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V. Resumo da Tese

Introducgao: A epidemiologia das sindromes aspirativas ndo esta bem descrita,
entretanto, sabe-se que os danos pulmonares ocasionados por aspiragcao de
saliva ou alimento, sdo, na maioria das vezes, decorrentes da disfagia. As
caracteristicas da aspiragdo apresentadas nos exames de imagem s&o
numerosas e geralmente inespecificas, sendo a infeccdo pulmonar a maior
complicagdo da aspiragdo. O conhecimento dos achados tomograficos da
aspiracdo é fundamental para a realizagdo do diagndstico dos disturbios
aspirativos e evitar danos pulmonares. Objetivos: Demonstrar os achados da
tomografia computadorizada de térax em pacientes com aspiragcdo comparado
com um grupo controle, sem aspiragao, detectada pela videofluoroscopia da
degluticdo. Também foi realizada uma revisdo sistematica sobre o assunto.
Material e Métodos: estudo retrospectivo, observacional, incluindo pacientes
com e sem diagndstico de aspiragdo detectada pela videofluoroscopia da
degluticdo, que realizaram tomografia computadorizada de térax entre 2010 e
2014. Dois radiologistas, cegados quanto a presenca da aspiragdo analisaram
os exames de tomografia computadorizada de torax detectando a presenga de
anormalidades. Os achados da tomografia de torax foram comparados entre os
grupos utilizando o teste do x2, com nivel de significancia de 0.05. Resultados:
no Artigo |, intitulado “Pulmonary computed tomography findings in patients with
aspiration detected by videofluoroscopic swallowing study”, foram incluidos no

estudo 56 pacientes (28 com diagndstico de aspiragcédo; 52% do sexo



masculino, média de idade 6515 anos), sendo que o0s pacientes com
aspiragcao apresentaram maior probabilidade do que os do grupo controle em
demonstrar  atelectasias, nddulos centrilobulares, bronquiolectasias,
consolidagdo e atenuacdo em vidro fosco, com predominancia em lobos
inferiores. No Artigo Il, intitulado “Achados da tomografia computadorizada de
térax em pacientes disfagicos com aspiragdo pulmonar: uma revisdo
sistematica”, foram incluidos e revisados cinco artigos, sendo que os achados
tomograficos em pacientes com aspiragdo relacionada a disfagia foram
variados nos artigos analisados. Conclusées: No artigo |, constatamos que
atelectasias, nddulos centrilobulares, bronquiolectasias, consolidagcdo e
atenuagao em vidro fosco, ocorreram em maior frequencia em pacientes com
aspiragcédo, com distribuicdo predominante em lobos inferiores. Ja no artigo Il,
nao foi possivel estabelecer um consenso que possa caracterizar um padrao
de aspiragdo pulmonar nos pacientes com disfagia, sendo importante

investigacdes futuras sobre o assunto.

Palavras-Chave: aspiragao, tomografia computadorizada, pulmao
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1. INTRODUGAO

1.1Degluticao

A degluticdo € um processo dindmico e complexo, que exige
coordenacao de varias estruturas, as quais agem em sequéncia para conduzir
o alimento da cavidade oral para o estbmago. Ela compreende trés fases,
propriamente ditas: oral, faringea e esofagica. Na fase oral, ocorre a
preparacao, qualificacdo, organizagdo e eje¢cao do conteudo alimentar da
cavidade oral para a faringe. A préxima fase, a degluticdo, acontece na faringe,
e ocorre pela elevagao, anteriorizacdo e estabilizacdo do complexo hio-
laringeo, através do fechamento das vias aéreas e abertura do esfincter
esofagico superior, direcionando o bolo alimentar para o eséfago. A terceira e
ultima fase, a esofagica, consiste no transporte do alimento, pelo eséfago, até o

estdmago (Costa, 2008; Matsuo e Palmer, 2008).

1.1.1 Degluticao normal: aspectos anatéomicos e fisioldégicos

E fundamental conhecer a fisiologia normal da degluticdo para o melhor
entendimento desse mecanismo. Diversos musculos e nervos participam da
degluticdo, envolvendo ato voluntario e reflexo, sendo a coordenagao e
interacdo fundamentais para que o alimento seja transportado da boca até o
estbmago (Matsuo e Palmer, 2008). Em um homem adulto sadio, o ato de

deglutir ocorre, aproximadamente, 600 vezes por dia (Jotz e cols, 2009).

A degluticdo €, didaticamente, dividida em fases que representam as
regides anatdbmicas no momento em que o alimento € engolido. Compreende

fase oral, faringea e esofagica (Costa, 2013).
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1.1.2 Fase Oral

E delimitada anteriormente pelos labios, posteriormente pelos pilares
palatinos e tem as bochechas como limites laterais. O musculo milo-hidideo &
considerado o assoalho da cavidade oral e o palato duro, o teto. Participam
dessa fase: os musculos da face, da mastigacdo e da lingua, glandulas

salivares e dentes (Jotz e cols, 2009).

A fase oral é voluntaria e, usualmente, subconsciente. Quando o
alimento é captado na cavidade oral, inicia-se o estagio de preparo, ocorrendo
a fragmentacdo do alimento e a formag&o do bolo alimentar. Logo em seguida,
ha a organizagao desse bolo e 0 mesmo € posicionado sobre o dorso da lingua
para ser ejetado para a préxima fase. Esse estagio de ejecao ocorre devido a
formacdo de pressdo intraoral, quando se observa o vedamento labial,
posicionamento da lingua ao nivel da papila incisiva e movimento antero-
posterior, a0 mesmo tempo em que ha a elevacao do palato mole e abertura da

orofaringe para transferéncia do alimento para a faringe (Costa, 2013).

1.1.3 Fase Faringea

A faringe possui 3 partes: nasal (rinofaringe), oral (orofaringe) e laringea
(laringofaringe). Estende-se da base da caixa craniana até o eso6fago,
localizada anteriormente a coluna cervical, medindo cerca de 12,5 cm no
adulto. As paredes da faringe sao constituidas pelos musculos constritores da

faringe, que subdividem-se em superior, médio e inferior (Costa, 2013).

Quando o bolo alimentar entra na faringe, a degluticdo torna-se
involuntaria. A degluticdo faringea é uma atividade sequencial rapida,
ocorrendo em um segundo e com duas caracteristicas bioldgicas cruciais:
passagem do bolo alimentar pela faringe e transigdo faringoesofagica, bem
como a protegédo das vias aéreas. Durante essa fase, o palato mole eleva-se,
ocorrendo o vedamento com a parede lateral e posterior da faringe, e,
consequentemente, fechando a nasofaringe, impedindo, assim, a regurgitacao
nasal. Os musculos constritores contraem-se, sequencialmente,

propulsionando o bolo juntamente com a elevacéo e anteriorizagdo do hioide e
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da laringe, e, consequente, a abertura da transicdo faringoesofagica (Ott e
Pikna, 1993; Matsuo e Palmer, 2008). Costa (2003) descreve que, no momento
da passagem do alimento da oro para a laringofaringe, a epiglote projeta-se em
sentido posterior e as vias aéreas apresentam sua resisténcia aumentada,
devido a aducéo glética e fechamento do vestibulo laringeo, ocorrendo, assim,

a protecao das vias aéreas e impedindo a aspiracéo alimentar.

1.1.4 Fase Esofagica

O eséfago € um tubo muscular que vai do esfincter esofagico superior
até o esfincter esofagico inferior, medindo, no individuo adulto, em torno de 18
a 22cm de extensdo. Pode-se dizer que a fase esofagica se inicia durante o
curso da fase faringea, com a dinamica faringoesofagica antecedendo a fase
esofagica, propriamente dita. A medida que ha a abertura da transigdo
faringoesofagica, o bolo alimentar entra no eséfago, iniciando-se a peristalse
primaria do eséfago (Costa, 2003). O es6fago cervical € constituido,
principalmente, de musculo estriado, enquanto o esdfago toracico é de musculo

liso. A duragao dessa fase é de, em torno, 10 segundos (Logemann, 2007).

O sistema nervoso entérico se constitui de uma rede de neurbnios que
integram o sistema digestivo, sendo formado, principalmente, pelos plexos
mientérico e submucoso, sendo a fungédo principal, no eséfago, atuar no
peristaltismo. Na peristalse, os musculos longitudinais e circulares se contraem
até a juncao esofagogastrica, para a abertura do esfincter esofagico inferior, e,
consequentemente, entrada do alimento no estdbmago (Ott e Pikna,1993;
Matsuo e Palmer, 2008; Jotz e cols, 2009).

1.2 Disfagia

O disturbio de degluticdo, denominado disfagia, compromete, de
maneira significativa, a relagao social e psicolégica do individuo, além de estar
associado a morbidade e a mortalidade (Wilkins e cols., 2007). A prevaléncia

da disfagia, em geral, ndo € bem estabelecida. A maioria dos estudos
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existentes refere-se a pacientes com doencgas neurolégicas ou a populagéo
idosa, entretanto ha poucas pesquisas que descrevem a prevaléncia da
disfagia, seus fatores de risco e impacto na qualidade de vida (Eslick e Talley,
2008). Wilkins e cols. (2007) realizaram uma pesquisa cujo objetivo foi
determinar a prevaléncia de disfagia em pacientes de cuidados primarios,

constatando 22,6% desse sintoma em 947 participantes adultos.

