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Lista de abreviaturas utilizadas

TC-AR: tomografia computadorizada de alta resolucao
TC: tomografia computadorizada
TB: tuberculose pulmonar

HIV: virus da imunodeficiéncia humana
SIDA: sindrome da imunodefiéncia humana

M. tuberculosis: Mycobacterium tuberculosis



Resumo da Dissertagéao

Introducgéo: infecgbes pulmonares séo claramente uma importante causa de
morbimortalidade em pacientes transplantados de 6rgaos solidos. Tuberculose
(TB) pulmonar possui uma significante prevaléncia nesse grupo de pacientes.
TB € caracterizada por apresentar varias apresentacfées em imagem. O maior
entendimento dessas manifestacdes pode reduzir o impacto causado por essa
doenca, provendo diagnostico precoce.

Objetivo: determinar a apresentacdo dos padroes, de tomografia
computadorizada de alta resolugédo em transplantados de pulméo com TB.

Métodos: dados sobre transplantados de pulméo, com TB foram coletados em
dois hospitais do sul do Brasil. Informacbes sobre sexo, idade, sintomas,
doenca pulmonar que levou ao transplante, padrao tomogréfico pulmonar,
padrdo de distribuicdo pulmonar, tempo entre o transplante e a infeccdo por
tuberculose e taxa de mortalidade foram obtidos. Os achados tomogréaficos
foram classificados em nodulos miliares, escavacdes e nédulos centrolobulares
em “arvore-de-brotamento”, atenuagdo em vidro-fosco e consolidagéo,
linfonodomegalia mediastinal e derrame pleural.

Resultados: entre 402 pacientes transplantados, incluimos 19 com tuberculose
pulmonar. O principal padréo tomografico foi atenuacdo em vidro-fosco e
consolidacbes (42%), seguido por escavacdo e nodulos centrolobulares em
“arvore-de-brotamento” (31,5%) e linfonodomegalia mediastinal (15,7%). A
distribuicdo nos pacientes com escavacdo e nddulos centrolobulares ocorreu
nos lobos superiores em 66,6%. Derrame pleural ndo foi demonstrado. Apesar
do tratamento, a taxa de mortalidade foi de 47,3% em 1 ano.

Conclusado: os padrdes tomograficos predominantes foram atenuacdo em
vidro-fosco, e consolidacfes seguidos por escavacédo e nddulos centrolobulares
em “arvore-de-brotamento”. Esses achados sdo similares aos da populacéo
nao quimicamente imunossuprimida e razoavelmente diferentes da populacdo
com SIDA.



1. Introducéao

1.1 Tuberculose

Tuberculose (TB) é wuma doenca infectocontagiosa crénica,
granulomatosa, causada pelo bacilo Mycobacterium tuberculosis, e
ocasionalmente = Mycobacterium  bovis, que se caracteriza pelo
comprometimento da imunidade mediada por células. Pode acometer
praticamente qualquer 6rgdo, sendo a localizacdo pulmonar sua forma mais
frequente (Silva e cols, 2010).

A pandemia da Sindrome da Imunodeficéncia Adquirida (SIDA) e a
emergéncia de bacilos multirresistentes, aliadas a desorganizacdo dos servigcos
de saude, a miséria e as péssimas condi¢cdes de habitacdo, sdo alguns dos
fatores que contribuem para a grande devastacédo causada pela tuberculose. O
crescimento populacional urbano surge, igualmente, como nova preocupacao,
e sera um dos maiores desafios da humanidade nas proximas décadas. (Silva
e Cols, 2010).

Consequentemente duas bilhdes de pessoas (quase um terco da
populacdo mundial), estima-se estar infectada com M. tubercurlosis. (Dheda e
Cols, 2016). A incidéncia global de tuberculose alcangcou um pico em 2003, e
parece estar vagarosamente diminuindo. Entretanto, em 2015, 10,4 milhdes de
individuos se tornaram doentes com tuberculose e 1,8 milhdes morreram
(OMS, 2016).

O Brasil ocupa posicéo intermediaria (22% posi¢do) entre os paises mais
acometidos, com incidéncia de cerca de 41/100.000 habitantes. A mortalidade
no Brasil continua elevada, com aproximadamente 6 mil 6bitos ao ano (Silva e
Cols, 2010).

1.2 Diagnostico da Tuberculose

A tuberculose é classicamente dividida em primaria e pdOs-primaria

(Muller e Cols, 2001). A forma primaria € mais comum em criangas, e



apresenta sintomas inespecificos e sintomas respiratorios, em um quadro
subagudo. A febre pode se arrastar por semanas. Nas criancas
imunodeprimidas o quadro propende a ser mais agudo (Muller e Cols, 2001).

A tuberculose pdés-primaria possui apresentacdo variavel, pois pode
acometer qualquer 6rgao, além do pulméo, que € o mais acometido. O quadro
cldssico envolve tosse por mais de 3 semanas, perda de peso e febre
vespertina (Silva e Cols, 2010).

O diagnéstico laboratorial ocorre por deteccdo e isolamento da
micobactéria. As ferramentas disponiveis para tanto sdo a baciloscopia, pelo
método de Ziehl-Neelsen, e cultura, sendo o meio mais comum o Lowenstein-
Jensen. Recentemente surgiram novos métodos de deteccdo automatizada e
semiautomatizada, além de métodos moleculares (Silva e Cols, 2010).

O diagnéstico € importantemente auxiliado pelos exames de imagem,
radiografia e tomografia computadorizada (TC) (Muller e Cols, 2001).

A tuberculose priméria apresenta na radiografia de tdérax
linfonodomegalias hilares e/ou mediastinais, com reducdo volumétrica dos
pulmbBes, como achados mais frequentes. A alteracdo pulmonar mais
encontrada é a opacidade parenquimatosa, que pode estar associada a
escavacao, calcificacéo e disseminacao broncogénica. Destaca-se que a forma
miliar € mais frequente em pacientes ndo vacinados com BCG (Muller e Cols,
2001).

Os achados de radiografia na tuberculose pos-primaria sdo opacidades
parenquimatosas heterogéneas, comprometendo mais de um lobo (achado
mais comum), cavidades e disseminacéo broncogénica. O envolvimento pleural
ocorre em cerca de % dos casos (Muller e Cols, 2001). Diferentemente da
forma priméria sdo incomuns linfonodomegalias mediastinais na radiografia
(Silva e Cols, 2010).

A apresentacdo da tuberculose na tomografia computadorizada
resumidamente ocorre por nodulos, por espaco aéreo (principalmente
centrolobulares), opacidades parenquimatosas do tipo consolidagéo e/ou vidro
fosco, cavidades e comprometimento da via aérea, através de espessamento
das paredes bronquicas, dilatacédo e aproximacao dos brénquios (Muller e Cols,
2001).



1.3 Padrdes de Imagem na Tomografia Computadorizada de Térax

A Tomografia Computadorizada € um dos mais importantes instrumentos
diagnoésticos para avaliacdo das patologias toracicas, o seu alto desempenho
se deve as caracteristicas anatdomicas, e funcionais favoraveis ao método
(Silva e Cols, 2010).

Os achados de imagem em torax podem ser nomeados através do
glossario da Fleischner Society (Hansel e Cols, 2008). A partir dessa
nomenclatura, a literatura médica apresenta estudos, que mesclam os achados
em determinados grupos, conforme a apresentagcao da tuberculose e o achado
predominante. Em um desses estudos, esses grupos sao nodulos miliares;
cavitacAo e nobdulos centro-lobulares; atenuacdo em vidro fosco e
consolidagéo; linfonodomegalia mediastinal; e derrame pleural (Pereira e Cols,
2016).

O ndOdulo é uma opacidade arredondada ou irregular, bem ou mal
definida com <3 cm de diametro. Linfonodos hilares e mediastinais possuem
didmetro normal, maximo de 1,2 cm, linfonodomegalia é a presenca com
dimensBes maiores que essas. A cavidade € definida como um espaco cheio
de gas, visto como uma lucéncia, ou area de baixa atenuacdo, dentro de
consolidacdo pulmonar, de massa, ou de nddulo. Opacidades em vidro fosco
sdo definidas como areas nebulosas de aumento de densidade ou atenuacao,
sem obscurecimento dos vasos subjacentes. A consolidacdo é definida como
opacificacdo homogénea do parénquima com obscurecimento dos vasos
subjacentes. Derrame pleural é a presenca de liquido na cavidade pleural
(Hansel e Cols, 2008).

A distribuicdo dos achados de imagem pode ser categorizada como
focal (unilobar), ou difusa (mais de um lobo pulmonar) e pode ser descrita de
acordo com os lobos anatdmicos (Hansel e Cols, 2008).

