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Abstract

The objective of the present review study was to present the principal applications of magnetic resonance imaging
(MR1) of the chest, including the description of new techniques. Over the past decade, this method has evolved
considerably because of the development of new equipment, including the simultaneous interconnection of
phased-array multiple radiofrequency receiver coils and remote control of the table movement, in addition to
faster techniques of image acquisition, such as parallel imaging and partial Fourier acquisitions, as well as the
introduction of new contrast agents. All of these advances have allowed MRI to gain ground in the study of
various pathologies of the chest, including lung diseases. Currently, MRI is considered the modality of choice for
the evaluation of lesions in the mediastinum and in the chest wall, as well as of superior sulcus tumors. However, it
can also facilitate the diagnosis of lung, pleural, and cardiac diseases, as well as of those related to the pulmonary
vasculature. Pulmonary MRI angiography can be used in order to evaluate various pulmonary vascular diseases, and
it has played an ever greater role in the study of thromboembolism. Because cardiac MRI1 allows morphological and
functional assessment in the same test, it has also become part of the clinical routine in the evaluation of various
cardiac diseases. Finally, the role of MR has been extended to the identification and characterization of pulmonary
nodules, the evaluation of airway diseases, and the characterization of pleural effusion.
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Resumo

0 objetivo deste estudo de revisdo foi apresentar as principais aplicacdes da ressonancia magnética (RM) no estudo
do torax, incluindo a descricdo de novas técnicas. Na ultima década, esse método teve grande evolucdo, com novos
equipamentos, incluindo a interconexdo simultdnea de bobinas e a movimentacdo da mesa simultaneamente a
aquisicdo das imagens, além do advento de novas técnicas rapidas de aquisicdo de imagem, tais como imagem
paralela e aquisi¢do parcial de dados, com ou sem utilizacdo de apneia, somando-se ainda a introducdo de novos
agentes de contraste. Todos esses avancos fizeram com que a RM tenha ganhado espaco no estudo de diferentes
patologias do torax, incluindo as doencas pulmonares. Atualmente, a RM pode ser considerada a modalidade de
escolha para a avaliacdo das lesdes mediastinais, da parede toracica e dos tumores do sulco superior, mas também
pode auxiliar no diagnostico de doencas pulmonares, pleurais, cardiacas e da vasculatura pulmonar. A angiografia
pulmonar por RM pode ser utilizada na avaliacdo de varias doencas vasculares pulmonares, e seu papel no estudo
do tromboembolismo vem crescendo. A RM cardiaca, devido a possibilidade de avaliacdo morfoldgica e funcional
em um mesmo exame, também ja faz parte da rotina clinica na investigacdo de muitas patologias cardiacas. Por
fim, o papel da RM vem sendo ampliado para a identificacdo e caracterizacdo de nddulos pulmonares, avaliacdo
das doencas das vias aéreas e caracterizacdo dos derrames pleurais.
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Introduction

Traditionally, the limitations of magnetic
resonance imaging (MRI) of the chest are related
to motion artifacts, caused by breathing and
heartbeats, as well as to problems related to
the low quantity of tissue water protons in the
thoracic cavity due to air space enlargement,
such problems including magnetic susceptibility
artifacts and a lower signal-to-noise ratio.
Recently, however, the method has evolved
remarkably, and new equipment has become
available. New features include the simultaneous
interconnection of phased-array multiple
radiofrequency receiver coils and remote control
of the table movement. In addition, faster
image acquisition techniques, such as parallel
imaging and partial Fourier acquisition, with or
without the use of apnea, have emerged, and
new contrast agents have been introduced. All
of these advances have allowed MRI to be more
widely used in the study of various thoracic
diseases, including lung diseases.

In this review article, we describe new MRI
techniques and applications and, in many cases,
compare them with CT, showing the equivalence
between MRI and CT or the superiority of MRI
over CT in the evaluation of certain diseases,
without losing sight of the limitations of MRI.
An acceptable MRI study of the chest requires
high-field equipment, with modern, appropriate
coils;  targeted, well-executed protocols;
minimal patient cooperation; and absence of
clinical contraindications (such as the use of a
pacemaker). In addition, if vital sign monitoring
is used or the patient is on ventilatory support,
the other equipment in use should be compatible
with the MRI scanner.

The objective of the present study was to
present an updated review of the use of MRI
in the study of thoracic diseases, including the
description of new techniques for the evaluation
of mediastinal structures and for the diagnosis
of lung diseases, pleural diseases, and pulmonary
vascular diseases.