A disfagia pode se manifestar por meio de uma série de sinais e
sintomas, como: desordem na mastigagao, dificuldade em iniciar a degluticéo,
regurgitacao nasal, tosse, engasgo, globus faringeo (sensagao de alimento
parado na garganta), impactacdo alimentar, que, em casos mais graves,
podem acarretar desidratag&o, desnutrigdo, perda de peso, tempo prolongado
da refeicdo, diminuicido de apetite e pneumonia aspirativa com complicagdes
(Karkos e cols., 2009).

1.3 Aspiragao pulmonar

A epidemiologia das sindromes aspirativas ndo esta bem descrita devido
a auséncia de marcadores de especificidade e sensibilidade, porém a literatura
indica que 5 a 15% dos casos de pneumonia comunitaria adquirida sao por
aspiracao (Marik, 2001). Makharia e cols. (2009) e Oue e cols. (2011) citam,
em suas pesquisas, que os danos pulmonares, ocasionados por aspiracao de

saliva ou alimento, podem ser, muitas vezes, decorrentes da disfagia.

As caracteristicas da aspiragdo apresentadas nos exames de imagem
sd0 numerosas e, geralmente, inespecificas, sendo que a infec¢gdo pulmonar é
a maior complicagdo da aspiragado (Franquet e cols., 2000; Prather e cols.,
2014). Um estudo verificou correlagao significativa entre o grau da disfagia e o
risco relativo de pneumonia, demonstrando que os pacientes que apresentam
aspiracao traqueal tém dez vezes mais chances de desenvolver pneumonia,

comparado a individuos com degluticdo normal (Pikus e cols., 2003).

Ha poucos estudos tentando definir um padrédo de achado tomografico
de torax relacionado a aspiragao pulmonar decorrente da disfagia. Simonelli e
cols. (2010) selecionaram, pela videofluoroscopia da degluticdo (VFD),
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pacientes que demonstraram aspiragao comparado ao grupo controle, com
doenca pulmonar obstrutiva crénica. Todos realizaram, entdo, a tomografia
computadorizada (TC) de térax, a fim de avaliar as manifestagbes radiologicas
da aspiragdo. Verificaram auséncia de diferenga estatistica significativa de
achados radiolégicos entre os grupos, sendo que em ambos, as maiores
incidéncias de achados foram: espessamento da parede brbénquica,
bronquiectasias, nddulos, enfisema, consolidagdes e espessamento septal, que

variaram conforme o grau de aspiragédo no grupo estudo.

Komiya e cols. (2013) relatam, em seu estudo, os achados tomograficos
de 53 pacientes com pneumonia aspirativa admitidos em um hospital. Os
achados mais frequentes foram: consolidacdo do espago aéreo, atenuacdo em
vidro fosco, nddulos centrilobulares e espessamento peribroncovascular. As
opacidades pulmonares predominaram em zonas inferiores ou difusas do
pulmao, bem como tinham distribuicdo posterior. Outra pesquisa, de Lin e cols.
(2014), demonstrou os achados da TC de térax, mais prevalentes, encontrados
em pacientes com aspiragcao alimentar de grandes corpos estranhos, sendo
eles: consolidacbes, atelectasias e lesao de alta densidade em vias aéreas,

com predominancia de lesao no pulmao direito, lobo inferior.

Butler e cols. (2014) verificaram os achados pulmonares em individuos
idosos com e sem aspiragdo detectada pela Videoendoscopia da Deglutigao
(VED). Eles néo constataram diferencga significativa no padrao radioldgico entre
0s grupos caso e controle, cujos achados foram: bronquiectasias,
bronquiolectasias, espessamento da parede brdonquica, fibrose, aprisionamento
de ar e fibrose. O estudo mais recente publicado, de Scheeren e cols. (2016),
abordou os achados pulmonares em pacientes com aspiragdo crénica,
incluindo pacientes com e sem diagnostico de aspiracao detectada pela VFD,
que realizaram TC de térax. Quando comparados os dois grupos, foi possivel
verificar que os pacientes que aspiraram demonstraram maior frequéncia de
alteracbes do tipo atelectasias, nddulos centrilobulares, bronquiolectasias,
consolidacdo e atenuacdo em vidro fosco, com maior prevaléncia de

distribuicdo em zonas inferiores dos pulmdes.
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1.4 Videofluoroscopia da Degluticao e Tomografia

Computadorizada de Térax

A VFD é o exame considerado “padrao-ouro” para avaliagdo da dinamica
da degluticao, detectando as disfungdes anatdbmicas e funcionais, desde a boca
até o estdbmago, incluindo a aspiragado de alimento para os pulmdes. Nesse
exame, é possivel ofertar diversas consisténcias de alimento, testar manobras
e posturas facilitadoras, contribuindo no grau e classificacdo da disfagia, na
etiologia da disfungdo e na condugao segura da oferta do alimento por via oral
e reabilitagao do paciente. O aparelho utilizado para o procedimento constitui-
se de equipamento de raio-X com monitor conectado a um DVD, onde a
imagem sera gravada, permitindo analise posterior, inclusive com utilizagdo de

camera lenta para o auxilio em investigacées minuciosas (Costa e cols., 1992).

A avaliagdo da videofluoroscopia da degluticdo consiste na modificagéo
do exame radiolégico com degluticdo de bario, utilizando fluoroscopia
conduzida por um fonoaudidlogo, com formagédo e experiéncia na area da
disfagia, e um médico especialista em radiologia (Greenslade e Wyman, 2006).
O paciente € posicionado sentado ou em pée, e o foco da imagem fluoroscépica
€ definido anteriormente pelos labios, superiormente pelo palato duro,
posteriormente pela parede posterior da faringe e inferiormente pela bifurcagcéo
da sétima vértebra cervical. Para avaliacdo da fase esofagica, o paciente é
posicionado na visao antero-posterior, e é avaliada a condugdo do conteudo
deglutido através do esbfago. Durante o exame, sao ofertadas diversas
consisténcias de alimento (liquida, pastosa e sdélida) com contraste radiopaco
sulfato de bario (Costa, 1996).

Conforme Martin-Harris e cols. (2008), os componentes da degluticdo, a
serem observados durante a videofluoroscopia da degluticdo, podem
compreender itens como: vedamento labial, posicionamento e controle de
lingua, preparacéo e mastigagdo do alimento, transporte do bolo, residuo na
cavidade oral, inicio da degluticdo faringea, elevacao do palato mole, elevagao
laringea, movimento anterior do hioide, movimento da epiglote, fechamento
laringeo, penetracéo laringea, aspiracéo traqueal, contracéo faringea, abertura

da transigao faringoesofagica, residuo faringeo e clareamento esofagico.
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Conforme Franquet e cols. (2000), a tomografia computadorizada (TC)
de térax é o método diagndstico indicado para avaliar as lesdes pulmonares,
sendo um exame de grande importancia para o diagnostico dos disturbios
aspirativos, uma vez que os sintomas pulmonares podem ser a primeira

manifestacdo da aspiracao.

1.5 Justificativa

Frente ao exposto, sabe-se que varios pacientes com disfagia
orofaringea apresentam aspiragao de saliva ou alimento, podendo gerar dano
pulmonar. O conhecimento dos achados tomograficos da aspiragdo €
fundamental, uma vez que os sintomas pulmonares podem ser a primeira
manifestacdo desse disturbio, além de essencial para a realizacdo do
diagndstico precoce dos disturbios aspirativos e, ainda, evitando danos
pulmonares. Entretanto, a literatura ndo apresenta estudos controlados que
identificam os achados mais comuns em pacientes que aspiram. Dessa forma,
com o intuito de buscar um maior conhecimento sobre as caracteristicas
tomograficas relacionadas a aspiragdo, nos propomos a pesquisar sobre o

assunto.
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2. OBJETIVOS

Artigo [:

- ldentificar as caracteristicas pulmonares na tomografia
computadorizada de térax em pacientes com aspiragdo detectada

pela videofluoroscopia da degluticdo.

- Realizar a comparagado dos exames entre pacientes com e sem
aspiracdo, a fim de \verificar a utilidade da tomografia
computadorizada de térax para diferenciacdo dos danos pulmonares

induzidos pela aspiracgao.

Artigo Il

- Realizar a reviséo sistematica dos achados de imagem tomografica
de térax que caracterizem aspiragao pulmonar em pacientes com

disfagia, identificando as caracteristicas e os métodos utilizados.
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Objective: To demonstrate CT findings in patients with
chronic aspiration compared with a control group without
aspiration, as detected by the videofluoroscopic swallow-
ing study (VFSS).

Methods: This retrospective, observational study included
patients with and without diagnoses of aspiration con-
firmed by VFSS, who underwent CT examination of the
lungs between 2010 and 2014. Two radiologists blinded
to the presence of aspiration reviewed the images to
detect the presence of any abnormality. Consensus was
reached with a third radiologist. CT pulmonary findings
(bronchial thickening, bronchiolectasis, centrilobular
nodules, ground-glass opacities, atelectasis, consoli-
dation and air trapping) were compared between
the groups using the X2 test, with a significance level
of 0.05.