Os achados de imagem atipicos se tornam mais frequentes em
pacientes infectados pelo HIV (virus da imunodeficiéncia humana) e
transplantados (Silva e Cols, 2010).


http://fleischner.org/

1.4 Tuberculose em pacientes transplantados

Infeccdes pulmonares sao claramente uma causa relevante de
morbidade e mortalidade entre pacientes transplantados de érgaos sélidos.
Nesses, a incidéncia de tuberculose é de 20 a 74 vezes maior que na
populacao geral (Subramian e Cols, 2009; Singh e Cols, 1998). Um estudo com
12 anos de acompanhamento demonstraram que a tuberculose, € a causa
mais comum de infec¢do pulmonar em paciente transplantado de érgao sélido,
em areas endémicas (Eyuboglu e Cols, 2013).

A tuberculose é uma infeccdo oportunista, grave, que pode afetar
pacientes transplantados. A incidéncia de tuberculose entre essas pessoas é
notavelmente maior do que para a populacdo em geral (Singh e Cols, 1998;
Subramian e Cols, 2009). Uma grande série envolvendo pacientes,
transplantados com tuberculose identificou comprometimento pulmonar em
51% dos pacientes (Singh e Cols, 1998) A incidéncia de tuberculose é de 2-
6,5% entre os receptores de transplante de pulméao (Singh e Cols, 1998; EPBG,
2002; Benito e Cols, 2002). Essas informacdes combinadas demonstram que, é
expressiva a populacdo de pacientes transplantados com tuberculose
pulmonar.

A forma mais comum de aquisicao de tuberculose, ap6s o transplante é
a reativacdo da infeccdo latente em pacientes com exposi¢cao prévia. Esses
pacientes tendem, inclusive, a ter um inicio da doenca mais cedo (Munoz e
Cols, 2005).

A apresentacdo clinica é frequentemente atipica e diversificada, as
manifestagdes incluem febre de origem desconhecida, sendo que a tuberculose
pode contribuir diretamente para disfungao do enxerto (Verma e Cols, 2000). A
coinfeccdo com outros patdogenos ndo € incomum. Devido ao quadro clinico,
inespecifico em receptores de transplante, o diagnostico € frequentemente um
desafio, o conjunto demonstrado se associa a elevada morbi-mortalidade
(Munoz e Cols, 2005).
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Véarias complicacdes estdo associadas com a infeccdo tuberculosa,
como disseminagdo hematogénica (tuberculose miliar) ou extensdo para a
pleura, resultando em derrame pleural. As complicagdes tardias da tuberculose
constituem um grupo heterogéneo de processos, incluindo tuberculoma,
estenose bronquica, bronquiectasia, broncolitiase, aspergiloma, fistula
broncoesofégica e mediastinite fibrosante (Andreau e Cols, 2004).

A taxa de mortalidade entre os pacientes transplantados com
tuberculose pode chegar a 30%, em adultos e criancas, e igualmente esta
associada a uma alta taxa de morbidade, pois a terapia antituberculose pode
produzir alteracées no metabolismo de drogas imunossupressoras (Verma e
Cols, 2000). Isto pode levar a rejeicdo de aloenxertos, que é grave, em muitos
casos (Singh e Cols, 1998). A ocorréncia de O6bito em pacientes com
tuberculose é mais frequente entre os pacientes com rejeicdo do enxerto, que
recebem corticoterapia, tratamento com o anticorpo anti-linfocito, e na presenca
de outra infec¢cdo oportunista concomitante com tuberculose (Munoz e Cols,
2005).

Profilaxia é uma importante abordagem terapéutica, mas ainda é
prejudicada pela dificuldade de identificar candidatos adequados para o
tratamento, e pelo potencial de toxicidade da isoniazida, particularmente em
receptores de transplante de figado (Munoz e Cols, 2005).

Em relacdo ao diagndstico, se destaca a importancia de achados de
imagem, como os de tomografia computadorizada de alta resolugédo, que
fornecem dados para o0 manejo e acompanhamento desses pacientes, e sao
extremamente valiosos para o monitoramento das complicacdes (Andreau e
Cols, 2004).

Haja vista 0 mau progndstico da tuberculose pulmonar em pacientes
transplantados de o6rgdos solidos, melhores ferramentas de diagndstico

participam de uma estratégia para reduzir morbimortalidade, entre essas
podemos incluir pardmetros mais confiaveis de diagnostico em imagem.
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2. Objetivos
2.1 Objetivo Geral

Identificar e descrever a frequéncia dos padrdes de apresentagcdo em
tomografia computadorizada, de alta resolucdo da tuberculose pulmonar, em

pacientes transplantados de pulméo, a partir de casos com origem em dois

servicos hospitalares do sul do Brasil.
2.2 Objetivos secundarios
Avaliar a mortalidade desses pacientes em um ano de seguimento.

Avaliar a apresentacao da tuberculose pulmonar em exames de imagem
em transplantados de pulméo, em relacdo aos achados da mesma doenca, em

pacientes com Sindrome da Imunodefiéncia Adquirida (SIDA).
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3. Artigo cientifico redigido em inglés

Enviado para publicacdo na revista: Jornal Brasileiro de Pneumologia

High-Resolution Computed Tomography findings of pulmonary tuberculosis in

lung transplant patients

Irai Luis Giacomelli

Roberto Schuhmacher Neto
Carlos Schuller Nin

Marisa Pereira

Priscilla de Souza Cassano

Bruno Hochhegger

High-Resolution Computed Tomography findings of pulmonary tuberculosis in

lung transplant patients

Objective: Lung infections are clearly an important cause of morbidity
and mortality in patients with solid organ transplantation. Pulmonary
tuberculosis has significant prevalence in this group of patients. TB is
characterised by presenting various imaging appearances. Greater

understanding of these manifestations can reduce impact caused by the
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disease, providing an early diagnosis. Considering this situation, the present
study aims to determine the presentation patterns of pulmonary tuberculosis in
lung transplant recipients in high-resolution CT (HRCT) scans. Methods: Data
about transplant recipient patients with pulmonary tuberculosis were collected in
two southern Brazilian hospitals. Data including sex, age, symptoms, pulmonary
disease that led to transplantation, HRCT lung pattern, lung distribution pattern,
time between transplant and lung tuberculosis infection and mortality rate were
obtained. The HRCT findings were classified as miliary nodule, cavitation and
centrilobular three-in-bud nodules, ground-glass attenuation and consolidation,
mediastinal lymph node enlargement and pleural effusion. Results: From 402
patients transplanted, we included 19 with pulmonary tuberculosis. The main
HRCT pattern was ground-glass attenuation and consolidation (42%) followed
by cavitation and centrilobular three-in-bud nodules (31.5%) and mediastinal
lymph node enlargement (15.7%). The distribution in patients with cavitation
and centrilobular three-in-bud nodules was within upper lobes in 66.6%. Pleural
effusion was not demonstrated. Despite treatment, overall one-year mortality
rate was 47.3%. Conclusion: The predominant HRCT findings were ground-
glass attenuation and consolidation followed by cavitation and centrilobular
three-in-bud nodules. These findings are similar to the non-chemically

immunosuppressed population and fairly different to the AIDS population.
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Achados de tomografia computadorizada de alta-resolucao de tuberculose
pulmonar em pacientes transplantados de pulméo

Objetivo: infeccbes pulmonares sao claramente uma importante causa de
morbimortalidade em pacientes transplantados de érgdos solidos. Tuberculose
pulmonar tem uma significante prevaléncia nesse grupo de pacientes. TB é
caracterizada por apresentar véarias apresentacbes em imagem. Maior
entendimento dessas manifestacdes pode reduzir o impacto causado por essa
doenca, provendo diagnostico precoce. Considerando essa situacdo, O
presente estudo objetiva determinar a apresentacéo dos padrdes de tomografia
computadorizada de alta resolugédo em transplantados de pulmé&o com TB.

Métodos: dados sobre transplantados de pulmdo com TB foram coletados em
dois hospitais do sul do Brasil. Dados sobre sexo, idade, sintomas, doenga
pulmonar que levou ao transplante, padrdo tomografico pulmonar, padrdo de
distribuicdo pulmonar, tempo entre o transplante e a infeccao por tuberculose e
taxa de mortalidade foram obtidos. Os achados tomograficos foram
classificados em nodulos miliares, escavacfes e nodulos centrolobulares em
“arvore-de-brotamento”, atenuacdo em vidro-fosco e consolidagao,
linfonodomegalia mediastinal e derrame pleural.