Technical considerations

The imaging method that is most widely
used in clinical practice for the study of thoracic
diseases is CT. Even in situations in which MRI
can be considered superior, CT is performed,
principally because CT equipment is more widely

available and has faster image acquisition, as
well as because CT is more well recognized
and accepted among clinicians and surgeons.
In addition, for most physicians, anatomical
landmarks are more easily recognized on CT scans
than on MRI. Therefore, the principal advantages
of CT are its high spatial resolution, rapidity, and
ease of use. However, CT uses ionizing radiation,
and, more often than not, there is a need to
inject iodinated contrast material; therefore, CT
is not completely innocuous."”

The principal advantages of MRI include the
absence of ionizing radiation, greater contrast
resolution between normal and pathological
tissue, and the use of nonionic contrast media,
principally gadolinium-based contrast agents,
which have lower incidence of adverse reactions
and complications. The sensitivity of MRI to the
use of paramagnetic contrast agents is greater
than is that of contrast-enhanced CT, and MRI
is therefore more accurate in evaluating blood
vessels, tissue perfusion, and lesions.?

The overall incidence of acute adverse
reactions to gadolinium ranges from 0.14% to
0.28%. Cases of acute reactions that are more
severe, such as laryngospasm and anaphylactic
shock, are extremely rare.’) A severe chronic
condition, designated nephrogenic systemic
fibrosis (NSF)—a rare dermatologic disease that
occurs only after the use of specific types of
gadolinium-based contrast agents in patients
with renal failure (glomerular filtration rate <
30 mL ® min~' @ [1.73 m?]-')—has recently been
described.” However, the selection of safer
contrast media, associated with a restriction
in the volume of contrast material injected in
patients at risk, has dramatically reduced the
number of cases of NSF.®

The principles of image formation in MRI
are complex and are available in texts that
specifically address this theme.®® However, we
can succinctly describe two basic techniques for
image acquisition: spin-echo (SE) imaging and
gradient-echo (GE) imaging. Both techniques
have advantages and disadvantages. In MRI,
there are basically three tissue characteristics that
can be identified according to the organization
of tissue water protons and their response to the
magnetic field and radiofrequency stimulation:
T1 relaxation time; T2 relaxation time; and
proton density (PD). These characteristics are
responsible for the signal intensity (brightness)
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of images, and, by choosing the technique and
parameters for each sequence, we can obtain
T1-weighted images, T2-weighted images,
and PD-weighted images, which allow us to
distinguish between normal tissue and diseased
tissue (to identify pathological processes).
Although most pathological processes present
high T2 signal intensity and low T1 signal
intensity, some elements have characteristic
signals that increase the specificity of the
method, such as the hyperintense T1 and T2
signals indicating methemoglobin (recent
hemorrhage), melanin, cysts, and protein-rich
fluid collections. With specific sequences, it is
also possible to suppress, in a selective manner,
the signal intensity of certain substances,
such as lipids (fat suppression sequences) and
cerebrospinal fluid. In addition, certain artifacts
that are typical of MRI—including magnetic
susceptibility (detection of calcifications and
hemosiderin), chemical exchange (identification
of hepatic steatosis and adrenal adenomas),
and flow void—contribute greatly to tissue
characterization.®

Additional difficulties in performing MRI
of the chest and abdomen are principally
related to motion artifacts (respiratory and
cardiovascular), as well as to artifacts caused
by intestinal peristalsis. These difficulties have
been partially overcome with the development
of new and faster image acquisition techniques.
New sequences of images acquired in apnea,
such as the three-dimensional (3D) GE sequence
and the half-Fourier single-shot turbo SE
(HASTE) sequence, allowed a reduction in the
duration of the test and an increase in image
quality in a practical and reproducible manner.
7.8 Respiratory-gated MRI, cardiac-gated MRI
(based on electrocardiogram), and black-blood
MRI (to improve the flow void) are also used to
compensate for motion artifacts.®” These rapid
techniques give MRl an advantage over the
remaining imaging methods for the assessment
of pulmonary function parameters, such as lung
perfusion and respiratory dynamics.

Lungs

For the evaluation of lung cancer, MRI is
considered superior to other imaging methods in
certain situations. In addition, MR1 is considered
superior to other methods in the evaluation of
certain diseases of the pleural space. Through
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the use of new contrast media, such as inhaled
noble gases, MRI can also be used in the
evaluation of the most distal airways and the
alveolar space. The identification of lesions in
the lung parenchyma has progressively improved
with the use of new and faster image acquisition
techniques.

Lung cancer

It has been shown that MRI is equivalent
to or better than CT for local staging of
bronchogenic carcinoma, and MR1 is the imaging
method of choice to evaluate and determine the
resectability of non-small cell lung cancer of the
superior sulcus (Pancoast tumor).'”

