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ABSTRACT: To date, magnetic resonance (MR) is established as an imaging modal-
ity in the diagnosis of chest diseases. Because of its excellent distinction of vessels and
soft tissue, MR can be performed as the primary imaging procedure before computed
tomography in patients with suspected vascular lesions, mediastinal masses, hilar
lesions, and pathological changes of the pleura and the chest wall. In these cases, MR
is able to provide all the necessary diagnostic information. In other patients, a limited
number of MR images may be helpful in cases of equivocal or confusing CT or clini-
cal findings. More detailed information can be obtained, using surface coils or special
imaging sequences, i.e. high resolution MR images of the pleura or angiographic
images of mediastinal and pulmonary vasculature.

From a clinical viewpoint, the most important task for thoracic magnetic reso-
nance nowadays is the pretherapeutic evaluation of intrathoracic masses, the differ-
ential diagnosis of benign versus malignant lesions, and the accurate documentation
of tumour extent in malignancies including three-dimensional-display to improve
surgical or radiation planning. Future directions in thoracic magnetic resonance will
be predominantly influenced by postprocessing approaches, specialized imaging tech-
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niques, and magnetic resonance-guided interventional applications.
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Since the early 1980s, magnetic resonance (MR) ima-
ging has been used for the evaluation of chest diseases
[1-43]. In the late 1980s, MR gained ground against the
established computed tomography (CT), but later lost this
due to the introduction of spiral CT [4, 6, 20, 34, 44—
52]. However, the main advantages of MR over CT are its
ability to perform multiplanar imaging and the excellent
soft tissue contrast. Another advantage is the depiction of
vascular structures without use of contrast material. In
recent years MR has been accepted beside the CT, and in
selected cases even as a primary diagnostic tool. Never-
theless, many applications of this imaging technique rem-
ain the subject of investigation; however, enough is known
today to suggest appropriate clinical indications for thora-
cic MR.

Technique

In contrast to other applications, the image quality of tho-
racic MR depends to a large extent on technical and exa-
miner conditions and experiences, because it is different
from MR examinations of other organs or regions. For most
chest MR exams, excellent electrocardiogram (ECG)-gat-
ing has to be achieved and prior patient's compliance is
required.

An advantage of MR over CT is the direct imaging in
the multiple planes of choice, which can provide informa-
tion that is not available on transaxial images. Structures
oriented longitudinally from cranial to caudal or oblique
can be imaged along their axis, such as the trachea, oeso-
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phagus, superior vena cava, aorta or the brachial plexus.
Imaging in a second plane reduces the possibility of mis-
interpretation of findings as a result of partial volume
effects, i.e. in the area of the aorto-pulmonary window, the
subcarinal region, and in pathological processes near the
diaphragm or the lung apices. The most essential parame-
ters of the predominantly used imaging methods in thora-
cic MR [24, 41] shall be briefly addressed: basically, there
are two different imaging parameters, T1- and T2-weight-
ing, which lead to different signal intensities (SI) of diffe-
rent tissues on MR images. Thus, MR images are called
T1- or T2-weighted images, respectively. Fat as well as
MR contrast material are displayed with increased SI
(bright) in T1-weighted images. Water, fluid, and structu-
res with high water content present with low SI (dark) in
T1-weighted images. The T2-weighted image shows wa-
ter with increased SI and the same applies to changes with
a high water content, e.g. inflammatory changes, the majo-
rity of tumours, and nearly all pathological tissues (table
1).

For clinical use, T1-weighted images allow for excel-
lent soft tissue contrast-resolution and provide the best
spatial resolution for topographic evaluation. T2-weighted
images are necessary for the detection and assessment of
the extent of pathological changes with increased SI.

