color)
with rounded edges, usually seen at birth. They are typically the initial
clinical manifestation of NF-1 and tend to increase in size and number
throughout childhood and puberty. By adulthood, about 95% of pa-
tients with NF-1 have café-au-lait spots [8,17]. In addition, 70% of
patients with NF-1 show freckling in the intertriginous areas of the
axilla and in the inguinal region [8].

Cutaneous and subcutaneous neurofibromas (Fig. 2) are other fre-
quent skin manifestations of NF-1, usually developing in the late teens
or early twenties but occasionally emerge in early childhood. They
occur in more than 95% of patients, with variation in number and size
among individuals and within families [8,15,16,18]. Lisch nodules,
which are hamartomas of the iris pigment epithelium, are the most
common ophthalmological feature of NF-1, although they are not pa-
thognomonic. They appear as multiple pale, yellowish-brown, oval to
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round, dome-shaped papules projecting from the surface of the iris.
Optic pathway gliomas, seen in about 15-20% of patients with NF-1,
are usually low-grade astrocytomas that can grow in the optic nerve,
optic chiasm, optic tract, and hypothalamus [8,15,19].

Cognitive problems are the most common neurological complica-
tions in individuals with NF-1. Severe intellectual disability with an
intellectual quotient < 70 (mental retardation) is rare and only slightly
more frequent than in the general population [8,15]. Epilepsy occurs in
approximately 6-7% of individuals with NF-1 [15]. Plexiform neuro-
fibromas are classic neurogenic tumors that occur outside the central
nervous system and are the pathognomonic feature of NF-1. They can
affect a range of organs and, given the rich distribution of peripheral
nerves throughout the thorax, NF-1-related thoracic neurofibromas
may involve the ribs, chest wall, lungs, and mediastinum [11]. They
typically manifest at birth, increase particularly in the first decade of
life, and can grow during adolescence and early adulthood. They differ
from other neurofibromas in arising from multiple nerve fascicles; they
grow along the length of the involved nerve (compromising long seg-
ments), infiltrate the nerve, and extend to surrounding structures [8,9].
Plexiform neurofibromas carry a lifetime risk of malignant transfor-
mation to MPNSTs, although such transformation is rare [8,20].

Mutational and molecular analyses are helpful in confirming the
clinical diagnosis of NF-1, notably in patients with paucisymptomatic
forms: segmental forms in pediatric cases (café-au-lait spots are often
the only clinical findings in young children) and Legius syndrome. Such
analyses are also useful for prenatal diagnosis. However, genetic testing
is not routinely recommended to establish the diagnosis in the daily
clinical care of patients with typical NF-1, and consultation with
medical specialists is advised before the test is performed [15,16,21].
One limitation of genetic testing is the lack of genotype-phenotype
correlation. Therefore, although useful for diagnostic confirmation, a
positive test result cannot be used to predict the severity or outcome of
the disease [15,16].

4. Thoracic involvement
4.1. Pulmonary involvement

Pulmonary manifestations of NF-1 observed in imaging examina-
tions include nodular, bullous, cystic, and/or interstitial parenchymal
lesions, and are reported in 10-20% of adults with the disease (Figs. 3
and 4) [12,22,23]. NF-1-associated interstitial lung disease is generally
bilateral, symmetrical, and predominantly basal. Typically, it occurs in
association with thin-walled bullae, which are located in the upper lung
zones [4]. This combination has been considered to be the hallmark of
NF-1, although it is not pathognomonic of the disease [24].

Although NF-1 is congenital, pulmonary fibrosis and neurofi-
bromatosis-associated diffuse lung disease (NF-DLD) are traditionally
not evident before the patient reaches adulthood, typically appearing in
the third or fourth decade of life [12,25]. Chest CT rarely reveals the
typical honeycombing pattern representative of advanced-stage fi-
brosis; it more frequently shows different forms of injury, such as linear
opacities, predominantly peripheral lung base reticulations, and
ground-glass opacities [12]. The existence of an interstitial pneumonia
type that is truly specific to NF-1 remains under debate, as most studies
have provided little evidence to establish a reliable association between
NF-1 and pulmonary fibrosis, and fibrotic changes may be smoking-
induced manifestations [3,12,23,26]. Interstitial lung disease in pa-
tients with NF-1 is pathologically similar to that seen in other diseases
that produce interstitial fibrosis [27]. It is characterized in its initial
stages by thickening and lymphoplasmocytic cellular infiltration of the
alveolar wall, with enlargement and desquamation of alveolar lining
cells [25,27]. Subsequently, this cellular response is replaced by fi-
brosis, resulting in destruction of the alveoli, confluence of air spaces,
formation of bullae, and obliteration of blood vessels [27]. This histo-
pathology, defined by the expansion of the alveolar septa by
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Fig. 2. A 70-year-old woman with neurofibromatosis type 1. Ectoscopic ex-
amination shows multiple pedunculated cutaneous neurofibromas on the skin
surface.

lymphocytic inflammatory cells, with variable and increased amounts
of interstitial smooth muscle and fibrosis, is consistent with a non-
specific interstitial pneumonia pattern. Massaro and Katz [27] also re-
ported increased numbers of intra-alveolar eosinophils and desqua-
mated pneumocytes, rather than pigmented macrophages, as would be
expected in desquamative interstitial pneumonia or respiratory
bronchiolitis, entities linked to smoking. Thus, these findings support
the hypothesis that NF-DLD (interstitial/cystic) is a distinct manifesta-
tion of NF-1, rather than a disease related purely to smoking. However,
NF-1 may increase the sensitivity of the lungs to cigarette smoke, in-
creasing the severity of NF-DLD in smokers and causing early devel-
opment of emphysema-like changes in these patients [4,26].
Centrilobular nodules and parenchymal cysts show an apical
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Fig. 1.A 12-year-old girl with neurofi-
bromatosis type 1. Ectoscopic examination (a
and b) shows multiple light-brown macules with
rounded edges representing typical café-au-lait
spots, coexisting with hypopigmented macules
on the skin surface. (For interpretation of the
references to color in this figure legend, the
reader is referred to the Web version of this ar-
ticle.)
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predominance, with some subpleural cysts capable of simulating para-
septal emphysema. In the advanced stages of NF-1, the lesions are
clustered, potentially leading to erroneous diagnosis of centrilobular
emphysema [4,12]. Also, in advanced-stage disease, damage from dif-
fuse cystic disease may progress to chronic respiratory failure, and may
even lead to more serious complications, such as spontaneous pneu-
mothorax or PH, mostly secondary to hypoxemia [12,28,29].

PH associated with NF-1 (PH-NF1) is a rare, but severe, complica-
tion of NF-1. It is classified as pre-capillary group 5 PH, defined as “PH
with unclear and/or multifactorial mechanisms” [12,30]. PH-NF1 is
characterized by female predominance, diagnosis at an advanced age,
association with parenchymal lung disease in two-thirds of cases, and a
poor long-term prognosis. Severe PH-NF1 is generally associated with
lung lesions, mostly cysts or bullae in the upper lobes, diffuse ground-
glass opacities (sometimes with a mosaic pattern), and reticular opa-
cities. However, parenchymal lung disease is absent in one-third of PH-
NF1 cases, and the severity of PH is disproportionate to the degree of
NF-DLD in other cases, supporting the hypothesis of a specific vascular
disease, rather than disease secondary to hypoxemia [12,30-33].

Extending beyond the frequent reporting of nodular and cystic le-
sions in smokers, Oikonomou et al. [23] reported the CT finding of
upper-lobe-predominant cystic lesions in all of six non-smokers with
NF-1, and centrilobular nodules in five of the six patients. Given that
none of these six patients was ever a smoker, the observed cystic
changes cannot be attributed to emphysema. The random distribution
of the cystic changes, the cysts’ thin but well-defined walls, and the
absence of any centrilobular artery in their centers also do not support
the diagnosis of emphysema [23].

In 2007, Zamora et al. [4] carried out an extensive literature review
in which 64 cases of NF-DLD were analyzed by chest radiography
(available in 63 cases) and/or chest CT (available in 8 cases), with the
aims of estimating the frequency and describing the pattern of pul-
monary radiological findings. Chest CT revealed bullae (50%), bibasilar
reticular abnormalities (50%), ground-glass opacities (37%), emphy-
sema (25%), and cysts (25%), but not honeycombing [4]. The review
showed no significant difference in age, pulmonary function pattern, or
radiographic abnormalities between non-smokers and smokers. Em-
physema was not seen in any of the 4 non-smoking patients and was
seen in 2 of the 12 smokers. The remaining cases had no smoking
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Fig. 3. A 64-year-old female smoker with neurofibromatosis type 1. Axial high-
resolution CT images obtained with lung window settings at the levels of the
upper lobes (a) and the tracheal bifurcation (b) show numerous large sub-
pleural bullae and emphysema with predominance in the upper lobes. Note also
bilateral, variably sized, thin-walled cysts distributed without peripher-
al-central predominance. Multiple cutaneous neurofibromas are visible in the
thoracic wall.

history available [4].

In 2015, Ueda et al. [3] reviewed chest CT images of 88 patients
with NF-1; 44 (51%) were positive for subcutaneous nodules, 34 (39%)
for skin nodules, 20 (23%) for scoliosis, 16 (18%) for emphysema, 13
(15%) for cysts, 13 (15%) for mediastinal masses, 8 (9%) for nodules,
and 8 (9%) for ground-glass nodules. No patient had interstitial pneu-
monia. This series showed an upper-lobe-dominant distribution of cysts,
in agreement with all previous reports and with no significant differ-
ence in the rate of cysts between smoking and non-smoking patients,
suggesting that smoking does not affect the appearance of cysts in pa-
tients with NF-1 [3]. Furthermore, it showed an upper- and peripheral-
dominant distribution of emphysema. Although 2 of 16 emphysema
cases were never-smokers, the study findings implied that emphysema
is strongly affected by a history of smoking, as reported previously by
Ryu et al. [26]. Still, one can say that the association between smoking
and emphysema in patients with NF-1 remains unclear [3].

A pulmonary association that is uncommon, but worth noting, is
that between NF-1 and lung cancer. Two predominant theories have
been postulated to explain this association: the development of tumors
from previous scar tissue or bullae secondary to interstitial fibrosis, and
the deletions on chromosome 17p, where the p53 tumor suppressor
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Fig. 4. A 55-year-old non-smoking woman with neurofibromatosis type 1. Axial
high-resolution CT image obtained with lung window settings at the level of the
upper lobes (a) and coronal reformatted minimum intensity projection image
(b) shows upper- and peripheral-dominant distribution of centrilobular and
paraseptal emphysema and some bilateral subpleural bullae. Some scattered

thin-walled cysts are also visible in the upper zones. Multiple cutaneous neu-
rofibromas are visible in the thoracic wall.

gene is located [34,35]. Our review of the literature yielded reports on
only a few scattered cases of NF-1 with lung cancer. Adenocarcinoma
was the most frequent histological diagnosis, followed by other types of
non-small cell cancer, small cell cancer, poorly differentiated cancer,
and carcinosarcoma [36]. Hence, NF-1 should be considered as an

underlying risk factor for the development of lung cancer, although
additional studies with larger cohorts are required.

4.2. Mediastinal involvement

Neurogenic tumors growing in the posterior mediastinum are fre-
quently seen in patients with NF-1 [12,18]. Plexiform neurofibromas
usually appear as well-delimited, smooth, round or elliptical masses in
the paravertebral region or along the path of the vagus, phrenic, re-
current laryngeal, or intercostal nerve [11] (Fig. 5).

Plexiform neurofibromas are usually extensive fusiform or in-
filtrating masses that tend to surround mediastinal vessels with loss of
normally visible fat planes and can result in diffuse mediastinal
widening. They demonstrate variable contrast material enhancement
and may calcify. Both types can remodel, erode, invade, or even destroy
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Fig. 5. A 56-year-old man with neurofibromatosis type 1. Contrast-enhanced
axial (a and b) high-resolution chest CT images obtained with mediastinal
window settings demonstrate multiple hypodense, well-delimited round masses
in the intercostal spaces, protruding to both lungs. These masses did not en-
hance with contrast and were ultimately diagnosed as neurofibromas. Other
similar lesions are visible in the deep axillary region.

adjacent bone structures, thereby simulating more aggressive lesions
[11,12]. Of particular concern is that these lesions can apply pressure to
mediastinal structures, such as the trachea, esophagus, nerves, or blood
vessels. The symptoms are mainly those of compression, with chest pain
and cough being the most frequent. Digestive and other respiratory
symptoms, or even superior vena cava syndrome, can also be present in
rare cases [12].

Intrathoracic meningocele associated with NF-1 is a relatively rare
entity, and an estimated 60-85% of all thoracic meningoceles are as-
sociated with NF-1. These cystic formations of the posterior medias-
tinum originate by saccular protrusion of the meninges into the thoracic
cavity through a pathologically dilated intervertebral foramen or a

Respiratory Medicine 149 (2019) 9-15

bone defect in a thoracic vertebra. The accepted etiopathogenesis in
patients with NF-1 is that of dural dysplasia and intervertebral for-
aminal enlargement. Most patients become symptomatic between 30
and 50 years of age, and the disease has a slight female predominance
[37-39]. Lateral or anterior thoracic meningoceles are unilobed cystic
formations of variable dimensions, filled by cerebrospinal fluid, which
appear on CT images as well-circumscribed paravertebral masses with
low attenuation due to their liquid content. Meningoceles usually occur
in association with scoliosis of the thoracic spine (typically on the
convex side of the scoliotic curve), expand the intervertebral foramen,
and occasionally exhibit peripheral enhancement by iodinated contrast
[11,37]. Magnetic resonance imaging (MRI) findings are usually diag-
nostic, showing meningoceles with the same signal intensity as the
cerebrospinal fluid in all sequences and defining better relationships
between the cystic lesion and the spinal canal, nerve root, and spinal
cord compared with evaluation by CT [11,37]. Thoracic meningoceles
should be differentiated from solid tumors, especially mediastinal tu-
mors that usually arise from the posterior mediastinum, such as neu-
rofibroma, neuroblastoma, ganglioneuroma, and posterior mediastinal
cystic hygroma [38].

4.3. Skeletal involvement

Musculoskeletal thoracic involvement in NF-1 comprises focal
thoracic scoliosis, posterior vertebral scalloping, enlargement of neural
foramina (Fig. 6), and characteristic rib deformities due to bone dys-
plasia or erosion by adjacent neurofibromas [11].

Muniz et al. [40] studied 141 chest radiographs of NF-1 individuals
and found that the following findings were very frequent: rib erosion
(19.8%), pectus excavatum (12.0%), kyphoscoliosis (3.5%), and pos-
terior mediastinal masses (7.1%). The spinal column and ribs are the
components of the skeletal system most commonly affected by NF-1
[41]. Thoracic spinal curvature affects approximately 10% of patients
with NF-1, appearing early in childhood and often requiring corrective
surgery. Scoliosis associated with NF-1 more commonly involves the
lower cervical and upper thoracic spine, and may be idiopathic or
dystrophic. Dystrophic scoliosis typically involves four to six segments,
causes distortion of the vertebral bodies and ribs, and is rapidly pro-
gressive. Scoliosis with rotation may also occur, producing a reduction
in lung volume, which, if severe, may result in respiratory failure
[8,15]. Pectus excavatum and carinatum occur in up to 30% of patients

Fig. 6. A 19-year-old woman with neurofi-
bromatosis type 1 presenting with left lumbar
pain. Contrast-enhanced thoracoabdominal CT
images with axial (a) and coronal (b) re-
construction demonstrate an elliptical, hypo-
dense, well-delimited, non-enhancing mass
(plexiform neurofibroma) extending through an
enlarged thoracic neural foramen to the left
paravertebral region of the inferior region of the
posterior mediastinum. Note also the presence of
scoliosis.
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with NF-1, but they do not contribute to respiratory symptoms or
complications [8]. Posterior vertebral scalloping most commonly oc-
curs due to dural ectasia (caused by mesodermal dysplasia of the me-
ninges), but may also be secondary to neurofibromas or thoracic me-
ningoceles. It is observed on lateral radiographs of the spine and on
coronal sections of spinal CT and MRI images as an exaggeration of the
normal concavity of the posterior surface of one or more vertebral
bodies [42]. Costal arch irregularities may occur due to a primary
dysplastic defect in bone formation or by erosion of an intercostal
neurofibroma. In patients with NF-1, ribs corresponding to abnormal
and dysplastic vertebral bodies often have a “twisted ribbon” appear-
ance on images. In the initial description of the radiographic appear-
ance of NF-1, such deformities were attributed to the pressure exerted
by intercostal neurofibromas. Now, it is known that some patients ex-
hibiting such changes do not present intercostal neurofibromas. Re-
spiratory symptoms are not associated directly with these defects
[40,43].

5. Management and treatment

Given that NF-1 is a genetic syndrome, effective clinical monitoring
of these patients with evaluation by a multidisciplinary team is the basis
of treatment [16]. The management of patients with NF-1 is focused on
the age-specific monitoring of disease manifestations and the education
of patients regarding the disease, its possible complications, and the
importance of regular clinical follow-up. Individuals with NF-1 need to
be encouraged to seek medical help if they experience any unusual
symptoms and to ask whether these symptoms are related to NF-1, in-
creasing knowledge about their condition. An important fact reflecting
the need for such patient awareness and regular follow-up is that severe
disease complications, such as MPNST, are most likely to become
symptomatic in the inter-appointment period in patients of all ages
[15,44].

Since routine radiological screening is not recommended by most
NF-1-management guidelines, neither MRI of the neuro axis, nor rou-
tine images of the chest and abdomen should be performed to identify
asymptomatic tumors or to be use as basal exams. Imaging surveillance
of patients with NF-1 is guided by positive findings of physical ex-
amination [9,15,45]. Currently, no effective medical treatment is
available to reverse or prevent lesions characteristic of NF-1. Genetic
counseling and regular clinical follow-up for the early detection of
treatable complications are employed in current practice [44,46].
Targeted treatment depends on and is specific to each manifestation of
the syndrome that a patient develops. Therefore, for each involvement
found in NF-1 patients an expectant or surgical management may be
chosen. Effective medical treatments for NF-1-related neurogenic tu-
mors are lacking. Dombi et al. [47] reported early-phase data sug-
gesting that children with NF-1 and inoperable plexiform neurofi-
bromas benefited from long-term treatment with selumetinib. Fischer-
Huchzermeyer et al. [48] suggested that MPNSTs might be treated
successfully by combined therapy with all-trans retinoic acid and MEK
inhibitors. Pre-conception genetic counseling is essential for adult pa-
tients and is recommended for all individuals with NF-1 [15,17].

6. Conclusion

NF-1 is the most common multisystem neurocutaneous syndrome. It
may present with various phenotypes and a wide variety of clinical and
imaging manifestations. NF-1 should be suspected in the presence of
classic diagnostic lesions, such as café-au-lait spots, skin-fold freckling,
neurofibromas, iris hamartomas (Lisch nodules), and typical bone le-
sions. In affected patients, although interstitial lung disease can develop
into pulmonary fibrosis, as well as to cystic, emphysematous, or bullous
lesions, our literature review showed that the strongest and most reli-
able pulmonary association is between cystic lung disease and NF-1,
allowing characterization of NF-DLD as a distinct clinical entity. Still,
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whether emphysematous, bullous, and fibrotic changes can be attrib-
uted essentially to lung involvement of NF-1 or to variable degrees of
smoke-induced alteration remains under debate. Recognition of the
various clinical and imaging features of NF-1 and, more specifically,
NF-DLD is pivotal in making a presumptive associative diagnosis, as
well as in defining the extent of pulmonary involvement; it also aids
decision making about disease management.
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Figure 1: A 52-year-old woman underwent computed tomography (CT) during follow-up for colon carcinoma. CT coronal (A) and 3-dimensional reconstruction (B)
revealed a vascular tangle (arrowheads) adjacent to the diaphragm, originating from a phrenic artery (pink arrows) and draining to a dilated interlobar pulmonary ar-
tery (blue arrows). The vascular malformation was embolized.
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Fig. 2. Axial fused PET/CT image (A) demonstrates a hypermetabolic mass (asterisk). Axial CT image (mediastinal window) from the CT portion of the PET/CT (B) study shows
an increase in the size of the left hilar mass (asterisk) and a greater secondary encasement of the left internal mammary artery graft (arrow) with respect to the previous
imaging study. Coronal CT image (mediastinal window) from the CT portion of the PET/CT (C) better depicts the encasement of the coronary artery bypass graft (arrows) by

the mass (asterisk).
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Mucormycotic Pulmonary Pseudoaneurysm ()
Causing Fatal Hemoptysis

Hemoptisis letal causada por un pseudoaneurisma pulmonar
mucomircética

Dear Editor:

A 40-year-old diabetic man with 40 pack-years smoking expo-
sure presented to the emergency department with a 30-day
history of fever, dyspnea, and productive cough with thick yel-
lowish sputum, later associated with hemoptysis. The patient
had type 2 diabetes mellitus and reported unmeasured weight
loss over the last month. Laboratory tests revealed leukocy-
tosis (18,500 cells/mm?3); the patient’s blood glucose level was
296 mg/dL and his glycosylated hemoglobin concentration was
12.8%. His basal oxygen saturation was 89%. Other laboratory find-
ings were unremarkable. A chest-X ray showed three cavitary
lesions with air-fluid levels (Fig. 1A). The patient’s sputum was
negative for acid-fast bacilli.