Resultados: entre 402 pacientes transplantados, incluimos 19 com tuberculose
pulmonar. O principal padrdo tomografico foi atenuacdo em vidro-fosco e
consolidagBes (42%), seguido por escavacdo e nddulos centrolobulares em
“arvore-de-brotamento” (31,5%) e linfonodomegalia mediastinal (15,7%). A
distribuicdo nos pacientes com escavacgdo e nodulos centrolobulares ocorreu
nos lobos superiores em 66,6%. Derrame pleural ndo foi demonstrado. Apesar
do tratamento, taxa de mortalidade foi de 47,3% em 1 ano.

Concluséo: os padrbes tomogréaficos predominantes foram atenuacao em vidro-
fosco e consolida¢gBes seguido por escavacao e nddulos centrolobulares em
“arvore-de-brotamento”. Esses achados séo similares aos da populacéo nao
guimicamente imunossuprimida e razoavelmente diferentes da populagéo com
SIDA.
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HIGH-RESOLUTION COMPUTED TOMOGRAPHY FINDINGS OF

PULMONARY TUBERCULOSIS IN LUNG TRANSPLANT PATIENTS

Introduction

Lung transplantation has become an established technique for treatment
of end-stage lung disease in adults and a growth has been observed on the
number of procedures performed each year and on the number of
transplantations centres (1,2). However, lung infections remain as one of the
major concerns in solid organ transplant patients, as they are clearly an
important cause of morbidity and mortality (2).

Tuberculosis (TB) is a common infectious disease among humans. In
2014, it affected 9.6 million people worldwide and killed 1.5 million people,
whereas 95% of deaths were in low- and middle-income countries (3). Solid
organ transplant patients are more susceptible to active TB infection than
general population, with a 20-74 times greater incidence, whereas lungs are
usually the most frequently involved site (4,5).

Pulmonary TB diagnosis is based on direct smear sputum, culture for
Mycobacterium tuberculosis and suggestive radiological findings (6).
Interpretation of imaging consistent with tuberculosis is, therefore, an important
key for early diagnosis and treatment.

Chest computed tomography (CT) is one of the main modalities used in

clinical suspicion of pulmonary TB, especially when initial radiographs are
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normal or for immunosuppressed cases, such as AIDS patients and transplant
recipients. Some studies even have confirmed that CT is superior to chest
radiography in TB initial evaluation (7,8). Tuberculosis can present a variety of
radiographic manifestations on CT (9).

Some authors have already studied pulmonary TB in transplant
recipients(10,11,12,13). However, there are no studies focusing on CT patterns
for pulmonary TB in lung transplant patients. The present study aims, therefore,
to determine the patterns of presentation of pulmonary tuberculosis in lung

transplant recipients in high-resolution CT scans (HRCT).

Material and methods

This study reviewed data from 402 lung transplant recipients, in two
hospitals, between January 1990 and August 2015. This study was approved by
our institutional review board.The inclusion criteria for patients were: positive
mycobacterium tuberculosis culture from sputum, bronchoalveolar lavage or
lung biopsy and HRCT scan performed after diagnosis. Based on a review of
clinical and laboratory data, patients diagnosed with concomitant viral infections
potentially affecting the lungs, including cytomegalovirus or mycosis, were
excluded from the study. Data were obtained regarding sex, age, symptoms,
pulmonary disease that led to transplantation, time between transplant and lung
tuberculosis infection and mortality rate. Imaging data were gathered regarding
HRCT main patterns, including distribution in lungs. All diagnosed patients were

followed-up at least for one year.
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HRCT examinations were performed using a 64-multidetector scanner
(LightSpeed VCT; GE Healthcare, Waukesha, WI, USA) with the following
parameters: 120 kVp; 250 mA; time, 0.8 s; and pitch, 1.375. The technical
parameters included inspiratory volumetric acquisition with 1 mm collimation at
1Imm increments using a high-spatial-frequency reconstruction algorithm.
Images were obtained with mediastinal (width, 350-450 HU; level, 20-40 HU)
and parenchymal (width, 1200-1600 HU; level, =500 to -700 HU) window

settings, and reconstructions were performed in axial and coronal planes.

Two chest radiologists with more than 10 years of experience and
blinded to patients’ clinical information, independently assessed CT scans in a
random order. After the two radiologists had conducted independent analyses,
the images were reviewed together with a third chest radiologist (with >30 years
of experience) to reach a final consensus decision. For each patient, reviewers
identified one predominant CT pattern, according to criteria defined in the
Fleischner Society’s Glossary of Terms (14). HRCT findings were categorised
as: 1. miliary nodules; 2. cavitation and centrilobular three-in-bud nodules; 3.
ground-glass attenuation and consolidation 4. mediastinal lymph node
enlargement and 5. pleural effusion.

A nodule was defined as a rounded or irregular opacity with <3 cm in
diameter, well or poorly defined. Mediastinal and hilar lymph nodes varied in
size from sub-CT resolution to 12 mm. Lymphadenomegaly was considered for
mediastinal nodes with diameters greater than 12 mm in short-axis. Cavities
were defined as gas-filled spaces, presented as lucencies or low-attenuation

areas within pulmonary consolidations, masses or nodules. Tree-in-bud pattern



20

refers to centrilobular branching structures that resemble a budding tree.
Ground-glass opacities were defined as hazy areas of increased attenuation or
opacity, with no obscuration of underlying vessels (14). Consolidation was
defined as homogeneous opacification of the parenchyma with obscuration of
underlying vessels. Distribution of abnormalities was categorised as focal, when
unilobar, or diffuse, when comprising more than one pulmonary lobe, and
divided as upper, middle, and lower lung lobe findings (14)

The present study was submitted to and approved by the Research
Ethics Committee of Plataforma Brasil, under number 512.215

Results

The study sample comprised 20 patients diagnosed with pulmonary
mycobacterium tuberculosis infection, among 402 patients who had undergone
lung transplantation. One subject was excluded due to TB and cytomegalovirus
co-infection.

The remaining sample consisted of 12 men and 7 women, (ages 11-65
years; mean 33 years, SD 18 years). The underlying diseases which led to
transplantation were pulmonary emphysema (n = 7; 36%), pulmonary fibrosis (n
= 7; 36%), silicosis (n = 3; 15.7%) and pulmonary hypertension (n = 2; 10.5%).
All patients presented asthenia and cough. Mean interval between lung
transplantation and infection diagnosis was 3.2 (SD 1.7) months. Overall TB-
related mortality rate in one year was 47%.

The main HRCT pattern was ground-glass attenuation and consolidation
(42%) followed by cavitation and centrilobular three-in-bud nodules (31.5%) and

mediastinal lymph node enlargement (15.7%). The first two main patterns are
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depicted in Figure 1 and 2, respectively. In 66.6% of patients with cavitation and
centrilobular three-in-bud nodules, the distribution was within upper lobes.
Pleural effusion was not demonstrated.

Ground-glass attenuation and consolidation and miliary nodules were the
patterns found in patients who had TB-related deaths.

Table 1 presents the sample divided in HRCT pattern, mortality and lung

distribution pattern.

Discussion

This descriptive study was the first in the medical literature demonstrating
HRCT findings of pulmonary tuberculosis exclusively among lung transplant
recipients through 19 cases. Pulmonary TB appeared in four patterns: ground-
glass attenuation and consolidation, cavitation and centrilobular three-in-bud
nodules, mediastinal lymph node enlargement, miliary nodules. In over 70% of
cases, ground-glass attenuation and consolidation or cavitation and
centrilobular three-in-bud nodules were the main TB imaging findings.

In this sample pulmonary tuberculosis did not present with pleural
effusion. In a study that evaluated the radiographic appearances of pulmonary
tuberculosis in solid organ transplants, 13% of a sample of 226 patients had
pleural effusion (4). Lung transplant surgery and post-surgical local changes
could be the reason for it.

The commonest HRCT patterns of pulmonary tuberculosis in the general

population are mediastinal lymphadenopathy, cavitation, centrilobular tree-in-
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bud nodules, consolidation or ground glass attenuation opacities in upper lobes
(15,16). This study found the same patterns diversity. The upper lobe
predominance was also noticed in our sample.

Presence of cavities in imaging studies is an important sign of active
disease in general population. In a study with solid organs transplants
recipients, prevalence of cavities found in CT scans was 58%, in 24 out of 41
patients (17). In our study, cavities prevalence was slightly smaller, around
31.5%. In the study by Im et al., the commonest CT finding (prevalence of 82%-
100%) in TB's active phase in general population was centrilobular nodules
segmental distribution, which represents bronchogenic dissemination of the
disease (17). In our sample centrilobular nodules occurred in almost one third of
the patients (6/19), this lower incidence could be related to immunosuppression
therapy use.

Compared to HIV-negative population, individuals with AIDS are more
likely to demonstrate lymph node involvement and miliary disease (18). Hilar
and mediastinal lymph node enlargement occurs in over 60% of SIDA patients
with tuberculosis (19,20).