Imaging studies play an important role in
determining the anatomical extent of Pancoast
tumor and should be aimed at staging the
neoplasm in accordance with the tumor-
node-metastasis  classification (TNM; local
extent, lymph nodes, and metastases) in order
to determine the appropriate treatment. In
confirming the presence of a tumormass, CT plays
a central role, as it does in guiding the biopsy
of such masses. Absolute contraindications to
surgical resection of Pancoast tumor include
invasion of the brachial plexus roots or trunks
at levels above T1, invasion of more than
50% of a vertebral body, and invasion of the
trachea or esophagus.'" By means of MRI, it
is possible to determine the local extent of the
neoplasm with excellent conspicuity, identifying
direct invasion of the extrapleural fat and
cervicothoracic junction by the lung mass. In the
determination of the extent of tumor invasion
of the chest wall, vertebral canal, and vertebral
foramens, as well as in the determination of
brachial plexus involvement, MRI is superior to
CT. Tt is important to use respiratory and cardiac
gating, as well as T1-weighted, fat-suppressed,
contrast-enhanced sequences.('%"

In general, bronchogenic carcinoma appears
on MRI as a solid, irregular lesion, ranging
from hypointense to isointense on T1-weighted
images and hyperintense on T2-weighted
images, with intense enhancement after the
administration of contrast material, being
heterogeneous in larger lesions due to areas
of central necrosis. Even in lesions outside the
superior sulcus, MRI can better identify direct
invasion of adjacent structures (Figure 1),
including the mediastinum (aortopulmonary
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Figure 1 - Magnetic resonance images showing pulmonary epidermoid carcinoma of the lung as a
paramediastinal lesion. Axial T1-weighted image (a), coronal T1-weighted image (b), axial T2-weighted image
(c), and sagittal T1-weighted image after the administration of a paramagnetic contrast agent (d). The mass is
irregular and heterogeneous, hypointensity on T1-weighted images and hyperintensity on T2-weighted images
predominating. The mass also presents heterogeneous contrast enhancement, with a hypointense central area
of necrosis. Note mediastinal fat invasion at the aortopulmonary window (arrow in B) and a wide surface of
contact with the anterior chest wall, although without direct signs of invasion (arrows in d).

inversion and recovery) allows the differentiation
between metastatic and non-metastatic lymph
nodes in patients with non-small cell tumors,
metastatic lymph nodes being more intense.(>"%

Recent advances have made it possible
to obtain MRI1 of the entire body (principally
with HASTE and short TI inversion recovery
sequences), and there have been studies
investigating the use of whole-body MRI to
screen for neoplasia and metastases. The use
of magnetic resonance angiography (MRA) in
cerebral and coronary atherosclerosis has also
been investigated. Although these techniques
could become simple, low-risk, effective
methods for the detection distant metastases

window and remaining spaces), trachea, bronchi,
chest wall, diaphragm (costophrenic angle
tumor and cardiophrenic angle tumor), heart
(pericardium or myocardium), and large blood
vessels (aorta and pulmonary arteries). The
sensitivity of MRI in differentiating between T3
and T4 tumors is similar to that of CT. However,
MRI is more accurate in identifying mediastinal
and hilar invasion. The use of dynamic cine
MRI can increase MRI specificity in detecting
invasion of the chest wall and pericardium. New
MRI techniques have increased the sensitivity of
the test in detecting mediastinal lymph nodes
that are suspected of being metastatic. A short
inversion time (T1) inversion recovery sequence (a
T2-weighted technique with fat suppression by
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from lung cancer, their roles have yet to be fully
established.(617

Pulmonary nodules

Tissue contrast resolution is a great advantage
of MR, and the high contrast between the signal
intensity of a nodule and that of the adjacent
normal lung parenchyma can compensate for
the shortcomings of the method in the study of
the lungs. In addition, the greater sensitivity of
MRI to paramagnetic contrast agents and the
high temporal resolution without the hazardous
effects of ionizing radiation allow perfusion
(of the lung and of the lesion) to be evaluated,
which can be useful in the characterization of
focal lesions. Therefore, different techniques can

5,6 mm
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be used in the detection of pulmonary nodules
and in the differentiation between benign and
malignant lesions.

The accuracy of MRI in detecting nodules
larger than 4-5 mm is greater than is that of
routine X-ray, and the specificity and sensitivity
of MRI can be as high as 93% when compared
with those of multidetector CT.!"¥ The sensitivity
of MRI is directly related to the size of the
nodule. Sensitivity is lower for nodules smaller
than 5 mm, whereas it is nearly 100% for
the detection of nodules > 10 mm (Figure 2).
Therefore, MR1 of the lung (principally with the
HASTE and 3D GE sequences) should be used
as a complementary test in studies of the heart
and chest wall, as well as in those of mediastinal
lesions. 1t can also be used as an alternative