Contrast-enhanced chest computed tomography (CT) disclosed
thick-walled cavitary lesions, one with solid content and a pseudoa-
neurysm inside, located on a peripheral ramification of the right
pulmonary artery (Fig. 1B-D). Fiberoptic bronchoscopy revealed
necrotic material covering the right main bronchial mucosa. Bron-
choalveolar lavage (BAL) demonstrated the presence of fungal
hyphae suggestive of zygomycosis. Cultures confirmed the pres-
ence of Rhizopus species. The patient was treated with amphotericin
B. During hospitalization, he had several episodes of hemoptysis,
and he died of massive hemoptysis on the second day after the
internation admission.

Mucormycosis (also known as zygomycosis) is a fulminant
opportunistic fungal infection caused by fungi of the order Muco-
rales, class Zygomycetes. Mucormycosis is far less common than
other opportunistic fungal infections, such as Aspergillus and
Candida infections, although the mortality rate is much higher.
Although Classically described in patients with diabetes (especially
diabetic ketoacidosis), in the modern era it is seen most com-
monly in patients with hematological malignancies, particularly
those who have undergone stem cell transplantation.! > Lin et al.*
described 35 patients with confirmed pulmonary mucormycosis;
hematological malignances were found in 68% and diabetes in 20%
of the cases.

Mucormycosis manifests in the sinuses (39%), lung (24%), skin
(19%), brain (9%), and gastrointestinal tract (7%), and as dis-
seminated disease (6%). The respiratory symptoms of pulmonary
mucormycosis are diverse, including fever, cough, expectoration,
chest pain, and breathing difficulties.!> Mucorales species are
angioinvasive, which leads to vessel rupture with massive hemor-
rhage and infarction of the distal tissue. Hemoptysis is a common
complication and can be massive, causing sudden death.! The clin-
ical diagnosis of mucormycosis is difficult, and is often made at
a late stage or postmortem. The diagnosis relies on the identifi-
cation of organisms in tissues by pathological examination, with
confirmation by culture.! 2> However, some authors have reported,
as in our case, initial diagnosis by identification of the fungus in
sputum or BAL fluid, with subsequent confirmation by culture. In
one case series, 25% of sputum or BAL specimens allowed posi-
tive identification.’ The main differential diagnosis is pulmonary
aspergillosis. On pathological examination, hyphae characteristics
differ between Mucor and Aspergillus species. The hyphae of Mucor
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Fig. 1. Posteroanterior chest radiograph (A) showing three large cavitary lesions, two on the right lung and one on the left, with air-fluid levels. Coronal computed tomography
image (B) obtained with the lung window setting demonstrating the thick-walled cavitary lesions, with solid content in one lesion on the right. Axial contrast-enhanced
image (C) obtained with the mediastinal window setting depicting the solid content in the lower cavity, with a highly enhancing nodule inside (arrow), compatible with an
aneurysm. Computed tomography-pulmonary angiography image (D) demonstrating that the pseudoaneurysm is related to a peripheral pulmonary artery (arrow).

species are thick and non-septate, and have larger diameters than
the hyphae of Aspergillus (which have fewer, irregular branches and
form right or obtuse angles).?

Most patients with pulmonary mucormycosis show consistent
sequential morphological changes on serial follow-up imaging,
consisting initially of consolidation or nodules/masses with the
CT halo sign, followed by the reversed halo sign or central necro-
sis and, finally, the air-crescent sign. These changes are related
to recovery of the absolute neutrophil count.>Aneurysms affect-
ing the pulmonary arteries are extremely uncommon. The most
common cause of this complication is infection. Other causes
are pulmonary hypertension, pulmonary arteritis, cystic medial
necrosis, and thoracic trauma. The most common organisms are
bacteria. Fungal invasion of pulmonary artery walls, resulting in
pseudoaneurysm formation, is exceedingly rare.”8 Physicians
should consider pulmonary mucormycosis in immunocompro-
mised patients with unresolved pneumonia. In addition, the high
fatality rates associated with pulmonary artery pseudoaneurysm
warrant aggressive management with surgery and antifungal
agents.
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A 72-year-old man presented with a 1-year history of pro-
gressive dyspnea. Chest radiography findings were normal. Chest
computed tomography showed nodular lesions in the trachea and
left main bronchus, with irregular luminal narrowing and severe
stenosis (Fig. 1A-C). Pulmonary function testing revealed a variable
intrathoracic obstruction. '8F-fluorodeoxyglucose (FDG) positron
emission tomography/computed tomography showed increased
FDG uptake in the left main bronchus, with a maximum standard

Fig. 1. Coronal (A) and sagittal (B) reformatted images and a three-dimensional
external rendering (C) of a chest computed tomography image show nodular lesions
in the trachea and left main bronchus, with irregular luminal narrowing and severe
stenosis. (D) '8F-fluorodeoxyglucose positron emission tomography/computed
tomography demonstrated increased fluorodeoxyglucose uptake in the left main
bronchus, with a maximum standard uptake value of 8.4. (E) Fiberoptic bron-
choscopy revealed multiple small nodular mucosal lesions with a cobblestone
appearance along the trachea and left main bronchus. (F) A histopathological section
demonstrating the proliferation of atypical small lymphoid cells, compatible with
lymphoma (hematoxylin and eosin stain, 100x magnification).
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uptake value of 8.4 (Fig. 1D). Fiberoptic bronchoscopy revealed
multiple small mucosal lesions along the trachea and left main
bronchus (Fig. 1E). Histopathology showed proliferation of atyp-
ical small lymphoid cells infiltrating the bronchial mucosa and
submucosa (Fig. 1F). Immunohistochemical staining supported the
diagnosis of extranodal marginal-zone mucosa-associated lym-
phoid tissue (MALT) lymphoma. The patient was referred for
radiotherapy.

MALT refers to the lymphoid tissue underlying the epithelia
of the gastrointestinal, respiratory, and urogenital tracts. MALT
related to the respiratory tract epithelia is called bronchus-
associated lymphoid tissue. MALT lymphoma comprises a group
of low-grade extranodal B-cell neoplasms. These tumors arising in
the bronchial or tracheal wall are extremely rare. The treatment
strategy for this condition has not been completely elucidated, and
surgery, radiotherapy, or chemotherapy has been used, alone or in
combination.'?
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Abstract

Superior vena cava aneurysms are rare mediastinal vascular lesions. Aneurysms are classified as fusiform and saccular, with the latter being
rarer than the former. We report the case of an asymptomatic 75-year-old woman who presented with a superior mediastinal mass. She
underwent chest computed tomography angiography, which demonstrated a saccular aneurysm in the superior vena cava.

Keywords: Superior vena cava * Aneurysm « Computed tomography

INTRODUCTION

The majority of aneurysms in the chest involve the aorta and its
branches; aneurysms of the superior vena cava (SVC) are rare
mediastinal vascular lesions. They are generally asymptomatic
and are often found incidentally on imaging studies. Two types
of SVC aneurysm have been described: fusiform and saccular [1-
3]. The majority of these aneurysms are fusiform. The develop-
ment of complications, such as rupture, thrombus formation and
pulmonary embolism, has been described, particularly in saccular
aneurysms, and may necessitate surgery and anticoagulation
therapy [1, 4, 5]. We report the case of an asymptomatic 75-year-
old woman with a mediastinal mass detected during a routine
check-up. Contrast-enhanced chest computed tomography (CT)
angiography demonstrated an SVC aneurysm. Surgical resection
of the aneurysm was performed successfully.

CASE REPORT

A 75-year-old asymptomatic woman presented with a mediastinal
mass detected on a chest radiograph acquired during a routine
check-up. No prior chest imaging was available for this patient. She
had a past history of hypertension, diabetes and a 30-pack-year
smoking habit. She denied any history of chest trauma, thoracic sur-
gery or previous central venous catheterization. On physical examin-
ation, she was eupnoeic in room air, with normal pulmonary and
cardiac auscultation. Laboratory test results were unremarkable.
Unenhanced chest CT was performed and revealed a right medi-
astinal mass (Fig. TA). Contrast-enhanced CT angiography revealed
a saccular aneurysm arising from the anterior surface of the SVC

(Fig. 1B). Three-dimensional volume-rendered coronal imaging
(Fig. 1C) demonstrated the relationships between the aneurysm
and adjacent vascular structures. The aneurysm contained no filling
defect, and the other mediastinal veins were normal. Considering
the risk of rupture or thrombus formation, surgical resection was
performed, and the aneurysm was excised successfully (Fig. 1D).

Median sternotomy was performed. The patient underwent
extracorporeal circulation with the arterial site in the ascending
aorta and bicaval venous cannulation of the inferior vena cava
and left venous brachiocephalic trunk. This strategy permitted
isolation of the SVC. The azygous vein was isolated and closed to
prevent blood flow to the upper vena cava. The saccular aneur-
ysm, which measured 5.7 cm, was approached in the middle por-
tion of the upper vena cava and extended to the right pleural
space. The aneurysmatic sac was opened and removed, and the
upper vena cava was reconstructed with a bovine pericardial
patch. During this reconstruction of the upper vena cava with
extracorporeal support, cardiac arrest and myocardial protection
were not needed. Cardiopulmonary bypass was achieved with no
complication. The patient's postoperative period was uneventful,
and she was discharged on the fifth day after the procedure.

DISCUSSION

SVC aneurysms are very rare and usually asymptomatic; most are
detected incidentally by imaging examinations, on which they
appear as mediastinal masses. The SVC aneurysms are mainly ei-
ther fusiform (comprising the majority of cases) or saccular [1-5].
SVC aneurysms may be congenital or acquired, but in most cases
their cause is unknown. They have been associated with cystic

©The Author(s) 2020. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Figure 1: Unenhanced chest computed tomography (CT) revealed a right mediastinal mass (A). Contrast-enhanced CT angiography showed a saccular aneurysm aris-
ing from the anterior surface of the superior vena cava (B). Three-dimensional volume-rendered coronal (C) image demonstrated the relationships between the an-
eurysm and adjacent vascular structures. There were no filling defects in the aneurysm sac, and the other mediastinal veins were normal. The aneurysm (D) was

excised successfully.

hygromas, which may be related to the similar embryological ori-
gins of the venous and lymphatic systems. Other possible aetiolo-
gies are trauma and previous surgery [2-5]. Contrast-enhanced
CT clearly depicts the fusiform or saccular dilatation of SVCs,
allowing for a definitive diagnosis. Filling defects in an aneurysm
may indicate thrombus. Changes in the size of an aneurysm with
different degrees of respiration and patient positions are highly
suggestive of a venous, rather than arterial, aneurysm [2].
Reported complications of SVC aneurysms are rare and include
aneurysmal rupture, thrombosis and acute pulmonary thrombo-
embolism [1, 4, 5]. Therapeutic guidelines for SVC aneurysms are
not well-established. Treatment decisions are influenced by the
aneurysm type. For most fusiform aneurysms, a conservative ap-
proach with regular follow-up imaging is sufficient because pos-
sible complications are rare. For saccular SVC aneurysms, even
asymptomatic ones, prophylactic surgical resection s
recommended.

Other factors prompting the recommendation of surgical
treatment of SVC aneurysms are the presence of symptoms
(caused by partial or total venous compression with subsequent
obstruction), sudden rapid aneurysm growth and the risk of rup-
ture or internal thrombus formation (as a thrombus increases the
risk of pulmonary embolism). If resection is not performed, long-
term anticoagulation to prevent venous thromboembolism may
be considered [1-5].
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Figure 1: A chest CT of a 52-year-old asymptomatic man revealed a systemic arterial supply to the left lower lobe, arising from the abdominal aorta (red arrows). The
lower portion of the left lung was drained into the inferior vena cava by an anomalous vein that crossed the mediastinum (blue arrows). The diagnosis was left scimitar
syndrome.
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A 37-year-old male patient was admitted for oncological
follow-up. He had undergone right orchiectomy via
the scrotal pouch two years prior for the resection of
a tumor mass; the histopathological diagnosis was a
combination of germ cell tumor, teratoma components,
and areas of malignant degeneration. At that time, he
had venous vascular invasion with metastases in the
abdominal lymph nodes and the lungs (Figures 1A and
1B). The lung metastases were noncalcified. He underwent
palliative treatment with chemotherapy, which resulted
in stabilization of the tumor. A recent CT showed masses
and nodules in both lungs, predominating in the right
base, containing foci of calcification (Figures 1C and 1D).
Biopsy of a pulmonary nodule was compatible with a post-
pubertal metastatic teratoma with adenocarcinomatous

> Y an

Calcified metastases of teratoma

Luciana Volpon Soares Souza'®™, Arthur Soares Souza Jr'%®, Edson Marchiori®

transformation. At presentation, the patient was stable
and receiving a new chemotherapy regimen.

Malignant transformation of teratomas is rare, occurring
in only 3-6% of testicular germ cell tumors. The most
common types of malignant transformation include
sarcoma, carcinoma, and primitive neuroectodermal
tumor. Teratomas with malignant transformation are
usually metastatic at presentation, have a high recurrence
rate, and are more aggressive than are teratomas without
malignant transformation. The most common sites of
metastasis are the lymph nodes, liver, and lungs. The
treatment of teratomas with malignant transformation
remains challenging. The standard treatment is radical
orchiectomy, with or without chemotherapy and/or
radiotherapy.-?

7‘« ‘l L 254
- e

Figure 1. A chest radiograph (in A) and a chest CT scan (in B) obtained in October of 2017 showing multiple noncalcified
nodules and masses in both lungs, predominantly in the lower regions. A chest CT performed two years later in the coronal
(in C) and sagittal (in D) planes demonstrated growth of the nodules and masses, which contained calcification foci.
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RESUMO

A comunicacao eficiente entre a equipe médica € um fator importante no diagnéstico
e tratamento precoce e adequado dos pacientes. A terminologia utilizada em relatérios
de exames radiolégicos aparece nesse contexto como um elo importante entre
radiologistas e os demais integrantes da equipe médica. Portanto, a heterogeneidade
no uso de termos em relatérios € importante mas ainda pouco discutida. Este artigo é
resultado de uma extensa revisdo da nomenclatura radiolégica em radiologia torécica,
englobando pela primeira vez termos utilizados em véarios métodos (radiografia, TC e
RM), desenvolvida por radiologistas brasileiros e portugueses. O objetivo desta revisao
da terminologia médica foi criar uma linguagem padronizada para os profissionais
médicos e as equipes multidisciplinares.

Descritores: Tomografia computadorizada por raios X; Radiografia; Imagem por
ressonancia magnética; Terminologia como assunto.

INTRODUCAO

O objetivo da terminologia médica é fornecer uma linguagem padronizada para
os profissionais médicos e equipes multidisciplinares. Essa terminologia permite
uma comunicacao multidisciplinar médica eficiente, maior rapidez na partilha e
discussao dos casos clinicos e integragao dos dados no registro clinico dos pacientes.
Deve-se ainda salientar que uma linguagem adequada pode ajudar a reduzir erros
de comunicagao e documentagao inadequada, o que garante as equipes médicas a
analise dos processos dos pacientes com maior rapidez e precisdo e, assim, maior
rapidez no diagnostico e tratamento.*?

Com o objetivo de sumarizar criticamente as recentes evidéncias dos descritores de
imagem, foram reunidos 25 especialistas brasileiros e 4 portugueses participantes da
comissao de imagem da Sociedade Brasileira de Pneumologia e Tisiologia para elaborar
o presente consenso. A selegao dos temas foi feita por um painel de especialistas
que selecionou topicos ou perguntas relativas as mudancas mais significativas nos
conceitos previamente publicados, incluindo a terminologia de radiografia e RM de
torax, termos que até entdo nao foram abordados previamente. A cada especialista
convidado coube revisar ou responder a um topico ou pergunta neste consenso.
Em uma segunda fase, 3 especialistas discutiram e estruturaram todos os textos
encaminhados pelos demais e, em uma terceira fase, todos os especialistas revisaram
e discutiram as presentes recomendagoes. O presente consenso traz um incremento
de mais de 50% nas terminologias previamente publicadas e engloba termos em
uso em radiografia de torax, TC e RM.

Na radiologia toracica, o relatorio radiologico escrito é o instrumento mais
importante, e muitas vezes o Unico, de comunicagao entre o radiologista e o médico
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requisitante. O objetivo do presente consenso foi
padronizar a terminologia usada na descricao das
imagens toracicas em portugués do Brasil (subtitulo
principal) e de Portugal, que, quando diferente, esta
identificada por (PT).

ACINO

0 acino é a unidade estrutural anatémica do pulmao.
Localiza-se distalmente ao bronquiolo terminal e contém
os ductos alveolares e alvéolos. O acino participa das
trocas gasosas e mede entre 6-10 mm. Um lobulo
secundario contém de 3 a 25 &cinos. Os acinos somente
sdo visiveis quando acumulam material (patologico) e
aparecem como opacidades nodulares mal definidas
em radiografias, TC e RM.(%)

APRISIONAMENTO AEREO OU
APRISIONAMENTO GASOSO (PT)

0 aprisionamento aéreo corresponde a retencao de
ar (gas) nas vias aéreas distais e é identificado na TCe
RM. E reconhecido na fase expiratéria e corresponde a
uma reducdo da atenuacéo do parénquima pulmonar,
apresentando menor valor do que a densidade habitual
do parénquima e sem reducao de volume (Figura 1).(:%
E habitualmente resultado de uma obstrugdo parcial
ou completa de vias aéreas ou de uma anormalidade
focal da complacéncia pulmonar.(?

ATELECTASIA OU COLAPSO

Atelectasia é o termo que descreve a reducgao de
volume de ar do pulmao atingido. O mecanismo de
origem mais frequente € a obstrugdo da via aérea
com reabsorgao do ar distal. Traduz-se por perda de
volume com opacidade ou aumento da atenuagao
e desvio das fissuras, bronquios, vasos, diafragma,
coragao ou mediastino (Figura 2). A atelectasia passiva
resulta da compressao por derrame pleural ou massa.
A definigdo imagética € uma area pulmonar hiperdensa
(ou com hipersinal no caso da RM) que apresenta
redugdo do volume pulmonar, broncograma aéreo e

perda da definicdo dos vasos. Pode ser identificada
na radiografia, TC e RM de torax.

ATELECTASIA REDONDA

Atelectasia redonda refere-se a presenga de
colapso pulmonar focal que ocorre em associagao
a uma variedade de condigbes.® Esta tipicamente
relacionada a doenga pleural, sendo, portanto, um
achado relativamente comum em pacientes com
exposi¢ao ao asbesto,® nos quais costuma ter relacao
com um derrame pleural exsudativo prévio ou ser
resultado de fibrose pleural adjacente ou espessamento
pleural difuso.*” Nos métodos axiais, a atelectasia
redonda apresenta formato arredondado ou ovalado,
localizagao periférica e em contato com a superficie
pleural geralmente espessada, com ou sem derrame. A
atelectasia redonda esta caracteristicamente associada
a reducao volumétrica do lobo envolvido e a um aspecto
curvilineo das estruturas vasculares e bronquicas
adjacentes as margens da lesdo, formando o sinal
da cauda do cometa (Figura S1).% Por representar
parénquima pulmonar colapsado, a atelectasia redonda
pode demonstrar intenso realce apds a injecao de
meio de contraste na TC e RM, uma caracteristica
util na diferenciagdo com neoplasias pulmonares, que
geralmente nao apresentam captacgao tao intensa nos
exames contrastados.

BANDA PARENQUIMATOSA

A banda parenquimatosa é definida como uma
opacidade linear alongada, com espessura de 1-3 mm e
até 5 cm de comprimento, que pode ser observada em
pacientes com fibrose ou outras causas de espessamento
intersticial.’*) Geralmente essas bandas sao periféricas
e frequentemente entram em contato com a superficie
pleural, que pode estar espessada e retraida no local.
Podem representar septos interlobulares espessados
contiguos, fibrose peribroncovascular, cicatrizes
grosseiras ou atelectasias relacionadas a areas de fibrose
pulmonar ou pleural de causa nado especifica (Figura
S2). As bandas parenquimatosas sao observadas,

s nn € e
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Figura 1. Imagens axiais de TC de torax em janela de pulmao adquiridas em fase expiratoria, revelando nos segmentos
posteriores dos lobos inferiores diferentes densidades parenquimatosas, com areas de reducdo de atenuacao relacionadas
com areas de aprisionamento aéreo por obstrucdo de pequenas vias aéreas.

J Bras Pneumol. 2021;47(5):e20200595
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com maior frequéncia, em pacientes com exposigao
ao asbesto e sarcoidose.

BOLA FUNGICA

A bola fungica patologicamente representa um
conglomerado de hifas entrelacadas, geralmente de
uma espécie de Aspergillus, colonizando uma cavidade
contendo muco, fibrina e detritos celulares. Geralmente
ocorre com doenga fibrocavitaria anterior (por exemplo,
tuberculose ou sarcoidose) e eventualmente com
cistos e bolhas e em brénquios. A bola fungica pode
ser movel e apresentar mobilidade dependente da
gravidade com a mudanca de decubito e pode mostrar
um sinal do crescente aéreo (Figura 3). Ela pode
mostrar uma atenuagdo heterogénea que lembra a
textura de esponja e exibir focos de calcificagdo em
TC e RM. E sindnimo de aspergiloma.® Vide “Sinal do
crescente do aéreo”.