This study identified only 3 patients (15.7%) with mediastinal lymph node
enlargement pattern. Miliary nodules pattern occurred in only 2 patients
(10.5%), these data suggest that pulmonary tuberculosis in lung transplant
recipients presents differently than patients with SIDA and it's more likely to the
immunocompetent population imaging findings.

Meta-analysis studies have shown an average time of occurrence of
tuberculosis of 3.5 months after transplantation, a number very similar to the

one found in our study of 3.2 months ©.
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One-year mortality rate among cases reported in our study was
47.9%. In a series with 499 organ solid transplant patients with pulmonary
tuberculosis, mortality was 29%.“ Lung transplants are less resilient to
infectious diseases than healthy native lungs, mainly, among other reasons,
due to lower vascularization and reduced mucociliary activity. @Y These findings
may explain the difference in mortality rates between lung transplant recipients
with pulmonary tuberculosis compared to other solid organ transplants with the
same infection.

The small number of patients included was a limitation, but this
study included the largest series of pulmonary tuberculosis in pulmonary
transplant patients, all with microbiological confirmation.

HRCT in pulmonary tuberculosis in lung transplant patients more
commonly demonstrated ground-glass attenuation and consolidation pattern
and cavitation and centrilobular three-in-bud nodules pattern. The distribution
and predominant imaging findings in this patients are similar to the non-
chemically immunosuppressed population, and it appers to be fairly different to

the AIDS population.



Tables

Table 1. High-resolution CT pattern, mortality and lung

distribution pattern
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, Subgroup P
Mortality . Lung Distribution
.
HRCT pattern Prevalence Rate 1 Mortality pattern
Rate T

Ground-glass .
attenuation and 8 (42) 5 (26.3) 5 (62.5) E.SLE;FF lobes in
consolidation )
Cavitation and Upper lobes in
centrilobular three-in- 6 (31.5) 1(5.2) 1(165) 200
bud nodules ’ i
Mediastinal lymph
node enlargement 3(15.7) 105.2) 1(33.3) NIA
Miliary nodules 2(10.5) 2 (10,5) 2 (100) Random
Al 19 (100) 0 (47.3) 0(47.3)  N/A

Note - HRCT = High-resolution computed tomography; N/A - Not applicable.

t Data are represented in number of patients and percentages in parenthesis.
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Figures

Figure 1. Pulmonary tuberculosis in a 48-year-old man with right lung
transplant. (a) Axial and (b) coronal HRCT images, demonstrating a right lung
with diffuse pleural thickening, peripheral linear opacities and consolidation in
the superior segment of the right lower lobe. Left lung has an increased volume

due to extensive panacinar emphysema.

Figure 2. Pulmonary tuberculosis in a 54-year-old man with left lung transplant.
(a) Axial and (b) coronal HRCT show a small irregular thick walled cavity in the
lateral-basal segment of the left lower lobe and adjacent satellite nodules.

Extensive panacinar emphysema in right lung.
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4. Consideracdes finais

O presente estudo foi aprovado pelos Comités de Etica em Pesquisa
(CEP) da Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA), (Parecer N° 512.215/14). Deste projeto maior estdo sendo
desenvolvidos diversos outros trabalhos e projetos, com grande area de
radiologia torécica, incluindo outras disserta¢cdes de mestrado e doutorado.

A revisdo da literatura para a elaboracdo da introducdo dessa
dissertacdo e para a constru¢do do artigo incluido nessa monografia resultou,
igualmente, na elaboracdo de uma revisdo sistematica, apresentada no anexo
5.1 (Achados de radiografia e tomografia computadorizada de térax em
pacientes transplantados de 6rgéos sélidos com Tuberculose pulmonar: uma
revisdo sistematica), submetido para o Jornal Brasileiro de Pneumologia, no
altimo trimestre de 2016.

Foi incluido, nessa dissertacdo, o anexo 5.2 (High resolution CT
findings of pulmonar Micobacterium tuberculosis infection in renal transplant
recipientes), também efeito do grupo de pesquisa do autor e j& publicado na
British Journal Radiology em 2015.

O artigo elaborado nesse mestrado € a maior composi¢cdo de pacientes
com tuberculose pulmonar, e com achados de imagem e permitiu inferir que os
padrbes tomograficos predominantes foram: atenuagdo em vidro-fosco e
consolidagbes seguidos por escavagao e nddulos centrolobulares em “arvore-
de-brotamento”. Esses achados sao similares aos da populacdo nao

guimicamente imunossuprimida e razoavelmente diferentes da populagédo com
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SIDA. Dessa forma, as conclusées preenchem um vacuo da literatura médica
sobre informacdes de imagem dessa populagéo.

Elaboracdo de estudos com numero de individuos maiores e correlacao
dos achados, com dados clinicos sdo as proximas estratégias para expandir

semelhante conhecimento.
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5. Anexos

5.1 Achados de radiografia e tomografia computadorizada de térax em
pacientes transplantados de 6rgéos sélidos com Tuberculose pulmonar:

uma revisao sistematica

Irai Luis Giacomelli, Roberto Schuhmacher Neto, Muhamad Mustafa Atieh,

Artur Zanolli, Edson Marchiori, Marisa Pereira, Bruno Hochhegger

Resumo

O objetivo deste estudo foi realizar uma revisao sistematica dos achados
radiograficos e tomograficos do torax, em pacientes que desenvolveram
tuberculose pulmonar apds transplante de o6rgaos solidos (pulméo, rim e
figado), agrupando estes achados em um dentre os cinco padrdes de imagem
mais comuns. Os descritores utilizados foram: “tuberculosis”, “transplants”,
“transplantation”, “mycobacterium” , "lung", “thorax” and “thoracic” Para a
pesquisa, foram utilizadas as bases de dados on-line: PubMed e Biblioteca
Virtual em Saude (BVS). Foram selecionados artigos em Inglés, Portugués e
Espanhol, independentemente do ano de publicacdo, que possuiam no titulo,
resumo ou corpo do artigo relacionado com o objetivo da pesquisa. Foram
excluidos artigos que ndo continham informagBes sobre achados de
radiografia, ou tomografia computadorizada do térax, os que ndo estavam
relacionados com transplante de 6rgdo sélido ou que nédo tratavam sobre
tuberculose pulmonar, chegando a um total de 27 textos selecionados para a
revisdo, somando 181 pacientes. As maiores amostras foram de estudos do
Brasil e da Coréia do Sul, 40 e 35 pacientes, respectivamente. Demonstrou-se
nesta revisdo que os achados tomograficos nestes pacientes variaram em
relacdo ao 6rgdo transplantado, sendo mais comum o padréo de escavacéo e
nodulos de arvore em brotamento nos transplantados de figado e pulmao,
similar ao acometimento da populacdo em geral. Transplantados de rim
apresentam maior numero de casos de acometimento miliar e

linfonodomegalia, um pouco mais similar aos co-infectados HIV e TB. Estudos
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gue avaliem dados clinicos como esquema farmacoldgico de imunossupressao
sdo necessarios para melhor entendimento da distribuicdo desses padrdes de

imagem.

Descritores: tuberculose, transplante, mycobacterium, pulmao.

Abstract

The aim of this study was to conduct a systematic review of radiographic and
tomographic findings of the chest in patients who developed pulmonary
tuberculosis after solid organ transplantation (lung, kidney and liver), grouping
these findings in one of five most common image patterns. The descriptors
used were "tuberculosis”, "transplants”, "transplantation”, "mycobacterium",
"lung”, “thorax” and “thoracic”, according to the lists Descriptors in Health
Sciences (DeCS) and Medical Subject Headings (MeSH). For research, we
used the online databases PubMed and Biblioteca Virtual de Saude (BVS). We
selected articles in English, Portuguese and Spanish, regardless of the year of
publication, who had the title, abstract or body of the article related to the
research objective. Articles were excluded if they did not contain information
about radiographic findings, or computed tomography, those who were not
related to solid organ transplant or not treated for pulmonary tuberculosis,
reaching a total of 27 texts, and 181 patients selected for review. The larger
samples were from studies of Brazil and South Korea, 40 and 35 patients,
respectively. It was shown in this review that the tomographic findings in these
patients varied in relation to the transplanted organ, the main image pattern of
pulmonary tuberculosis in liver and lung transplant patients was cavitation and
centrilobular tree-in-bud nodules. Kidney transplant recipients have a higher
number of cases of miliary involvement and lymphadenopathy, similar to co-
infected with HIV and TB apresentation. Studies assessing clinical data as a
pharmacological regimen of immunosuppression are needed to better

understand the distribution of image patterns.