Results: A total of 56 patients (28 patients with diagnoses
of aspiration; 52% male, mean age 65+ 15 years) were

INTRODUCTION

Swallowing is a dynamic and complex process requiring
the co-ordination of various structures, which act in
sequence to conduct food from the oral cavity to the
stomach. It comprises three phases: oral, pharyngeal
and oesophageal."® Dysphagia, a swallowing disorder,
markedly affects individuals’ social and psychological
relationships and is associated with significant morbidity
and mortality.” Dysphagia can manifest through a series
of signs and symptoms, such as coughing, choking and
globus pharyngeus and is a major risk factor for aspi-
ration pneumonia.® A study indicated that 5-15% of
community-acquired pneumonia cases are aspiration
pneumonia. Aspiration pneumonia is the most common
cause of death in patients with dysphagia, a condition

included in the study. Patients with aspiration were more
likely to than those in the control group to demonstrate
atelectasis, centrilobular nodules, bronchiolectasis, con-
solidation and ground-glass opacities (all p<0.05), with
a significant predilection for the lower lobes (p< 0.001).
Bronchial wall thickening and air trapping did not differ
between groups.

Conclusion: Atelectasis, centrilobular nodules, bron-
chiolectasis, consolidation and ground-glass opacities
occurred more frequently in patients with aspiration
than in those without aspiration, with a pronounced
tendency for distribution in the lower lobes.

Advances in knowledge: CT findings of aspiration
are very important, as pulmonary symptoms may
be the first manifestation of this disorder. Knowledge
of these findings is essential to enable the early
diagnesis of aspiration disorders and prevent lung
damage.

that affects about 300,000-600,000 people each year in
the USA.”

Clinicians should be familiar with the different types of
aspiration lung disease to enable the correlation of clinical
information with main tomographic findings. Diffuse as-
piration bronchiolitis is the inflammation of the bron-
chioles, with symptoms including cough, bronchospasm
and dyspnoea. Radiographically, patients with this condi-
tion demonstrate unilateral or bilateral tree-in-bud
nodularity, centrilobular nodules and areas of increased
attenuation. Aspiration pneumonitis, caused by the
acute inhalation of gastric contents, appears on CT as air-
way thickening with ground-glass opacities showing
a centrilobular and peribronchovascular distribution. In
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contrast, the radiographic manifestations of aspiration pneu-
monia, which involves the aspiration of the oropharyngeal
material (i.e. saliva, secretion or food), include segmental or
lobar airspace consolidation. The most common aspiration type
in children is foreign body aspiration, which may cause post-
obstructive atelectasis, air trapping, recurrent pneumonia,
bronchial wall thickening and bronchiectasis. Finally, exogenous
lipoid pneumonia, caused by the aspiration of lipoid material
(mineral, vegetable or animal), shows a predominantly basilar
and paramediastinal distribution.®

The videofluoroscopic swallowing study (VFSS) is the gold
standard for the evaluation of swallowing disorders and should
be used specifically to assess aspiration.”® Many patients with
oropharyngeal dysphagia have aspirated saliva or food into the
lungs, which may cause lung damage.™’ Little evidence is
available to confirm an association between the location of lung
injury and the type of aspiration, and not all previous studies of
aspiration pneumonia have confirmed dysphagia using the
VFSS.I],]Z

CT findings of aspiration are very important, as pulmonary
symptoms may be the first manifestation of this disorder.
Knowledge of these findings is essential to enable the early di-
agnosis of aspiration disorders and prevent lung damage.
However, no controlled study has been conducted to identify the
most common imaging findings in patients diagnosed with as-
piration. Thus, the description of imaging characteristics in
patients with aspiration and comparison with findings in those
without this condition are needed. The aim of this study was to
characterize CT findings in patients with chronic aspiration.

METHODS AND MATERIALS

Patients and study design

All eligible adult patients (aged =18 years) who were referred
consecutively for VFSS and subsequently underwent chest CT
examination for the staging of extrapulmonary malignancy be-
tween May 2010 and October 2014, at the department of radi-
ology of terciary care hospital, were enrolled in this study
retrospectively. Clinical, imaging and laboratory data were
reviewed by the examination of medical records. Aspiration was
confirmed by VFSS and was performed by a speech-language
pathologist and a radiologist with 5 years’ experience. The time
interval between the completion of VESS examination (aspira-
tion status) and CT was up to 2 months. In VFSS barium
contrast was used and in CT it was not.

This study followed the recommendations of the Declaration of
Helsinki and was approved by the regional bioethics review
board. With the exception of aspiration diagnosis, exclusion
criteria were: active lung infection (determined by the use of
antibiotics, documented fever or abnormal white blood cell
count); metastatic neoplasia; lung, oesophageal or gastric cancer
diagnosis; lung transplantation, lobectomy or other pulmonary
interventions; confirmed immunosuppression (congenital, hu-
man immunodeficiency virus or chemotherapy related); and
clinical evidence of a diagnosed obstructive or restrictive pul-
monary disorder in medical records. Patients with lung, oeso-
phageal or gastric cancer were excluded because these conditions

Table 1. Pulmonary CT findings
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can interfere with swallowing. Two radiologists with 5 and
7 years’ experience in thoracic radiology, respectively, who were
blinded to the presence of aspiration, independently reviewed
CT images to identify the presence of any abnormality. Con-
sensus was reached with a third radiologist with 20 years’
experience. Interobserver agreement was also examined in
this study.

Imaging parameters

VESSs were performed using a fluoroscopy unit (Axiom Iconos
R100; Siemens Medical Systems, Forchheim, Germany) linked to
a computerized image-recording system that allowed a detailed
analysis of examination results. During the VESS, patients
remained seated and lateral and anteroposterior images were
captured, with upper and lower limits ranging from the oral
cavity to the stomach. The protocol included functional intake
of liquid and foods with pasty and solid consistencies, with
liquid barium.

CT images were acquired using two commercially available
64-row multidetector CT scanners (SOMATOM Sensation
64 Systems; Siemens Medical Systems, Forchheim, Germany/
LightSpeed VCT; GE Healthcare, Milwaukee, WI). The
examinations were performed in the craniocaudal direction to
prevent movement artefacts. The parameters were: collima-
tion, 1 mm; rotation time, 0.33s; pitch factor, 1.3; dose,
120kV; and 200 mAs. All CT examinations were performed
without contrast. All CT images were reconstructed with axial
I-mm slice thickness. Sagittal and coronal reconstruction
with and without maximum intensity projection was also
performed. The use of automatic exposure control and soft
kernel was allowed, and a data matrix of 512 X 512 matrix size
was used. The scanners were calibrated periodically according
to the manufacturer recommendations.

Statistical analysis

CT pulmonary findings (bronchial thickening, bronchiolectasis,
centrilobular nodules, ground-glass opacities, atelectasis, con-
solidation, air trapping and the localization of these findings)
were compared between the patients with aspiration and the
control group.

Figure 1. Comparison between CT findings in patients with
and without aspiration. VFSS, videofluoroscopic swallow-
ing study.
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Excel® software (Microsoft Corporation, Redmond, WA) was
used for data tabulation and descriptive analysis. For continuous
variables, the mean, median, maximum and minimum values
and standard deviations were calculated. For categorical varia-
bles, frequencies were expressed as percentages. Correlative
analysis was performed with Stata software v.12.1 (StataCorp,
College Station, TX). The x> test was applied to categorical
(qualitative) variables, which comprised all measurements cross-
tested by the authors. Tests were performed bilaterally, with
a 0.05 level of significance. These tests were performed sepa-
rately for each observer. Interobserver agreement was assessed
with linearly weighted k statistics for categorical variables and
the Pearson’s correlation coefficient for continuous variables.
The level of agreement was defined as follows: poor, k = 0-0.20;
fair, k = 0.21-0.40; moderate, k = 0.41-0.60; good, k = 0.61-0.80;
and very good, k = 0.81-1.00.7

RESULTS

From an initial sample of 1300 patients who had undergone
VESS, 56 patients had undergone chest CT examination for the
staging of extrapulmonary cancer. Of these patients, 28 patients
showed pulmonary aspiration according to the VESS and un-
derwent CT within the period of up to 2 months. A total of
56 patients with a mean age of 65 (*15) years and nearly equal
sex distribution [29 (52%) males] were included in the analysis.
All patients were referred for VFSS because their symptoms
included chronic cough.

There are no differences in the cancer diagnosis among the
56 patients: 38 patients had diagnoses of colon cancer,
10 patients had diagnoses of renal cancer, 5 patients were
diagnosed with urinary bladder cancer and 3 patients were
diagnosed with melanoma. No significant difference in the
aspiration diagnosis was observed according to the cancer
type. 32 patients (21 patients with and 11 patients without
aspiration) were diagnosed with cerebrovascular disease
(p < 0.05). k values for interobserver agreement were 0.88 for
bronchiolectasis, 0.86 for consolidation, 0.84 for centrilobular
nodules, 0.82 for atelectasis, 0.79 for ground-glass opacities,
0.74 for air trapping and 0.54 for bronchial wall thickening.

Figure 2. CT findings in patients with pulmonary aspiration
detected by videofluoroscopic swallowing study. LLL, left
lower lobe; LNG, lingular segment; LUL, left upper lobe; ML,
middle lobe; RLL, right lower lobe.
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Figure 3. A 59-year-old male diagnosed with melanoma 1 year previously, who presented with chronic cough: (a) sagittal oblique CT
has demonstrated bronchiolectasis, atelectasis and areas of ground-glass opacity in the lower lobes. (b) Coronal CT has provided

a better visualization of bronchiectasis in the right lower lobe.