Figure 2 - Magnetic resonance images showing metastases of melanoma. Axial T1-weighted images (a and
¢), axial T2-weighted image (b), and axial contrast-enhanced T1-weighted image (d). In this patient, who was
being followed due to malignant melanoma, we can identify various small, peripheral pulmonary nodules—
presenting intermediated signal intensity on T1- and T2-weighted images (arrows in a and b)—some of which
are smaller than 5 mm (reference nodule measured in a). Contrast enhancement facilitates the identification
and definition of the nodules (arrows in d). There are also liver metastases with hyperintensity on T1-weighted

images (arrows in c) due to the presence of melanin.
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to CT in screening for lung metastases. The
principal limitations of MRI in the study of focal
pulmonary lesions include its limited ability
to characterize calcified lesions and to detect
lymphangitic carcinomatosis.!'8-2%

Dynamic contrast-enhanced MRI can be
performed to characterize solitary pulmonary
nodules and is useful in differentiating between
benign and malignant lesions. The specificity of
MRIin such casesis greater thanis that of dynamic
CT, and its accuracy is similar to that of positron
emission tomography (PET). The sensitivity
of the combination between morphological
evaluation and evaluation of perfusion for the
differentiation of solitary nodules can be as
high as 100%, whereas the specificity is only
799%.%22 Malignant nodules are delineated by
predominantly nodular enhancement that is
rapid and intense and is detected in the early
(arterial) phase, with higher peak enhancement
and, subsequently, contrast washout. Active
inflammatory nodules can present early
enhancement; however, enhancement persists or
progresses in later phases, whereas washout is
considered a highly specific sign of malignancy.
Benign nodules, including hamartomas and
granulomas, show predominantly peripheral
enhancement that is less intense and slower,
whereas cysts show no enhancement.?>?? Qther
morphological characteristics of benign nodules,
such as the typical appearance of hamartomas,
with high T2 signal intensity, foci of fat, and
internal septations or clefts, can be accurately
identified by MRI.2%

New semiquantitative techniques for the
MRI1 identification and characterization of
pulmonary nodules include the calculation of
T1 and T2 relaxation times, as well as of the
diffusion coefficient.?” Diffusion-weighted MRI
evaluates the mobility of free water protons, and
the role of this technique in the early detection
of cerebral infarction, as well as in the evaluation
of neoplasms and recurrent tumors in neurology,
is well-established. New techniques for the
acquisition of breath-hold diffusion-weighted
MRI have been used in the study of abdominal
neoplasms, such as liver neoplasms,?9 and
seem promising in the evaluation of pulmonary
nodules, including the possibility of performing
whole-body MRI1 with an accuracy that is similar
to that of PET, which is a functional evaluation

method that nevertheless radioactive

material.2”

uses

Airway diseases

Ventilation scintigraphy is currently the
only imaging method that is used in clinical
practice as an alternative to pulmonary
function tests (spirometry and DLCO). However,
nuclear medicine has disadvantages, which are
principally related to the use of radioactive
substances and to the low spatial resolution.
These disadvantages have prompted studies
investigating new methods, including MRI1. The
use of oxygen and hyperpolarized noble gases,
principally helium (*He) and xenon ('*Xe), as
inhaled contrast agents, has allowed marked
signal gain and excellent spatial resolution on
lung parenchyma images, and the applicability of
such gases in the morphological and functional
evaluation of the airways and alveolar space has
been demonstrated.?2

Hyperpolarized gas MRl can demonstrate
areas of ventilatory defect in patients with
emphysema and correlates well with scintigraphy.
The spatial resolution of hyperpolarized MRI is
greater than is that of scintigraphy and allows the
evaluation of the distribution and morphology of
the regional pattern of impairment, identifying
small peripheral ventilatory defects, which
might be associated with bronchial obstruction.
Diffusion-weighted MRI acquired using *He are
highly sensitive in identifying subtle changes
in lung microstructure (alveolar destruction),
correlate well with pulmonary function tests,
and can be used for early detection of pulmonary
emphysema in asymptomatic patients who
smoke.C?

Other airway diseases, such as asthma,
cystic fibrosis, and bronchiectasis, can also be
studied. In asthma, the use of *He allows the
identification of areas of ventilatory defect,
which are more prominent in patients with
severe asthma than in those with mild asthma.
Regional ventilatory defects that improve after
the use of bronchodilator therapy can also be
demonstrated, and even subtle ventilatory
changes can be identified in patients with asthma
and normal pulmonary function test results.®"
The ventilatory changes found in patients with
cystic fibrosis correlate extremely well with the
anatomical changes seen on HRCT scans; in
addition, MRI correlates better with spirometry
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and can show the improvement in ventilatory
defects after specific therapies (Figure 3).0%

Other types of damage to the lung
parenchyma

Changes in the lung parenchyma, such
as consolidations and other opacities, can be
identified by MRI, which can aid in special
situations, complementing X-ray and CT
evaluation.®”