BOLHA

A bolha patologicamente corresponde a um espago
aéreo medindo mais de 1 cm de didmetro, podendo
apresentar varios centimetros, demarcada por uma
parede fina que nao ultrapassa 1 mm de espessura. A

.

bolha esta geralmente associada a enfisema e alteragoes
no pulmao adjacente. (Vide “Enfisema bolhoso”). A
bolha aparece como uma hipertransparéncia focal
arredondada ou area de hipoatenuagdao > 1 cm de
diametro delimitada por uma fina parede em radiografia,
RM e TC (Figura 4). As bolhas muiltiplas sao frequentes
e estao associadas a enfisema pulmonar (centrolobular
e parasseptal).®

BRONCOCELE OU BRONCOCELO (PT)

Broncocele corresponde patologicamente a uma
dilatacdo bronquica segmentar, habitualmente cilindrica
e de aspecto ramificado, que se apresenta total ou
parcialmente preenchida por secrecao, geralmente
mucoide. A causa pode ser doencga obstrutiva, de
etiologia congénita, tumoral ou por corpo estranho; ou
nao obstrutiva, como asma, aspergilose broncopulmonar
alérgica ou fibrose cistica. Na radiografia aparece como
uma opacidade alongada, com morfologia ramificada,
mais evidente nas regioes centrais do pulmao. Em TC
e RM a broncocele apresenta-se como uma imagem
alongada de morfologia cilindrica, podendo apresentar
aspecto ramificado em Y ou V (Figura S3 e Figura 5).
Tal aspecto muitas vezes configura imagem de “dedo

Figura 2. Em A, imagem axial de TC em janela de pulmao revelando atelectasia do lobo médio direito (setas) e da
lingula (asterisco) onde se observa, no plano coronal (em B), ligeiro desvio da fissura obliqua, bréonquios e vasos
adjacentes (setas).

Figura 3. Imagens axiais de TC em janela de pulmdo com paciente em decubito dorsal (A) e decubito ventral (B)

N

mostrando mobilidade da bola flingica no interior de cavidade no lobo superior esquerdo. Em C, sinal do crescente aéreo
(setas) em cavidade com bola fungica no lobo superior direito.
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de luva”. Na TC, a hipoatenuagdo do parénquima
pulmonar distal a alteragao, principalmente nos casos
de atresia bronquica devida a redugédo da ventilagao e
perfusdo, e o aumento da atenuagao do contetido da
broncocele, que pode ser um indicativo de aspergilose
broncopulmonar alérgica, podem estar associados.®

BRONCOGRAMA AEREO

0 broncograma aéreo € uma imagem aérea de aspecto
ramificado no interior de uma area com aumento
da atenuacdo do parénquima pulmonar, refletindo
estruturas brénquicas aeradas em regides com auséncia
de ar alveolar, ou seja, com preenchimento do espaco
aéreo (consolidagao) ou absorgao do ar (atelectasia).

Figura 4. Imagem coronal de TC em janela de pulmao
de paciente com enfisema centrolobular e parasseptal
que apresenta varias bolhas, sendo as maiores no apice
pulmonar direito.

Na radiografia aparece como uma imagem aérea
ramificada no interior de opacidades. Quando observado
na radiografia, o broncograma aéreo € indicativo de que
a alteragao se localiza no parénquima pulmonar. Em
TC e RM o broncograma aéreo corresponde a imagem
brénquica aerada no interior de uma consolidagao
ou atelectasia do parénquima pulmonar (Figura 6).
Quando associado a atelectasias, o broncograma aéreo
pode indicar auséncia de obstrucdo de vias aéreas
proximais. Eventualmente podem ser observados em
adenocarcinomas e linfomas pulmonares.®®)

BRONCOLITO

O broncolito é patologicamente definido como
material calcificado ou ossificado no interior da arvore
traqueobronquica. A TC é superior a radiografia e a RM
para o diagnostico. O aspecto tipico € de uma imagem
calcificada junto a parede brénquica ou no interior do
brénquio e sem componente de partes moles, o que o
distingue de outras lesdes como hamartoma ou tumor
carcinoide (Figura S4). Os broncolitos sao mais comuns
nos bronquios do lobo superior direito e do lobo médio
e podem causar atelectasias, aprisionamento aéreo
e bronquiectasias devido a obstrucdo bronquica.®*

BRONQUIECTASIA

Esta entidade é patologicamente definida como
uma dilatacdo bronquica irreversivel, focal ou difusa,
geralmente secundaria a inflamacédo e/ou infecgao,
obstrugdo bronquica ou anomalia congénita. Na
radiografia os achados podem ser inespecificos e incluem
opacidades lineares e/ou reticulares, espessamento
de paredes bronquicas ou mesmo a visualizacao da
dilatagdo bronquica. Na TC o diagnostico é realizado
quando o diametro interno do brénquio é maior do
que o da artéria pulmonar adjacente (sinal do anel de
sinete), quando ha perda do afilamento gradual do

——— S

Figura 5. Imagens axiais de TC em janela de pulmdo (A) mostrando broncoceles em paciente com aspergilose
broncopulmonar alérgica (ABPA) e, em janela de mediastino (B), mostrando contetido com atenuacdo aumentada (seta
vermelha) no interior da broncocele, o que sugeriu o diagndstico de ABPA.
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brénquio, definido como a manutenc&o do seu calibre
por mais que 2 cm distalmente a bifurcacdo bronquica
(aspecto de trilho de trem) e quando ha a identificagao
de vias aéreas a menos de 1 cm da superficie pleural
(Figura 7). A RM também pode detectar os mesmos
achados de dilatagdo bronquica descritos na TC
mas com menor acuracia. As bronquiectasias sdo
classificadas morfologicamente em cilindricas, quando
apresentam uma dilatagdo uniforme do brénquio;
varicosas, quando apresentam uma dilatacdo bronquica
irregular, alternando areas de maior e menor calibre;
e cisticas, quando apresentam uma grande dilatacdo
focal, formando cistos. (1212

®

BRONQUIOLECTASIA

A bronquiolectasia € patologicamente definida como
uma dilatacdo dos bronquiolos, originaria tanto de
atividade inflamatoria (portanto, potencialmente
reversivel) ou mais frequentemente em decorréncia
de fibrose; nesse caso é denominada “bronquiolectasia
de tracao”. Os bronquiolos diferem dos bronquios
por ndo possuirem cartilagem ou glandulas nas suas
paredes. Os bronquiolos maiores tém diametro entre
0,8 e 1,0 mm, reduzindo-se progressivamente até o
nivel dos bronquiolos respiratorios (os mais distais,
que apresentam sacos alveolares nas suas paredes)

Figura 6. Imagens axiais de TC em janela de pulmé&o (A) revelando broncograma aéreo (seta) em foco de consolidacdo
no lobo inferior esquerdo e, em janela de mediastino (B), mostrando broncograma aéreo (seta) em consolidacdo no

lobo médio.

\

Figura 7. Imagens axiais de TC em janela de pulm&o, mostrando bronquiectasias cilindricas (A), varicosas (B) e cisticas (C).
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cujo didmetro varia entre 0,4 e 0,5 mm.®1213) Qs
bronquiolos normais ndo sao vistos a TCAR, cujo
limite de resolugdo permite ver bronquios com até 2-3
mm de calibre.**), Quando dilatados e com secregao,
os bronquiolos podem ser vistos como nddulos
centrolobulares ou como “arvore em brotamento”. As
bronquiolectasias de tragao aparecem como pequenos
espacos aéreos cisticos ou tubulares rodeados por
fibrose (Figura S5).(%14€)

As bronquiolectasias de tragdo sao de dificil
caracterizagao na radiografia e, quando isso ocorre,
sao geralmente observadas na periferia das bases
pulmonares. Na TC as bronquiectasias de tragao
apresentam-se como uma imagem bronquica dilatada,
de aspecto tubular, cistico ou arredondado, dependendo
do eixo da imagem. As bronquiolectasias de tracao
sdo predominantemente periféricas (justapleurais),
de menor calibre e relacionadas a alteragoes
intersticiais pulmonares fibrosantes (Figura $6). Na
RM as bronquiolectasias de tragao raramente sao
caracterizadas e, quando evidentes, apresentam-se
como estruturas tubulares de hipossinal associadas a
areas de distor¢ao arquitetural do parénquima pulmonar.

CAVIDADE

A cavidade é patologicamente definida como um
espaco preenchido por gas, visivel como transparéncia
ou baixa atenuagao no interior de uma massa,
consolidagao ou nodulo.*?) Na radiografia, TCe RM a
cavidade é um espaco aéreo, medindo mais de 1 cm
de diametro (podendo apresentar varios centimetros)
e demarcado por uma parede espessa maior > 2 mm
de espessura (Figura $7).09)

CISTO OU QUISTO (PT)

A descricao patologica de cisto € de um espacgo
arredondado, bem circunscrito, que é circundado
por uma parede epitelizada ou fibrosa, de espessura
variavel.('718) Na radiografia de torax a identificacdo de
cistos é pouco frequente e muitas vezes duvidosa.(*7::¢)
Na TC caracteriza-se por uma area arredondada
de baixo coeficiente de atenuagdo no parénquima
pulmonar com uma interface bem definida com o
pulmao normal adjacente (Figura 8).(*7*¥) A espessura
da parede do cisto é fina e ndo maior que 2 mm. ARM
é utilizada para o estudo das lesoes cisticas ndo aéreas
de mediastino e torax, tendo um papel interessante
no seu diagnostico diferencial e na determinacgao
de componente hemorragico e componente de
gordura. Os cistos geralmente contém ar, mas,
ocasionalmente, podem conter liquido (por exemplo,
cisto broncogénico) ou mesmo algum material sélido.
Cistos aéreos pulmonares isolados sao achados
incidentais comuns e aumentam com a idade.(*7-1%)
A presenca de cinco cistos pulmonares ou mais é
utilizada como critério para a investigacdo de doengas
pulmonares cisticas.® As doencgas pulmonares cisticas
cursam geralmente com multiplos cistos pulmonares,
frequentemente com aumento do volume pulmonar, e
incluem linfangioliomiomatose, histiocitose de células
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de Langerhans, pneumonia intersticial linfocitica e
sindrome de Birt-Hogg-Dubé.*7*®) Entretanto, existem
doencgas pulmonares fibrosantes que desenvolvem
cistos, a exemplo dos cistos de faveolamento/favo de
mel. Vide “Faveolamento”.

DISTO R(;RO ARQUITETURAL

A distorcao arquitetural do parénquima pulmonar
corresponde patologicamente a disposigdo anormal
e desorganizada de bronquios, vasos, fissuras ou
septos e esta relacionada com doengas localizadas ou
difusas, particularmente associadas a fibrose e com
perda de volume.*?) Esse termo pode ser descrito em
laudos de radiografia, TC e RM em regites onde ha
uma desorganizagao anatomica extensa que dificulta
o reconhecimento anatomico exato das estruturas
(Figura S8).

ENFISEMA

O enfisema é caracterizado patologicamente pelo
alargamento anormal e permanente dos espagos
aéreos distais ao bronquiolo terminal com destruicdao
das suas paredes, sem fibrose bem definida. O critério
histoldgico adicional de “auséncia de fibrose dbvia”
tem sido questionado porque algum grau de fibrose
intersticial pode estar presente em consequéncia do
tabagismo. A classificacdo patoldgica do enfisema é
tradicionalmente baseada na localizagdo microscopica
da doenga em relagao ao acino ou ao l6bulo secundario.
Os principais tipos sao enfisema centroacinar ou
centrolobular, parasseptal ou acinar distal e panacinar
ou panlobular.**#-21) Os achados tomograficos sdo de
areas de baixa atenuacao, tipicamente sem paredes
visiveis.®

ENFISEMA BOLHOSO

O enfisema bolhoso nao representa uma entidade
histologica especifica, mas indica um enfisema
caracterizado primariamente pela presenca de uma
grande bolha. Frequentemente é associado a enfisema
centrolobular e parasseptal (Figura $9).1®) Denomina-se
enfisema bolhoso gigante quando as bolhas ocupam
pelo menos um tergo do hemitorax e localizam-se
assimetricamente nos lobos superiores, podendo variar
de 1 a mais de 20 cm de didametro.** Na TC a bolha é
caracterizada como area focal hipodensa, medindo 1
cm ou mais de diametro, delimitada por parede fina,
que nao ultrapassa 1 mm de espessura. Geralmente
tem contetido gasoso, mas pode ocasionalmente ter
nivel liquido.®*) Bolhas menores que 1 cm e localizadas
na pleura visceral ou na regiao pulmonar subpleural
sao denominadas blebs na lingua inglesa. As blebs ou
vesiculas de localizagdo apical sdo frequentemente
responsaveis pelo pneumotorax espontaneo primario.2%

ENFISEMA CENTROLOBULAR/CENTROACINAR

Esse tipo de enfisema corresponde patologicamente
a dilatagao seletiva de elementos da porgao central do
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acino, particularmente dos bronquiolos respiratorios
e dos alvéolos correspondentes. O processo € mais
desenvolvido nos lobos superiores e na regiao superior
dos lobos inferiores, sendo fortemente associado
com tabagismo e bronquite cronica. As alteragoes
inflamatorias nas pequenas vias aéreas sdo comuns,
com tamponamento, infiltragdo parietal e fibrose,
que causam estenose e bloqueio do fluxo aéreo, além
de distorgao e destruicao da anatomia do centro do
acino.?:-23) A TC demonstra multiplos pequenos focos
parenquimatosos arredondados de reduzida atenuacao
em localizagao centrolobular, sem paredes definidas
(Figura 9). Uma delgada orla opaca pode ser reconhecida
na transicdo entre a area enfisematosa e o pulméo
normal devido a compressao do parénquima adjacente
pelo espago aéreo dilatado. As artérias centrolobulares
podem frequentemente ser identificadas no interior
das areas hipodensas.?” Os achados de enfisema
centrolobular na radiografia e RM sao apenas indiretos,
demonstrando aumento do volume pulmonar, sem
achados diagnosticos seguros.

®

ENFISEMA INTERSTICIAL

O enfisema intersticial é a dissecgado do intersticio
pulmonar por ar, podendo ser espontaneo ou traumatico.
E mais frequentemente identificado em neonatos
submetidos a ventilagdo mecanica.®* Nas radiografias
do torax, é raramente identificado e pode apresentar-se
como formagdes de aspecto cistico intrapulmonares
ou subpleurais, imagens radiolucentes lineares que se
estendem ao mediastino e halo perivascular decorrente
das colegbes aéreas.??) Na TC apresenta-se por
colegdes aéreas focais, difusas, uni ou bilaterais, que
podem simular cistos ou bolhas, localizadas ao longo
do intersticio adjacente aos vasos, bronquios e septos
interlobulares (Figura S10)./2>%%) Os achados de enfisema
intersticial na radiografia e RM sdo inespecificos, sem
achados diagnosticos seguros.

ENFISEMA PANACINAR OU PANLOBULAR

0 enfisema panacinar é caracterizado patologicamente
pelo alargamento de espacos aéreos do acino pulmonar,

Figura 8. Imagens de TC em janela de pulm&o no plano axial (A) e no plano coronal (B) revelando multiplos cistos

pulmonares em uma paciente com linfangioliomiomatose.

Figura 9. Imagens axiais de TC em janela de pulm&o revelando enfisema centrolobular nos lobos superiores em

paciente com habitos tabagicos.
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comprometendo as estruturas desde os bronquiolos
respiratorios até os alvéolos. De modo mais ou menos
uniforme todos os elementos do lobulo secundario séo
comprometidos.®®) A deficiéncia de alfa-1-antitripsina
esta associada a esse tipo de enfisema. O enfisema
panacinar pode ser encontrado em fumantes, associado
a enfisema centrolobular, bem como em usuarios de
drogas endovenosas (efeito cronico) e em volta de
broncoceles na atresia bronquica. As radiografias de
torax podem ser normais nas fases mais precoces da
doenca. Nas formas mais avancadas ha distorgdo e
rarefagao vascular. Outros achados incluem retificacao
do diafragma e aumento do diametro anteroposterior
do torax e do espago retroesternal.?” Na TC as lesdes
sdo homogeneamente distribuidas com predominio em
lobos inferiores e caracterizam-se por redugao difusa
da atenuagdo do parénquima pulmonar com rarefagao
vascular nas areas afetadas (Figura S11). Podem
também ser encontradas bronquiectasias. Pode ser
dificil a diferenciagdo entre areas onde o parénquima
pulmonar é normal e onde ha enfisema. O enfisema
panacinar é indistinguivel da bronquiolite obliterante
(constritiva).?®) Os achados de enfisema na RM sao
apenas indiretos, demonstrando aumento do volume
pulmonar, sem achados diagnosticos seguros.

ENFISEMA PARASSEPTAL OU ACINAR
DISTAL

Nesse tipo de enfisema ha patologicamente um
alargamento permanente do acino distal com destruicao
de ductos e sacos alveolares com alvéolos dilatados em
localizagao subpleural junto aos septos interlobulares **
Nas radiografias do torax o enfisema parasseptal
é de dificil deteccao nas formas menos graves.
Imagens radiolucentes com paredes finas podem ser
vistas na periferia dos pulmoes.?” Na TC sao vistas
formacgoes cisticas subpleurais e peribroncovasculares
eventualmente separadas por septos interlobulares
intactos. As porgoes anteriores e posteriores dos lobos
superiores e as porgoes posteriores dos lobos inferiores
sao mais frequentemente afetadas. Bolhas podem estar
associadas a essa forma de enfisema (Figura $12).
0O uso de reconstrugoes com projegao de intensidade
minima facilita a deteccé@o das lesbes.*® Os achados
de enfisema parasseptal na RM sao apenas indiretos,
demonstrando aumento do volume pulmonar, sem
achados diagnosticos seguros.

ESPACOS AEREOS

O termo “espago aéreo” é uma descricao genérica
que se refere a parte aerada dos pulmoes onde ha troca
gasosa, ou seja, os bronquiolos respiratorios, ductos
alveolares e alvéolos. E excluida dessa denominacao
a parte exclusivamente condutora das vias aéreas,
desde a traqueia até o bronquiolo terminal. Os
espacos aéreos representam a maior parte de um
pulméo normal. Normalmente esse termo é usado em
conjunto com patologias que ocupam e substituem o
contetido gasoso do pulmao por produtos patologicos,
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sejam células ou liquido. Patologias pulmonares
diversas ocupam o0 espago aéreo de uma maneira
uniforme ou preservando focos de pulmao aerado no
interior da lesdo.**? Na radiografia a presenca de
broncogramas aéreos pode indicar o preenchimento
do espaco aéreo ao redor do bronquio. Na TC lesées
como consolidagdes, massas e nodulos comprometem
varios compartimentos pulmonares, inclusive o espago
aéreo. Na maioria das vezes o termo “espaco aéreo”
é usado referindo-se a substituicdo do mesmo por
produto patologico ou quando ha pulméao aerado no
interior dessas lesdes (Figura S13). E importante a
diferenciagdo com escavacgao, onde nao ha conteudo
gasoso sem parénquima pulmonar.*232) Vide “Cavidade”.

ESPESSAMENTO DE SEPTOS
INTERLOBULARES

Os septos interlobulares anatomicamente fazem parte
do esqueleto intersticial pulmonar periférico, delimitam
um lébulo pulmonar secundario e sdo compostos por
tecido conectivo, veias e vasos linfaticos. Usualmente
nao sao visualizados em exames de imagem em pessoas
saudaveis. Quando espessados, sdo caracterizados na
radiografia como finas opacidades lineares periféricas,
perpendiculares a superficie pleural e mais facilmente
visualizados nas regioes laterais das bases pulmonares.
Sao também chamados de linhas B de Kerley."*??) Na
TC e RM sao caracterizados por opacidades lineares
periféricas/subpleurais perpendiculares a superficie
pleural, distando aproximadamente 1,0-2,5 cm entre si.
Quando ha espessamento de septos de varios lobulos
pulmonares secundarios contiguos, esses podem tomar
um aspecto de arcadas poligonais (Figura 10).%1830

FAVEOLAMENTO OU FAVO DE MEL (PT)

0 achado de faveolamento é anatomopatologicamente
representado por acinos dilatados por fibrose formando
imagens cisticas devido ao colapso de outros &cinos
periféricos. Esses cistos apresentam-se com paredes
espessas fibrosas com epitélio bronquico metaplasico

Figura 10. Imagem axial de TC em janela de pulmao
revelando espessamento difuso de septos interlobulares,
formando arcadas poligonais.
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adjacente. Na TC é definido como um agrupamento de
imagens cistoides associadas a redugao volumétrica
pulmonar, de dimensdées geralmente subcentimétricas
e de localizagao subpleural. Na RM os achados sao
semelhantes, mas a acuracia de deteccdo desse achado
€ menor que na TC.*®) Apesar de ser representado por
multiplas camadas de cistos na maioria dos casos, a
juncao de dois a trés cistos em meio a outros achados
de fibrose ja pode caracterizar esse achado.“*® O
faveolamento representa a fase final de varias doencgas
com perda completa da arquitetura pulmonar, como
pneumonia intersticial usual e sarcoidose (Figura
S$14).(419)

FISSURA

Corresponde anatomicamente a invaginagao da pleura
visceral que reveste a superficie externa do pulmao,
separando um lobo (ou parte de um lobo) de outro. O
termo “fissura” € também sinénimo do termo “cissura”.
Cada fissura interlobar é formada pela aposicao de duas
camadas de pleura visceral. Em geral, identificam-se
as fissuras maiores (obliquas), que separam os lobos
inferiores dos demais, e a fissura menor (horizontal), que
separa o lobo médio do lobo superior direito. Fissuras
supranumerarias geralmente separam segmentos ao
invés de lobos. As fissuras podem ser incompletas.
Nos exames de imagem as fissuras podem aparecer
como opacidades lineares onde ocorre a separacao
dos lobos ou segmentos pulmonares. 3

INFILTRADO

E considerado um termo impreciso e inespecifico,
frequentemente utilizado para descrever uma regiao de
opacificacao pulmonar, identificada em radiografia, RM
ou TC, que é causada por doenca de vias aéreas ou do
intersticio. Como apresenta diferentes significados para
diversas pessoas, é considerado um termo controverso
e nao recomendado. Sugerimos que seja substituido
pelo termo “opacidade”.*%

INTERFACE

E um termo anatémico definido como o limite entre
duas estruturas ou tecidos de diferentes densidades.
Quando duas estruturas toracicas com diferentes
densidades radiologicas se justapdem, seus limites
sao nitidos. Em imagem esse termo é utilizado
apenas no estudo das doengas intersticiais por TCAR.
O sinal da interface é caracterizado pela presenca de
irregularidades nas bordas de contato entre os pulmoes
e bronquios, vasos e pleura visceral, sendo sugestivo
de espessamento intersticial, geralmente associado
a outras alteragoes, que conjuntamente permitem o
diagnostico-(32:35:36)

INTERSTICIO

E um termo de anatomia e consiste na rede de
tecido conjuntivo distribuida ao longo dos pulmdes,
servindo para sua sustentagao. Seus componentes sao:

(a) intersticio axial (ou broncovascular), que envolve
brénquios, artérias e veias desde os hilos até o nivel
dos bronquiolos respiratorios; (b) intersticio periférico,
que é o tecido conjuntivo contiguo as superficies
pleurais (subpleural) e septos interlobulares; e (c)
intersticio intralobular (também chamado acinar ou
parenquimatoso), que é uma rede de fibras finas
interposta entre as paredes dos alvéolos e dos
septos alveolares.**¢) Nos métodos de imagem nao
¢ identificado em pacientes sadios.