\ 4

CT findings

The aspiration group comprised 28 participants. The most fre-
quent CT findings were bronchial wall thickening (54%), air
trapping (54%), atelectasis (18%), centrilobular nodules (16%)
and bronchiolectasis (15%), followed by consolidation (6%) and
ground-glass opacities (4%) (Table 1).

The control group (non-aspiration group) comprised 28 patients.
The most prevalent abnormalities were bronchial wall thickening
(53%) and air trapping (53%), followed by centrilobular nodules
(4%) and atelectasis (2%) (Table 1).

Bronchial thickening and air trapping were slightly more
prevalent in the aspiration group than in the control group
(Figures 1 and 2), but these differences were not significant
(p = 0.208). In the aspiration group, the main CT findings

(b)

were observed in the left and right lower lobes (p << 0.001)
(Figure 3). Bronchiolectasis, centrilobular nodules, ground-
glass opacities, atelectasis and consolidation were signifi-
cantly more common in patients with aspiration than in
control subjects (all p<<0.001) (Figures 4 and 5). Bronchial
wall thickening and air trapping occurred in all lung
zones (p = 0.208).

DISCUSSION

Aspiration, defined as the entry of any food into the airway
and lung,'* occurs mainly in patients with dysphagia.>'> The
imaging findings of aspiration are numerous and often non-
specific.® In our study, patients with aspiration were more
likely than those in the control group to exhibit atelectasis,
centrilobular nodules, bronchiolectasis, consolidation and
ground-glass opacities, with a significant predilection for the

Figure 4. A 75-year-old female diagnosed with colon cancer 2 years previously, who presented with chronic cough: (a, b) axial
expiratory CT has demonstrated areas of ground-glass opacity in the left lower lobe. (¢) Axial CT with mediastinal windows has

demonstrated a hiatal hernia.

1 of 6 birpublications.org/bjr
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Figure 5. A 82-year-old female diagnosed with colon cancer 3 years previously, who presented with chronic cough:
(a) axial expiratory CT has demonstrated areas of bronchial thickening, atelectasis and areas of ground-glass opacity
in the lower lobes. (b) Coronal CT has provided a better visualization of atelectasis and bronchial thickening in the

lower lobes.

n

lower lobes. Komiya et al'® described similar findings, dem-
onstrating that ground-glass attenuation, centrilobular nod-
ules, consolidation and atelectasis were more frequent and
that lung opacities were seen in lower or diffuse zones.
However, patients in that study had acute pulmonary symp-
toms and no control group was included. In both studies, the
distributions were characterized by CT findings of gravita-
tional dependence.

Patients with neurological disorders, dementia and laryngeal
and oesophageal dysfunction have been shown to be at
increased risk for chronic aspiration, and the efficiency of
the swallowing mechanism also decreases with age.'"'” The
authors of a study describing CT findings in healthy older adult
aspirators and non-aspirators, as detected by the flexible en-
doscopic evaluation of swallowing, justified the lack of a sig-
nificant difference between groups by pointing out pulmonary
alterations in non-aspirators, likely owing to the mean age
(76 years) of this group.'” Flexible endoscopic evaluation of
swallowing is a safe, portable screening test for aspiration, but
it cannot always replace the VESS for the identification of the
presence of aspiration.'”

The VFSS evaluates oropharyngeal disorders and is the main
instrumental method of dysphagia diagnosis. During this ex-
amination, participants swallow foods of different consistencies
with barium sulfate contrast; manocuvres and facilitating
postures can be tested to contribute to the planning of
rehabilitation.'® Hind et al'” described the high degree of
accuracy of videofluoroscopic images for the identification
of aspiration. Because of this accuracy, the VFSS is indicated
for the assessment of the function and morphology of the

(b)

pharynx and cervical oesophagus, specifically with regard to
aspiration.”

The results of some small studies have been used to recom-
mend the diagnosis of pulmonary microaspiration based on
clinical symptoms and risk factors, which consist basically
of oesophageal disorders (e.g. gastro-oesophageal reflux)."
The findings reported in these studies were centrilobular
nodules and ground-glass opacities, with a random distribu-
tion in the lungs. In addition, patients demonstrating aspira-
tion in the VESS have been found to be approximately 10 times
more likely to develop pneumonia than those with a normal
swallowing function.”’ Otherwise, CT findings could help
in the detection of asymptomatic aspiration in patients un-
dergoing CT for other indications. In this setting, establish-
ment of the pulmonary CT pattern of chronic aspiration is
important for the rapid diagnosis of this life-threatening
disease.”

Some limitations of our work should be addressed. The present
study was not prospective or randomized, and many patients
were excluded owing to previous pulmonary changes. In addi-
tion, CT records were not available for several patients with
aspiration. For these reasons, we could not include a larger
number of patients.

In summary, we observed significantly different radiolog-
ical patterns on chest CT between patients with aspiration and
a control group. Atelectasis, centrilobular nodules, bronchio-
lectasis, consolidation and ground-glass opacities occurred
more frequently in patients with aspiration, with a pronounced
tendency to occur in the lower lobes.
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Resumo

O objetivo deste estudo foi realizar a revisao sistematica dos achados de
imagem tomografica de toérax que caracterizem aspiragdo pulmonar em
pacientes com disfagia, identificando as caracteristicas e os métodos utilizados.
Para a selecao dos estudos, foram utilizadas as bases de dados da Biblioteca
Virtual em Saude (LILACS, IBECS, MEDLINE, Biblioteca Cochrane, SciELO) e
PubMed. A busca foi realizada no periodo de junho a julho de 2016. Cinco
artigos foram incluidos e revisados, sendo todos realizados nos ultimos cinco
anos, publicados em lingua inglesa, assim como de diferentes paises. O
tamanho da amostra variou de 43 a 56 pacientes, com predominancia de
sujeitos adultos e idosos. Nos artigos analisados, os achados tomograficos, em
pacientes com aspiragao relacionada a disfagia, foram variados, abrangendo:
bronquiectasias, espessamento da parede bronquica, nddulos pulmonares,
consolidagdes, derrame pleural, atenuacdo em vidro fosco, atelectasias,
espessamento septal, fibrose, aprisionamento de ar, entre outros. As
evidéncias sugerem que os achados da tomografia computadorizada de térax,
em pacientes que apresentam aspiracao, sdo diversificados. Nessa revisao,
nao foi possivel estabelecer um consenso que possa caracterizar um padrao
de aspiracdo pulmonar nos pacientes com disfagia. Sendo assim, torna-se

importante a realizagao de investigag¢des futuras sobre o assunto.

Descritores: aspiragao, tomografia computadorizada, pulméo
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Abstract

The aim of this study was to conduct a systematic review of tomographic
imaging findings chest characterizing pulmonary aspiration in patients with
dysphagia, identifying the characteristics and methods used. For the selection
of studies, we used the Virtual Library databases in Health (LILACS, IBECS,
MEDLINE, Cochrane Library, SciELO) and PubMed. The search was conducted
between June and July 2016 were included and reviewed five articles, all being
carried out in the past five years, published in English as well as in different
countries. The sample size ranged from 43 to 56 patients, with a predominance
of adult and elderly subjects. CT findings in patients with related dysphagia
aspiration were varied in the articles analyzed, including bronchiectasis,
bronchial wall thickening, lung nodules, consolidation, pleural effusion, ground-
glass attenuation, atelectasis, septal thickening, fibrosis, air trapping, between
others. Evidence suggests that the findings of computed tomography in patients
with aspiration are diversified. In this review was not possible to establish a
consensus that can characterize a pattern of pulmonary aspiration in patients

with dysphagia, it is important to future research on the subject.

Keywords: aspiration, computed tomography, lung
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Introducgao

A epidemiologia das sindromes aspirativas ndo esta bem descrita devido
a auséncia de marcadores de especificidade e sensibilidade, porém a literatura
indica que 5 a 15% dos casos de pneumonia comunitaria adquirida sao por
aspiracédo '. Os danos pulmonares, ocasionados por aspiracdo de saliva ou
alimento, podem ser, muitas vezes, decorrentes da disfagia %3. A disfagia pode
ser de origem neurogénica, mecanica ou psicogéncia, e manifesta-se por meio
de uma série de sinais e sintomas, como tosse, engasgo, globus faringeo,
assim como € um importante fator de risco para a desnutricdo, desidratacéo e

pneumonia aspirativa 4.

A avaliagdo da disfagia envolve a avaliagao clinica fonoaudiologica e
exames complementares, como a videofluoroscopia da degluticdo (VFD) e a
videoendoscopia da degluticao (VED), que servem para auxiliar no diagnostico
dos disturbios de degluticdo, dentre eles, a aspiragdo 7-°. Outro método usado
para avaliar as lesbes pulmonares € a tomografia computadorizada (TC) de
térax, cujo exame € de grande importancia para o diagnéstico dos disturbios
aspirativos, uma vez que os sintomas pulmonares podem ser a primeira

manifestagéo da aspiracao 1°.