Descriptor: tuberculosis, transplant, transplantation, mycobacterium, lung.
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Introducéo

A tuberculose pulmonar € uma infeccéo transmitida por via aérea, com
grande impacto na morbimortalidade de diversos paises. No ano de 2014 a
incidéncia mundial era de aproximadamente 133 casos para cada 100.000
habitantes, sendo os paises subdesenvolvidos os grandes responsaveis por
essa elevada taxa, chegando a 281 casos para cada 100.000 habitantes na
Africa, enquanto no Brasil esta incidéncia foi de aproximadamente 33/100.000
habitantes. (1,2)

O acometimento pulmonar ocorre por duas formas principais, 0
acometimento primario, que responde por apenas 5% dos casos, no qual o
bacilo da tuberculose inalado infecta a via aérea e ndo é contido pela
imunidade do paciente, neste primeiro instante e o acometimento pés-primario,
95% dos casos, no qual o foco primario de infeccdo pulmonar é contido pela
imunidade do paciente com uma posterior reativacado da doenca.

No paciente transplantado de 6rgéo solido, a incidéncia de tuberculose
pulmonar € ainda maior, podendo aumentar ainda 20 vezes em relagdo aos
pacientes imunocompetentes em areas ndo endémicas.(3,4).

As manifestacdes clinicas de tuberculose pulmonar, no paciente
imunossuprimido, incluindo pacientes transplantados de 6rgaos sélidos, podem
muitas vezes ser atenuadas, ndo sendo identificados os sinais e sintomas de
febre, tosse produtiva e sudorese noturna, dificultando e retardando o correto
diagnéstico.

Tomografia Computadorizada de Alta Resolucdo (TCAR), é a
modalidade de imagem de escolha para estes pacientes imunossuprimidos
com sintomas respiratérios de inicio agudo ou subagudo, muitas vezes
sugerindo fortemente a hipotese diagndéstica de tuberculose pulmonar. Muitos
achados radiologicos tém sido descritos nesta doenca, incluindo o padréo
miliar, consolidacbes, opacidades com atenuacdo em vidro fosco, lesdo
escavada com noédulos centrolobulares em arvore de brotamento, infiltrados
pulmonares difusos, linfonodomegalias mediastinais ou hilares e derrame
pleural. (4-6)
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Existem poucos relatos dos achados tomograficos da tuberculose
pulmonar em pacientes submetidos a transplante de orgdos sdlidos, este
estudo objetiva realizar uma revisdo sistematica da literatura, com o intuito de

identificar os principais padrdes radioldgicos da tuberculose nesta populacéo.

Métodos
Estratégias de pesquisa

Para esta revisdo sistematica, foram seguidos os preceitos do Cochrane
Handbook, os quais envolvem a formulacdo da questdo de pesquisa, a
localizacdo, a selecé@o dos artigos cientificos e a avaliacao critica dos mesmos.
A pergunta de investigacdo utilizada foi a seguinte: Quais sdo as
apresentacdes da tuberculose pulmonar em radiografia e tomografia
computadorizada de térax nos pacientes transplantados de 6rgdos solidos? A
pesquisa foi desenvolvida por trés pesquisadores, sendo que dois realizaram a
busca dos artigos de forma independente e cega, enquanto o terceiro
desempenhou papel de revisor, sendo consultado nos casos de duvida para
estabelecer uma concordéncia entre as ideias. Os descritores utilizados foram:
tuberculosis, transplants, transplantation, mycobacterium, lung, thorax e
thoracic. Estes foram selecionados de acordo com as listas Descritores em
Ciéncias da Saude (DeCS) e Medical Subject Headings (MeSH). Os descritores
e os termos booleanos foram utilizados da seguinte maneira ((transplantation)
OR transplants) AND ((tuberculosis) OR (mycobacterium)) AND ((lung) OR
thorax OR thoracic))

A pesquisa foi restringida a fontes partir do ano de 1980 e realizados
com seres humanos.

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 pesquisa foi realizada entre janeiro e outubro
de 2016.

Critério de selecao
Foram selecionados artigos em Inglés, Portugués e Espanhol, que

possuiam no titulo, resumo ou corpo do artigo relagdo com o objetivo da
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pesquisa. Foram excluidos os artigos repetidos, e 0s que ndo possuiam o
resumo. Foram excluidos artigos que ndo continham informacfes sobre
achados de radiografia ou tomografia computadorizada do térax, os que néo
estavam relacionados com transplante de 6rgéo sélido, ou que nédo tratavam
sobre tuberculose pulmonar. Ndo foram aplicados filtros de pesquisa. O
processo de selecao dos artigos estd descrito como um fluxograma na Figura
1, conforme as recomendacdes do PRISMA. (7)

Analise dos dados

A partir da sele¢céo dos resumos dos estudos encontrados, foi realizada
a recuperacdo dos artigos em texto completo. Ap6s a leitura dos artigos na
integra, foram extraidos os seguintes dados: nome dos autores, ano de
publicacdo, pais onde a pesquisa foi desenvolvida, tamanho da amostra, idade
dos pacientes, sexo dos pacientes, tempo ap0s transplante em que ocorreu
tuberculose, 6rgdo transplantado, achados da tomografia computadorizada,
achados de radiografia.

Os artigos selecionados foram divididos em séries de casos e relatos de
caso, conforme a apresentacao realizada pelos mesmos.

Os resultados obtidos a partir da avaliacdo dos artigos selecionados
serviram de base para avaliar dados demograficos dos pacientes, amostrados
e dados de imagem do torax. Estes ultimos foram arrolados em cinco grupos
de apresentacdo, conforme o achado predominante, sendo os quais: nddulos
miliares; escavagdo e nodulos centrolobulares em arvore de brotamento;
consolidacdo e atenuacdo em vidro fosco; linfonodomegalia mediastinal;
derrame pleural, segundo os critérios definidos na Fleischner Society’s
Glossary of Terms. (8)

Os artigos que discriminam somente como pulmonar, a apresentacao da
tuberculose, sem detalhes adicionais, foram considerados como apresentacéo
tipica de tuberculose e distribuidos no grupo escavacdo e nodulos
centrolobulares em arvore de brotamento.

Nos casos em que foi descrito pequeno derrame pleural, 0 mesmo néo
foi contabilizado, uma vez que se optou pelo padréo predominante.

Foram, da mesma forma, excluidos trés resumos, devido o0s pacientes

apresentarem sarcoma de Kaposi pulmonar e infecgbes pulmonares,
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concomitantes a tuberculose pulmonar. (9-11)
Quatro séries de casos foram excluidas, por generalizar os achados de

imagem para transplantados de mais de um érgdo sélido'* *°

, € outra por
generalizar achados de imagem em infectados por tuberculose e outras
infeccbes pulmonares 16.

N&o foram utilizados os dados demogréficos que mesclavam grupos de
interesse do artigo (patologia toracica) e os de nédo interesse (patologia ndo
toracica) (17,18).

Figura 1 — Selecao dos artigos analisados nesta revisdo

Artigos identificados através da Artigos identificados por
pesquisa de banco de dados outras fontes
(n=560) (n=0)

Artigos excluidos

(n=525)

Resumos selecionados Resumos excluidos

(n=35) (n=8)

!

Textos completos selecionados
para inclusio no estudo

(n=2T7}

Resultados

Foram selecionados 14 séries de casos (17-30) e 13 relatos de casos
(31-43) de pacientes transplantados de o6rgdos soélidos com tuberculose
pulmonar, e achados de imagem toracica, totalizando 181 pacientes.
Obtiveram-se dados de paises de todos os continentes. O maior numero de

pacientes incluidos nesses estudos possui origem no Brasil e na Coreia do Sul,



40 e 35 pacientes, respectivamente. (26, 29) (Tabela 1).

A tuberculose pulmonar ocorreu mais comumente em homens [65% e
72% dos casos nos estudos mais representativos (26, 29)]. A 43 52 e 62

décadas de vida foram as mais acometidas. O diagndstico foi realizado entre 3

meses e 1 ano apos o transplante (tabela 1).

A incidéncia de casos de TB em relacdo ao numero de transplantados
do mesmo 6rgdo em cada instituicdo avaliada por seus artigos variou de 0,09%

a 4,7% casos, com incidéncia média de 1,12%.