In the characterization of central lung cancer
with obstructive pneumonia or atelectasis, MRI
is useful and differentiates a tumor mass from
secondary changes, which present increased
signal intensity on T2-weighted images and
a more homogeneous appearance (due to the
accumulation of secretions and fluid), aswellasan
enhancement pattern that is different from that
of the neoplastic lesion.® In invasive pulmonary
aspergillosis, MRI1 is more specific than CT in
characterizing consolidations associated with
hemorrhagic infarction secondary to vascular
invasion (Figure 4). Hemorrhages appear as
areas (commonly peripheral) of hyperintensity
on Tl1-weighted images, whereas contrast-
enhanced MRI allows the identification of areas
of active inflammation, central necrosis, and
abscess formation. The peculiar characteristics
of the signal indicating hemoglobin degradation
products and of that indicating fat degradation
products also allow MRI to aid in the diagnosis
of hemorrhagic pulmonary infarction, alveolar
hemorrhage (as occurs in the Goodpasture’s
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syndrome), and lipoid pneumonia associated
with mineral oil aspiration.®?

Pleura

Although routine chest X-rays allow the
identification of changes in the pleural space,
their ability to characterize the pleural content
and detect pleural involvement is quite limited.
Therefore, in many situations, complementary
tests with other methods, such as ultrasound, CT,
and MR, are required. Chest X-rays are especially
ineffective in the evaluation of complex pleural
effusions and in the differentiation between
benign and malignant pleural disease, for which
CT and MRI are indicated.

On CT scans and MR, the findings that are
most suggestive of malignant pleural disease are
mediastinal pleural involvement, circumferential
pleural thickening, nodular opacity, irregularity
of pleural contour, and infiltration of the chest
wall or diaphragm. Based on these signs, the
accuracy of MRI in detecting malignancy is
similar to that of CT. However, in addition to
morphological changes, the signal intensity
and enhancement characteristics of contrast-
enhanced MRI can increase the specificity of
the method in comparison with that of CT.®®
Malignant changes tend to have high T2 signal
intensity and more intense enhancement with
gadolinium. The signal of the adjacent intercostal
muscles can be used for comparison, and, when
these signal characteristics are associated with
the morphological changes, the sensitivity and
specificity of MRI can be as high as 100% and

Figure 3 - Volumetric magnetic resonance images after inhalation of hyperpolarized helium showing cystic
fibrosis in the coronal plane in three different young patients with cystic fibrosis, all of whom presented
normal spirometry results. One of the patients presents normal test result (a), whereas the remaining two
(b and c) present with peripheral areas of ventilatory defects, some of which are wedge-shaped (arrows),
whereas others are irregular and located in the upper lobes (arrowheads). Images kindly provided by Yannick
Crémillieux et al.®? and used with the permission of the Radiological Society of North America.
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Figure 4 - Magnetic resonance images showing pulmonary aspergilloma. Axial T1-weighted image (a), axial
T2-weighted image (b), coronal contrast-enhanced T1-weighted image (c), and sagittal contrast-enhanced
T1-weighted image (d). Note irregular nodular lesion at the right lung apex of an immunocompromised patient
with laboratory test results confirming infection with Aspergi//us sp. The nodule presents heterogeneous signal
intensity—including an area of hyperintensity on T1-weighted images probably due to hemorrhage—and nearly
homogeneous contrast enhancement.

939, respectively. Because MRI is superior to CT
in the identification of invasion of the chest wall
and diaphragm, it is the method of choice in
the evaluation of the resectability of malignant
pleural lesions.C?

Some of the advantages of CT in pleural
evaluation remain, including its greater
sensitivity in detecting pleural calcifications
(suggestive of benignity) and in identifying
bone destruction caused by a malignant lesion,
as well as in guiding pleural biopsy.®”

The most common causes of malignant
pleural disease are metastases (breasts, lungs,
and stomach), malignant mesothelioma, and
pleural extent of bronchogenic carcinoma.

The most common benign pleural diseases
include diffuse pleural fibrosis, tuberculosis,
and asbestosis. Traditionally, pleural thickening
greater than 1.0 cm is considered a criterion
for malignancy. However, not all studies with
CT and MRI have demonstrated the specificity
of this sign. As previously described, malignant
pleural disease tends to involve the entire pleural
surface, whereas reactive pleural thickness
rarely affects the mediastinal pleura, with the
exception of cases of tuberculous empyema.®®37

In the detection and characterization of
pleural effusions, which commonly appear
with high T2 signal intensity and low T1 signal
intensity, varying according to the water and
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protein content, MRI is superior to X-rays and
ultrasound. In comparison with CT, MRI is also
superior, principally in the characterization of
complex effusions (more clearly showing the
septations in loculated effusions) and in the
identification of exudates and hemorrhages
(which show high T1 signal intensity), as well
as of old bleedings, with peripheral areas of
hypointensity due to hemosiderin deposition
(Figure 5).09