As caracteristicas da aspiracéo, apresentadas nos exames de imagem,
sdo numerosas e geralmente inespecificas, sendo que a infecgcdo pulmonar € a
maior complicagdo da aspiragao '%'". Dessa forma, & importante conhecer os
diferentes tipos de aspiracdo pulmonar para correlacionar as informacdes
clinicas com os principais achados tomograficos, incluindo a bronquiolite
aspirativa difusa, a pneumonite, a pneumonia aspirativa, a aspiracao por corpo
estranho e a pneumonia lipoide exogena ''. Especificamente detalhando os
achados de imagem da pneumonia aspirativa, pode-se observar a
consolidagdo segmental ou do espago aéreo lobar, que pode ou nao estar

associado ao derrame pleural 1.

O conhecimento dos achados tomograficos da aspiragao é fundamental
para a realizagdo do diagnédstico dos disturbios aspirativos e para a tentativa de
evitar danos pulmonares. Esta pesquisa se propde a realizar a revisdo na

literatura, de maneira sistematica, dos achados de imagem tomografica de
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térax que caracterizem aspiracdo pulmonar em pacientes com disfagia,

identificando as caracteristicas e os métodos utilizados.

Métodos
Estratégias de pesquisa

Para esta revisdo sistematica, foram seguidas as recomendagdes da
ultima versdo da Cochrane Handbook for Systematic Reviews of Interventions
12" as quais envolvem a formulagdo da questdo de pesquisa, a localizagéo, a
selecdo dos artigos cientificos e a avaliagdo critica deles. A pergunta de
investigacao utilizada foi a seguinte: Quais os achados de imagem tomografica
de térax sdo indicadores diagnosticos de aspiragdo em pacientes com disfagia?
A pesquisa foi desenvolvida por trés pesquisadores, sendo que dois realizaram
a busca dos artigos de forma independente e cega, enquanto o outro foi
instituido como revisor, sendo consultado nos casos de duvida a fim de
estabelecer concordancia entre as ideias. Para a sele¢do dos estudos, foram
utiizados os seguintes descritores: “pneumonia aspirativa”, “aspiration
pneumonia’, “aspiragao”, “aspiration”, “pulmonar”, “pulmonary”’, “tomografia
computadorizada”, “computed tomography”. Esses foram selecionados de
acordo com as listas Descritores em Ciéncias da Saude (DeCS) e Medical
Subject Headings (MeSH). Para a pesquisa, foram utilizadas as bases de
dados on-line: PubMed e Biblioteca Virtual em Saude (BVS), que engloba
LILACS, IBECS, MEDLINE, Biblioteca Cochrane e SciELO. A busca foi
realizada no periodo de junho a julho de 2016, a partir do cruzamento entre os

descritores eleitos.
Critério de selecao

Foram selecionados artigos em inglés, portugués e espanhol,
independentemente do ano de publicacéo, realizados com seres humanos que
possuiam, no titulo, resumo ou corpo do artigo, relagdo com o objetivo da
pesquisa. Foram incluidos artigos que abordaram a aspiragao alimentar por via
digestiva alta e a realizacdo de TC de térax. Foram excluidos os artigos
repetidos e os que ndo possuiam resumo ou texto completos, artigos de
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revisao, dissertacdes, teses e estudo de caso, bem como os artigos como
doenca de base a tuberculose. Nao foram aplicados filtros de pesquisa. O
processo de selegdo dos artigos esta descrito como um fluxograma na Figura
1, conforme as recomendagdes do PRISMA 13,

Analise dos dados

A partir da selecdo dos resumos dos estudos encontrados, foi realizada
a recuperagao dos artigos em texto completo. Apds a leitura dos artigos na
integra, foram extraidos os seguintes dados: nome dos autores, ano de
publicagao, pais onde a pesquisa foi desenvolvida, desenho do estudo, sujeitos
da pesquisa, tamanho da amostra, exames diagndsticos utilizados, doenga de

base e achados da TC de térax.

Artigos identificados através da Artigos identificados por
pesquisa de banco de dados outras fontes
(n=622) (n=0)

Artigos excluidos

(n=607)

; Resumos excluidos
Resumos selecionados >

(n=15) (n=10)

(Aspiragdo por conteudo gastrico,
auséncia de achados
tomograficos, pneumonia
comunitaria)

!

Textos completos selecionados
para inclusdo no estudo

(n=5)

Figura 1 — Seleg&o dos artigos analisados nesta revisdo
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Resultados

Foram selecionados cinco artigos para inclusdo nesta revisdo, cujas
caracteristicas sdo apresentadas na Tabela 1. Os estudos analisados foram
realizados nos ultimos cinco anos, sendo todos publicados em lingua inglesa,
bem como de diferentes paises (ltalia, Estados Unidos, Japao, China e Brasil).
O tamanho da amostra deles variou de 43 a 56 pacientes, sendo que a
populagao teve predominéancia de sujeitos adultos e idosos.

A maioria dos estudos apresentou delineamento transversal
retrospectivo '#'7. As caracteristicas da amostra variaram, sendo que os
pacientes estudados tinham cancer de laringe "4, quadro de pneumonia aguda
associada a disfagia '° e aspiragéo cronica '%'7; e um estudo foi realizado com
individuos saudaveis para avaliar a presenca e a auséncia de aspiragéo 8. Os
exames diagnosticos utilizados nas pesquisas foram: VFD 41517 VED 1418,
broncoscopia ' e TC de torax 418,

Os achados tomograficos, em pacientes com aspiragédo relacionada a
disfagia, foram diversificados, abrangendo: enfisema '4, bronquiectasias 41518,
espessamento da parede brénquica 4151718 nodulos 41517 padrdo arvore em
brotamento #'8, consolidagdes '*'7, derrame pleural *'6, atenuagdo em vidro
fosco 41517 espessamento septal #'5 lesbes escavadas ', linfonodos 4,
atelectasias %', bronquiolectasias '7-'8, fibrose '® e aprisionamento de ar 718,
Um dos estudos demonstrou maior frequéncia de achados em pulmao direito
6 e outros dois verificaram alteragbes mais prevalentes em zonas inferiores
dos pulmdes 7. No estudo de Simonelli et al '#, ndo foi possivel descrever a
percentagem dos achados, pois estes estdo demonstrados conforme o grau da
aspiragcado. Cabe ressaltar que, em dois estudos, foram comparados grupos

com e sem aspiragéo 18,

Discussao

A partir da selecao, leitura e analise dos artigos, podemos perceber que
ha poucos estudos tentando definir um padréo de achado tomografico de toérax
relacionado com aspiragado pulmonar decorrente da disfagia. Os cinco artigos



36

selecionados nesta pesquisa foram publicados nos ultimos cinco anos, o que
pode justificar a recente preocupacgao e atuacao dos profissionais em identificar
precocemente os pacientes disfagicos que aspiram, podendo intervir na
etiologia. Um estudo verificou correlagao significativa entre o grau da disfagia e
o risco relativo de pneumonia, demonstrando que os pacientes que apresentam
aspiragao traqueal tém dez vezes mais chances de desenvolver pneumonia,

comparado a individuos com deglutigdo normal '°.

A maior complicagdo associada a aspiragao no paciente com disfagia é
a infeccdo pulmonar 0. Estudos apontam a pneumonia aspirativa como causa
da pneumonia comunitaria 292", E importante ressaltar que, além da
complicagao respiratéria, o disturbio de degluticdo € um fator de risco para a
desnutricdo e o declinio funcional 22. A pneumonia aspirativa € a principal
causa de morte em pacientes com disfagia, uma condi¢cdo que afeta cerca de

300.000 a 600.000 pessoas a cada ano nos Estados Unidos .

Simonelli e colaboradores ' abordaram a relagdo disfagia versus
aspiragao em pacientes laringectomizados, e usaram, como grupo controle,
pacientes com doenca pulmonar obstrutiva cronica (DPOC), n&o verificando
diferenga significativa de achados radiolégicos entre os grupos. Atualmente,
sabe-se que pacientes com DPOC apresentam sintomas de disfagia
relacionados a protecdo das vias aéreas devido a alteracdo do padrao
respiratério e coordenagao entre degluticdo e respiragdo, levando a maior
probabilidade de desenvolver pneumonia 23. Cabe destacar aqui que, dos 116
pacientes selecionados para a pesquisa, somente 45 demonstraram aspiracao
detectada pela VFD e realizaram, entdo, a TC de térax, a fim de avaliar as
manifestacbes radioldégicas da aspiragcdo. Nos dois grupos, as maiores
incidéncias de achados foram: espessamento da parede brbénquica,
bronquiectasias, nddulos, enfisema, consolidagdes e espessamento septal, que

variaram conforme o grau de aspiragédo no grupo estudo.