Tabela 1. Série de casos

) Numero Tempo de

Séries de casos Pais Orgédo de diagndstico
casos (meses)

Torre-Cisneros ~
et al (18) Espanha pulméo 4

Rim 6

figado 7
Mortenses et al ~
(20) EUA pulméo 3 3,7
Kesten et al (21) EUA pulméo 2 3
Schulman et al ~
22) EUA pulmao 2 3
Shreeniwas et ~
al (24) EUA pulméo 1 3
Schulman et al ~
(25) EUA pulméo 2 11
Malouf et al (27) Australia pulméo 12
Aslani et al (17) Ira Rim 16
Kaaroud et al . .
(19) Tunisia Rim 6
Ram et al (23) India Rim 16
Pereira et al . .
(26) Brasil Rim 40 8,6
Jiang et al (28) China Rim 7 12
Lyu et al (29) ggrgﬁl figado 35 10
Meyers et al .
(30) EUA figado 9

Foram encontrados 34 casos de transplantados de pulm&o com TB

pulmonar, ocorrendo predominio do padrao escavacao/arvore de brotamento



em 85% (29/34 casos).(tabela 2).

Tabela 2. Achados de radiografia e tomografia em pacientes transplantados de

pulmao.

rx TC todos (%
Opacidade em vidro 1 1 2 59
fosco/consolidacdes
Escavacéo/ arvore em 24 5 29 85,3
brotamento
Linfonodomegalia 1 1 29
mediastinal
Miliar 0
Derrame pleural 2 2 59
Total 34/ 100

A maior amostra de pacientes obtida foi de transplantados de rim (96
pacientes), onde ocorreu o padrdao de escavacdo e nodulos de arvore em
brotamento em cerca de 1/3 dos casos, seguido por linfonodomegalia e

derrame pleural, que juntos também englobam 1/3 dos casos.

Tabela 3. Achados de radiografia e tomografia em pacientes transplantados de

rim.

Rx TC Total (%
Opacidade em vidro 9 9 9,38
fosco/consolidacfes
Escavacéo/ arvore em 5 29 34 35,4
brotamento
Linfonodomegalia 6 8 14 14,6
mediastinal
Miliar 1 22 23 24
Derrame pleural 11 5 16| 16,7
Total 96| 100
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Foram identificados 51 pacientes transplantados de figado, sendo 62%

dos casos com apresentacdo de escavacdo/arvore em brotamento. (Tabela 4).

Tabela 4. Achados de radiografia e tomografia em pacientes transplantados de

figado.

Rx TC todos (%
Opacidade em vidro 0 0
fosco/consolidacdes
Escavacéao/ arvore em 32 32 62,7
brotamento
Linfonodomegalia 8 8 15,7
mediastinal
Miliar 11 11 21,6
Total 51 100
Discusséao

O presente estudo representa em nosso conhecimento a Unica revisao
sistematica envolvendo achados de imagem toracica, em transplantados de
orgdos solidos com tuberculose pulmonar na literatura, com 181 casos
analisados.

Identificaram-se 96 casos de transplantados de rim, 51 de figado e 34 de
pulméo. Essa relacdo de mais casos no rim, seguido de figado e por dltimo
pulmdo provavelmente esta relacionado ao nimero de transplantes de cada
orgdo, que sdo realizados, uma vez que a prevaléncia de tais transplantes
também segue essa ordem.

As prevaléncias apresentadas variaram de 0,09 a 4,7% e foram
coletadas em artigos que continham achados de imagem, conforme os
meétodos do presente artigo, portanto ndo representam todos 0s casos, 0 que
nao é o proposito do presente estudo. Tais porcentagens permitem somente
inferir um valor aproximado da prevaléncia real.

Os estudos com maior numero de pacientes incluidos sdo de origem

brasileira, sul-coreana, indiana e iraniana. E necessario ressaltar que a
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tuberculose possui distribuicdo endémica em determinados paises, diferentes
de outras doencas oportunistas de distribuicdo ubiqua. As incidéncias de
transplantados com tuberculose pulmonar sempre estardo relacionadas a
incidéncia de tuberculose na regido que o paciente e o que o doador
reside/residiam.

Ocorreu predominio de homens, com uma relagdo aproximada de 2:1,
porém é necessario avaliar que cerca de metade dos artigos néo traziam dados
demograficos, ou os extrapolavam para outras doencas além da tuberculose, e,
portanto ndo foram incluidos. A idade dos pacientes foi em torno da 4%, 52 e 62
décadas de vida. Uma avaliagdo completa dos achados demograficos pode ser
mais adequada obtida num estudo que avalie os artigos de transplantados de
orgaos solidos, e ndo somente os com achados de imagem torécica.

Obtivemos o tempo do diagnéstico apés o transplante em cerca da
metade dos estudos de pulmdo e rim e na maior parte dos pacientes
transplantados de figado (79%). O momento do diagndstico variou entre 3 e 11
meses para o pulméo, sendo na maioria dos mesmos de 3 a 4 meses (7/9
pacientes). Em relacdo aos transplantados de rim variou entre 8 e 12 meses, e
entre os pacientes transplantados de figado variou de 10 a 12 meses.

Cerca de 85% dos pacientes transplantados de pulméo, apresentaram
padrao tipico de acometimento pulmonar (escavacdes e arvore de brotamento),
padrées atipicos ocorreram portanto em uma minoria dos casos,
diferentemente dos transplantados de rim. A maior parte dos artigos envolvidos
sobre esse 6rgdo apresentam somente achados de radiografia (27/34), e nao
tomografia computadorizada, o que limitou sua avaliacao.

A maior parte dos transplantados de rim possuem dados de tomografia
computadorizada para avaliacdo (76%). Somente um terco (34/96) tiveram
apresentacao classica de tuberculose pulmonar — escavacdo e padrdo de
arvore em brotamento. Cerca de 25% dos pacientes cursaram com
apresentacdo miliar. A soma dos pacientes com predominio de
linfonodomegalia, e os com derrame pleural representaram também um terco.

Em todos os pacientes transplantados de figado havia dados de
tomografia de torax. A maioria dos casos ocorreu com apresentacéo tipica da
doenca pulmonar (62,7 %). Em nossa amostra de transplantados de figado,

nao se encontrou apresentacao predominante de opacidades em vidro
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fosco/consolidacdes ou derrame pleural.

Em pacientes co-infectados com HIV, a infeccdo pulmonar por
tuberculose cursa mais comumente com linfonodomegalia e doenga miliar (44).
Linfonodomegalia hilar e mediastinal ocorre em 60% dos pacientes dessa
populacao (45,46).

Observando-se se nossos resultados, infere-se que transplantados de
rim tendem a ter uma apresentacao mais similar aos pacientes com TB e HIV,
uma vez que apresentam mais casos de linfonodomegalia e comprometimento
miliar, porém isso ndo ocorre com transplantados de pulméo e figado, que
tendem a ter uma ocorréncia mais similar a populacdo em geral.

No levantamento de artigos para essa revisdo observaram-se
apresentacoes, outras em pacientes transplantados que ndo contidas nos
métodos desse artigo. Robyn et al. (33) relataram um caso de tuberculose
pulmonar com acometimento pericardico associado. H& outros 2 casos
relatados com apresentacdo de tuberculose pulmonar em forma de massas.
(37,43).

Ha relatos de tuberculose pulmonar em transplantados de 6érgaos
sélidos, apresentando radiografia normal, assim como ocorre em pacientes
higidos, com incidéncias ndo concordantes nos estudos. Lyu et al., (29)
também identificaram pacientes que desenvolveram tuberculose pulmonar com
tomografia computadorizada normal. Portanto exames de imagem de térax
normais, ndo excluem tuberculose pulmonar em transplantados de 6rgaos
sélidos. A incidéncia desse evento pode ser mais bem avaliada em estudos
clinicos de tuberculose nessa populacéo.

Carlsen et al., (40) afirma no seu relato de caso, que a presenca de
linfonodos mediastinais calcificados pode ajudar a incluir o diagndstico de
tuberculose como hipotese.