Other benign pleural lesions can be
adequately identified and characterized by MRI.
Lipomas present a characteristic hyperintensity
on T1- and T2-weighted images, with signal
loss in fat suppression sequences. Pleural
fibromas are well-delineated lesions that present
intermediate T1 signal intensity, high T2 signal
intensity, and contrast enhancement. Fibromas
are differentiated from round atelectasis by
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identification of the comet tail artifact—which
represents the bronchovascular trajectory toward
the parenchyma with atelectasis—associated
with intense and homogeneous contrast
enhancement.®-?

Pulmonary circulation

By means of the new MRA techniques,
principally the use of gadolinium-enhanced
3D GE sequences, it is now possible to identify
even the fourth-order subsegmental pulmonary
arteries of a normal lung. This technique allows
the acquisition of images of high temporal
resolution every 1.0-1.5 s, and these images can
also be used to study lung parenchyma perfusion
(Figure 6).“9 The GE sequences that show blood
flow with high signal intensity, also known as
bright blood sequences (balanced GE sequences,

Figure 5 - Magnetic resonance images showing chylothorax in an infant with recurrent pleural effusions since
birth. Pleural fluid analysis showed the presence of lymph. Axial T2-weighted image (a), coronal T2-weighted
image (b), and sagittal T2-weighted image (c) show complex, loculated pleural effusion with pockets delimited
by irregular septations and atelectasis of the adjacent lung parenchyma. Axial T1-weighted image (d) shows the
slightly higher signal intensity of the pleural fluid due to the greater protein content of the lymphatic effusion.
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Figure 6 - Magnetic resonance angiography (MRA) images of the chest of a healthy individual. The three-
dimensional reconstruction of the MRA image (a) allows the visualization of the entire pulmonary vasculature,
identifying even the subsegmental pulmonary arteries. Dynamic contras-enhanced MRA images in the oblique
axial plane (b, ¢, and d) allow the evaluation of pulmonary circulation, including perfusion of the lung fields,

which is homogeneous and symmetric in this example.

cine MRI, and cine phase-contrast MR1) allow
the evaluation of the large blood vessels of the
thorax without the need for contrast use, as
well as allowing the dynamic evaluation of and
flow measurement in the pulmonary arteries and
aorta, thereby providing functional information
for use in morphological studies.®”

Thromboembolism and pulmonary
hypertension

Pulmonary digital subtraction angiography
(DSA) is still considered the gold standard for
the diagnosis of pulmonary thromboembolism
(PTE); however, among the noninvasive
techniques, CT is the most widely used, and
its sensitivity and specificity can be > 80% and
> 900, respectively. New advances in MRA have

contributed to make it a promising alternative in
the study of acute and chronic PTE.“2#)

The diagnostic accuracy of high spatial
resolution MRA in detecting acute PTE,
principally in identifying emboli in lobar and
segmental pulmonary arteries, can be similar
to that of spiral CT; the sensitivity of MRA
can be as high as 100%, whereas that of
spiral CT can be as high as 849%.“Y Emboli
appear as images indicative of consistent flow
impairment (contrast deficiency) or as an abrupt
interruption of the signal. The many possibilities
of multiplanar reconstruction of 3D images can
facilitate the diagnosis and further increase the
sensitivity of the method. Secondary signs of
PTE are also identified, including pulmonary
infarction. The use of new contrast agents that
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remain for longer periods in the larger vessels
allows, in addition to the study of pulmonary
vasculature, the acquisition of lower limb
images to screen for deep vein thrombosis
in the same examination.*” New ventilation/
perfusion techniques seem promising in making
MRI1 an effective and robust alternative for
the study of PTE and other diseases in which
there are changes in lung perfusion, such as
emphysema.®

A recent prospective multicenter study
showed that many centers still have difficulty
obtaining satisfactory MRA images of pulmonary
vessels and suggested that only facilities that
routinely perform the test with satisfactory
quality can consider MRI as an alternative for the
diagnosis of acute PTE, principally in patients
for whom the standard tests are contraindicated.
“7) Because of the dissemination of the method
and the evolution of the techniques, it is likely
that MRI will soon become a more reliable and
reproducible method for the diagnosis of acute
PTE, even in the clinical routine of major health
care facilities.