No estudo de Komiya e colaboradores '5, os achados tomograficos
pulmonares foram descritos em pacientes com quadro agudo, ou seja, na
presenca de pneumonia quando admitidos no hospital, sendo confirmada a

presenca de disfagia por exame complementar da degluticdo (VFD). Os



37

achados de maior frequéncia na TC de térax foram: consolidagdo do espaco
aéreo, atenuagcdo em vidro fosco, ndédulos centrilobulares e espessamento
peribroncovascular. As opacidades pulmonares predominaram em zonas
inferiores ou difusas do pulm&o, assim como tinham distribuicdo posterior. Os
autores nao apresentaram um grupo controle (sem disfagia/aspiragdo). Nesse
estudo, observou-se predominancia da populagao geriatrica, a qual apresenta o
risco de aspiragdo de secregbes da orofaringe e alimentos aumentado?*. Ha
evidéncias, na literatura, de que a disfagia tem indice mais elevado em idosos

e a aspiragao é um importante fator etiolégico da pneumonia nessa populagao
25

Um dos artigos analisados na presente pesquisa '® ndo usou exame
complementar para avaliar a degluticdo e detectar disfagia, e somente usou
broncoscopia para verificar um quadro agudo de aspiragdo alimentar de
grandes corpos estranhos. Os achados da TC de térax mais prevalentes
encontrados no estudo foram: consolidagdes, atelectasias e lesdo de alta
densidade em vias aéreas, com predominancia de lesao no pulmao direito, lobo

inferior.

No outro estudo de Butler e colaboradores '8, foi verificado,
prospectivamente, somente a aspiragdo com agua, sem avaliar a possivel
aspiragao com outras consisténcias alimentares, o que poderia resultar em um
aumento de achados pulmonares no exame de imagem. Também nao
utilizaram a VFD, exame “padrao-ouro” para detectar aspiragdo, optando pela
VED. A VED é um exame realizado com endoscopio nasal, podendo-se
observar e avaliar diretamente as estruturas da laringofaringe, bem como a
avaliar a degluticado; porém, a aspiragao s6 pode ser inferida apds a degluticéo
pela visualizagdo da presenga de alimento corado na traqueia 26. Nao foi
verificada a diferencga significativa no padrao radiologico entre os grupos caso e
controle, cujos achados foram: bronquiectasias, bronquiolectasias,

espessamento da parede brénquica, fibrose, aprisionamento de ar e fibrose.

O estudo mais recente, que abordou os achados pulmonares em
pacientes com aspiragdo cronica ', incluiu pacientes com e sem diagndstico de

aspiragcao detectada pela VFD, os quais realizaram TC de tdérax. Quando
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comparados os dois grupos, foi possivel verificar que os pacientes que
aspiraram demonstraram maior frequéncia de alteragdes do tipo atelectasias,
nodulos centrilobulares, bronquiolectasias, consolidacdo e atenuagcdo em vidro
fosco. Espessamento da parede brénquica e aprisionamento de ar foram os
achados mais prevalentes em ambos os grupos, entretanto sem demonstrar
diferenga significativa. Em relagcéo a localizagao das lesées, também puderam

constatar maior prevaléncia de distribuicdo em zonas inferiores dos pulmdoes.

Uma das limitagbes da presente revisdo foi a escassez de artigos
publicados sobre esse assunto, bem como as caracteristicas variadas da
amostra. Nesta revisdo, nido foi possivel estabelecer um consenso que possa
caracterizar um padrdo de aspiragdo pulmonar nos pacientes com disfagia,
tornando-se importante a realizagdo de investigagdes futuras sobre o assunto.
As evidéncias sugerem que os achados da tomografia computadorizada de
térax, em pacientes que apresentam aspiracdo, sao diversificados, entretanto,
os que citaram localizacdo pulmonar, detectaram maior prevaléncia de

distribuicdo em pulmao direito e em zonas inferiores dos pulmdes.
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Tabela 1: Caracteristicas dos artigos selecionados

Legenda: A=adulta, G=geriatrica, CA=com aspiragao, SA=sem asplragé
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4. CONSIDERAGOES FINAIS

Os trabalhos, aqui apresentados, fazem parte de um grande projeto
intitulado “Achados de imagem na tosse crénica”, aprovado pelo Comité de
Etica em Pesquisa (CEP) da Irmandade Santa Casa de Misericérdia de Porto
Alegre (ISCMPA), com parecer N° 512.215. A partir desse projeto maior, estao
sendo desenvolvidos trabalhos na modalidade de Iniciacdo Cientifica,
Mestrado, a presente Tese de Doutorado, além de outros projetos em

andamento.

O Servigo de Radiologia Toracica da ISCMPA é um centro de referéncia no
diagndstico de pacientes com alteragdes pulmonares, assim como 0 exame de
videofluoroscopia da degluticdo, buscando diagnéstico de disturbio de
degluticdo e deteccdo da aspiragao. A parceria para o desenvolvimento do
presente projeto teve inicio em 2014, sendo um objetivo comum a ambos os
grupos, além do diagndstico e tratamento, a investigagdo das caracteristicas

pulmonares em pacientes com aspiragao.

O vinculo entre a instituicao de ensino Universidade Federal de Ciéncias da
Saude de Porto Alegre (UFCSPA) com o hospital ISCMPA é extremamente
positivo, pois, dessa forma, conseguimos demonstrar as pesquisas aqui
apresentadas, necessarias para a melhor compreensido dos achados
tomograficos da aspiragdo, uma vez que os sintomas pulmonares podem ser a

primeira manifestagcao desse disturbio.

Apresentamos, como resultado dessa pesquisa, o Artigo [, intitulado
“Pulmonary computed tomography findings in patients with aspiration detected

by videofluoroscopic swallowing study”, no qual constatamos que os achados
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de atelectasias, ndédulos centrilobulares, bronquiolectasias, consolidagdo e
atenuacgao em vidro fosco, ocorreram com maior frequéncia em pacientes com
aspiracdo quando comparado ao grupo controle (sem aspiragdo), com
distribuicdo predominante em lobos inferiores. Ja no artigo Il, intitulado
“Achados da tomografia computadorizada de toérax em pacientes disfagicos
com aspiragcdo pulmonar: uma revisdo sistematica”, nao foi possivel
estabelecer um consenso que possa caracterizar um padrdo de aspiracéo
pulmonar nos pacientes com disfagia, tornando-se importante a realizagao de
investigacdes futuras sobre o assunto. As evidéncias sugerem que os achados
da tomografia computadorizada de térax, em pacientes que apresentam
aspiracao, sao diversificados, entretanto, os que citaram localizagdo pulmonar,
detectaram maior prevaléncia de distribuicdo em pulmao direito e em zonas

inferiores dos pulmdes.

No Anexo 1 desta Tese, apresentamos um artigo demonstrando as
caracteristicas da tomografia de térax em pacientes com rinossinusite crénica,
publicado em colaboragcdo com outros grupos de pesquisa (Universidade
Federal do Rio de Janeiro, Hospital da cidade de Passo Fundo e Departamento

de Radiologia de Liverpool).

Cabe ressaltar, ainda, que o trabalho “Achados pulmonares na tomografia
computadorizada em pacientes com aspiragao cronica detectada pelo estudo
de videofluoroscopia da degluticao” foi congratulado com Honra ao Mérito na

462 Jornada Paulista de Radiologia (2016).
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5. ANEXOS

5.1 Anexo 1: Artigo cientifico em colaboragéao

Computed tomographic pulmonary changes in patients with chronic

rhinosinusitis

Publicado no British Journal of Radiology

“Computed tomographic pulmonary changes in patients with chronic

rhinosinusitis”

Authors: Bruno Hochhegger, Giordano R T Alves, Klaus L Irion, Guilherme

Watte, Betina Scheeren, Robson Rottenfuser, Edson Marchiori
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Objective: To investigate whether patients with a diagno-
sis of chronic rhinosinusitis (CRS) show characteristic
pulmenary changes on chest CT compared with a control
group without sinusopathy.

Methods: This retrospective, observational study in-
cluded patients with and without a diagnosis of CRS
who underwent CT examination of the lungs between
2012 and 2014. Two radiologists, who were blinded for the
presence of CRS, reviewed the scans for the presence of
any abnormalities consensually. The 3 test was used for
correlative analysis, with a significance level of 0.05.
Results: A total of 123 CT series (51.2% from male patients,
mean age 41+ 16 years) were reviewed, including those
from 59 (48%) patients with a diagnosis of CRS. Patients
with CRS were more likely than the control group to
exhibit atelectasis, bronchiolectasis, centrilobular nodules

INTRODUCTION

The definition of rhinosinusitis is based on the presence of
mucosal inflammation in the nasal cavities and paranasal
sinuses.’ Because of the contiguity between the sinusal and
nasal mucosae, the term “rhinosinusitis” is considered to be
more precise than “sinusitis”, given that rhinitis and sinusitis
co-exist in virtually all cases.” Although this condition is
typically benign, its diagnosis and management are complex;
for instance, the overall impairment caused by rhinosinusitis
has been compared with that caused by chronic obstructive
pulmonary disease, back pain and angina pectoris.!

Chronic rhinosinusitis (CRS) comprises the occurrence of
signs and symptoms of rhinosinusitis for =12 weeks.”
Particularly in these cases, the underlying causes tend to be
multiple, and the majority of patients are thus referred for
CTstudies of the sinonasal cavities. Although CT cannot be
used to identify the origin of mucosal changes un-
equivocally, it can demonstrate anatomical abnormalities
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and ground-glass opacities (all p<= 0.05), with a signifi-
cant predilection for middle lobe and lingular involve-
ment abserved (p < 0.001). Other abnormalities, such as
bronchial wall thickening and air trapping, did not differ
between groups.

Conclusion: Atelectatic changes, ground-glass opacities,
bronchiclectasis and centrilobular nodules are the maost
freguent abnormalities associated with CRS, with peculiar
middle lobe and lingular involvement observed on chest
CT examinations.