To date, in a routine chest examination (1.0-1.5 T magne-
tic field strength), a multi-slice (up to 32 sections), ECG-
gated, T1-weighted spin-echo sequence is generated within
3—7 min, in the transaxial and either coronal/sagittal or ob-
lique plane, respectively [19]. The slice thickness should be
3-8 mm, the field-of-view (FOV) may vary from 1840 cm,
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Table 1. — Characteristic signal intensity (Sl) patterns of different tissues
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Process T1-weighted T2-weighted

Comment

Simple cyst Low High
Bronchogenic cyst Low-medium-high  High-very high

Seroma

Abscess

Lipoma

Neurinoma, schwannoma
Thymoma

Malignant lymphoma (Hodgkin's)

Malignant lymphoma (non-Hodgkin's)
Bronchogenic carcinoma
Arteriovenous malformation
Obstructive atelectasis
Non-obstructive atelectasis
Pulmonary secretions
Alveolar proteinosis
Haemorrhage

Acute

Subacute

Chronic
Blood clot

Acute

Chronic

Low
Low-medium
High
Low-medium
Low-medium
Low-medium

Low-medium
Low-medium

Very low-signal void

Low-medium
Low-medium
Low
Medium-low

Low
Medium-high
Low

Medium
Medium

High

High
Medium-high
Medium-high
Medium
Low-high

High
Medium-high
Medium-low
High

Low

High
Medium-low

Low-medium
High
Medium-high

Medium-high
Medium-low

Homogeneous, sharply defined

SI dependent on protein content, fluid level
possible

Like cysts

Heterogeneous, ill-defined, often fluid level
Sometimes brighter than normal fat
Heterogeneous, often centrally high SI on T2
Homogeneous, sharply defined
Heterogeneous, high SI of tumour interspersed
with low SI of fibrosis

Mostly homogeneous blurred margins
Mostly heterogeneous, blurred margins
Appearance dependent on flow

Homogeneous
Heterogeneous fluid, fluid level
Homogeneous with dark rim

Magnetic
Susceptibility effects

and the spatial resolution is approximately 1-2 mm. In dis-
eases of the pleura and the chest wall or pulmonary proc-
esses near or in contact with the pleura, surface coils may
be used with reduction of the FOV down to 8 cm, allowing
for an excellent spatial resolution of 0.3 mm [11]. This may
be followed by a fast non-gated T2-weighted sequence in
one plane corresponding to the T1-weighted images, for
up to 26 images within 4-6 min [11, 41]. The T2-weighted

images display suspected increased SI and are helpful in
showing fluid collection, distinguishing tumour from fibro-
sis, or chest wall musculature, and identifying flow pheno-
mena, but the anatomical resolution is poor.

Several software programs have been introduced to eli-
minate flow, breathing and motion artifacts. In our experi-
ence, presaturation of the anterior chest wall provides the
most effective suppression of diminishing artifacts in lung

Fig. 1. — Magnetic resonance imaging of a severely ill patient with mediastinitis and extended soft tissue phlegmone spreading from an axillary abscess
(arrows). Coronal T1-weighted a) pre and b) postcontrast images show intense and extended contrast enhancement within the cervical, chest wall, neck,
and mediastinal soft tissue. Fast images, pre and postcontrast within 2.5 min.
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and mediastinal MR exams [12, 19]. Postprocessing pro-
grams can significantly improve the image quality [4, 5, 35,
41].

The use of contrast material in thoracic MR is still a mat-
ter of controversy. Contrast-enhanced MR may be useful in
pulmonary and mediastinal masses to detect necrosis or
fibrosis [3-5, 7-13, 19, 20, 23, 28], and differential diag-
nosis may be improved [9-13]. Especially in pleural dis-
eases, in pulmonary processes adjacent to the pleura, and
in chest wall changes, contrast-enhanced T1-weighted MR
has been found to be advantageous because of its im-
proved ability to delineate lesions from normal structures
[8-11]. For imaging vascular structures and diagnosing
cardiac and vascular abnormalities, fast or dynamic ima-
ging techniques are most valuable. Fast dynamic (Cine-)
MR may show flowing blood with a very intense signal,
and ECG-gated, flow phenomena and cardiac function can
be demonstrated to great advantage [16, 23, 35, 41, 43].
Subsecond sequences allow for cine-images of the breath-
ing lung [21].