Em resumo, a maioria dos pacientes transplantados de pulmao e figado
cursa com tuberculose pulmonar de apresentagéo classica, do tipo escavacoes
e nodulos em arvore de brotamento, 85,2 e 62,7%, respectivamente, porém
essa apresentacao ocorre somente em um terco dos pacientes transplantados
de rim. Pacientes transplantados tem apresentacdo similar aos pacientes co-
infectados HIV e TB. O presente estudo demonstrou que transplantados de rim

e figado possuem tempos similares de apresentacdo da doenca, apdés o
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transplante, portanto sugere-se que esse € um dos fatores que nao participa da
diferenca na apresentacdo de imagem da tuberculose. Estudos que avaliem
diferencas soOciodemograficas e, em especiall no esquema de
imunossupressao, podem trazer mais hipoteses para o predominio da

apresentacao atipica da tuberculose pulmonar em transplantados de rim.
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Objective: Renal transplantation recipients are at increased
risk of Mycobacterium tuberculosis infection because of
immunosuppression. The aim of this study was to assess
high-resolution CT (HRCT) findings in renal transplantation
recipients diagnosed with pulmonary tuberculosis (TB).
Methods: We reviewed HRCT findings from patients
diagnosed with pulmonary TB, established by M. tuber-
culosis detection in bronchoalveolar lavage, sputum or
biopsy sample. Two observers independently reviewed
HRCT images and reached consensus decisions on the
presence and distribution of: (i) miliary nodules, (ii)
cavitation and centrilobular tree-in-bud nodules, (iii)
ground-glass attenuation and consolidation, (iv) medias-
tinal lymph node enlargement and (v) pleural effusion.
Results: The sample comprised 40 patients [26 males,
14 females; median age, 45 years (range, 12-69 years)]. The
main HRCT pattern was miliary nodules (40%), followed
by cavitation and centrilobular tree-in-bud nodules (22.5%),
ground-glass attenuation and consolidation (15%),

INTRODUCTION

Kidney transplantation is the treatment of choice for the
majority of patients with end-stage renal disease.' However,
post-transplantation tuberculosis (TB) is a life-threatening in-
fection affecting long-term outcomes in kidney transplantation
recipients. The incidence of TB is 2074 times greater in kidney
recipients than in the general population.” Immunosuppression
in transplantation recipients accounts for progressive impair-
ment in cellular immune function, allowing infection by
Mycobacterium tuberculosis, an intracellular pathogen.”

With the emergence of new and potent immunosuppres-
sive regimens, the incidence of TB among transplantation
recipients may increase. Most transplantation patients with

mediastinal lymph node enlargement (12.5%) and pleural
effusion (10%). The distribution of findings in patients
with miliary nodules was random. In patients with
cavitation and centrilobular tree-in-bud nodules, 66.6%
of abnormalities were found in the upper lobes. Pleural
effusion was unilateral in 75% of cases. The overall
mortality rate was 27.5%. This rate was 50% in patients
with miliary nodules, and 72.6% of all deaths occurred in
this group. Thus, mortality was increased significantly in
patients with miliary nodules (p < 0.05).

Conclusion: The main HRCT finding in renal transplantation
recipients with pulmonary TB was miliary nodules, followed by
cavitation and centrilobular tree-in-bud nodules. Miliary nod-
ules were associated with a worse prognosis in these patients.
Advances in knowledge: We report the first series on
HRCT findings of microbiologically confirmed pulmonary
TB exclusively in renal transplantation recipients. The
main HRCT finding was miliary nodules, and mortality was
increased significantly in these patients.

TB manifest clinical pulmonary infection. Fever, night
sweats and constitutional symptoms occur frequently, but
the immunocompromised state can alter the clinical pre-
sentation and delay diagnosis.

Radiologic findings described in transplantation recipi-
ents include miliary nodules, pleural effusion, paren-
chymal cavitation, nodules, pulmonary infiltrate, and
hilar or mediastinal adenopathy.*” However, no study
has described the high-resolution CT (HRCT) findings
of TB developing exclusively after renal transplantation.
The aim of this study was to assess HRCT patterns at
presentation in renal transplantation recipients diagnosed
with pulmonary TB.
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METHODS AND MATERIALS

Our Institutional Review Board approved this study and waived
the requirement for informed patient consent. Data from all renal
transplantation recipients with pulmonary TB treated in two
Brazilian hospitals between 1995 and 2015 were reviewed retro-
spectively. All data used in this study were anonymized. Inclusion
criteria were: positive M. tuberculosis culture from sputum,
bronchoalveolar lavage or lung biopsy sample, and availability of
HRCT images obtained at the diagnosis. All patients diagnosed
with TB were followed for a minimum of 2 years, and only deaths
related to infection or its treatment were considered in this
analysis. Patients diagnosed with coexistent pulmonary infections
due to other pathogens were excluded from our sample based on
a review of clinical and laboratory data.

HRCT scans were carried out with a 64-multidetector CT scanner
(LightSpeed® VCT; GE Healthcare, Waukesha, WI). The parame-
ters used were: 250 mA; 120kVp; pitch, 1.375; time, 0.8s; and
inspiratory volumetric acquisition with 1-mm collimation at 1-mm
increments. We performed a high-spatial frequency reconstruction
algorithm, and images were obtained with parenchymal (width:
1200-1600 HU; level: —500 to —700 HU) and mediastinal (width:
350-450 HU; level: 20-40 HU) window settings.

The Fleischner Society’s Glossary of Terms® was used to assess the
HRCT images. Findings were classified as: (i) miliary nodules, (ii)
cavitation and centrilobular tree-in-bud nodules, (iii) ground-glass
attenuation and consolidation, (iv) mediastinal lymph node
enlargement and (v) pleural effusion. A nodule was defined as
a rounded or irregular opacity that was well or poorly defined and
=3cm in diameter. Nodules were classified as small (diameter
=10mm) or large (diameter >10mm). The measure of 1.2-cm
short-axis diameter of mediastinal lymph nodes was used as
a threshold to define pathological lymph node enlargement. A cavity
was defined as a gas-filled space, seen as a lucency or low-attenuation
area, within a pulmonary consolidation, mass or nodule. The tree-in-
bud pattern describes the appearance of multiple centrilobular
nodules with a linear branching pattern. Ground-glass opacities refer
to a hazy area of increased attenuation in the lung with preserved
vascular markings. Consolidation is defined as increased attenuation
of the parenchyma causing obscuration of pulmonary vessels. The
distribution of CT findings was classified by site using the categories
of upper, middle and lower lobes, and further categorized as focal
(unilobar) or diffuse (more than one lobe).

Two chest radiologists with more than 12 years’ of experience in-
dependently assessed HRCT scans. The HRCT images were then
reviewed together with a third chest radiologist to reach final
consensus decisions. All radiologists were blinded to the patients’
clinical data, except M. tuberculosis infection. Mortality within
2 years was also evaluated and correlated with imaging findings.
Data were entered into Excel® (2010; Microsoft® Corp., Redmond,
WA) and then exported to SPSS® v. 15.0 (IBM Corp., New York,
NY; formerly SPSS Inc., Chicago, IL) for statistical analysis.
Quantitative variables were described using means, standard devi-
ations, medians and variance. Qualitative variables were described
using absolute and relative frequencies. The x* test and Student’s
t-test were used to compare proportions, mean and median values.
A p-value <0.05 was considered statistically significant.

Pereira et a/

RESULTS

Data from 4128 patients who underwent kidney transplantation
between 1995 and 2015 were reviewed, and 47 patients diagnosed
with pulmonary TB were initially included in the analysis. How-
ever, the final sample consisted of 40 patients because 5 patients
were excluded because of pneumonia caused by other aetiological
agents, including bacteria (n = 2 patients), cytomegalovirus (n = 2)
and fungus (n = 1); and 2 patients were excluded because they did
not perform CT because of unavailability of a CT scanner. Of these,
26 patients were male and 14 were female (median age, 45 years;
range, 12-69 years). The mean interval between transplantation
and infection diagnosis was 8.6 months (standard deviation,
5.1 months); this interval was 3.3 months (standard deviation,
2.3 months) among patients presenting the miliary pattern.

Imaging findings are summarized in Table 1. The main HRCT
pattern was miliary nodules (40% of patients; Figure 1), followed by
cavitation and centrilobular tree-in-bud nodules (22.5%; Figure 2),
ground-glass attenuation and consolidation (15%; Figure 3), me-
diastinal lymph node enlargement (12.5%; Figure 4) and pleural
effusion (10%). The distribution of findings in patients with miliary
nodules was random. In patients with cavitation and centrilobular
tree-in-bud nodules, 66.6% of abnormalities were found in the
upper lobes. Pleural effusion was unilateral in 75% of cases.

The overall mortality rate was 27.5% (n = 11). The mortality rate
was 50% (n = 8) among patients with miliary nodules, and 72.6%
of all deaths occurred in this group. Thus, mortality was increased
significantly in patients with miliary nodules (p <0.05). In our
sample of 40 patients, there were 4 (10%) other deaths unrelated to
TB because of graft dysfunction (n = 2 patients), stroke (n = 1) and
renal cell carcinoma in the native kidney (n=1).