LINHA CURVILINEA SUBPLEURAL

Corresponde a compressdo passiva pulmonar
fisiologica na porgdo pendente do pulmdo (por
exemplo, na superficie posterior em pacientes em
decubito dorsal), que é revertido apos a mudanga de
decubito. Pode também ser encontrada em casos de
edema pulmonar ou fibrose (Figura $15).) E um termo
imageético demonstrado em TC e RM e representado
como uma opacidade curvilinea de 1-3 mm de espessura,
normalmente a menos de 1 cm da superficie pleural,
com distribuigao paralela a essa.

LOBULO PULMONAR SECUNDARIO

E um termo anatémico definido como a menor
unidade anatémica pulmonar, delimitada por septos de
tecido conjuntivo denominados septos interlobulares.
Apresenta aspecto poliédrico, mede de 1,0-2,5 cm de
diametro e contém um numero variado de &cinos. O
centro do lobulo é formado pelo conjunto de bronquiolo,
arteriola pulmonar e vasos linfaticos, com intersticio
circunjacente. Nos septos interlobulares encontram-se
pequenas veias pulmonares e vasos linfaticos (Figura
10).373% N&o é identificado nos estudos de imagem
em seu aspecto normal.

MASSA

Massa é um termo imagético definido como qualquer
lesdao expansiva pulmonar, pleural, mediastinal ou da
parede toracica, com densidade de partes moles, de
gordura ou de célcio, maior que 3 cm, com contornos pelo
menos parcialmente definidos, independentemente das
caracteristicas de seus contornos ou da heterogeneidade
de seu contetido.*** O termo pode ser aplicado em
radiografia, TC e RM. As massas pulmonares (Figura 11)
frequentemente estdo relacionadas a lesdes neoplasicas,
primarias ou metastaticas; contudo, podem também
representar lesoes inflamatorias, como pseudotumores
e pneumonia em organizagao (PO), ou infecciosas,
como tuberculomas ou criptococomas, por exemplo.#?
Massas mediastinais podem ser classificadas quanto a
sua origem no mediastino anterior (pré-vascular), médio
(visceral) ou posterior (paravertebral) para aumentar
a acuracia do diagnostico diferencial.?

MICETOMA

Micetoma caracteristicamente representa um grupo
de infecgbes cronicas subcutaneas causadas pela
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inoculagao traumatica na pele de material contaminado
com actinomicetos, principalmente espécies dos
géneros Nocardia, Streptomyces e Actinomadura, ou
fungos verdadeiros (eumicetos), incluindo os géneros
Acremonium, Fusarium, Leptosphaeria e Madurella,
resultando em actinomicetomas e eumicetomas,
respectivamente.“>#*) Apresenta tendéncia a invadir
os tecidos adjacentes, formando nodulos ou massas
com cavidades e trajetos fistulosos, com eliminacgao
de secrecdo purulenta contendo graos constituidos por
novelos de hifas e filamentos. Na maioria dos casos,
localiza-se nos membros inferiores, podendo levar a
deformidades e fraturas. O acometimento pulmonar
e pleural é raro.”*? Quando invadem o pulmao, tém
o aspecto de consolidacdo com necrose, e derrame
pleural pode ser identificado.** Geralmente acometem
agricultores, sendo endémicos na América Latina,
India e Africa.“>*) O micetoma n#o representa uma
colonizagao de cavidade pulmonar preexistente;
portanto, a utilizagdo desse termo como sinénimo de
“bola fungica” deve ser evitada. Vide “Bola fungica”.

NODULO

Nodulo é definido como uma opacidade focal
aproximadamente arredondada, ou pelo menos
parcialmente delimitada, com densidade de partes
moles, gordura ou calcio e medindo até 3 cm de
diametro (a partir de 3 cm deve-se empregar o termo
“massa”; Figura 12).%%4*) O termo pode ser aplicado
em radiografia, TC e RM. Sugere-se a denominagao
de “pequeno nodulo” a medida de até 10 mm do
diametro médio (média dos dois maiores diametros
perpendiculares entre si, preferencialmente no plano
axial) ou do diametro em outro plano ortogonal caso
o nodulo seja maior no sentido longitudinal. Nodulos
com mais de 10 mm devem ter o seu maior e menor
diametro ortogonal descritos. Nodulos com menos de
3 mm nao precisam ter suas dimensoes descritas,
podendo ser chamados de micronodulos.“”#®) Podem

Figura 11. Imagens axiais de TC em janela de pulmdo. Em A, massa com contornos lobulados no segmento anterior do

ser divididos em nodulos solidos, quando obscurecem
completamente os contornos de vasos e de paredes
brénquicas (Figura 12); nodulos com atenuacgado pura
em vidro fosco, quando nao obscurecem as margens
vasculares e as paredes bronquicas (Figura 12); e
nodulos parcialmente sélidos, quando ha areas com
atenuacao de partes moles e outras com atenuagao em
vidro fosco (Figura 12).“” Os nodulos devem, ainda,
ser descritos quanto as suas margens, morfologia e
localizagdo. Nodulos perifissurais e com morfologia
alongada ou poligonal, por exemplo, indicam benignidade
(linfonodos pulmonares).“® Quando multiplos, os
nodulos devem ser classificados quanto a sua distribuicao
(padrao nodular randémico, padrao nodular perilinfatico
e padrdo nodular centrolobular, este ultimo com ou
sem padrao de arvore em brotamento). Vide “Massa”,
“Padrao nodular centrolobular”, “Padrao nodular”,
“Padrao miliar” e “Padréo de arvore em brotamento”.

OLIGOEMIA

Oligoemia € um termo que representa reducao
focal, regional ou generalizada, do volume sanguineo
pulmonar. A oligoemia é demonstrada em TC e RM
mas dificilmente em radiografia. Apresenta-se como
uma diminuigdo do calibre e do niumero de vasos
pulmonares em regides especificas ou difusamente,
indicando que o fluxo sanguineo é menor que o
habitual (Figura S16).*? Ocasionalmente as areas de
maior perfusdao pulmonar podem simular aspecto de
opacidade em vidro fosco, devendo se notar que ha
reducdo no numero e calibre dos vasos nas regides
de maior transparéncia dos pulmdes para se fazer o
diagnostico diferencial (Figura S17) (4959

OPACIDADE

Opacidade é um termo genérico para descrever uma
imagem que se distingue, pelo menos parcialmente,
das estruturas que a circundam ou se superpdoem, por

lobo superior do pulmé&o direito em paciente com adenocarcinoma de pulm&do Em B, massa no compartimento mediastinal
anterior (pré-vascular), com atenuagdo de partes moles, em paciente com seminoma mediastinal.
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apresentar maior densidade. Na radiografia do torax
esse termo nao implica sua natureza do ponto de vista
patologico, de seu tamanho ou de localizagao especifica,
podendo ser de origem pulmonar, pleural, da parede
toracica ou de origem externa ao paciente. Na TC as
opacidades pulmonares podem obscurecer totalmente
as estruturas vasculares e paredes bronquicas (como
na consolidagdo, nos nodulos solidos e nas massas)
ou podem ter atenuacao em vidro fosco (quando as
estruturas vasculares e paredes bronquicas permanecem
visiveis).(*2) Esse termo ndo é recomendado na
RM. O termo “opacidade” tem algumas derivagoes
que merecem ser discutidas. Vide “Consolidacao”,
“Opacidade em vidro fosco” e "Massa”.

OPACIDADE EM VIDRO FOSCO OU
DESPOLIDO (PT)

A definicao de opacidade em vidro fosco ou despolido
corresponde ao aumento da densidade pulmonar
(opacidade) em atenuacao sem obscurecer as estruturas
vasculares no seu interior.

Na radiografia de torax apresenta-se como opacidade
pulmonar mal definida, de baixa densidade, dentro
da qual as margens dos vasos pulmonares podem

ser indistintas. A grande sobreposicao de estruturas
na radiografia pode levar a interpretacdo inadequada
desse achado, devendo-se, portanto, evitar o uso
desse termo. Na TC corresponde ao aumento da
densidade do parénquima pulmonar com preservagao
dos contornos dos vasos e bronquios (Figura 13). Pode
representar espessamento intersticial, preenchimento
parcial dos espagos aéreos (devido a liquido, células
e/ou fibrose), colapso parcial de alvéolos, aumento do
volume sanguineo capilar ou ainda uma combinagao
desses mecanismos.°%)

A opacidade em vidro fosco é menos densa e deve
ser distinguida da consolidacdo, na qual os vasos
nao sao identificaveis no interior da area de pulmao
comprometido (vide “Consolidagao”). Quando a
opacidade em vidro fosco é superposta por linhas
intralobulares e septos interlobulares espessados,
configura o padrao de pavimentagdao em mosaico
ou crazy paving (vide “Pavimentagao em mosaico”).
Quando assume morfologia arredondada/nodular, pode
ser chamada de nddulo subssolido, que inclui nodulos
puramente em vidro fosco, ou seja, ndo solidos (Figura
13), ou semissolidos, quando exibem componente com
densidade de partes moles de permeio.

Figura 12. Imagens axiais de TC em janela de pulm&do. Em A, nodulo sélido com contornos lobulados e espiculados
no segmento apicoposterior do lobo superior do pulm&o esquerdo. Em B, nédulo com atenuacéo pura em vidro fosco
no segmento apical do lobo superior do pulméo direito. Em C, nédulo com atenuacdo mista (parcialmente sdlido e
parcialmente em vidro fosco) no lobo superior do pulm&o esquerdo. Em D, nodulo perifissural e morfologia poligonal
junto da cissura horizontal do pulmé&o direito (linfonodo pulmonar).

r

®

No

A

Figura 13. Imagens axiais de TC em janela de pulmdo demonstrando opacidades em vidro fosco em ambos os pulmdes,
de distribuicdo predominantemente central em paciente com edema pulmonar (A) e revelando um nédulo com atenuacdo
em vidro fosco (subssélido) que foi diagnosticado como adenocarcinoma de crescimento lepidico (B).
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Na RM a opacidade em vidro fosco apresenta-se
com aumento de sinal nas imagens em T2, o que €
comumente observado nos processos patoldgicos, e
tem alta correlagdo com a TC.™

OPACIDADE LINEAR

Na radiografia e TC, representa uma imagem linear
fina e alongada de maior densidade em relagao ao
parénquima pulmonar (maior atenuagao ao feixe de
raios X), com etiologias diversas. Recomenda-se, sempre
que possivel, o uso de termos mais especificos como

” W

“"bandas parenquimatosas”, “atelectasias lineares” ou
“espessamento de septos interlobulares” (Figura $18).1?)

OPACIDADE PARENQUIMATOSA OU
OPACIFICACAO PARENQUIMATOSA

Na radiografia e TC esse tipo de opacidade representa
qualquer area de maior atenuacao ao feixe de raios
X em relagdo ao parénquima pulmonar. O aumento
da atenuagado do parénquima pulmonar pode ou
nao obscurecer os contornos dos vasos e brénquios
(Figura 14). O termo "“consolidacao” indica a perda da
definigao das margens dos vasos e bronquios (exceto
pelos broncogramas aéreos) no interior da opacidade,
enquanto o termo “opacidade em vidro fosco” indica
um aumento menor da atenuacdo do parénquima,

que preserva os contornos das estruturas no seu
interior, (123439

OPACIDADE PENDENTE

Na radiografia e TC a opacidade pendente representa
um aumento da densidade (maior atenuagao ao
feixe de raios X) do parénquima pulmonar nas
regibes subpleurais posteriores (quando em decubito
dorsal) ou anteriores (quando em decubito ventral),
correspondendo a atelectasias relacionadas ao decubito.
Desaparece com a mudanca de decubito (Figura $18).11:2)

PAVIMENTACAO EM MOSAICO

E um termo especifico da TC que representa um
padrao misto que associa o espessamento dos septos
interlobulares com opacidade intralobular do espago
aéreo na forma de vidro fosco. Aparece em situagoes
que envolvem o intersticio e o espaco aéreo. Ocorre em
varias patologias como proteinose alveolar, hemorragia
alveolar, SDRA ou infecgdes, como por Pneumocystis
carinii ou pelo recente SARS-CoV-2 (Figura $19).0557)

PADRAO DE ARVORE EM BROTAMENTO
OU EM BOTAO (PT)

0 padrao de arvore em brotamento pode ser utilizado
em radiografia, TC e RM e corresponde a opacidades/

-

Figura 14. Imagens axiais de TC em janela de pulmao mostrando opacidades parenquimatosas que obliteram os contornos
dos vasos e brénquios no lobo inferior direito (seta), indicando consolidacdo, sendo também visivel broncograma aéreo
nessa opacidade (A), e opacidades parenquimatosas que preservam os contornos dos vasos e brénquios no lobo inferior
esquerdo (asterisco) indicando opacidades em vidro fosco (B).
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nodulos ramificados centrolobulares, com pequenas
nodularidades nas extremidades, assemelhando-se ao
aspecto do brotamento de algumas arvores (Figura 15).
Esse padrao decorre do preenchimento das estruturas
centrolobulares ramificadas, seja o bronquiolo, seja
a artéria centrolobular. Reflete um espectro alargado
de alteragoes endo e perilobulares com inflamacao e
exsudagao. (159

Na maior parte dos casos, esse padrao representa
bronquiolos dilatados e preenchidos por material
patoldgico, embora possa também estar relacionado
com a infiltracao do tecido conjuntivo peribroncovascular
centrolobular ou, ocasionalmente, com a dilatagao ou o
preenchimento (por exemplo, metastases intravasculares)
das artérias pulmonares centrolobulares.>®)

PADRAO MILIAR

O padrao miliar € um padrao de imagem descrito em
radiografia, TC e RM. Ele é composto por nodulos < 3
mm (micronodulos) com distribuicdo difusa e aleatoria
e sdo uniformes entre si.’** E frequentemente produto
da disseminagdo hematogénica, como tuberculose e
metastases (Figura $20). (1260

PADRAO DE PERFUSAO EM MOSAICO

O padrao de perfusdao em mosaico é descrito
em TC e é caracterizado por areas com diferentes
atenuagoes intercaladas. Resulta da obliteragao das
pequenas vias aéreas ou de doenga vascular oclusiva,

ambas ocasionando areas de oligoemia (reducdo da
atenuacdo) alternando com areas de pulmao normal,
ventilado e perfundido. No caso de doenca obliterativa
das pequenas vias aéreas, a TC em fase expiratoria
mostra acentuagao dos focos parenquimatosos que se
apresentam hipodensos (reducao da atenuacgao) pelo
componente de aprisionamento aéreo.**5* O uso do
termo “atenuacdo em mosaico” ndo é mais recomendado
pois aumenta as chances de erros de interpretacao
com relagao ao termo “perfusdo em mosaico”. O termo
“opacidade em vidro fosco ndo homogénea” deve ser
utilizado em substituicdo a atenuagdo em mosaico.

PADRAO NODULAR

Padrao nodular refere-se a presenca de multiplas
opacidades pulmonares arredondadas < 3 cm com
densidade de partes moles e pode ser descrito
em radiografias, TC e RM. Pequenos nodulos (ou
micronodulos) sdo aqueles com diametro < 1 cm.
Eles podem ser classificados quanto a distribuicdo
pelo parénquima pulmonar em nodulos perilinfaticos,
aleatorios ou centrolobulares. A distribuigao centrolobular
caracteriza-se pela presenga de nodulos ocupando
a porgao central do lobulo pulmonar secundario, a
poucos milimetros da superficie pleural e das cissuras,
sem, no entanto, toca-las. Em geral, esse tipo de
distribuicdo esta associado a doengas bronquiolares
ou arteriolares ou doencgas da bainha conjuntiva
peribroncovascular.*® As principais doengas que se
apresentam com o padrao nodular sao a silicose, a

Figura 15. Imagens de TC em janela de pulm&o de um paciente com tuberculose pulmonar. Em A, imagem no plano
axial onde se observam varias opacidades centrolobulares com pequenos nodulos e imagens ramificadas (setas). Em
B, em reconstrugdo em projecdo de intensidade maxima, as imagens opacificadas correspondem ao preenchimento
endobrénquico dos bronquiolos distais (setas). Em C, imagem no plano sagital indicando, além de nodulos centrolobulares
e padrdo de arvore em brotamento (setas), a presenca de cavidade no segmento superior do lobo inferior direito,
localizacdo caracteristica para a cavitagdo da tuberculose pulmonar (asterisco).
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pneumonite por hipersensibilidade e algumas formas
de bronquiolite. Na maioria dos casos os nodulos de
pneumonite por hipersensibilidade e de bronquiolites
tém atenuagao em vidro fosco. 2

PADRAO PERILOBULAR (OPACIDADES
PERILOBULARES, ESPESSAMENTO
PERILOBULAR)

O padrao perilobular representa o envolvimento
da periferia do lobulo pulmonar secundario (regido
perilobular) por substrato histopatoldgico variavel (6354
Na TC e RM demonstra opacidades lineares/curvilineas
contornando septos interlobulares, sendo maiores e
menos definidas que esses, em geral determinando
aparéncia poligonal ou em arcada (Figura S21).(63¢)
O diagndstico diferencial inclui PO, sendo esse
padrao observado com frequéncia variavel (22-57%),
representando acumulagdo de material inflamatério
em organizagao na periferia do lobulo pulmonar,
associado ou ndo a espessamento septal.(***% Na PO,
o padrao perilobular é frequentemente associado a
outros achados tipicos, como consolidagoes, ao invés
de ser um achado isolado. ¢

PADRAO RETICULAR

O padrao reticular representa o envolvimento dos
intersticios pulmonares com substrato histopatologico
variavel. Na radiografia é caracterizado por imagens
lineares, por vezes entrelagadas, mais facilmente
vistas na periferia dos campos pulmonares. Na TC e
RM corresponde geralmente a espessamento septal
que pode ser inter ou intralobular, mas por vezes pode
decorrer de cistos cujas paredes se apresentam como
linhas na radiografia (Figura $22). Frequentemente,
embora nao invariavelmente, esta associado a doencas
fibrosantes, quando também se observam sinais de
perda volumétrica no parénquima pulmonar.®7

PSEUDOPLACA

A pseudoplaca é uma opacidade contigua a pleura
visceral formada por pequenos noédulos coalescentes,
simulando uma placa pleural. Essa entidade pode
ser identificada em TC e RM e é encontrada mais
frequentemente na sarcoidose, silicose e pneumoconiose
dos mineiros de carvao.®

PLACA PLEURAL

Representa patologicamente uma area alongada
de tecido conjuntivo denso na superficie pleural que
corresponde a espessamento focal visto na radiografia
ou mais comumente na TC e RM (Figura $23).(%.68-70)
Pode corresponder a um achado incidental, porém
quando multiplas, faz-se necessario o diagnostico
diferencial entre a exposicao ao asbesto e a sequela de
empiema/tuberculose (geralmente unilateral e extensa).
Por vezes podem se apresentar calcificadas, quando
sao mais facilmente detectadas na radiografia como
imagens lineares verticais paralelas a parede toracica.

J Bras Pneumol. 2021;47(5):e20200595

PNEUMATOCELE OU PNEUMATOCELO (PT)

Pneumatocele é um termo que pode ser identificado
na radiografia, TC e RM e é definido como uma
imagem cistica arredondada de paredes finas (< 1
mm) e contetido gasoso, que muda de tamanho num
curto espago de tempo (Figura S24). Ela é decorrente
de um mecanismo valvular obstrutivo da via aérea.
Eventualmente pode apresentar contetdo liquido
interno. Geralmente resolvem de maneira espontanea.
E mais frequentemente vista em criancas, associada a
processos infecciosos, especialmente nas pneumonias
por Staphylococcus sp. e em imunossuprimidos com
pneumonia por Pneumocystis jirovecii.’*) Também pode
ser vista em neonatos prematuros com desconforto
respiratorio.”?