Rapid acquisition of spin-echo images may produce
good T1-weighted images during a breath-hold, so that
contrast-enhanced dynamic studies are feasible [1, 7, 23,
28, 29]. Thus, even emergency care patients can be exam-
ined within few minutes prior to and after contrast (fig. 1).

Respiratory gating significantly increases the examina-
tion time, is difficult to combine with ECG-gating and is
generally not used in clinical imaging [2, 19, 33, 36]. Tech-
nical progress has resulted in postprocessing procedures
with significant improvement of image quality without
prolongation of the patient's examination time and allow
for vivid preoperative three-dimensional (3D)-display of
thoracic masses [41].

Contraindications

There are no documented, lasting, harmful effects from
MR. In high field strength magnets, radio frequency-power
deposition may raise body core temperature, especially in
children [33, 41]. MR is absolutely contraindicated in
patients with cardiac pacemakers, even using low field
strength magnets. Because the magnetic field induces tor-
que on ferromagnetic implants like aneurysm or surgical
clips, patients with those materials should not be exam-
ined [24]. However, non-ferromagnetic implants are not
dangerous. Except for old Starr-Edwards type, all heart
valves can be imaged [24]. MR is also contraindicated in
the presence of metal objects within the eye or near the
spinal cord, cochlear implants, insulin pumps and neuro-
stimulators connected to the patient. Attention has to be
paid to shell fragments often seen in older patients. En-
capsulated, these are normally not dangerous, but within
the brain, chest or abdomen they may be dislocated and,
thus, cause occult bleeding.

Lung cancer (see also other chapters)

Since the advent of MR, numerous studies have been
performed to assess its value compared with CT in the
management of patients with lung cancer [2, 10, 12, 19,
22, 36]. In T-staging, central lung cancers >10 mm can be
detected even better than peripheral tumours [1, 2, 10, 29].

Fig. 2. — Pericardial invasion by tumour. T1-weighted parasagittal image,
widespread invasive bronchogenic carcinoma with disruption of the an-
terior pericardial fat layer by low signal intensity tumour (arrow), widen-
ing of the pericardial space due to malignant effusion (star). Note additional
tumorous chest wall invasion (arrowhead).

In assessing the tumour spread, there is good contrast
between malignant soft tissue and signal void vessels or
bronchi, intense mediastinal fat, and the mediastinal pleu-
ral margins. The unaltered pericardium is routinely dis-
played, identifiable as a line of hypointensity around the
heart and the base of the major vessels, itself surrounded
by a small fat plane [19, 33]. Obliteration of the mediasti-
nal fat planes, compression, encasement or involvement of
mediastinal vessels are better demonstrated by MR than
by CT [2, 19, 36] (fig. 2).

In our experience, aortic tumour invasion is suggested
if: 1) disruption of the periaortic fat layer of more than
90° of the circumference is present; 2) disruption of the
periaortic fat is visible more than 3 cm contiguously in
the cranio-caudal direction; and 3) focal disruption of the
periaortic fat is visible, including deformation of the lumen
[12, 19] (fig. 3). Furthermore, in selected cases focal en-
hancement of the aortic wall after contrast in the area of
adjacent tumour tissue may indicate malignant invasion.
Coronal or sagittal MR images are extremely valuable in
determining the precise extent of the tumour, especially in
relation to the carina and the aorto-pulmonary window, as
well as in relation to the pulmonary arteries and veins.
Involvement of the superior vena cava can be clearly ap-
preciated, and, in case of significant obstruction, typical
intraluminal thrombus with increased SI may be seen (fig.
4). Contrast-enhanced CT and MR are both accurate in
detecting hilar masses and adenopathy [2, 19, 47, 50]. In
cases of proximal bronchial obstruction associated with
postobstructive pneumonitis, MR may differentiate the
obstructing mass from adjacent lung on T2-weighted or
contrast-enhanced T1-weighted images [1, 2, 10, 12-14,
25, 29] (fig. 5). In such patients the consolidated lung typ-
ically exhibits a higher SI than the central hilar mass. MR
may even be successful in cases where differentiation is
not possible with dynamic enhanced CT scanning.
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Fig. 3. — Tumourous aortic invasion. a) Transverse and b) sagittal T1-weighted magnetic resonance images demonstrate broad tumour invasion of
the aortic wall by adjacent lung cancer. The perivascular fat layer has disappeared more than 180° of the circumference and more than 2 cm contiguously
in the course of the aorta. In addition, mediastinal tumour invasion causes obstruction of the left pulmonary artery, as well as of the anteriorly displaced

left main bronchus (arrows).