DISCUSSION

Renal transplantation recipients are at increased risk of con-
tracting TB because of immunosuppression, particularly in coun-
tries where the disease is endemic. The reported prevalence of TB

Table 1. Features of renal transplantation recipients with
pulmonary tuberculosis (n = 40)

Feature Data”

Clinical characteristics

Sex (male) 26 (65%)

Median age, years (range) 45 (12-69)

Mean interval (months) between

transplantation and infection diagnosis (SD) 86 (5.1)
HRCT findings

Miliary nodules 16 (40%)

Cavitation/tree-in-bud nodules 9 (22.5%)

Ground-glass/consolidation 6 (15%)

Mediastinal lymph node enlargement 5 (12.5%)

Pleural effusion 4 (10%)

HRCT, high-resolution CT; SD, standard deviation.
?Data are presented as the number (%) of patients unless otherwise
indicated.
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Figure 1. A 48-year-old renal transplantation recipient with asthenia and cough. (a) Axial CT image shows bilateral miliary nodules.
(b) CT image with coronal reconstruction demonstrates the same findings.

in renal transplantation recipients ranges from 0.5% to 15%.>’
Differences in these values may be attributed largely to epidemio-
logical factors in developed and developing regions. TB also pres-
ents particular challenges because of delayed diagnosis and side
effects of therapy. The clinical features of TB can be unusual, and
they may be masked by blunted response to infection. Common
clinical abnormalities include pyrexia, pulmonary infiltrates, exu-
dative pleural effusion and exudative ascites.””®

The resurgence of TB since the 1980s due to the acquired im-
munodeficiency syndrome epidemic and increasing numbers of
other immunocompromised individuals, including organ trans-
plantation recipients, makes this disease a topic of universal
concern.” Pulmonary TB can demonstrate a variety of CT

(b)

findings, including consolidation, cavities, features of endo-
bronchial spread, pleural effusion, miliary nodules and aden-
opathy. Tubercular adenopathy typically shows low-density
centres with prominent rim enhancement.””"”> TB was classically
divided into primary and post-primary (reactivated) disease.
Primary TB typically manifests on CT as air-space consolidation,
adenopathy, pleural effusion, miliary nodules and/or atelectasis.
Post-primary disease results from the reactivation of a previously
dormant infection in most cases. Classical CT findings in post-
primary TB are patchy, ill-defined consolidations in the upper
lobes, associated with cavitation. Cavities are often multiple and
demonstrate thick and irregular walls. Endobronchial spread is
a common complication that represents granulomatous infec-
tion in the airways, which manifests on HRCT as branching

Figure 2. A 52-year-old renal transplantation recipient with asthenia, cough and fever. Axial CT images show a thick-walled cavity in
the left upper lobe (a, arrow) and bilateral centrilobular tree-in-bud nodules (b, arrows).
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Figure 3. A 47-year-old renal transplantation recipient with dyspnoea and cough. Axial CT images shows consolidation (a, arrows)
and ground-glass opacities (b, arrow) in the right inferior and middle lobes.

centrilobular nodules with the “tree-in-bud” appearance. Other
findings indicating reactivated TB include bronchovascular
structure distortion, fibrotic strands and bronchiectasis.”'*"?
However, the advent of molecular epidemiology in the 1990s has
led to the discovery that the radiographic appearance of TB
depends on immune status and is independent of the time since
infection. Upper-lobe cavitary disease is usually seen in infected
immunocompetent hosts, whereas immunocompromised pa-
tients usually present with lower-lung disease, adenopathy and
effusions, among other findings."> This revised classification
correlates well with the findings of the present study. Renal
transplantation recipients are immunosuppressed and thus might
be expected to present with features of primary disease, regardless
of whether they have had previous TB exposure. The miliary

pr—
.ﬁa
e.

pattern can be an indication of the severe immunocompromised
state and is thus associated with a poorer prognosis.

Miliary nodules have been reported in 2.4-28.5% of TB cases
after kidney transplantation.>*'® Other radiographic findings
in these patients include infiltrates (27.6-37.5%), cavities
(6.2-20.7%), nodules (12.5%), lymph node enlargement
(12.5%) and pleural effusion (31.2-41.4%).>®'*2° However,
most previous studies describing imaging findings in these
patients have used conventional radiography. The sensitivity and
specificity of chest radiography are limited in patients with
diffuse lung disease, and chest radiography findings are normal
in up to approximately 10% of immunocompromised patients
with acute lung disease.”’ HRCT is more sensitive than chest

Figure 4. A 39-year-old renal transplantation recipient with asthenia and cough. Axial CT images obtained in the mediastinal
window show lymphadenopathy in the right inferior paratracheal (a, arrow) and subcarinal chains (b, arrow).

(b)

4 of 6 birpublications.org/bjr

Br J Radiol;89:20150686


http://birpublications.org/bjr

Full paper: HRCT findings of pulmonary tuberculosis in renal transplant recipients

radiography for the evaluation of acute and chronic lung dis-
ease.'” Our analysis, which to our knowledge is the first study of
HRCT findings exclusively in renal transplantation recipients
with TB, revealed a greater prevalence of the miliary pattern.

Gulati et al'® reported on HRCT findings in renal trans-
plantation recipients with pulmonary infection. However, only
11 pulmonary TB cases were included in their sample, and TB
diagnoses were based on the detection of thin-walled cavities
and bronchiectasis (n = 4 patients), lobular consolidation in the
upper lobes (n=3), tree-in-bud nodules (n=2) and right
paratracheal adenopathy (n=1). HRCT findings in the
remaining patients were non-specific and included bilateral
patchy areas of ground-glass attenuation, nodular opacities and
lobar consolidation in the lower lobes. Sputum, blood culture
and bronchoalveolar lavage were negative in 4 of these
11 patients, who were placed on an antitubercular regimen
based on chest radiography and HRCT findings; all 4 patients
responded favourably. The authors concluded that HRCT pro-
vided additional information in comparison with conventional
radiography in 64.7% of renal transplantation recipients with
pulmonary infection, particularly in TB cases with findings such
as cavitation, bronchiectasis and endobronchial splread.12

Jiang et al** evaluated CT findings of pulmonary infection after
kidney transplantation. TB infection was confirmed in only 7 of
89 (7.9%) cases for which HRCT images were available, and the
miliary pattern was found in only 1 of these cases. The tree-in-
bud sign, seen in 57% of TB cases, was a significant marker
differentiating bacterial infection from TB in this series.*”

Both of these studies were limited because they included few
patients with TB. Thus, our evaluation only of cases of TB in-
fection after renal transplantation complements the results of
previous reports. The incidence of disseminated disease is higher
in renal transplantation recipients than in the general pop-
ulation. Sustained depressed immunity offers a logical expla-
nation for this phenomenon.”” The increased frequency of the
miliary pattern observed in this study underscores the impor-
tance of immune status in attempts to control this infectious
disease.

Immunosuppressive therapy is the most important factor pre-
disposing a patient to TB development after transplantation, and
this therapy has changed substantially in the past two
decades.'®' For many years, basic immunosuppression con-
sisted of the combined use of three types of drugs: a gluco-
corticosteroid (prednisone), a purine antagonist (azathioprine

or mycophenolate mofetil) and a calcineurin inhibitor (cyclo-
sporine or tacrolimus). Because of numerous cases of potential
glucocorticoid toxicity and calcineurin inhibitor toxicity, many
new regimens that incorporate rapid glucocorticoid elimination
or calcineurin inhibitor dose reduction or elimination have been
developed. Sirolimus has been used as a substitute for calci-
neurin inhibitors. The choice of agents is often protocol driven
but is usually adapted to each recipient’s risk profile.”**® The
immunosuppressive actions of these drugs are mediated through
several pathways and particularly affect T-cells and phagocytes.
Thus, transplantation recipients show progressive impairment of
cellular immune function. T-cell-mediated immunity is crucial
for TB control, and immunosuppressant agents may increase the
risk of TB reactivation and dissemination. Neutropenia is not
a major immunological defect in recipients of solid organ
transplantations, as in other immunocompromised patients due
to hematological malignancies, and those who have undergone
haematopoietic stem-cell transplantation.'>'***

The mortality rate observed in this study falls within the pre-
viously reported range of 12.5-32% among kidney trans-
plantation recipients with post-transplantation TB.”'® Mortality
is higher when TB develops in the first year after kidney
transplantation among poorly nourished patients and hypoxic
patients treated with steroids.” In our sample, most deaths oc-
curred in the group of patients with miliary nodules, which
showed a significant increase in mortality.

The limitations of this study include its retrospective design. In
addition, we could not precisely exclude coexistent self-limited
infections because of other organisms at the time of diagnosis, as
in other immunocompromised individuals. However, we iden-
tified and excluded five patients diagnosed with concomitant
infections potentially affecting the lungs. Despite these limi-
tations, we report on HRCT findings in the largest published
series of microbiologically confirmed pulmonary TB in renal
transplantation recipients.

CONCLUSION

In conclusion, predominant HRCT findings in renal trans-
plantation recipients with TB infection were miliary nodules,
followed by cavitation and centrilobular tree-in-bud nodules.
Mortality was increased significantly in patients with miliary
nodules. HRCT is an important examination tool for the
early diagnosis of post-transplantation pulmonary TB, and
it should be included in investigative protocols for renal
transplantation recipients suspected of having pulmonary
infection.
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