PSEUDOCAVIDADE

E um termo utilizado em TC e caracterizado como
uma lesao cistoide arredondada ou ovalada de baixo
coeficiente de atenuacdo, geralmente < 1 cm de
diametro, entremeada a nodulos ou massas pulmonares
ou em uma area de consolidacdo. Em algumas ocasides
é de dificil diferenciagao com cavidade pulmonar. Este
achado pode ser decorrente de bronquios dilatados ou
mesmo com calibre normal ou de uma area de enfisema
no interior da lesao, ou ainda pode representar uma
porgao de parénquima pulmonar preservado (Figuras
S25e S26). A presencga de pseudocavidade em nodulos
esta frequentemente associada a adenocarcinoma
e pode ser vista em pneumonia com necrose nas
consolidag6es (Figura $26).7+7%

PNEUMOMEDIASTINO

Pneumomediastino é um achado de imagem
caracterizado pela presenca de ar/gas no mediastino.
O ar ou gas pode atingir os espagos mediastinais
por aumento subito da pressao intra-alveolar, com
consequente ruptura de alvéolos e passagem de gas
para o intersticio peribroncovascular, que disseca até
o hilo e entra no mediastino. A TC é o padrado ouro
de diagnostico, que também pode ser realizado por
radiografia (Figura S27). A RM nao é utilizada. A presencga
de pneumomediastino pode também advir da ruptura de
viscera oca, como eso6fago, traqueia, brénquios ou até
mesmo pescogo ou cavidade abdominal. A associacao
com pneumotorax é frequente. 7%

PNEUMOTORAX

Pneumotodrax refere-se a presenga de ar no espaco
pleural. E habitualmente classificado em esponténeo,
traumatico, diagndstico/iatrogénico ou de tensao,
conforme a etiologia do mesmo. Pode ser identificado
em radiografia, TC e RM (Figura S28). Quando de
dimensoes significativas (> 2 cm entre a superficie
pleural e o contorno pulmonar), ha indicagao para a
colocacgao de dreno pleural.*7%) Na maioria dos casos,
0 pneumotodrax é causado por trauma como fratura
dos arcos costais ou trauma toracico penetrante. O
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pneumotorax hipertensivo € uma emergéncia médica,
pois o ar na cavidade pleural encontra-se sob pressao,
0 que causa colapso vascular associado e reducao
do retorno venoso a auricula esquerda. No caso do
pneumotorax iatrogénico, esse frequentemente resulta
de procedimentos toracicos como biopsia pulmonar,
insercao de cateter venoso central ou cirurgia toracica.”

SINAL DO ALVO

O sinal do alvo é caracterizado por uma opacidade
periférica em anel em conjunto com uma opacidade
central nodular em vidro fosco. O termo pode ser
descrito em TC e RM. Este achado foi inicialmente
descrito como associado a pneumonia por SARS-CoV-2
(Figura $29).7%) No entanto, referéncias recentes
apontam para semelhante etiopatogénese entre o
sinal do halo invertido e o sinal do alvo como sinal
radiologico de PO."”

SINAL DA ARCADA (ESPESSAMENTO
SEPTAL PERILOBULAR)

O sinal da arcada é caracterizado por uma opacidade
linear de distribuigao perilobular, com conformacao de
arco ou arcada, ao redor do lobulo pulmonar secundario.
Esse padrao, a semelhanga dos sinais do alvo e do
halo invertido, aponta para PO (Figura S30).777% O
termo pode ser descrito em TC e RM.

SINAL DO ANEL DE SINETE

O sinal do anel de sinete é composto por uma
opacidade em formato de anel, representando um
brénquio dilatado no corte axial, e uma opacidade
adjacente menor, representando a artéria pulmonar
correspondente, o qual lembra um anel de sinete
(ou anel de pérola). Esse sinal é descrito na TC para
diagnostico de bronquiectasia (Figura S31). O sinal
de anel de sinete pode ser visto também em doengas
caracterizadas por redugao anormal do fluxo arterial
pulmonar como interrupgao proximal da artéria
pulmonar ou tromboembolismo pulmonar cronico.
Ocasionalmente, uma opacidade vascular pequena
em contato com o brénquio é determinada por artéria
bronquica ao invés da artéria pulmonar.?%2 Vide
“Bronquiectasia”.

SINAL DO CRESCENTE AEREO

O sinal do crescente aéreo é descrito em TC e é
caracterizado por uma colecao de ar de tamanho variado
e em forma de menisco ou de meia-lua localizada na
periferia de um nodulo ou de massa com densidade de
partes moles (Figura $32). E comum na descrigdo de
achados radiograficos ou tomograficos de bola fungica
(aspergiloma), em que se observa uma colegao de ar
interposta entre a parede da cavidade pré-existente e
a lesdo intracavitaria pendente. O sinal do crescente
aéreo também ja foi descrito em outras doencas, tais
como aspergilose pulmonar angioinvasiva, abscesso

pulmonar, cancer de pulméo e outras infecgoes
fangicas. 774

SINAL DO HALO

O sinal do halo é um achado tomografico nédo
especifico, caracterizado pela presenca de um halo
de opacidade em vidro fosco circundando um nodulo
ou, menos frequentemente, uma massa ou uma area
de consolidagao arredondada (Figura S33). Na maior
parte dos casos, o halo em vidro fosco é causado por
hemorragia perinodular.” Por exemplo, na aspergilose
angioinvasiva (AAI) o nodulo representa um enfarte
pulmonar secundario a angioinvasao pelo fungo, e o
halo resulta da hemorragia alveolar perinodular. Em
outros processos infecciosos, o halo deve-se a infiltracao
inflamatoria perilesional. Nos adenocarcinomas, o halo
ocorre por proliferacdo das células tumorais ao longo dos
septos alveolares, preservando a arquitetura pulmonar
(crescimento lepidico).™) O mesmo aspecto pode ser
observado em algumas metastases de adenocarcinomas
(principalmente originadas no tubo digestivo ou no
pancreas). Uma informagao util para a abordagem
diagnostica inicial é se o paciente é imunocompetente
ou imunocomprometido. Em pacientes imunodeficientes,
predominam as causas infecciosas, especialmente
as doengas fungicas invasivas, como AAI. Assim,
na presenca de neutropenia febril, especialmente
em pacientes com doengas hematologicas malignas
ou apos transplante de medula 6ssea, a causa mais
importante € AAL.(Y) Nesses casos, o achado do sinal
do halo é considerado uma evidéncia precoce de AAI
mesmo antes da positivagao dos testes sorologicos,
permitindo, segundo alguns autores, o inicio da terapia
antifungica.

SINAL DO HALO INVERTIDO

O sinal do halo invertido (SHI) é definido como
uma area arredondada de opacidade em vidro fosco
circundada por um anel de consolidagao.(*> O SHI
foi inicialmente descrito como especifico para PO.
Publicagoes posteriores identificaram-no num amplo
espectro de doencas infecciosas e nao infecciosas.*#*-#¢)
As causas infecciosas mais comuns sao a tuberculose, a
paracoccidioidomicose e as doengas flingicas invasivas
(aspergilose pulmonar invasiva e mucormicose).®”
Entre as causas nao infecciosas, a mais comum é
a PO, tanto na sua forma idiopatica como na forma
secundaria. Outras causas importantes sdo o enfarto
pulmonar e a sarcoidose (Figura $34).1Y) Embora
seja considerado um sinal pouco especifico, a analise
cuidadosa das caracteristicas morfologicas do SHI
pode estreitar o diagnostico diferencial, ajudando
o médico no diagnostico definitivo. Dois aspectos
de imagem devem ser considerados na tentativa de
tornar o diagnostico mais especifico: a presenga de
nodulos compondo a parede e/ou o interior do halo
(SHI nodular), assim como o aspecto reticulado no
interior do halo (SHI reticulado). Deve ser lembrado
que esses dois aspectos nao sao observados na PO, que
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é a causa mais comum do SHI. Essas consideragoes
sao importantes porque o tratamento dessas condigoes
é completamente diferente.

SINAL DO SEPTO NODULAR (SINAL
EM CONTAS/SINAL EM ROSARIO/
ESPESSAMENTO SEPTAL NODULAR)

Os septos interlobulares delimitam o lobulo
pulmonar secundario, sendo formados por tecido
conjuntivo, veias pulmonares e vasos linfaticos. Os
septos normais geralmente nao sao identificados nas
imagens radiologicas, por vezes podendo ser vistos
na TCAR em pequena quantidade, finos e na periferia
pulmonar.** Edema, infiltrados inflamatorios, fibrose e
disseminagao neoplasica podem levar ao espessamento
dos septos interlobulares, que pode ser liso, irregular
ou nodular. O espessamento septal nodular esta
frequentemente relacionado a linfangite carcinomatosa
ou sarcoidose, podendo também ser identificado em
menor frequéncia em outras doencas linfoproliferativas,
pneumoconioses e na amiloidose.*) Na radiografia é
dificil diferenciar se o espessamento é liso ou irregular/
nodular, normalmente identificando-se padrao septal
ou reticular de opacidades intersticiais. A TC e a RM
permitem identificar o espessamento nodular do septo,
que adquire o aspecto em contas ou em rosario. Na
linfangite carcinomatosa, o sinal do septo nodular
é mais frequentemente focal e unilateral, estando
associado a adenopatia hilar/mediastinal unilateral e a
outras alteragoes suspeitas em pacientes com historia
de malignidade (Figura S35). Na sarcoidose, o sinal é
visto mais comumente de forma bilateral e simétrica,
predominando em campos médios e superiores dos

pulmdes associado a adenopatia hilar bilateral, assim
como nas estacdes paratraqueais a direita. Tipicamente,
a sarcoidose afeta mulheres negras com idade entre
20 e 40 anos.®

TORACOLITO/TORACOLITIASE

O toracolito corresponde a uma pequena estrutura/
nodulo livre e movel, com ou sem calcificagdo na
cavidade pleural (Figura S36). A toracolitiase € uma
condigao benigna rara, caracterizada pela presenca de
um ou mais toracolitos na cavidade pleural. O achado
radiologico mais caracteristico € a mobilidade da pequena
estrutura/nddulo, que pode ser demonstrada nos
estudos de imagem sequenciais ou com alteragao de
posicionamento do paciente. A toracolitiase raramente é
sintomatica, sendo um achado incidental em radiografias
e TC, e nao requer nenhum tratamento especifico,
muito menos ressecgao cirurgica.

CONSIDERA(;KO FINAL

Apesar de ndo definitivo, acreditamos que o presente
artigo possa ajudar os radiologistas a tentar uma
padronizacao dos relatorios, o que deve melhorar
o entendimento dos mesmos e resultar em melhor
assisténcia aos pacientes.
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Fig. 1. Non-enhanced chest CT (A-C) showed a prevascular mediastinal mass
(asterisks). Enhanced CT with coronal reconstruction (D, E) and 3D volumetric
reconstruction (F) demonstrated a fusiform aneurysm of the brachiocephalic vein,
beginning 1.5 cm distal to the internal jugular vein and extending to the superior
vena cava (asterisks).

A 33-year-old man with no significant past medical history
presented with a mediastinal mass that had been found inci-
dentally on a chest CT examination performed as part of the
investigation of a respiratory infection. Non-enhanced chest CT
showed a prevascular mediastinal mass (Fig. 1A-C). Enhanced
CT with coronal reconstruction (Fig. 1D-E) and 3D volumetric
reconstruction (Fig. 1F) demonstrated a fusiform aneurysm of the
brachiocephalic vein, extending to the superior vena cava, mea-
suring 2.5cm x 2.7 cm x 3.8 cm; its neck was 1.1 cm in diameter. A
final diagnosis of left brachiocephalic vein aneurysm (BCVA) was
made. Some treatment options were offered to the patient, espe-
cially antithrombotic treatments. The patient refused any kind of
treatment, and is being followed on an outpatient basis. After 3
years, he remains asymptomatic.
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Aneurysms of the brachiocephalic (or innominate) vein are very
rare. About 40 cases have been reported to date. They may be
completely asymptomatic, presenting as incidental findings on
imaging examinations or as a result of complications that they
cause, including thromboembolism and venous obstruction, rup-
ture, and compression of adjacent structures. The most common
BCVA presentation is a widened mediastinum on a chest radio-
graph. The accurate diagnosis of a mediastinal aneurysm s essential
to avoid complications secondary to biopsy or surgical intervention.
Imaging is usually sufficient for the identification and characteri-
zation of such aneurysms.!?

The two main types of BCVA are fusiform (comprising the
majority of cases) and saccular. Treatment is largely deter-
mined by clinical presentation, morphological characteristics of
the aneurysm (saccular or fusiform, condition of the neck and the
size of the aneurysm), patient decisions, and surgical conditions.
Current treatment approaches include conservative management
and open surgery. Endovascular treatment is also becoming a
therapeutic option. For larger saccular BCVA, even those that are
asymptomatic, prophylactic surgical resection has been recom-
mended. Fusiform aneurysms like that identified in our patient
pose a much lower risk of complication and can be treated
conservatively.!2
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An 86-year-old man was admitted with cough and
weight loss. He reported episodes of mild hemoptysis and
denied fever or other symptoms. He was a smoker (40
pack-years) with a previous history of multiple myeloma.
Physical examination demonstrated wheezing. Laboratory
test results were unremarkable. Chest CT revealed tracheal
and bronchial wall thickening, and lytic lesions on the
ribs and vertebral bodies with partial collapse (Figure 1).

myeloma

The patient was referred for fiberoptic bronchoscopy with
BAL. Bronchoscopy showed tracheal and bronchial wall
thickening, with swelling and hypertrophy of a brittle, and
easily bleeding mucosa, as well as submucosal plaques. BAL
fluid was negative for neoplastic cells, bacteria, and fungi.
Biopsy of the tracheal walls revealed a stroma occupied by
an amorphous eosinophilic material that was positive on
Congo red staining and exhibited apple-green birefringence
under polarized light, consistent with amyloidosis.
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Tracheobronchial amyloidosis and multiple

Luciana Volpon Soares Souza'®™, Arthur Soares Souza Jr'%®, Edson Marchiori*

Multiple myeloma and amyloidosis are characterized
by abnormal accumulation and deposition of monoclonal
plasma cells and extracellular protein fibrils. Multiple
myeloma is often complicated with amyloidosis.*) In the
thoracic compartment, amyloidosis typically affects the
heart, but it can also involve the pulmonary parenchyma,
tracheobronchial tree, and other sites. Pulmonary
involvement is rare, and amyloidosis is reported as
tracheobronchial, diffuse/alveolar-septal, or nodular.?
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Figure 1. Axial CT of the chest (mediastinal window) at the level of the proximal segment of the bronchial bifurcation (in
A) and a coronal reconstruction scan (in B) showing thickening of the tracheal wall and main bronchi (yellow arrows). In C,
three-dimensional reconstruction of the chest wall demonstrating bilateral lytic lesions on the ribs (blue arrows). In D, coronal
reconstruction showing partial collapse of multiple vertebral bodies (green arrows) and a lytic lesion on a left rib (arrowhead).
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A 55-year-old nonsmoking female patient with a
known diagnosis of neurofibromatosis type 1 (NF1)
since adolescence presented with a two-month history
of dyspnea and cough. During adolescence, she
developed subcutaneous and cutaneous neurofibromas
predominantly on the chest wall (Figure 1A). In addition,
she had café au lait spots on the skin. The patient’s
brother also had NF1. She denied fever. Laboratory
test findings, including alpha-1 antitrypsin levels, were
normal. No pulmonary function testing was performed.
A chest X-ray showed multiple soft-tissue nodules on

skin nodules

Pulmonary emphysema associated with

Luciana Volpon Soares Souza'®™, Arthur Soares Souza Jr'2®, Edson Marchiori*®

the chest wall (Figure 1B). Chest CT demonstrated
bilateral emphysematous changes with subpleural bullae,
predominantly in the upper lobes, along with several
cutaneous and subcutaneous nodules (Figures 1C and
1D). A diagnosis of neurofibromatosis-associated diffuse
lung disease was established.

NF1 or von Recklinghausen’s disease is a genetic
disorder characterized by multiple tumors of ectodermal
and mesodermal tissues. The disease has a varied
clinical presentation, with subcutaneous and cutaneous
neurofibromas, café au lait spots on the skin, and iris

.“
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Figure 1. In A, a photograph of the dorsal region of the chest showing multiple cutaneous neurofibromas. In B, a chest
X-ray shows multiple soft-tissue nodules on the chest wall (arrows). In C and D, respectively, an axial chest CT image (lung
window) at the level of the upper lobes and a coronal minimum intensity projection image show emphysematous lesions
predominantly in the upper lobes. Note also nodules (neurofibromas) on the chest wall (arrows in C).
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Pulmonary emphysema associated with skin nodules

hamartomas (Lisch nodules) being most common.
Diffuse lung disease associated with NF1 consists of
an emphysematous, cystic, or bullous process with
upper lobe predominance. Varying amounts of fibrosis
and ground-glass opacity are also present.(*2)

70

AUTHOR CONTRIBUTIONS

The authors equally contributed to this work.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Zamora AC, Collard HR, Wolters PJ, Webb WR, King TE.
Neurofibromatosis-associated lung disease: a case series and
literature review. Eur Respir J. 2007;29(1):210-214. https://doi.org/10
.1183/09031936.06.00044006

2. Shino MY, Rabbani S, Belperio JA, Lynch JP 3rd, Weigt SS.
Neurofibromatosis-associated diffuse lung disease: case report.

J Bras Pneumol. 2023;49(4):e20230053

Semin Respir Crit Care Med. 2012;33({5):572-575. https://doi.
org/10.1055/s-0032-1325165

Ueda K, Honda O, Satoh Y, Kawai M, Gyobu T, Kanazawa T, et al.
Computed tomography (CT) findings in 88 neurofibromatosis 1 (NF1)
patients: Prevalence rates and correlations of thoracic findings. Eur J
Radiol. 2015;84(6):1191-1195. https://doi.org/10.1016/].ejrad 2015.02.024



J Bras Pneumol. 2023;49(1):e20220466

https://dx.doi.org/10.36416/1806-3756/e20220466 PICTORIAL ESSAY

Tomographic pleuropulmonary
manifestations in rheumatoid arthritis:
a pictorial essay
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ABSTRACT

Rheumatoid arthritis (RA) is an autoimmune inflammatory and heterogeneous
disease that affects several systems, especially the joints. Among the extra-articular
manifestations of RA, pleuropulmonary involvement occurs frequently, with different
presentations, potentially in all anatomic thoracic compartments, and may determine
high morbidity and mortality. The most common pleuropulmonary manifestations in

N

(SP) Brasil. . ; . . . : . .
3 Uml X, Séo José do Rio Preto (SP) patients with RA include interstitial lung disease (ILD), pleural disease, pulmonary arterial
Brasil. hypertension, rheumatoid lung nodules, airway disease (bronchiectasis and bronchiolitis),

and lymphadenopathy. Pulmonary hypertension and ILD are the manifestations with the
greatest negative impact in prognosis. HRCT of the chest is essential in the evaluation
of patients with RA with respiratory symptoms, especially those with higher risk factors
for ILD, such as male gender, smoking, older age, high levels of rheumatoid factor, or
positive anti-cyclic citrullinated peptide antibody results. Additionally, other etiologies
that may determine tomographic pleuropulmonary manifestations in patients with RA
are infections, neoplasms, and drug-induced lung disease. In these scenarios, clinical
presentation is heterogeneous, varying from being asymptomatic to having progressive
respiratory failure. Knowledge on the potential etiologies causing tomographic
pleuropulmonary manifestations in patients with RA coupled with proper clinical
reasoning is crucial to diagnose and treat these patients.

Keywords: Lung diseases, interstitial; Lung diseases; Pleural diseases; Pulmonary arterial
hypertension; Arthritis, rheumatoid; Tomography.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune rheumatic
disease that most commonly affects the joints.
Pleuropulmonary manifestations are common and
significantly contribute to increase morbidity and mortality
in RA, affecting up to 60% of the patients during the
disease course. All anatomic thoracic compartments can
be involved in RA, including the pleura and pulmonary
parenchyma, as well as small and large airways.“
Clinical presentation is heterogeneous, varying from being
asymptomatic to having progressive respiratory failure,
and may have acute or insidious onset.”* Pulmonary
involvement in RA usually occurs within five years after
the diagnosis of RA, but it is important to reinforce that
it may precede the articular involvement. (23

To evaluate the different pleuropulmonary manifestations
of RA, CT is essential because it allows not only the
detailing of the lesions, but also their precise location.
Additionally, CT is important to assess other etiologies
that may determine pulmonary lesions in patients with
RA, such as infections, drug-induced lung disease (DILD),
neoplasms, and response to treatment.®

Although there is no formal recommendation to screen
patients with RA for the presence of pleuropulmonary
involvement, screening may be recommended in those
with respiratory symptoms and/or changes in pulmonary
examinations, CT scans, or pulmonary function tests.
Additionally, patients with a higher risk of pulmonary
involvement due to factors such as male gender, older
age, smoking, positive results for anti-cyclic citrullinated
peptide antibodies, or high titers of rheumatoid factor
should undergo CT and pulmonary function evaluation.

The main pleuropulmonary manifestations that may
occur in patients with RA include interstitial lung disease
(ILD), pleural disease, pulmonary arterial hypertension
(PAH), rheumatoid lung nodules, airway disease
(bronchiectasis and bronchiolitis), lymphadenopathy,
and DILD.

The objective of this pictorial essay was to present
the main tomographic pleuropulmonary manifestations
that may be identified in patients with RA (Chart 1).

ILD

ILD is one of the most common pulmonary manifestations
of RA and the second leading cause of mortality, primarily
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Chart 1. Summary of the main pleuropulmonary manifestations of rheumatoid arthritis.