Advances in knowledge: CRS is a frequent disorder that
displays typical pulmonary changes at CT. The recogni-
tion of such findings can prevent patients with this
condition from undergeing unnecessary investigations
that might be based on the presence of the aforemen-
tioned radioclogical features.

and corroborate the extent of mucosal involvement; most
authors have recommended CT examination before surgery
or the initiation of lengthy treatment®™ Furthermore,
patients with suspected CRS will often present with pul-
monary complaints, and previous reports had already
addressed the occurrence of poorer outcomes in patients
with CRS who display lower airway involvement.”!"

In this retrospective controlled study, we sought to determine
whether patients with suspected CRS who had undergone
chest CT would exhibit any characteristic abnormalities that
could aid in the investigation and understanding of CRS.

METHODS AND MATERIALS

Patient selection

Adult patients (aged 18 years or older) who had been under
investigation for CRS and undergone chest CT examination
at three university hospitals between February 2012 and
June 2014 owing to chronic cough (3 weeks or more) were
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retrospectively enrolled in this study through the examination of
medical records. The definition of CRS was based on the pres-
ence of two or more major diagnostic criteria (facial pain, nasal
obstruction, nasal discharge and hyposmia), one major and two
or more minor criteria (headache, fever, halitosis, fatigue, dental
pain, cough and ear pain) or direct visualization of nasal pu-
rulence, with a duration of 12 weeks or more.” Patients with
similar demographic characteristics, who underwent CT of the
chest owing to the presence of chronic cough but had not been
diagnosed with CRS or any other sinusopathy and had no ac-
knowledged immunodeficiency, were selected as a control group
for comparison purposes. Because not all patients in both
groups underwent sinus CT examinations, we were unable to
analyse the relation berween sinus and chest CT abnormalities.

This study followed the recommendations of the Declaration of
Helsinki and was approved by the regional bioethics review
board. All patients referred for outpatient otorhinology for the
evaluation of suspected CRS were included in the study. With
the exception of CRS diagnosis, the exclusion criteria were
identical for the two groups: (a} any documented active lung
infection; (b) any type of neoplasm; (c) history of smoking
(current or former), lung transplantation, lobectomy or other
pulmonary intervention; (d) confirmed immunosuppression
(congenital or acquired); (e) any clinical evidence of a restrictive
pulmonary disorder; and (f) evidence of gastro-oesophageal
reflux or allergic pulmonary aspergillosis. Two radiologists with
5 and 7 years' experience in thoracic radiclogy, respectively, who
were blinded to the presence of CRS reviewed the CT images for
the presence of any abnormalities consensually.

Image acquisition

Images were acquired using two commercially available 64-row
multidetector CT scanners {Somatom® Sensation 64 Systems;
Siemens Medical Systems, Forchheim, Germany; and LightSpeed
VCT® GE Healthcare, Milwaukee, WI). The examinations were
performed in the caudal—cranial direction to prevent movement
artefacts. The parameters were: collimation, I mm; rotation
time, 0.33s; pitch, 1.3; dose, 120kV and 200 mAs. All CT
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examinations were performed without contrast. All CT images
were reconstructed with axial 1-mm slice thickness. Sagittal and
coronal reconstruction with and without maximum intensity
projection was also performed. The use of automatic exposure
control and soft kernel was allowed, and a data matrix of
512 % 512 pixels was used. The scanners were calibrated peri-
odically according to the manufacturers’ recommendations.

Statistical analysis

Excel® software (Microsoft® Corporation, Redmond, WA ) was used
for data tabulation and descriptive analysis. For continuous varia-
bles, mean, median, maximum and minimum values and standard
deviations were calculated. For categorical variables, frequencies
were expressed as percentages. Corrdative analysis was performed
with STATA® software v. 12.1 (StataCorp, College Station, TX). The
X~ test was applied to categorical (qualitative) variables, which
comprised all measurements cross-tested by the authors, Tests
were performed bilaterally with a 0.05 level of significance.

RESULTS

From an initial sample of 213 patients with suspected CRS, we
excluded 90 patients [gastro-oesophageal reflux (n = 44), previous
documented infection (n= 30}, previous diagnosis of neoplasia
(n = 14) and immunosuppression (n=2)]. A total of 123 patients
with a mean age of 41 years (16 years) and nearly equal sex
distribution [63 (51.2%) males] were included in analyses.

The study group, in which the diagnosis of CRS was confirmed,
comprised 59 (48%) participants. The most frequent CT findings
were centrilobular nodules (58.9%), atelectasis (56.9% ), bronchial
wall thickening (56.9%) and bronchiolectasis (55.9%), followed by
air trapping (30.5%) and ground-glass opacities ( 15.2%; Figure 1).

The control group, whose initial symptoms were not related to
any sinusopathy, comprised 64 (52%) patients. The most prev-
alent abnormalities were bronchial wall thickening (61.9%), air
trapping (34.5%)} and centrilobular nodules (18.2%), followed
by bronchiolectasis (9.1%), ground-glass opacities (6.9%) and
atelectasis (5.8%; Figure 1).

Figure 1. Bar chart representing the prevalence of CT findings in patients with and without chronic rhinosinusitis (CRS).
Bronchiolectasis, atelectasis, centrilobular nodules and ground-glass opacities were more prevalent in patients with CRS than in the

control group. %0 <0.001, Yp =0.02
Fl1l

&0 4

i (7.3
= =
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Figure 2. A 47-year-old male patient presenting with chronic cough, who was diagnosed with chronic rhinosinusitis. (a) Axial and
(b) coronal CT scans reveal focal areas of bronchiolectasis (white arrows), with surrounding ground-glass opacities (stars), linear
atelectasis (within the horizontal fissure, arrowhead) and discrete centrilobular nodules (black arrow), remarkably in the middle lobe.

Bronchial wall thickening and air trapping were slightly more
prevalent in the control group, but these differences between
groups were not significant (p= 1.000 and p=0.801, re-
spectively). Ground-glass opacities, bronchiolectasis, cen-
trilobular nodules and atelectasis were observed significantly
more frequently in patients with CRS than in control subjects
(p=10.029, p<0001, p<0001 and p<0.001, respectively;
Figure 2). In both groups, air trapping occurred mainly in the
lower lung zones (p <2 0.001), but bronchial wall thickening was
not associated with any particular pulmonary region (p = 0.963 )
(Figure 3). All other significant changes were located pre-
dominantly in the lingula and middle lobe (p << 0.001; Table 1).

DISCUSSION

Rhinosinusitis is currently a major health problem showing
worldwide recrudescence. In the USA, it is believed to affect one
in seven adults, with substantial health and economic impacts.’
In general, CT assessment of patients with rhinosinusitis is re-
served for refractory cases, for those with CRS, and for the
investigation of lower airway involvement.”™” The interaction
between asthma and rhinitis to form a global airway allergy
syndrome has long been recognized,""” but examination of the
relationship between upper and lower airway involvement in
other conditions, including rhinosinusitis, has been more
recent."*'” Thus, interest in the potential role of CT imaging in
providing useful information from patients with CRS has
increased.' ™" To our knowledge, however, this report is the first
description of characteristic pulmonary CT changes in patients

with CRS. These patients were more likely to exhibit atelectasis,
bronchiolectasis, centrilobular nodules and ground-glass opac-
ities than those of the control group, with a significant pre-
dilection for middle lobe and lingular involvement.

A recent publication by Kariva et al'® confirmed that patients
with CRS demonstrate decreased lung function compared with
the normal population, regardless of the co-existence of asthma.
No particular variable, such as the Lund-Mackay sinus CT score
or blood test findings, was associated with such functional im-
pairment. Although lower airway obstruction could reasonably
be considered a contributing factor (as small airway disease leads
to decreased expiratory rates),"” the prevalence of bronchial wall
thickening and air trapping did not differ between the CRS and
control groups in this smdy. Thus, we hypothesize that the
characteristic CT features of CRS (atelectatic changes, ground-
glass opacities and centrilobular nodules) will be correlated with
lung function deterioration in future investigations.

The importance of various biomarkers in patients with CRS is
the subject of ongoing discussion. Examples of this controversy
are immunaoglobulin E levels and eosinophil blood count, which
are usually secondary to confounding factors such as asthma
(which affects approximately 50% of patients with CRS), nasal
palyps, smoking status or bacterial colonization,™ " On the
other hand, researchers have reached consensus on the role of
nitric oxide (NO), given the direct links between low exhaled
NO levels and clinical status deterioration and imaging

Figure 3. A 55-year-old female with a long-term history of chronic rhinosinusitis. (&) Axial and (b) coronal CT images show diffuse
findings of bronchiolectasis (arrows) with mild ground-glass opacities (peripheral zones, stars).

T of 5 birpublications.org/bir

Br J Radiol:B8:201E




49

Hochheager et af

Table 1. Distribution of CT findings according to pulmonary lobes (n=123)

Radiological Left Lingular Left Right Middle Right val
H = ue
finding upper lobe segment lower lobe upper lobe lobe lower lobe P

Brouiail vall 110 (16.4) 114 (17.0) 113 (16.8) 112 (167) 112 (16.7) 111 (16.5) 0.963"
thickening
Bronchiolectasis - 53 (50.5) - - 52 (49.5) - <0,001"
G ibalr - 51 (36.4) 14 (10.0) i 53 (37.9) 22 (157) <0,001"
nodules
Ground-glas 1(9.5) 7(333) - - 12 (57.1) : <n,001"
altenuation
Arelectasis - 46 (45.5) 5 (5.0) - 43 (42.6) 7 (6.9) <0.001"
Air trapping - - 64 (55.2) - - 52 (44.8) <0.001°

Data are presented as-n (%),
IMon-significant.
Bgignificant.

findings.”"*" Given that NO appears to be crucial for the opti-
mal functioning of the mucociliary system,” we might interpret
the observed lung abnormalities in patients with CRS as arising
from dysfunctional ciliary status.