Fig. 4. — Thrombosis of the vena cava, T1-weighted coronal image.
Mediastinal lymph node metastasis (arrow) due to bronchogenic carci-
noma (not visible) causes occlusion of the superior vena cava with resul-
ting intense thrombus reaching up into the jugular vein (arrowheads).

In peripheral carcinomas, contact with the pleura may
suggest malignant involvement of the pleura, or of the
adjacent chest wall. A thin layer of extrapleural fat sepa-

rating the tumour mass from the chest wall can almost
always be seen on high quality or high-resolution MR
images [8, 9, 11, 31]. In such cases contrast enhanced
T1-weighted MR is superior to CT in the demonstration
of malignant involvement. This is especially true in supe-
rior sulcus invasion, where CT is often equivocal, due to
partial volume effects (fig. 6). Sagittal or coronal plane
images often show the extent of chest wall invasion and
involvement of the subclavian artery or brachial plexus
better than either transaxial CT or MR images [8, 9]. In
patients who underwent radiation therapy for treatment of
carcinoma, recurrent tumour within radiation-induced fib-
rosis can be difficult to identify with CT. MR has the abi-
lity to differentiate tumour from fibrosis [2, 19]. By means
of high ST on T2-weighted images tumour relapse can be
distinguished from post-treatment fibrosis with low SI.
However, inflammatory reactions secondary to radiation
or from other causes may also show increased SI on T2-
weighted images.

Mediastinal masses

Generally, the relationship between a mediastinal mass
and adjacent vessels and a vascular compression or obstruc-
tion is better demonstrated by MR than by contrast-enhan-
ced CT, despite optimized contrast application with spiral
CT [2, 12, 19, 36, 46-48]. The differentiation of tumour
and mediastinal fat on T1-weighted MR is easy, since fat
shows higher SI on T1-weighted images. However, tumour
and mediastinal fat may be difficult or impossible to distin-
guish on T2-weighted images. The diagnosis of a media-
stinal mass or an enlarged lymph node does depend on
the spatial resolution and, even more important, on the soft
tissue contrast resolution. MR spatial resolution is only
slightly less than that of the fourth generation CT scanners,
while the soft tissue contrast resolution is far better than
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Fig. 5. — Postobstructive atelectasis. a) Unenhanced transverse T1-weig-
hted magnetic resonance image in right central bronchogenic carcinoma,
causing atelectasis of the middle lobe. There is no reliable distinction of
tumour and parenchymal changes. b) Corresponding T2-weighted image
with relatively low signal of centrally located tumour (arrow) and easily
appreciable postobstructive atelectasis with high signal intensity (arrow-
heads).

that of CT [12, 19, 36]. The accuracy of both MR and CT
in diagnosing mediastinal lymph node metastases, i.e. in
patients with lung cancer, is comparable, since lymph node
size is the sole criterion for determining tumour involve-
ment [2, 19, 22, 36] (fig. 7). It is recommended that short
axis of subcarinal lymph nodes should not exceed 11 mm,
10 mm for right tracheobronchial, right paraoesophageal,
low paratracheal, and aorto-pulmonal, and 7-8 mm for all
other nodal groups, according to the American Thoracic
Society system [22, 54]. Neither relaxation times, nor SI,
nor the degree of contrast enhancement are reliable indica-
tors of malignant involvement [10, 12, 22]. However, in-

7

Fig. 6. — Pancoast tumour. Left-sided sagittal T1-weighted magnetic
resonance image accurately displays tumour extension in Pancoast bron-
chogenic carcinoma with respect to superior sulcus structures. The tumour
has invaded the second rib (arrow), reaches the first rib and is already
adjacent to the lower fascicles of the brachial plexus, represented by linear
structures behind the cross-sectional displayed left subclavian artery
(arrowhead).