Disease pattern

Radiological manifestations

Usual interstitial pneumonia Basilar and peripheral traction

Nonspecific interstitial
pneumonia

Organizing pneumonia

Lymphocytic interstitial
pneumonia

Desquamative interstitial
pneumonia

Inflammatory pleural
effusion

Pulmonary arterial
hypertension

Rheumatoid lung nodules

Bronchiectasis

Constrictive bronchiolitis

Follicular bronchiolitis

bronchiectasis, with or without
honeycombing

Exuberant honeycombing, straight edge
sign, and anterior upper lobe involvement

Basilar and peripheral ground-glass
opacities and fine reticulation; traction
bronchiectasis

Usually symmetric

Subpleural sparing may occur

Peripheral and peribronchovascular
consolidation; ground-glass opacities

Nodules and reversed halo sign may occur
less frequently

Lower lobe-predominant and
peribronchovascular thin-walled cysts

Ground-glass opacities and septal
thickening

Ground-glass opacities and mild
reticulation

Cysts may be found

Basal and peripheral predominance

Usually unilateral with small pleural
enhancement

Enlarged pulmonary arteries, dilatation of
right-sided cardiac chambers, and right
ventricular hypertrophy

Mosaic attenuation in the lungs as an
indirect sign

Round opacities with variable size, usually
multiple and cavitated

Usually in the subpleural region

Cylindrical, varicose, and cystic
bronchiectasis may occur

Bronchial wall thickening, bronchiectasis,
and mosaic attenuation pattern

Other features
Most common ILD pattern (60%)

Worst prognosis among all ILD patterns

Association with longer duration of joint
disease, lower risk of disease progression,
and greater treatment response

Abnormalities are often fleeting or
migratory

Usually has good prognosis

More commonly associated with Sjogren’s
syndrome

Rare and may precede the onset of RA by
years

Most patients are asymptomatic

Usually exudative with low glucose
levels, low pH levels, high LDH levels,
high rheumatoid factor titers, low total
complement activity, and low C3 and C4
levels

Rare and usually seen in older patients
with long-standing RA-ILD

Usually asymptomatic and associated with
subcutaneous nodules

Chronic suppurative infections, treatment
with disease-modifying antirheumatic
drugs, and genetic predisposition may be
related to bronchiectasis

More common in females and in those with
long-standing untreated disease

Airflow obstruction and air trapping in
pulmonary function tests

Small centrilobular nodules with branching Associated with RA or Sjogren’s syndrome

structures (tree-in-bud sign)
Air trapping and peribronchovascular and
septal thickening may also occur
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Chart 1. Summary of the main pleuropulmonary manifestations of rheumatoid arthritis. (Continued...)

Disease pattern
Caplan Syndrome

Lymphadenopathy Mediastinal or axillary

Drug-induced lung disease

Radiological manifestations

Multiple peripheral lung nodules with
(rheumatoid pneumoconiosis) cavitations or calcifications in some cases

Patterns suggestive of hypersensitivity
pneumonitis, eosinophilic pneumonia,

Other features

Associated with exposure to coal,
asbestos, or silica

May precede the onset of RA by more than
10 years

Most patients are asymptomatic
Approximately 70% of patients with RA
Patients may show signs of inflammatory

activity

Secondary to immune-mediated reaction
or direct toxicity

pulmonary edema, organizing pneumonia,

and diffuse alveolar damage

Diagnosis usually based on symptoms,
tomographic pattern, and time
between treatment initiation and drug
discontinuation

Symptoms usually improve with drug
discontinuation

ILD: interstitial lung disease; and RA: rheumatoid arthritis.

owing to respiratory failure, superimposed infection,
and lung cancer.(57) ILD is responsible for 10-20%
of RA-related mortality, and approximately 10% of
patients have clinically significant disease. RA-ILD
may determine a variable spectrum of presentations,
from acute to chronic ones, including diffuse alveolar
damage (DAD), organizing pneumonia (OP), and
fibrotic disorders.(®

Risk factors for RA-ILD include smoking, male sex,
older age, duration/activity of RA, and seropositivity
for rheumatoid factor or anti-cyclic citrullinated peptide
antibodies.*? Patients with RA rarely need to undergo
lung biopsy to confirm the diagnosis of ILD, which
is most of the time based on tomographic patterns.

Usual interstitial pneumonia associated
with RA

Usual interstitial pneumonia (UIP) is the most
common ILD pattern in RA, with a prevalence of
about 60%. UIP carries the worst prognosis among all
patients with ILD secondary to RA, the surviving rates
being quite similar to those of patients with idiopathic
pulmonary fibrosis (IPF)."® The main CT features are
basilar and peripheral traction bronchiectasis and/
or bronchiolectasis, with or without honeycombing,
and minimal or absent ground-glass opacities. ")
The imaging presentation of RA-UIP and IPF may be
identical. Chung et al.*2) have described three features
favoring the presence of autoimmune rheumatic
diseases as the etiology of UIP over IPF: exuberant
honeycombing; straight edge sign, characterized as
the isolation of fibrosis in the lower zones with sharp
demarcation between fibrotic and normal lung in the
craniocaudal plane and without substantial extension of
fibrosis along the lateral margins at coronal imaging;
and anterior upper lobe involvement (Figure 1).

Nonspecific interstitial pneumonia and
other ILD patterns

Nonspecific interstitial pneumonia (NSIP) is the
second most common ILD pattern in RA, occurring in
around one-third of cases.*®) NSIP is associated with
longer duration of joint disease, lower risk of disease
progression, greater treatment response, and better
outcomes when compared with UIP.(*3) There is no
difference in prognosis when comparing idiopathic NSIP
with autoimmune rheumatic disease-associated NSIP.”)
CT findings in NSIP include basilar- and peripheral-
predominant ground-glass opacities and reticulation,
with or without immediate subpleural sparing, and
traction bronchiectasis (Figure 2). The tomographic
presentation of NSIP is typically homogeneous and
symmetric, and traction bronchiectasis is often
relatively central in comparison with UIP.(2.10.11)

The third most common ILD pattern in RA is OP,
which tends to be more aggressive and to determine
more symptoms than does cryptogenic OP.(7:14)
Tomographic features of OP vary and commonly include
peripheral and peribronchovascular consolidations,
ground-glass opacities, and, less frequently, nodules
(Figure 3). A reversed halo sign, characterized by a
central ground-glass area surrounded by a complete
or incomplete ring of peripheral consolidation, and
perilobular opacities may also be identified. These
abnormalities are often fleeting or migratory.(20-:1)

Lymphocytic interstitial pneumonia (LIP) is a
benign lymphoproliferative ILD that may occur in
patients with RA, but more commonly occurs in
association with Sjégren’s syndrome (SS). Because
secondary SS is the most common extra-articular
manifestation in RA, affecting approximately 35%
of patients, cases of LIP in RA may be associated
with SS.(:3) LIP is part of a continuum of reactive

J Bras Pneumol. 2023;49(1):20220466
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Figure 1. CT scans of an 87-year-old male patient with rheumatoid arthritis, usual interstitial pneumonia, and exuberant
honeycombing. In A, axial reconstruction: large and predominantly peripheral cysts, and some areas with traction
bronchiolectasis. In B, coronal reconstruction: lesions in the apicobasal axis.
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Figure 2. CT scans of a 37-year-old female patient with rheumatoid arthritis and nonspecific interstitial pneumonia.
In A, axial reconstruction: diffuse ground-glass opacities and fine reticulation, predominantly in the lower lobes. In B,

sagittal reconstruction showing subpleural sparing.

lymphoproliferation with follicular bronchiolitis.
CT findings of LIP include lower lobe-predominant
thin-walled cysts adjacent to vessels (perivascular
distribution), with or without septal thickening and
ground-glass opacities (Figure 4).(11.1€)

Interstitial lung abnormalities (ILAs) and ILD
are seen in up to 60% of individuals with RA, and
some patients with such lesions may have disease
progression with a significant impact on morbidity
and mortality rates.(?7:1%) Estimates of the rate of
imaging progression of ILAs range from 20% to
48% over five years. Additionally, the increase in
the rate of mortality was most strongly associated
with the imaging progression of ILAs, and specific
imaging patterns indicative of pulmonary fibrosis were
associated with earlier mortality.**) Kawano-Dourado
et al.,*”) in a retrospective study with patients with

J Bras Pneumol. 2023;49(1):e20220466

RA, quantified the initial CT pattern as compared to a
second CT four years after the initial imaging. Of the
56 individuals with ILA/ILD, 21 (38%) had imaging
evidence of disease progression. Subpleural distribution
and higher baseline ILA/ILD extent were predictors
of a higher risk of imaging progression. However,
prospective longitudinal studies with patients with
RA-ILA are necessary to better the understanding of
the impact and the risk of progression of ILA.

Desquamative interstitial pneumonia (DIP) is a rare
subtype of ILD. Although DIP is usually associated
with exposure to tobacco smoke, some cases have
been associated with autoimmune rheumatic diseases
such as RA. Tomographic features of DIP®® include
ground-glass opacities with mild reticulation, basal
and peripheral predominance, and, less frequently,
cystic lesions (Figure 5).
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Figure 3. CT scans in axial (in A) and sagittal (in B) reconstructions of a male patient with rheumatoid arthritis. The
scans demonstrate peripheral and peribronchovascular consolidations, which is compatible with organizing pneumonia.
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Figure 4. CT scans of a 60-year-old female patient with rheumatoid arthritis and lymphocytic interstitial pneumonia.
Axial (in A) and coronal (in B) reconstructions show thin-walled cysts with variable sizes and discrete ground-glass
opacities, predominating in the lower lobes and along the peribronchovascular bundle.

PLEURAL MANIFESTATIONS

Pleural disease is considered the most common
thoracic manifestation in patients with RA and was
identified in 73% of patients in a postmortem study.?*)
However, most patients are asymptomatic, and few
present with chest pain or dyspnea.(*?) The most
common pleural manifestations are effusions and
pleurisy, with a prevalence of approximately 3% and
20%, respectively.®

Pleural effusion can occur due to pleural inflammation
(Figure 6), infections, or RA-associated cardiac disease
in patients with RA. Pleural effusions secondary to
cardiac failure are usually bilateral, which is different
from those secondary to pleural inflammation or
infections, which are usually unilateral and present
with small volume. Pleural effusion associated with
inflammation is usually exudative with low glucose

levels (£ 25 mg/dL), low pH levels (< 7.3), high LDH
levels (> 700 IU/L), high rheumatoid factor titers,
and low total complement activity levels, as well as
low C3 and C4 levels. Chronic pleural inflammation
may result in pleural involvement with thickening
of both parietal and visceral pleurae, which is quite
similar to empyema. Pleural involvement can also be
nodular, mimicking neoplasms.

Pleural effusion may be transient, persistent, or
relapsing, and when untreated or recurrent, pleuritis
can lead to pleural fibrosis, trapped lung, and lung
restriction.®) Bronchopleural fistulae and pneumothorax
are other less common findings that are usually
associated with the rupture of rheumatoid lung
nodules. Bronchopleural fistulae, immunosuppression,
and chronic pleural disease fistulae increase the risk
of empyema. (%

J Bras Pneumol. 2023;49(1):e20220466
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Figure 5. CT scans of a 45-year-old female patient with rheumatoid arthritis and desquamative interstitial pneumonia.
Axial (in A) and coronal (in B) reconstructions demonstrate diffuse ground-glass opacities, interlobular septal thickening,

and cysts, predominating in the lower lobes.

Figure 6. Axial reconstruction of a CT scan of a female
patient with a left pleural effusion secondary to rheumatoid
arthritis.

PAH

In patients with RA, PAH may be seen in isolation
or in association with ILD. It is rare as an isolated
finding in RA and is more common in older patients
with long-standing ILD. PAH can lead to chronic
respiratory failure and right heart failure, and it rarely
occurs secondary to RA vasculitis.*4:22)

Direct CT findings of PAH are enlarged pulmonary
arteries, main pulmonary artery diameter to ascending
aorta diameter ratio > 1, dilatation of right-sided
cardiac chambers, and right ventricular hypertrophy.
Indirect signs in the lungs may be identified, such as
mosaic attenuation, indicating regional differences in
pulmonary perfusion.**

RHEUMATOID LUNG NODULES

Rheumatoid lung nodules or necrobiotic lung nodules
are described in up to 20% of RA patients and are
usually associated with subcutaneous nodules.

J Bras Pneumol. 2023;49(1):e20220466

Patients are frequently asymptomatic but may
develop symptoms if nodules cavitate to the pleural
space. Rheumatoid lung nodules are characterized
on CT scans as round opacities, from few millimeters
to several centimeters in size, typically located in
the subpleural region, and are usually multiple and
cavitated (Figure 7A).(23:2%)

Because rheumatoid lung nodules have radiological
characteristics quite similar to those of granulomatous
and neoplastic diseases, they may represent a
diagnostic challenge. Imaging features more commonly
associated with rheumatoid lung nodules as compared
to malignancy include multiplicity, smooth border,
cavitation, satellite nodules, and pleural contact.*?*
Histologically, rheumatoid nodules are composed of
central fibrinoid necrosis surrounded by palisading
epithelioid histiocytes and peripheral, chronic
inflammatory cells.

The risk of malignancy in RA, such as primary
lung cancer and lymphoproliferative disorders,
particularly diffuse B-cell lymphoma, is overall 10%
higher in comparison with that observed in the
general population. Higher rates of malignancy may
be explained by RA host factors, such as immune-
mediated mechanisms, inflammation, viruses, and
genetic predispositions, and non-RA risk factors, such
as smoking, chronic lung inflammation, and pulmonary
fibrosis.”*) Adenocarcinoma is the most common
histopathological pattern of lung cancer in patients
with RA,* followed by squamous cell carcinoma and
small cell carcinoma (Figures 7B and 7C).

Caplan syndrome

Caplan syndrome (rheumatoid pneumoconiosis)
was first described in a large cohort of coal miners
with RA in 1953,** and it can be associated with
exposure to coal, asbestos, or silica. The prevalence
is less than 1% in the USA in autopsy series'*® and is
more common in patients with silicosis. The disease is
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characterized by the presence of multiple peripheral
rheumatoid lung nodules and may precede the onset
of arthritis by more than ten years. Radiographically,
nodules tend to form rapidly and persist over years,
approximately 10% of which developing cavitations
or calcifications.” The nodules vary from 0.5 to 5
cm and may coalesce (Figure 7D).

Most patients with Caplan syndrome are
asymptomatic, and there is no impact on their
pulmonary function test results.® Although a causal
link between RA and dust exposure has not been
completely established, it has been hypothesized
that exposure to foreign particles leads to chronic
immune activity that might facilitate the formation
of autoantibodies, promoting the occurrence of RA.
Indeed, pneumoconiosis may be associated with
increased formation of immune complexes and
increased rheumatoid factor levels, even without a
definitive autoimmune diagnosis. The question of
individual susceptibility remains unanswered.(%2%)

. 4

AIRWAY DISEASE

Bronchiectasis

Previous studies described bronchiectasis in 30-40%
of RA patients.*?”) Since bronchiectasis may be
clinically silent, the real prevalence may be even
greater (Figure 8). Chronic suppurative infections,
treatment with disease modifying anti-rheumatic
drugs, and genetic predisposition are some of the
hypotheses associated with the development of
bronchiectasis. Of note, a higher mortality rate was
described in patients with RA and bronchiectasis than
in those with either condition alone.?”

Bronchiolitis

Constrictive and follicular bronchiolitis may occur
in patients with RA. Constrictive bronchiolitis, also
known as obliterative bronchiolitis, is characterized
by bronchiolar inflammation with submucosal
peribronchial fibrosis associated with luminal stenosis
and occlusion. Although uncommon, it is a severe and

3
¥

Figure 7. In A, a CT scan in axial reconstruction of a 50-year-old female patient with rheumatoid arthritis shows multiple
bilateral subpleural nodules, the largest one being cavitated in the left lower lobe, which is compatible with rheumatoid
nodules. In B, a CT scan in axial reconstruction of a patient with rheumatoid arthritis demonstrates a pulmonary nodule
in the upper right lobe. Histopathological analysis was compatible with lung adenocarcinoma. In C, a CT scan in axial
reconstruction of a patient with rheumatoid arthritis shows a pulmonary nodule in the lower right lobe. Histopathological
analysis was compatible with lung adenocarcinoma. In D, a CT scan in axial reconstruction of a 68-year-old male patient
with rheumatoid arthritis and Caplan syndrome demonstrates subpleural nodules predominantly in the upper lobes,

one with central cavitation.
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potentially fatal condition. Constrictive bronchiolitis
in RA is more common in females and in those with
positive rheumatoid factor results and long-standing
untreated disease, but it may also occur secondary
to use of medications, including sulfasalazine.>?”
Patients usually develop progressive dyspnea, cough,
and bronchorrhea, and it may occur in the absence
of other systemic symptoms.(??) Pulmonary function
tests usually show airflow obstruction and air trapping.
Tomographic findings include bronchial wall thickening,
bronchiectasis, and a mosaic attenuation pattern, with
areas of decreased lung attenuation representing air
trapping (Figure 9A). Additional expiratory CT images
are helpful in this setting to confirm the presence of
air trapping.®

Follicular bronchiolitis is characterized by reactive
hyperplasia of bronchus-associated lymphoid tissue.
It is usually secondary to autoimmune rheumatic
diseases, mainly RA and SS, and has good prognosis.
Tomographic features of follicular bronchiolitis include

—

Figure 8. A CT scan in axial reconstruction of a 54-year-
old female patient with rheumatoid arthritis demonstrates
cylindrical, varicose, and cystic bronchiectasis in the right
lung.

small centrilobular nodules with branching structures
(tree-in-bud sign), corresponding to bronchial dilation,
wall thickening, and mucoid impaction (Figure 9B).
Air trapping and peribronchovascular and septal
thickening may also be seen and correspond to
proliferative lymphatic tissue.*27)

Lymphadenopathy

Axillary and mediastinal lymph node enlargement
may occur in 20-70% of patients with RA, especially
in those with RA-ILD.“2% The biology underpinning
this enlargement remains unclear. However, migration
of immune cells from the peripheral circulation
through mediastinal lymph nodes to the lungs has
been suggested to contribute to pulmonary fibrosis.
(2%) Furthermore, patients with either mediastinal or
axillary lymphadenopathy showed significantly higher
simple disease activity index than did those with
no lymphadenopathy, which is a valid and sensitive
tool to assess disease activity in patients with RA.
Therefore, lymphadenopathy may be associated with
signs of inflammatory activity in RA and is usually
mild (Figure 10). Although lymphadenopathy in RA
patients is mostly part of an inflammatory process,
it is essential to exclude the presence of a malignant
process or sarcoid reaction in those using TNF-a
inhibitors. =%

DILD

DILD in patients with RA can occur by immune-
mediated reactions related to the mechanism of
action of the drug or due to its direct toxicity and
is usually associated with use of disease-modifying
antirheumatic drugs and nonsteroidal anti-inflammatory
agents.®* The onset of DILD can be within days or
years after treatment initiation with the suspected
drug, but symptoms are nonspecific. The most common
radiologic patterns of drug toxicity are: hypersensitivity
reaction, resembling hypersensitivity pneumonitis,

Figure 9. In A, a CT scan in axial reconstruction of a 60-year-old female patient with rheumatoid arthritis and constrictive
bronchiolitis demonstrates bronchial wall thickening, bilateral centrilobular opacities, bronchiectasis, and mosaic
attenuation pattern, compatible with air trapping. In B, a CT scan in axial reconstruction of a 50-year-old female patient
with rheumatoid arthritis and follicular bronchiolitis shows diffuse small centrilobular nodules, tree-in-bud opacities,
some bronchiolectasis, and bronchiolar wall thickening, predominating in the lower lung zones.
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eosinophilic pneumonia, pulmonary edema, OP, and
DAD. The diagnosis is based on clinical and imaging
findings, as well as the time between treatment
initiation and drug discontinuation and, less frequently,
on histopathological findings. The main differential
diagnoses include RA-ILD progression or exacerbation,
infection, and cardiogenic pulmonary edema.

Methotrexate-induced lung disease is the archetype
of drug-induced pulmonary toxicity in patients with
RA, usually occurring early with the beginning of
therapy. The most common CT and histologic findings
of methotrexate-induced lung disease are similar to
those of hypersensitivity pneumonitis (Figures 11A and
11B). Other patterns include OP and DAD. Symptoms
usually improve with drug discontinuation. In a
case-control study*) with discovery and international
replication samples, the association of methotrexate
exposure with ILD was evaluated in 410 patients with
chronic fibrotic ILD associated with RA (RA-ILD), and
673 patients with RA without ILD. The results suggested
that methotrexate use was not associated with an
increased risk of RA-ILD in patients with RA and that
ILD was often detected later in methotrexate-treated
patients.V

The use of TNF-a inhibitors is frequently associated
with infectious and noninfectious granulomatous
lung disease, DAD, and, less often, pulmonary
fibrosis. Sarcoidosis-like disease in patients with RA
is more common in those that received etanercept.
Tomographic features are similar to the typical
findings of sarcoidosis, including micronodules and
lymphadenopathy (Figures 11C and 11D). Another
pattern that can occur is OP, associated with DAD or
as a distinct DILD. Rituximab is used in patients with
an inadequate TNF-a inhibitor response and can also
lead to DAD and OP.®

Leflunomide can lead to ILD exacerbation,
accelerated formation of pulmonary rheumatoid
nodules, and diffuse alveolar hemorrhage. Nonsteroidal

anti-inflammatory drugs, including ibuprofen, aspirin,
and acetaminophen, have been reported as potential
etiologies for DILD and may present as allergic-type
reactions, such as eosinophilic pneumonia and
pulmonary edema. 4

FINAL CONSIDERATIONS

It is essential to evaluate the presence of respiratory
symptoms and objective pleuropulmonary involvement
regularly in patients with RA due to the high prevalence
of pleuropulmonary manifestations and their potential
to increase morbidity and mortality. ILD is associated
with worse prognosis, mainly the UIP pattern.