On the basis of the alterations observed, it is
possible to differentiate chronic thromboembolic
disease from acute embolism. Chronic PTE
changes, such as irregular vessel walls, thickening
due to a concave thrombus adhered to the vessel
wall, intraluminal streaks and bands, abnormal
proximodistal tapering, and asymmetry/absence
of segmental vessels, can be identified by MRA.
Although MRA and DSA are similarly effective
in detecting chronic arterial obstruction to the
level of segmental arteries, MRA is superior in
delineating the exact origin of the thrombotic
material in the vessel.*¥

When associated with lung perfusion images,
MRA can aid in differentiating between chronic
thromboembolic ~ pulmonary  hypertension
(CTEPH) and primary pulmonary hypertension
(PPH). In addition to the signs of pulmonary
hypertension, such as cardiomegaly and ectasia of
the pulmonary trunk and arteries, we can identify
the signs of chronic obstructive arterial disease.
Perfusion changes in the lung parenchyma are
also different. In CTEPH, the perfusion defect is
segmental or circumscribed, whereas in PPH, it
is irregular or diffuse. Perfusion-weighted MRI
can provide important information regarding
pulmonary microcirculation in cases selected
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for endarterectomy or even for segmental
resection.®

Flow and velocity in the pulmonary arteries,
as well as left and right cardiac output,
can be measured with low interobserver
and intraobserver variability. In pulmonary
hypertension, cardiac MRl demonstrates right
ventricular hypertrophy and dilatation, with
reduced right ventricularejection fraction without
significant left ventricular dysfunction, as well
as the presence of paradoxical interventricular
septal motion. Cine phase-contrast MRI provides
a flow pattern analysis that can serve as an
estimate of mean pulmonary artery pressure and
pulmonary vascular resistance and is therefore
an alternative to invasive measurements by right
heart catheterization. 849

Other vascular changes in the lungs

Arteriovenous malformation (AVM) appears
as a solid lesion with heterogeneous signal
intensity and presents areas of signal absence in
flow vessels (flow void), as well as areas of high
T1 signal intensity in vessels with thrombosis
and hemorrhagic foci. After the administration
of a paramagnetic contrast agent, MRI of the
mass becomes far clearer, and it is easy to
identify the feeding artery and the draining vein,
both dilated, which differentiates AVM from
other pulmonary lesions. Highly conspicuous
pulmonary AVM can be detected and staged
by MRI, which can also be used as a screening
method in patients with predisposing conditions,
such as hereditary hemorrhagic telangiectasia.™®

Pulmonary sequestration is characterized by
a mass of nonfunctioning lung tissue that does
not communicate with the tracheobronchial
tree. Pulmonary sequestration appears on
MRI as high T2 signal intensity, intermediate-
to-high T1 signal intensity, intense contrast
enhancement, and an atypical feeding artery, a
systemic artery that originates from the thoracic
or abdominal aorta. This anomalous artery can
be identified by MRA, thus avoiding the need for
conventional angiography.®

1t has been shown that MRI can be used as a
means of evaluating pulmonary hypoplasia and
aplasia, even in the intrauterine environment. In
the fetus, the affected lung has lower volume
and a signal that is different from that of the
normal lung. In children and adults, MRA
demonstrates the abnormal vascularization



Magnetic resonance imaging of the chest:

253

Current and new applications, with an emphasis on pulmonology

of the affected lung, principally the absence
of or marked reduction in the diameter of
the pulmonary artery, and can also replace
conventional angiography.©®>*’

Mediastinum

In the evaluation of mediastinal masses, MRI
is currently the method of choice. Mediastinal
neoplasms are classified as primary or secondary.
Secondary mediastinal neoplasms are typically
represented by lymph node enlargement.
However, other non-neoplastic lesions, such as
thoracic aortic aneurysms and substernal goiter,
can also mimic mediastinal masses.

Lesions of the thymus are among the
most common causes of mediastinal masses.
Most are benign and include thymomas,
thymolipomas, and thymic hyperplasia. Benign
thymoma presents low T1 signal intensity
and high T2 signal intensity. 1t sometimes has
cystic components, and MRI can demonstrate
the integrity of the capsule. Invasive thymoma
presents evidence of capsule invasion, a
multinodular appearance, and invasion of
adjacent structures. Thymic carcinoma is less
common and presents heterogeneous signal
intensity, with irregular cystic areas, necrosis, and
hemorrhage. Thymolipoma contains fat, which
is easily identified by MRI. Thymic hyperplasia
commonly represents an enlarged gland, the
morphology and signal intensity of which is
preserved, and MRI can aid in differentiating
between hyperplasia and tumors in inconclusive
or atypical cases.*>

Germ cell tumors primarily affect the anterior
mediastinum and account for approximately
15% of mediastinal masses. Of these, up to 80%
are benign, teratomas being the most common
type of benign germ cell tumors. On MRI, benign
teratomas present as well-delineated lesions
with a solid, cystic, fatty component, whereas
malignant germ cell tumors tend to present
as large, irregular, heterogeneous lesions, with
areas of necrosis and hemorrhage. Congenital
cystic lesions are classified according to their
topography and principally include thymic
cysts (anterior mediastinum), bronchogenic
cysts (middle mediastinum), pericardial cysts
(middle mediastinum), esophageal duplication
cysts (posterior mediastinum), and neurogenic
cysts (posterior mediastinum). Cysts are well-
delineated lesions with low T1 signal intensity