tense contrast enhancement of mediastinal lymph nodes in
MR suggests a limited number of differential diagnoses
including Castleman's disease, angioimmunoblastic lymp-
hadenopathy, as well as vascularized metastases, in particu-
lar, from renal cell carcinoma, papillary thyroid carcinoma,
and especially small-cell lung carcinoma [10, 12]. Further-
more, considerable contrast enhancement may be observed
in granulomatous disease such as tuberculosis or sarcoido-
sis, and in acquired immune deficiency syndrome (AIDS)-
related diseases, particularly Kaposi's sarcoma [3, 12, 26].
Since the presence of calcifications in a mass may be used
as evidence of benign disease, a significant disadvantage of
thoracic MR is that calcifications within a mediastinal mass
or a node are not sufficiently detectable (fig. 8). On the

.

Fig. 7. — Aorto-pulmonary lymph nodes. a) Thin-section computed tomo-
graphy with good contrast bolus, suspicion of small mediastinal lymph
nodes, partially calcified, in the level of the aorto-pulmonary window
(arrow). b) Coronal T1-weighted magnetic resonance image clearly de-
monstrates three small lymph nodes without partial volume effects
(arrowhead).
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other hand, in some cases, particularly when the aorto-pul-
monary window or the subcarinal space are involved, MR
is able to demonstrate lymph nodes better than CT because
of its ability to image variable planes (fig. 7).

Fig. 8. — Calcified mediastinal lymph node. a) computed tomography
shows large calcification in a pericarinal lymph node in a patient with
multiple mediastinal and hilar metastases due to breast carcinoma. b)
Corresponding transverse T1-weighted magnetic resonance image allows
only suggestion of calcification due to signal-void in this region (arrow).

Regarding evaluation of the thymus, MR is comparable
with CT [12, 38]. On T2-weighted images, visualization
of the normal gland is more difficult than on T1-weighted
images [33]. However, mediastinal thymolipoma can be
diagnosed by signal characteristics due to the fat content.
In patients with myasthenia gravis, no specific changes
of the thymus can be seen [33]. In patients with malig-
nant diseases, very often a thymic rebound phenomenon is
visible on sagittal mediastinal T1-weighted images. On
MR images, mediastinal solid thymomas characteristical-
ly present with sharply defined margins, triangular con-
tours, with medium SI on T2-weighted images and none
to slight enhancement on T1-weighted images after con-
trast [12].

In most cases of lymphoma, the CT density of fibrous
and active lymphomatous tissue shows no significant dif-
ference, even after sufficient intravenous contrast applica-
tion. Lymphomatous cells with larger amount of water
show a relatively lower proportion of protein. Conversely,
fibrosis contain much less water and a high proportion of
protein. This leads to the markedly different T2 appear-
ance of lymphoma and fibrosis in MR images. In nodular-
sclerosing Hodgkin's disease (HD), a substantial amount
of sclerosis can be seen interspersed with malignant cells.
Conversely, in diffuse non-Hodgkin's lymphoma (NHL),
many more malignant cells and fewer interspersed fibrous
tissues may be found. Thus, characteristic signal patterns
for lymphomas on T2-weighted MR images can be de-
fined as follows:

1) A homogeneous or homogeneously fine-nodular hy-
perintense pattern is characteristic for untreated nonscle-
rosing lymphoma [12, 19]. In T1-weighted images those
masses show a homogeneous low SI similar to muscle.