CT is an indispensable tool to evaluate the several
potential pleuropulmonary manifestations that
may occur in patients with RA and often allows the
establishment of a diagnosis without the need of
histopathological analysis. The widespread use of CT
increased the identification of such manifestations,
although the differential diagnoses are variable and
often challenging, including infections, DILD, and
neoplasms.
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Figure 11. Drug-induced lung disease. In A and B, CT scans in axial reconstructions of a patient with rheumatoid arthritis
and lung toxicity associated with the use of methotrexate demonstrate diffuse ground-glass opacities, compatible with
hypersensitivity reaction. In C and D, CT scans in axial reconstructions of a patient with rheumatoid arthritis and sarcoid-
like reaction associated with the use of TNF-a inhibitor demonstrate diffuse, predominantly perilymphatic, micronodules.
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Pulmonary mucormycosis in a patient with
uncontrolled diabetes
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A 54-year-old obese woman with uncontrolled diabetes
mellitus (glycemia, 644 mg/dL; glycated hemoglobin, 21.7%)
presented with a 2-week history of fever and cough. The serological
test results for human immunodeficiency virus infection were
negative.

Chest radiography performed on admission showed
nonhomogeneous consolidations in both lungs (Figure 1A). Chest
computed tomography revealed multiple reversed halo signs
(RHSs) in both lungs, with low attenuation areas inside the halos
and thick outer rims of consolidation (Figure 1B, C). A pulmonary
biopsy revealed yeast and hyphae suggestive of mucormycosis
(Figure 1D). Therefore, the patient was diagnosed with pulmonary
mucormycosis. The patient had a poor prognosis and died 8 days
after admission.

Pulmonary mucormycosis, previously known as zygomycosis,
is a severe, invasive lung infection caused by filamentous fungi
belonging to the order Mucorales. It occurs almost exclusively in
diabetic and immunocompromised patients and has a mortality
rate exceeding 50%'2.

The clinical signs and imaging findings of pulmonary
mucormycosis are nonspecific, although the presence of RHS in
patients with neutropenia is highly suggestive of the disease. Some
morphological characteristics of RHS contribute to diagnostic
suspicion. Reticulation inside an RHS with an outer consolidation
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rim > 1 cm thick, strongly suggests invasive fungal infections,
particularly pulmonary mucormycosis®®. Although the definitive
diagnosis should be based on a biopsy, with the identification
of hyphae in infected tissues, the presence of an RHS with these
morphological characteristics should be sufficient for the early
initiation of appropriate therapy, thereby improving the outcome.

FIGURE 1: (A) Chest radiograph showing rounded focal consolidations with
hypertransparent centers in both lungs. Chest computed tomography images
with axial (B) and coronal reconstruction with minimum intensity projection
(C), demonstrating multiple reversed halo signs in both lungs, with low-
attenuation areas inside the halos and thick outer rims of consolidation.

(D) Grocott's special stain identifying the presence of fungal hyphae,
confirming the diagnosis of mucormycosis (x 100).
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ABSTRACT

Intrathoracic fat-containing lesions may arise in the mediastinum, lungs, pleura, or chest wall. While CT can be helpful
in the detection and diagnosis of these lesions, it can only do so if the lesions contain macroscopic fat. Furthermore,
because CT cannot demonstrate microscopic or intravoxel fat, it can fail to identify and diagnose microscopic fat-
containing lesions. MRI, employing spectral and chemical shift fat suppression techniques, can identify both macro-
scopic and microscopic fat, with resultant enhanced capability to diagnose these intrathoracic lesions non-invasively
and without ionizing radiation. This paper aims to review the CT and MRI findings of fat-containing lesions of the chest

and describes the fat-suppression techniques utilized in their assessment.

INTRODUCTION

Intrathoracic fat-containing lesions may arise in the
mediastinum, lungs, pleura, or chest wall. CT can be
helpful in the detection and diagnosis of these lesions.
However, CT is solely able to identify macroscopic
fat-containing lesions that contain tissue similar in
attenuation to the subcutaneous fat of the chest wall.!
Because CT cannot demonstrate microscopic or intra-
voxel fat, it can fail to identify and diagnose micro-
scopic fat-containing lesions. Such lesions may exhibit
water attenuation or higher attenuation values on CT,
confounding interpretation. MRI, employing spectral
and chemical shift fat suppression techniques, can iden-
tify macroscopic fat and microscopic fat, respectively,
with resultant enhanced capability to diagnose these
intrathoracic lesions non-invasively.? An additional
advantage of MRI over CT in depicting fat is its ability
to do so without ionizing radiation. Several MRI tech-
niques have been developed over the past few decades
to handle the challenges posed by cardiorespiratory
motion. In addition, inflation-adjusted MRI costs have

dropped considerably over the last few decades.®*
MRT’s primary remaining disadvantage compared with
CT is its significantly longer image acquisition time.’

Magnetic resonance fat suppression can be achieved
by two primary means and for two different purposes':
spectral fat suppression or “fat saturation” to identify
the presence of macroscopic fat, and? fat suppression by
chemical shift gradient-echo imaging for identification
of microscopic fat.>® On MRI, macroscopic fat within a
lesion appears hyperintense on T'- and T, weighted fast
spin-echo images and on in-phase T| weighted images.
When spectral fat suppression is utilized, the macro-
scopic fat signal is suppressed, an occurrence often
referred to as “fat-saturation.” Spectral fat suppression
can also be employed to enhance the soft tissue contrast
of non-macroscopic fat-containing tissues, highlighting
the T2-hyperintensity of non-fatty lesions and magni-
fying the enhancement of lesions on post-contrast
T, weighted imaging. When in- and opposed-phase
chemical shift MRI is employed, areas within a lesion
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containing intravoxel fat and water that are imperceptible by
CT, so-called “microscopic fat,” suppress on opposed-phase
imaging. The term “fat-suppression” is correct terminology
for both scenarios, though it is more commonly used in the
latter context, with “fat-saturation” used more commonly in
the context of spectral fat suppression.®™

This paper aims to review the CT and MRI findings of
various fat-containing lesions of the chest and describe the
fat-suppression techniques used in their assessment.

FAT SUPPRESSION TECHNIQUES

Fat suppression is achieved via several techniques, each
with specific capabilities.”™® Fat suppression techniques
take advantage of the difference in resonance frequency
between protons in fat and water milieus. Fat-water separa-
tion methods are based on: (1) the water—fat chemical shift
(resonance frequency difference); (2) the short T1 of fat; or
(3) both (hybrid techniques).

Chemical-shift techniques

Two-dimensional in- and opposed-phase chemical shift MRI.
There are two forms of chemical shift artifact: Type 1 and
Type 2. Type 1 occurs along the axis of the frequency-
encoding gradient on an MR image.® As spatial encoding
by MRI depends on inferring the spatial position from
the precession frequency, a water proton and a fat proton
located at the same physical position will be mildly shifted
within an image due to their different precession frequen-
cies. This spatial misregistration creates a shift in the spatial
location in the frequency-encoding direction and can occur
not only with gradient echo imaging but also with spin echo
imaging.®? This artifact appears as a dark and/or white
bands at the interface between water-containing soft tissue
and fat. Type 2 chemical shift artifact, also known as phase
cancellation, occurs only with gradient echo sequences and
is related to the phase shift between water and lipid protons.
It solely occurs in the phase-encoding direction.

In- and opposed-phase MRI takes advantage of Type 2
chemical shift artifact to identify the presence of intravoxel
fat (so-called microscopic fat) and water within tissue.
Images are acquired using T, weighted gradient-recalled
echo (GRE) sequences. By selecting the appropriate time-
to-echo (TE), the signal from water and fat protons in the
same voxel can be made to interact constructively (in-phase
TE) or destructively (opposed-phase TE). Destructive
interference yields nulling of the signal within voxels
containing both fat and water. By its very nature, opposed-
phase imaging will not suppress or null signal within voxels
containing primarily adipocytes. Therefore, this tech-
nique will not suppress the signal from adipose tissue or
macroscopic fat,® though it will null signal at the interface
between macroscopic fat-containing and water-containing
structures to yield a chemical shift artifact known as “India
ink artifact.” In the context of chest imaging, chemical shift
MRI is performed during a < 20s breath-hold, to freeze
respiratory motion and help ensure good imaging quality.

Hochhegger et af

Depending on the MRI scanner, MRI software package, and
craniocaudal length of the patient’s chest, axial coverage
ranging from one-third to nearly all of the chest can be
achieved in a single 20 s breath-hold. The diagnostic utility
of this technique lies in its sensitivity for detection of small
amounts of fat in a lesion or organ, imperceptible to the
eye on CT and non-chemical shift MRI, including that
in adrenal adenomas, hepatic steatosis, normal thymus,
thymic hyperplasia, and microscopic fat-containing pulmo-
nary hamartomas.®!-12

The Dixon technique. The Dixon method is a three-
dimensional (3D) volume acquisition technique for acquisi-
tion of in- and out-of-phase imaging. In a single breath-hold
acquisition, it acquires 3D in- and opposed-phase images,
and then, upon post-processing, yields water-only images
which suppress all macroscopic fat on the image and fat-only
images which suppress all water-containing structures in the
image. This technique therefore enables detection of micro-
scopic fat via the initially acquired in- and opposed-phase
T, weighted images and detection of macroscopic fat via
the subsequent, mathematically derived water-only images.
Water-only images amplify the signal of water-containing
structures while suppressing macroscopic fat. The appear-
ance of the water-only images resembles that of spectrally
fat-suppressed T, weighted imaging. The Dixon method
achieves both forms of fat suppression upon post-processing
by summing the in-phase (water + fat) and opposed-phase
(water - fat) images to produce a pure water-only image:

(water + fat) + (water - fat) = pure water-only

image and by subtracting the in- and opposed-phase images to
produce a pure fat-only image:

[(water + fat) - (water - fat) = pure fat-only image‘r"8 (Figure 1).

Fat quantification is also possible.!* The in- and opposed-
phase images and fat- and water-only images acquired by the
Dixon technique are obtained during a single, typically 20s,
breath-hold acquisition, allowing image co-registration and
shortening of body MR imaging protocols. The Dixon tech-
nique has been used broadly for imaging of the abdomen,
limbs, extremities, and spine as well. DIXON is preferred to
2D-chemical shift MR imaging for 3T MRI to ensure proper
TE selection and accurate quantification of percentage
signal dropout.

Disadvantages of the Dixon technique include: (1) its occa-
sional unpredictable and inconsistent flip of water-only
and fat-only post-processing within a given water-only or
fat-only series of images. This water-only/fat-only post-
processing swap can occur just over the lesion itself, with the
remainder of the image exhibiting the appropriate, expected
water or fat suppression. It is essential to be aware of this
potential mishap to avert image misinterpretation/errors in
tissue characterization; (2) occasionally, it too does not yield
satisfactory, homogeneous macroscopic fat suppression; and
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Figure 1. 43-year-old male with pulmonary hypertension. Axial 7; weighted Dixon sequence with in-phase (a), opposed-phase
(b), and water-only (c) images. Axial T, weighted sequence with CHESS (d),STIR (e), and SPAIR (f) images showing variable
degrees of fat saturation in the same patient at similar levels. In this example, the SPAIR sequence (f) yields the most selective
fat-suppression due to its relative insensitivity to magnetic field inhomogeneity. CHESS, chemical shift selective; SPAIR, spectral

attenuated inversion recovery; STIR, short tau inversion recovery.

(3) the image quality may be of lesser quality than standard
2D in- and opposed-phase imaging.

Spectral fat saturation (Fat-sat)/Chemical shift
selective (CHESS)

Fat saturation imaging helps increase soft tissue contrast. It
highlights edema and blood products on T;- and T, weighted
images and gadolinium-enhanced tissue on T; weighted
images by eliminating the high-intensity signal of fat; in
doing so, the full spectrum of contrast gradations available
at the display workstation can be applied to a narrower spec-
trum of contrast gradations in the acquired image data set.
Macroscopic fatty tissue is extremely water-poor. Spectral fat
suppression is achieved by tuning a narrow radiofrequency
(RF) pulse to the resonance frequency of protons in a fatty
milieu and rotating their magnetization into the transverse
plane. A spoiler gradient is then applied to the transversely
magnetized fat protons to dephase them. The resultant
nulling of fat signal primarily leaves protons in water milieus
to produce signal, highlighting non-fatty tissues, most of
which contain varying amounts of water>® (Figure 1). This
technique is very versatile and can be appended to any
Ti- or T, weighted pulse sequence. It requires a homoge-
neous magnetic field to work correctly and thus may fail
around metallic hardware, imaging far from isocenter, or
in anatomic regions with susceptibility distortions (sinuses,
head, and neck, and in some areas of the mediastinum,
including the thymus and distal esophageal region). The
term “CHESS” refers to “CHEmical Shift Selective” suppres-
sion in the context of spectrally selective suppression of
water or fat, not in- and opposed-phase chemical shift MRI
imaging. The term “fat saturation” or “fat-sat” refers specif-
ically to spectrally selected suppression of the fat peak. The
selective fat suppression version of CHESS is commonly
used for T} weighted contrast-enhanced MR imaging. Unlike
short tau inversion recovery (STIR) imaging, another form

of fat suppression to be discussed below, it is not affected
by the tissue T1 value, which is shortened using intrave-
nous contrast material. It is also employed with T, weighted
imaging, when increased conspicuity of the T2 signal of a
lesion or soft tissue edema is desired.

Fat suppression based on the short T1 of fat

Short tau inversion recovery (STIR) imaging. STIR is another
widely used sequence and is applicable at all MRI field
strengths. Because fat has a shorter T1 than nearly all other
tissues in the body, its signal can be selectively nulled using a
magnitude-reconstructed inversion recovery sequence with
short time-to-inversion (T1) values (150-180 ms at 1.5T)°"%
(Figure 1). This spin echo, as opposed to gradient echo,
method is relatively insensitive to field inhomogeneities and
can be used near metal and over large fields of view. STIR
imaging has its limitations, however. The signal intensity in
inversion-recovery sequences is related to the absolute value
of the longitudinal magnetization (i.e. regardless of whether
it has passed the null point). Therefore, tissue with a short
T1 and tissue with a long T1 may produce the same signal
intensity.”® The most misleading and disadvantageous
aspect of STIR imaging is that fat is not the only tissue type
that can be suppressed. The signal from tissue or fluid with
a T1 similar to that of fat will also be suppressed, including
mucus, hemorrhage, proteinaceous fluid, melanin, and gado-
linium. Thus, STIR should not be used for demonstration of
contrast enhancement upon intravenous gadolinium admin-
istration. Furthermore, STIR should not be used in concert
with diffusion-weighted imaging (DWI) (STIR-DWI) after
i.v. contrast administration.™® Lack of awareness of STIR’s
disadvantages or pitfalls can lead to diagnostic error.

Hybrid techniques
SPIR and SPAIR. These techniques combine a greater-
than-90° CHESS pulse with an inversion delay and spoiling
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Table 1. Additional imaging features of fat-containing mediastinal, lung, pleural, and chest wall lesions which contribute to diag-

nostic specificity

Lesion

Typical imaging findings

Mediastinal lipomatosis

Abundant, symmetrically distributed, mature, macroscopic adipose tissue in the mediastinum, without
significant displacement of or mass effect on vital structures.

Thymic hyperplasia Excess thymic tissue for age, without aggressive or invasive appearance; may contain macroscopic or
microscopic fat and occasionally no CT- or MR-detectable fat.
Thymolipoma An often large, malleable, well-defined, macroscopically fatty mass in the anterior or prevascular

mediastinum, which drapes along the heart.

Mature teratomas/dermoid cysts

Mass usually in the prevascular mediastinum, that may contain calcifications (latter usually T1/T2-

hypointense on MRI) and fat (macro- and/or microscopic). Presence of fat-fluid level may be diagnostic.

Lipomatous hypertrophy of the interatrial
septum

Non-encapsulated, well-circumscribed fatty tissue involving the interatrial septum; fat is macroscopic.

Arrhythmogenic right ventricular dysplasia

Late gadolinium enhancement on MRI and dysmotility of anterior right ventricular wall, on MRI, gated
CT, or echocardiography. In MR imaging, detection of intramyocardial fat within the RV wall as signal
voids employs using spectrally selective fat suppression with the black blood sequences.

Post-myocardial infarction lipomatous
metaplasia

Thinned myocardial wall that presents with contraction abnormalities and macroscopic fat-containing
areas within the myocardium

Extramedullary hematopoiesis

Paraspinal soft tissue mass(es), sometimes with associated rib expansion; fat may be macroscopic or
microscopic

Pulmonary hamartoma

Pulmonary nodule of variable CT attenuation and MRI signal depending upon lesion content, whether
fatty, cartilaginous, mixed fatty-cartilaginous, or other; fat content may be macroscopic or microscopic

Lipoid pneumonia

Chronic, fat-containing consolidative lesion with gravitational distribution; fat may be macroscopic or
microscopic

Lipoma Well-defined margins; homogeneous CT isoattenuation and MRI isointensity to subcutaneous
macroscopic fat

Liposarcoma Usually contains macroscopic fat, with or without soft tissue components; often >10 cm, with thickened
septa, and nodular soft tissue, mass effect, and displacement of adjacent structures; enhancement of soft
tissue component is more readily discernible by MRI than CT

Lipoblastoma Large mediastinal lesion with septations, non-fatty and macroscopic fatty components, contrast

under the age of 3 years.

enhancement of non-fatty component, and compartmental invasion, typically presenting in children

to null the signal from fat. The main difference between
SPIR (spectral presaturation with inversion recovery) and
SPAIR (spectral attenuated inversion recovery) is that the
latter uses a full 180° adiabatic inverting pulse insensitive
to BO inhomogeneity.'* As a result, both SPIR and SPAIR
are less sensitive to BO field inhomogeneity and selec-
tively suppress fat, in contrast to STIR that suppresses all
tissues with short T1 values including fat. Also, SPIR/SPAIR
sequences have higher signal-to-noise than STIR.'* These
advantages explain the increasing use of these sequences
for fat suppression at MR imaging with high-field-strength
magnets which are prone to greater magnetic susceptibility
artifact (Figure 1).

CLINICAL APPLICATIONS IN THE CHEST
Mediastinum

Mediastinal lipomatosis and hernias involving the
mediastinum

Both CT and MRI readily depict and facilitate the diagnosis of
mediastinal lipomatosis and hernias involving the mediastinum,
because these entities contain macroscopic fat. Mediastinal
lipomatosis is a benign excessive deposition of mature adipose
tissue in the mediastinum.'® It is a benign cause of mediastinal
widening on chest radiographs. Both imaging modalities will

demonstrate abundant, fairly symmetrically distributed, mature,
macroscopic adipose tissue in the mediastinum, without signifi-
cant displacement of or mass effect on vital structures.'®

Hiatal hernias often carry perigastric fat into the mediastinum,
along with adjacent stomach and occasionally other abdominal
content, sometimes with a disproportionate amount of fat to
bowel. Bochdalek and Morgagni hernias manifest as fatty medi-
astinal masses as a result of herniation of fatty intra-abdominal
content through congenital defects in the posterior and antero-
medial aspects of the diaphragm, respectively.!” Retroperitoneal
fat and occasionally a portion of the kidney herniate into the
chest via a Bochdalek hernia. Morgagni hernias mimic paracar-
diac fatty masses to some extent, however the anterior abdom-
inal fat and associated normal mesenteric vascular branches
which supply it can be tracked upward through the anteromedial
diaphragmatic defect into the chest along the heart, differenti-
ating it, e.g. from a thymolipoma and a liposarcoma. Thymo-
lipomas are not associated with a diaphragmatic defect and a
liposarcoma tracking from abdomen to chest would displace
normally arborizing mesenteric vessels. When the presence
of a diaphragmatic defect is in question on CT, however, most
commonly when overlying the isoattenuating liver or spleen in
the context of traumatic diaphragmatic rupture, the higher soft
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MRI of fat-containing lesions in the chest.

Figure 2. 37-year-old male undergoing therapy for lym-
phoma. Axial CT image (a) shows excess thymic soft tissue for
age. Axial in-phase T; weighted MR image (b) demonstrates
partially fatty-intercalated T1-isointense soft tissue in the pre-
vascular mediastinum, without compression or invasion of
adjacent structures. Axial out-of-phase MR image (c) shows
qualitative loss of signal intensity of this tissue, indicating the
presence of microscopic fat and thereby proving the tissue to
represent thymic hyperplasia.

tissue contrast of T, weighted MRI can be employed to prove
or exclude the presence of a diaphragmatic defect. On CT, the
diaphragm is isoattenuating to the underlying liver and spleen.'
On MRI, because the skeletal muscle of the diaphragm is T2-hy-
pointense and the liver and spleen are of intermediate T2 signal,
the diaphragm is more easily discernible from these organs, as is
any discontinuity of the diaphragm (Table 1).