(varying according to the protein content),
high T2 signal intensity, and no contrast
enhancement.®

Neurogenic tumors are most commonly
found in the posterior mediastinum, in the
paravertebral region, and there is often a
link between neurogenic tumors and the
neural foramen (Figure 7). The lesions can
originate from the peripheral nerve—being
benign  (neurofibroma and schwannoma)
or malignant (neurofibrosarcoma)—or from
the sympathetic ganglion (ganglioneuroma,
ganglioneuroblastoma, and neuroblastoma).
Benign lesions are more commonly characterized
as spherical or lobulated masses with high T2
signal intensity, intense contrast enhancement,
and homogeneous appearance, with the
exception of neuroblastomas, which can be more
heterogeneous and present with calcifications.
Malignant lesions tend to be larger, more
irregular, and more heterogeneous and present
evidence of invasion of the medulla and thoracic
spine.”

The most common causes of mediastinal
lymphatic disease are metastatic disease and
primary lymphoma, principally Hodgkin’s
disease. Lymphatic disease is commonly
described as lymph node enlargement, the
smallest diameter on MRI1 being greater than 1.0
cm, similarly to that seen with CT. The accuracy
of MRI in identifying mediastinal and hilar
pathological lymph nodes is good, and MRI is
superior to CT in delineating confluent masses,
as well as in identifying involvement of the
adjacent structures; however, MRI is inferior in
detecting calcifications, which are considered a
routine sign of benign disease.('%!7:5%)

Heart

In recent years, cardiac MRI has evolved from
a scientific research tool to an imaging method
that can be used in clinical practice, being safe
and effective and showing a good cost-benefit
ratio. Depending on the clinical indication,
cardiac MRI can be performed in different
modalities, including studies of morphology,
function, perfusion, and myocardial viability.
Cardiac MRI provides anatomical details in
congenital heart diseases, in screening for
arrhythmogenicright ventricular dysplasia, and in
the evaluation of cardiac masses, differentiating,
for instance, thrombi from neoplastic lesions. 1t
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Figure 7 - Magnetic resonance images showing ganglioneuroma. Axial T1-weighted image (a), axial
T2-weighted image (b), sagittal T2-weighted image (c), and axial contrast-enhanced T1-weighted image
(d) of a child with a large, round, paramediastinal mass at the apex of the right hemithorax. The lesion
presents well-defined borders, homogeneously hypointense signal on T1-weighted images, hyperintense signal
on T2-weighted images, and homogeneous contrast enhancement. Note also simple, homogeneous pleural
effusion of moderate volume on the right.

is the most precise method for quantifying the
mass, volume, and function of the right and left
ventricles. Due to its high reproducibility, MRI
is an excellent means of evaluating ventricular
function after treatment. First-pass myocardial
perfusion with a paramagnetic contrast agent has
become an effective alternative to scintigraphy
in the detection of coronary atherosclerosis
and can be performed in patients at rest or
under pharmacological stress. Delayed contrast-
enhanced MRI is used for the identification of
areas of fibrosis in the unviable myocardium after
infarction (Figure 8) and is a robust method for
the study of other non-ischemic heart diseases,
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such as dilated cardiomyopathy, hypertrophic
cardiomyopathy, sarcoidosis, and myocarditis.®¥

Cine MRI and MRA also allow the study
of the thoracic aorta and pulmonary arteries,
evaluating, for instance, the impact that aortic
aneurysm/stenosis and pulmonary hypertension
have on cardiac function. The methods can also
be used in the study of heart valve diseases.
Cine MRl and MRA can accurately measure
the hemodynamic consequences of pericardial
diseases, such as constrictive pericarditis, in the
heart. Coronary MRA is still considered inferior
to multidetector CT; however, coronary MRA can
be used in the evaluation of anomalies in the
anatomical configuration of coronary arteries.
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Figure 8 - True fast imaging with steady-state precession cardiac magnetic resonance image (a) of the long
axis of the left ventricle (LV), used for morphological and functional evaluation; dynamic contrast-enhanced
gradient-echo sequence image of the short axis of the LV (b), used for the study of myocardial perfusion;
delayed contrast-enhanced myocardial signal suppression sequence image of the vertical long axis of the LV
(c), which allows the evaluation of myocardial viability. On the perfusion and viability images, we can identify
old infarction of the inferior left ventricular wall, with tapering and contrast enhancement due to fibrosis
(arrows in ¢).
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