Furthermare, we hypothesize that the aforementioned changes may
depend on a chronic aspiration process as well, as confirmed by the
significant propensity for lingular and middle lobe involvement.
Hoegger et al™® has previously described the preferential transport
of particles up the ventral airway surface, which could explain the
preferential aspiration of the middle lobe and lingula. In addition,
mucociliary transport (MCT) defends the lungs by remaoving par-
ticulates, and defective MCT is equally important in micro-
aspiration. Similarly, Samareh Fekri et al™ have recently confirmed
the relationship between chronic aspiration and the increase of
pulmonary cytokines and inflammation; this can corroborate the
poorer outcomes of patients with CRS with lung abnormalities.
One must note, however, that the present study evaluated CRS with
chronic cough and, in spite of the presence of a control group with
chronic cough and no CRS, the described abnormalities cannot be
extended to every individual diagnosed with (RS unti further
investigations are conducted. Furthermore, its transversal nature
prevents the authors from any conclusion on causation effects.

Other limitations of our work should also be addressed. Given the
novelty of this investigation, we did not include other data sources,
such as sinus CT examinations and lung tunction tests, in the
comparison; this approach may have influenced the study out-
comes. Additionally, although we attempted to exclude individuals
with any acknowledged pulmonary restriction, as CRS may co-
exist or even precede the detection of some conditions, such as
vasculitis, indolent infections (such as atypical mycobacterial in-
fection) and inherited diseases, the authors could not completely
rule out such situations based on the design of the present study.

In summary, we observed significantly different radiological patterns
on chest CT between patients with CRS and a control sample
without rhinesinusitis. This initial experience indicates that not only
sinus CT but also chest CT studies can have utility in evaluating
structural damage in patients with CRS. Bronchiolectasis, atdectasis,
centrilobular nodules and ground-glass opacities occurred more
frequently in patients with CRS, with a pronounced tendency for
lingular and middle lobe nvolvement. These findings may obviate
the need of unnecessary additional testing of patients with CRS and
pulmonary symptoms. By contrast, the eventual presence of other
pulmonary changes, such as bronchial wall thickening and air
trapping, should not be routinely regarded as secondary to CRS.
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5.2 Anexo 2: Apresentacgdes resultantes do projeto de estudo

5.2.1 Resumo apresentado como tema-livre na 462 Jornada Paulista de

Radiologia (2016) ARTIGO |
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5.2.3 Resumo apresentado como Pdster no Congresso
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INTRODUCTION

Swallowing is a dynamic and complex process
requiring the co-ordination of various structures, which
act in sequence to conduct food from the oral cavity to
the stomach. The swallowing disorder, can manifest
through a series of signs and symptoms, such as
coughing, choking and globus pharyngeus and is a
major risk factor for aspiration pneumonia.

OBJECTIVE

To demonstrate computed tomography (CT)
findings in patients with aspiration compared with a
control group without aspiration, as detected by the
videofluoroscopic swallowing study (VFSS).

METHODS

This retrospective, observational study included
patients with and without diagnoses of aspiration
confirmed by VFSS, who underwent CT examination of
the lungs between 2010 and 2014. The time interval
between the completion of VFSS examination
(aspiration status) and CT was up to 2 months.
Aspiration was confirmed by VFSS and was performed
by a speech-language pathologist and a radiologist
with 5 years’ experience. During the VFSS, patients
remained seated and lateral and anteroposterior
images were captured, with upper and lower limits
ranging from the oral cavity to the stomach. The
protocol included functional intake of liquid and foods
with pasty and solid consistencies, with liquid barium.
wo radiologists blinded to the presence of aspiration
iewed the CT images to detect the presence of any
prmality. Consensus was reached with a third

ggist. CT  pulmonary findings  (bronchial
ng, bronchiolectasis, centrilobular nodules,
Bss opacities, atelectasis, consolidation and
were compared between the groups using
a significance level of 0.05.
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A total of 56 patients (28 patients with diagnoses of
aspiration; 52% male, mean age 65+15 years) were
included in the study. Patients with aspiration were
more likely to than those in the control group to
demonstrate  atelectasis, centrilobular nodules,
bronchiolectasis, consolidation and ground-glass

opacities (all p<o.05), with a significant predilection for
the lower lobes (p<0.001). Bronchial wall thickening
and air trapping did not differ between groups.
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Figure 1. Comparison between CT findings in patients with
and without aspiration. VFSS, videofluoroscopic swallow-
ing study.
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CONCLUSION

Atelectasis, centrilobular nodules, bronchiolectasis,
consolidation and ground-glass opacities occurred
more frequently in patients with aspiration than in
those without aspiration, with a pronounced tendency
for distribution in the lower lobes.



5.2.4 Resumo apresentado como pdster no Congresso Brasileiro de

Fonoaudiologia (2016)

A CASA UFCSPA
DE MISERICORDIA 'NTRODUGAO mm“-&m—‘ ey

OBJETIVO

METODOS

Artigos identificados através da
pesquisa de banco de dados (n=622)

Artigos excluidos (n=607)

Resumos excluidos (n=10)

(Aspiragdo por contelido gastrico,
auséncia de achados tomograficos,
pneumonia comunitaria)

Textos completos selecionados
para inclusdo no estudo (n=5)
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5.3 Anexo 3: Parecer do Comité de Etica em Pesquisa

IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO ‘GRGrad '
ALEGRE - ISCMPA

Titulo da Pecquica: Acradis &6 Magem na Kase crinca
Pecquicador: Carlos Schiler Nn

Area Temation:

Verclo:

CAAE: 25152713 0.0000.5335

Inctttulglo Proponesde: 1 SCMPA

Patrooinador Prinolpat: Fnancameno Prioog

NOomero do Parecer: 512215
Data da Redatoria: 07002008

Apresentaglo do Projeto:
Tritn-sm e um esbado stroszmctvo de avalagio de schecos Jwrdnn coem
lors s M An imag weho Rivcless por dives rad b wmdbce on

S e L S

o

Otjetivo da Pesquica:

Determings & pravakng a 8¢ achados anonmais Nos exames 0o IMagem noa pacsnies pontadons do Kase
odeica.

Avallagdo dos Ricooc @ Benefiolos:

N&o haverd miervencio, os riscos =50 relconacos 3 guebra de sglo. Os pessg o 58 COMprOmeste
o mamer corfdencigicade das irdormagies coletados,
Comentarics » Conclderagfec cobre a Pecquica:

O weludo & impan Pt " # Begmncis w o8 Boos de ABNrAGes Dreseclng wim sece e gue
ML sxamies Ge rnagem paes Imeeslicacho de Kaee SRcE 1O NONR0 T

Coneiderapdec cobre oc Termoe de apresentaplo corigattna:
Disgansa TOLE por sef um esiudd retrospedctiva.

Caderaco: & Prof® Aones Dise 208 Map Dury Veas s Scheow

Oakma: i andw - Cood [ < ST

ur: = Nenicigla: PONTO ALBGHE

Teletara: 3102140870 Cae: 5100974 C-mal: capiiwertscos b br
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO ‘GRGrard
ALEGRE - ISCMPA

T o Farwene 312218

Recomendapes:

Nio se aplica

Conolucdec ou Pendénolas » Licta de inadequapdes:

O projelo de pesqusa encontra-se dentro da legisiacsio vigente no Pals,

Etuzgdo do Farecer:

Aprovado

Nececcits Apreciagdc da CONEP:

Nio

CongiderapSes Finais a erttéric do CEP:

Apds avallagdo do prolocolo acima descrito. o presents comie ndo encontrou Gbices guanto ao
desemvolvmento do estudo em nossa Insificlo & poderd ser INcaco 3 partir da dotn deste parecer,

Obe: * - O pesguisador resporsdve’ deve encamintar 8 este CEP, Reatdnos de Andamento dos Projelos
desemohvidos na ISCMPA. Reloddros Parcios (pesquitas com duragdo superor 8 § meses), Realtnos
Flrwis (00 Wemino ca pesguiia) » o Resutindon ObBdon (chira ca publcecho),

2 - Patu 0 Inicio do projeto de p LT tigaaor o 4 ap dar & cheda do svico |onde serd

¥

realzada a pesqusa), 0 Parecer Consubstantads de aprovagdo ¢o protocclo pelo Camitd de Etica.

PORTO ALEGRE. 20 de Jansin e 2014

Ascinador por:
Ciaugio Teloken
(Coordenador)

| Coderaga: 1T Prof Aoces Da 2825 tnp Dory ‘Woar s Screnr

Dakma: i vl - G [ = T
ur: ms Municipla:  PONTO ALEGSS
Taletara: &1 0214097 Fax: &103W-25T4 Comal: cupiiariecns ko b

Pigrn D & T
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