Normal thymus and thymic hyperplasia

As patients age, the normal thymus is progressively replaced
by fat, a process with a variable time course per individual and
within the thymus itself. As fatty atrophy occurs, the thymus
becomes microscopically fatty before it becomes macroscopically
fatty. In patients who have a delayed time course of fatty atrophy
of the thymus or who have true or lymphoid thymic hyperplasia,
thymic soft tissue may be present or reappear in adulthood'®"?
and risks misinterpretation as thymoma and lymphoma.?
Because chemical-shift MR imaging can detect microscopic fat,
it can detect earlier fatty change than CT and has been used to
distinguish normal thymus and thymic hyperplasia from thymic
tumors (Figure 2) in most adults, but not in children and young
adults whose thymuses have not yet begun to atrophy. Ascer-
taining the percentage signal dropout with the signal intensity
index (SII) ([(lesion in-phase signal intensity - lesion out-phase
signal intensity) / lesion in-phase signal intensity] * 100%) has
been used to distinguish normal thymus and thymic hyperplasia
from thymic tumors using a SII cut-off greater than 8.92%, with
sensitivity of 100% and specificity of 100%.'® There should be
no signal dropout within thymic epithelial tumors (TETs) and
lymphoma. In contrast, there is signal dropout in the normal
thymus and thymic hyperplasia in most adults. Use of the SII
calculation requires that the in/opposed-phase MRI acquisi-
tion be by dual echo technique. If not, the chemical shift ratio
(CSR) calculation must be used, with careful ROI placement not
only over the thymic tissue of interest, but also over a non-fatty
chest wall muscle in the same image and avoidance of associ-
ated pitfalls.?! It is important to remember that normal thymus
and thymic hyperplasia in children would not be expected to
suppress on opposed-phase imaging on account of insufficient
fatty atrophy. Occasionally, normal and hyperplastic thymus
does not suppress in adults as well. An adjunctive tool in such
cases is to employ diffusion-weighted MR imaging with apparent
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diffusion coefficient (ADC) mapping. TETs and lymphomas
will restrict water diffusion, whereas normal thymic tissue and
hyperplasia will not.*>*

Thymolipoma

Thymolipoma is a rare benign tumor of the thymus, histologically
composed of normal thymic tissue and mature adipose tissue,
with the highest incidence in young adults. Patients may be
asymptomatic, present with compression symptoms, or present
extremely rarely with myasthenia gravis.** On CT, macroscopic
fat and soft tissue attenuation material are demonstrated within
these masses. Like CT, MRI will demonstrate the macroscopic fat
within the mass (Figure 3).

Germ cell tumors

Germ cell tumors (GCTs) arise along the midline craniocaudally,
from the pineal gland down to the presacral region.” They form
due to the incomplete migration of primitive germ cells during
the early stage of embryonic development.”> Most GCTs arise in
a gonadal tissue; however, 50-70% of extragonadal GCTs occur
in the mediastinum.?> GCTs are broadly classified as teratoma-
tous and non-teratomatous.?

Teratomas are composed of various internal constituents
including fat, soft tissue, calcification, and fluid. These are easily
identifiable on MRI, with the exception of calcification, which
CT more reliably and definitively identifies. Intralesional macro-
scopic fat has high signal intensity on T;- and T, weighted images,
which is suppressed by spectral fat-suppression (Figure 4).%
When present, a fat-fluid level may be diagnostic.”> Occasionally,
these tumors may contain only microscopic fat in its fluid and/or
soft tissue component, which CT will fail to detect, but chemical
shift MRI will demonstrate.

Intracardiac fatty lesions

Ectopic intracardiac fat is a common finding in thoracic imaging
in both healthy and diseased patients. Physiologic ectopic cardiac
adipose tissue may be present without clinical consequence.?® It
has been observed during routine chest and cardiac CT and MR
imaging and is more frequent in the right ventricle (RV) than in
the left ventricle (LV), with an overall prevalence of RV ectopic
intramyocardial fat of 16-43%.2° In the elderly, physiologic RV
myocardial fat can be found, with linear or patchy morphology
in the free wall, in the subepicardial layers of anterolateral or
apical segments, and along the RV outflow tract (RVOT), in
concert with preserved or increased myocardial thickness. Fat in
the LV wall can indicate an old myocardial infarct.

Lipomatous hypertrophy of the interatrial septum (LHIS) is a
benign non-encapsulated mass of fatty tissue infiltrating the
atrial septum and was first described in 1964.7® It is typically
detected in patients older than 50 years and is more common
in females. It is characterized by the excessive deposition of fat
in the interatrial septum, with a thickness greater than 2 cm.
Although histologically benign, LHIS has been associated with
adverse clinical sequelae including supraventricular arrhyth-
mias, syncope, and sudden death.”**° On imaging, it is typically
dumbbell-shaped, spanning the interatrial septum but sparing
the fossa ovalis.?”?

5of 11 birpublications.org/bjr

Br J Radiol;95:20220235

20z 49quwiadaQ g| uo 3senb Ad Zirv//17//S€202202/0% ) L /S6/3101Me/u[q/Wwod dno-olwapede//:.sdiy Woly papeojumoq

88



BJR

Hochhegger et af

Figure 3. 23-year-old male with thymolipoma. Coronal (a) and axial (b) double inversion recovery T; weighted MR images and
fat spin-echo T, weighted axial image (c) demonstrate a large heterogeneous signal lesion in the anterior half of the chest, with
predominantly high signal intensity areas representing macroscopic fat within the lesion and small scattered areas of relatively
hypointense signal representing thymic tissue. On the coronal (d) and axial (e) fat-saturated T, weighted images, the areas of high
signal intensity completely suppress, indicating adipose tissue. The signal characteristics and draping, apparently pliable nature of

this large lesion favor a thymolipoma over a liposarcoma.

Figure 4. 33-year-old male with a paravertebral mediastinal
teratoma. (@) Axial in-phase T; weighted image demonstrates
a large heterogeneous signal mass in the left paravertebral
space with areas isointense to chest wall subcutaneous fat
and with chemical shift India ink artifact on the (b) out-of-
phase sequence delineating intralesional macroscopic fat
from water-containing soft tissue. The intralesional macro-
scopic fat is isointense to the macroscopic fat in the chest wall
on (c) the single-shot spin echo T, weighted sequence and (d)
the spectral fat-saturated T7; weighted sequence.

Arrhythmogenic right ventricular dysplasia (ARVD) is defined
by fatty or fibrofatty replacement of the normal right ventricular
myocardium.’® The fatty replacement characteristically involves
the right ventricle; however, it is occasionally present in the left
ventricle. The typical patient is a young adult presenting with
ventricular arrhythmia. MRI helps evaluate these patients, as
it depicts right ventricular enlargement, poor right ventricular
function, wall motion abnormalities, and the presence and extent
of fatty or fibrofatty myocardial replacement (Figure 5).*! MRI
with single shot fast spin echo T} weighted black blood sequences,
with and without fat saturation, can facilitate the differentiation
of pathological fatty infiltration from normal epicardial adipose
tissue.’! Late gadolinium enhancement (LGE) technique can
help detect myocardial fibrous degeneration. However, it can
be occasionally challenging to distinguish enhancement from
intramyocardial fat in a thinned RV myocardium because
both are T1-hyperintense in conventional LGE.** By using a
multiecho Dixon fat and water separation method in LGE,
distinction between fibrosis and fat is feasible.”> CT imaging is
also used to evaluate ARVD, as it can demonstrate morphologic
abnormalities such as RV enlargement, excessive trabeculations,
fatty infiltration, and marked RV hypokinesis. Although cardiac
CT imaging may yield high radiation doses and suboptimal volu-
metric assessment of the RV, it is usually used for claustrophobic
patients and often used for those that receive implantable cardiac
defibrillators (ICDs), though, increasingly, performance of MRI
on patients with ICDs is possible if appropriate vetting of devices
and other precautions are taken.**

Post-myocardial infarction lipomatous metaplasia (PILM) is a
tissue transformation process that may occur within the scar of
healed myocardial infarction (MI). The prevalence of PILM at
histology in the LV reached values of 68-84% in excised hearts
undergoing transplantation for ischemic heart disease.’> PILM is
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Figure 5. 42-year-old male with ARVD and fatty infiltra-
tion of both the RV and LV. (a) Non-contrast axial CT image
demonstrates areas of fatty infiltration of the myocardium in
the interventricular septum. Axial cine SSFP images at dias-
tole (b) and systole (c) demonstrate foci of fatty infiltration
in the biventricular myocardium. Focal areas of wall motion
abnormality (dyskinesia) are also noted (arrow). (d) Axial
black blood single shot fast spin echo T, weighted image
shows correspondent areas of fatty infiltration (arrowheads).
SAO LGE images (e, f) show patchy areas of T1 hyperinten-
sity in the RV free wall and LV myocardium, corresponding
to areas of fibrofatty infiltration. ARVD, arrhythmogenic right
ventricular dysplasia; LGE, late gadolinium enhancement; LV,
left ventricle; RV, right ventricle; SAO, short axis oblique; SSFP,
steady-state free precession.

Figure 6. 62-year-old female with PILM. (a) Mid-ventricle
short-axis CT shows thinning of the septum with lipomatous
metaplasia. (b) Four-chamber late gadolinium enhancement
and (c) cine SSFP images demonstrate fat within the myocar-
dial wall of both the right and left ventricle, with chemical shift
artifacts (arrows) and hyperintense T1 signal, as well as api-
cal transmural enhancement (arrowhead). (d) Mid-ventricle
short-axis late gadolinium enhancement image demonstrates
transmural enhancement of the anterior wall (asterisk). Finally,
two-chamber cine (e) and black-blood single shot fast spin
echo T, weighted imaging (f) show chemical shift artifacts
(arrow) and hyperintense T2 signal within the inferior apical
wall (arrowhead), respectively. PILM, post-myocardial infarc-
tion lipomatous metaplasia; SSFP, steady-state free preces-
sion.
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Figure 7. 83-year-old male with right paraspinal thoracic
mass and biopsy-proven extramedullary hematopoiesis. MRI
demonstrates a heterogeneous signal intensity lesion on all
pulse sequences: (a) fat-saturated T7; weighted image with-
out IV contrast; (b) fat-saturated T7; weighted image with
IV contrast; (c) T; weighted in-phase and (d) out-of-phase
sequences show qualitative signal dropout or suppression on
the opposed-phase image, indicating the presence of micro-
scopic fat, and strongly favoring a diagnosis of extramedul-
lary hematopoiesis over a lymphoproliferative process. (e) T,
weighted coronal image of this right paraspinal mass.

usually found in a thinned necrotic myocardial wall that demon-
strates contraction abnormalities, such as dyskinesia and hypo-
kinesia (Figure 6).”® In cardiac MRI, PILM is generally detectable
as subendocardial hyperintense stripes on EKG-gated T;- and
T, weighted black blood pulse sequences and on bright blood
balanced gradient echo sequences, like cine steady-state free
precession (SSFP), and on fat suppression sequences, signal will
be nulled.

Extramedullary hematopoiesis

Extramedullary hematopoiesis (EMH) is the production of blood
elements outside of the bone marrow. EMH generally occurs in
patients with deficient bone marrow hematopoiesis secondary to
either peripheral red cell destruction or marrow replacement. It
derives from the escape of progenitor cells from marrow which
lodge in other organs.*® EMH is most often seen in the reticulo-
endothelial system (liver, spleen, and lymph nodes) and rarely
occurs in other organs. It is often microscopic and asymptom-
atic, but it can sometimes yield tumor-like masses. In the thorax,
it most commonly manifests on CT and MRI as paravertebral,
macroscopic fat-containing masses, with occasionally expanded
ribs. When no macroscopic fat is present within a paravertebral
mass, the differential diagnosis broadens to include neurogenic
tumors, IgG4-related disease, and lymphoproliferative lesions
such as lymphoma. Chemical shift MRI, unlike CT, can help to
differentiate microscopically fatty EMH tumor-like masses from
the above-mentioned non-fat-containing paravertebral masses
(Figure 7).

Lung

Pulmonary hamartoma

Pulmonary hamartoma is the third most frequent type of soli-
tary pulmonary nodule and is the most common benign pulmo-
nary neoplasm.>*” Some, but not all, contain macroscopic or
microscopic fat and cartilage. The radiologic diagnosis of a fat-
containing pulmonary hamartoma is often made by CT detec-
tion of characteristic popcorn calcification and/or macroscopic
fat within the lesion.? Nevertheless, 50% of pulmonary hamar-
tomas may not contain detectable fat or calcification by CT.>*
MRI with thin-slice collimation (typically 3-4mm, depending
upon the size of the lesion) of a pulmonary hamartoma can not
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Figure 8. 50-year-old male with pulmonary hamartoma. (a)
Axial CT image demonstrate a heterogenous attenuation
lesion containing small areas of fatty attenuation. The lesion
is of heterogeneous signal on (b) fat-saturated 7, weighted
imaging and show marked qualitative suppression of some
areas between the (c) in-phase and (d) opposed-phase
images, indicating the presence of microscopic fat and prov-
ing the lesion to represent a hamartoma (provided there is
no history of metastatic fat-containing renal cell carcinoma,
hepatocellular carcinoma, or liposarcoma).

only identify macroscopic fat-containing hamartomas, which
CT can do, but also identify microscopic fat-containing hamar-
tomas. The percentage decrease in signal intensity is calculated
by the SII as follows: [(SI;p — SIgp) / SIjp] X 100, where SIjp and
SIop are the signal intensities of the nodule measured on in- and
opposed-phase images. An SII greater than 17% is considered
an appropriate cut-off value for lipid-rich lesions.” Calcifications
will generally manifest as low T1/T2 signal foci.”® Spectral fat
suppression will allow for detection of macroscopic fat in the
nodule on MRI (Figure 8).% Cartilage within a hamartoma will
demonstrate the MRI signal characteristics of water (T1-hy-
pointense, T2-hyperintense, non-enhancing).”” On dynamic
contrast-enhanced (DCE) imaging, both fat- and cartilage-
containing pulmonary hamartomas typically demonstrate
peripheral enhancement and enhancement of any internal clefts
or septae, with little-to-no enhancement of the interstices of the
lesion, because water-rich cartilage and fat do not discernibly
enhance. Post-processed subtraction DCE imaging can high-
light the hypoenhancement or lack of enhancement of both fat-
and cartilage-containing pulmonary hamartomas, which might
otherwise be less discernible, and should therefore be referenced
during imaging interpretation.

Lipoid pneumonia

Lipoid pneumonia results from the pulmonary accumulation
of endogenous or exogenous lipids. Host tissue reactions to the
inhaled substances differ according to their chemical character-
istics. Therefore, symptoms can vary significantly among indi-
viduals, ranging from asymptomatic to severe, life-threatening
disease.*’ Possible complications include superinfection by non-
tuberculous mycobacteria, pulmonary fibrosis, respiratory insuf-
ficiency, and cor pulmonale. The disease presents with variable
patterns and distribution. The finding of macroscopic fat within
lung consolidation on CT (or MRI) is diagnostic of this entity.
When macroscopic fat is not present within these lesions on
CT, the CT findings are non-specific and can mimic many other
forms of pneumonia, in addition to pulmonary neoplasms.*’
Exogenous and endogenous lipoid pneumonia manifests as an
adipose-containing mass. On CT, lipoid pneumonia may demon-
strate similar attenuation values to macroscopic fat, but occa-
sionally it contains insufficient fat to detect by CT. In addition

Hochhegger et af

Figure 9. 43-year-old female with lipoid pneumonia due
to chronic aspiration of mineral oil. Axial CT images (a, b)
demonstrate areas of bilateral lower lobe consolidation, with
adjacent ground-glass and superimposed interlobular septal
thickening, the latter forming the so-called “crazy paving”
pattern. No definite fat is discernable within this consolida-
tion on CT, allowing for possible overlying artifact. On MRI,
microscopic fat-containing areas within the consolidation
demonstrate loss of signal between the in-phase (¢) and
opposed-phase (d) sequences, indicating the presence of
lipid within the consolidation and thereby a specific diagnosis
of lipoid pneumonia.

vy

to demonstrating fat saturation of macroscopically fatty lipoid
pneumonia, MRI can demonstrate CT-occult, microscopic fat-
containing lipoid pneumonia. On MRI, lesions present with high
signal on T} weighted images and signal loss on the spectral fat-
saturated image if macroscopic fat is present and with signal loss
on the opposed-phase chemical shift GRE T weighted sequence
if microscopic fat is present (Figure 9).

Extrapulmonary (pleura, chest wall, mediastinum)
Lipoma, liposarcoma and lipoblastoma

Lipoma is the most frequently encountered benign soft tissue
tumor and originates from adipose cells.*"** Lipomas can arise
in the pleura. In the chest wall, they are categorized according to
their location as superficial, e.g. subcutaneous, or deep-seated,
e.g. intramuscular.*** The latter can be encapsulated or infil-
trative and, if infiltrative, may resemble a liposarcoma. For this
reason, early radiological detection and characterization are
necessary to obtain a complete wide resection and histopatho-
logical evaluation to differentiate benign from malignant lesions.
CT is adequate to demonstrate the macroscopic fat in these
lesions and provide a preliminary diagnosis, though arguably
exposing the patient to unnecessary ionizing radiation. MRI is
an excellent imaging modality to distinguish lipomas from lipo-
sarcoma, without ionizing radiation exposure. The fatty tissue in
the lipomas demonstrates high signal intensity on both T;- and
T, weighted images (Figure 10). Spectral fat suppression and
STIR imaging will show signal suppression of the macroscopic
fat within the tumor. Lipomas can be homogeneous in signal and
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MRI of fat-containing lesions in the chest.

Figure 10. 44-year-old female with a lipoma in the left ser-
ratus anterior muscle. (a) Axial T, weighted image demon-
strates a homogenously T2-hyperintense lesion in the left
serratus anterior muscle (arrow) that is isointense to subcu-
taneous adipose tissue and completely suppresses on the
fat-saturated 7, weighted sequence (b). The lesion is TI-
hyperintense to muscle and isointense to subcutaneous fat
(c). It suppresses on the spectrally fat-saturated 7; weighted
sequence (d). The homogeneous, macroscopic fatty content
of this lesion is compatible with a lipoma.

isointense to subcutaneous fat or heterogeneous in signal, on
account of intermingled muscle fibers.*"*2

Primary intrathoracic liposarcomas are rare, accounting for only
2.7% of liposarcomas.”® Mediastinal liposarcomas comprise only
0.1-0.8% of all mediastinal tumors.** Morphology and signal
characteristics can help distinguish an infiltrative intramuscular
lipoma from well-differentiated liposarcoma. For example, well-
differentiated liposarcoma may show tumor tissue heterogeneity,
with nodular non-adipose soft tissue, thickened, irregular, and/
or nodular septa, and heterogeneous fat suppression (Figure 11).
To date, the differentiation of lipomas from low-grade liposar-
comas cannot be achieved exclusively by imaging CT or MRIL*®
To our knowledge, there are no studies comparing the accu-
racy of CT vs MRI for this purpose. However, these imaging
methods can be complimentary in the evaluation of these lesions
and helpful in differential diagnostic weighting. In a series that
included both CT and MRI, presence of the following imaging
features favored the diagnosis of liposarcoma vs lipoma: lesion
size >10cm, percentage of fat <75%, thickened septa, presence
of nodular areas, and associated non-adipose mass.*® In another
study, MRI was 100% sensitive, 83% specific, and 84% accurate
for identifying well-differentiated liposarcomas from other fatty
masses.”” For the diagnosis of a simple lipoma, MRI was 100%
specific.*” MRI is more sensitive than CT in detecting soft tissue
enhancement within liposarcomas, on account of its higher soft
tissue contrast (Figure 11).

Lipoblastoma is a rare benign neoplasm of embryonal fat cells
that usually presents in children. Most are diagnosed before age
3.8 It appears that these tumors result from the clonal expansion
of mesenchymal pre-adipocytes from alterations in the pleomor-
phic adenoma gene 1 (PLAG1) on Chromosome 8, causing tran-
scriptional upregulation that promotes lipoblast proliferation.*®

BJR

Figure 11. 43-year-old male with pleural liposarcoma. Axial (a)
and coronal (b) CT images demonstrate a large mass of het-
erogeneous, although primarily fatty attenuation in the pos-
teroinferior right hemithorax, which compresses the adjacent
lung. On the axial T, weighted MR image (c), the lesion exhib-
its heterogeneous high signal intensity; its macroscopically
fatty component suppresses upon spectral fat-saturation (d).
On the in-phase T; weighted sequence (e), the lesion demon-
strates predominantly high signal intensity, with areas of sup-
pression on the opposed-phase sequence (f) because of the
presence of microscopic fat. On the axial (g) and coronal (h)
fat-saturated post-contrast 7; weighted sequence, the lesion
shows enhancement of the septae, beyond that which would
be expected for enhancing muscle fibers, favoring a liposar-
coma over a lipoma.
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Lipoblastoma most commonly occurs at sites with large amounts
of immature fat in the neonate, with cases reported in the subcu-
taneous tissues of the extremities and the cervical, mediastinal,
and peritoneal regions.*® Moderate complexity is frequent in
lipoblastoma on MRI, with septations, non-adipose components,
contrast enhancement, and compartmental invasion commonly
encountered. Lipoblastoma and liposarcoma may be indistin-
guishable by imaging, but consideration of patient age is helpful
because liposarcomas are extremely rare in children.*’

CONCLUSION

MRI is a valuable tool for the evaluation of both macroscopic
and microscopic fat-containing thoracic lesions without
ionizing radiation exposure. The distinctive ability of MRI to
detect CT-occult microscopic fat can refine the differential
diagnosis and add diagnostic specificity to a broader spectrum

Hochhegger et af

of fat-containing lesions in the chest. Fundamental knowledge
about MRI techniques, findings, and pathology can help radiolo-
gists and other healthcare providers with non-invasive diagnosis
and clinical management of fat-containing intrathoracic lesions.

HIGHLIGHTS

o MRI of chest can identify both macroscopic fat and microscopic
fat by employing spectral and chemical shift fat suppression
techniques, respectively.

o Macroscopic fat-containing thoracic lesions can be diagnosed
by both CT and MRI, with the latter via spectral fat suppression.

« Microscopic fat-containing thoracic lesions, including some
forms of thymic hyperplasia, pulmonary hamartoma, lipoid
pneumonia, and extramedullary hematopoiesis, can be
more challenging to diagnose by CT, but can be specifically
diagnosed by chemical shift MRI.
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