2) A mixed hyper-/hypointensity pattern is often seen in
untreated nodular-sclerosing HD, where low-signal areas

Fig. 9. — Hodgkin's disease, nodular-sclerosing type. Transverse T2-
weighted image shows inhomogeneous signal intensity with ring-shaped
low-signal fibrosis (arrowheads); typical appearance of nodular-sclerosing
Hodgkin's lymphoma.
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Fig. 10. — Residual mass in malignant non-Hodgkin's lymphoma. a)
Chest radiograph; and b) computed tomography (CT) show extended
soft tissue in the anterior mediastinum after chemotherapy and radiation
of malignant B-cell lymphoma. Differentiation of fibrosis and tumour
relapse is not possible. ¢) Corresponding (to CT) transverse T2-weighted
magnetic resonance (MR) image displays fibrosis nearly signal-void,
interspersed fat with higher signal intensity (SI) corresponds with low
attenuation values in CT and high SI in T1-weighted MR (not shown).
High SI is due to flow phenomena in the anterior azygos vein and fluid
in the upper retroaortic pericardial recess.

represent sclerotic tumour regions, nodular configuration
may also be found [12, 19] (fig. 9). In addition, this pat-
tern is seen during the response phase of most lympho-
mas under treatment, representing residual tumour and
necrosis or inflammation beside fibrosis. Mixed
fibro-fatty masses are easy to recognize on T1-weighted
images, since the fat portions will exhibit high SI.

3) Hypointense patterns are characteristic for inactive
residual fibrotic masses following successful therapy for
lymphoma and may be seen in up to 88% of patients [33]
(fig. 10). These lesions also show low SI on T1-weighted
images.

Thus, monitoring of SI in lymphomas by MR can con-
tribute to therapeutic management: a decrease in mass size
and a corresponding SI decrease presume a favourable
response. A decrease in size with persistent homogeneous/
heterogeneous hyperintense patterns suggest a partial res-
ponse. Marked size regression with small residual masses
of heterogeneous/homogeneous high SI strongly suggests
inappropriate response of the tumour parts. SI increase

within small "islands" in residual masses previously consi-
dered inactive suggests tumour recurrence. Nevertheless,
cautious interpretations should be made within the first 6
months following therapy as regards inflammation and ne-
crosis [19].

Cystic or fluid-filled masses, or necrotic changes can be
detected by means of low SI on T1- and high SI on T2-
weighted images, even when CT numbers suggest solid
masses [19]. Detection of cystic or fluid-filled masses can
also be made on the basis of no or minimal enhancement
after contrast [10]. Thus, MR can be successfully used to
diagnose a wide range of lesions, including bronchogenic
cysts, pericardial cysts, thymic cysts, colloid cysts within
goiters, dermoid cysts, cystic hygromas, and even medias-
tinal pseudocysts, especially complex cysts that do not
appear fluid-filled on CT.

The typical MR appearance of both benign and malig-
nant neurogenic tumours includes slightly greater SI than
muscle on T1-weighted images, and moderately to mark-
edly increased SI on T2-weighted images. Compared with
CT, MR has several distinct advantages for imaging par-
aspinal neurogenic tumours [12, 39]. Intraforaminal/spinal
extension can be clearly assessed, as well as associated
spinal cord pathology [39]. Coronal or oblique sagittal
images may help to assess the relationship to the sympa-
thetic nerve. The detection of tumour infiltration beyond
the parietal pleura suggests malignancy of a neurogenic
mass [8, 10].

Midsagittal MR images can reliably demonstrate cra-
nio-caudal tumour extent in patients with oesophageal
carcinoma in presurgical evaluation, and suspected tum-
our invasion of adjacent structures can be confirmed or
excluded with great sensitivity [19] (fig. 11).

Fig. 11. — Oesophageal carcinoma. Midsagittal T1-weighted image
demonstrates direct cranio-caudal extent of oesophageal tumour (arrow-
heads). Note the unaffected normal oesophagus with slightly widened
lumen below the tumorous changes.
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Hilar abnormalities

The diagnosis of a hilar mass on CT images requires
differentiation of normal or vascular tissue from abnormal
soft tissue. In some locations, these differentiations can be
made on anatomical grounds alone, but in other areas
mass and vessels may be difficult to distinguish unless a
precise time-controlled or large bolus of contrast medium
is given. However, despite the introduction of spiral CT, in
a significant number of cases the differentiation of mass
and vessels after contrast is inadequate [2, 36, 47]. This
problem can be avoided by using MR. Since only the walls
of pulmonary arteries and veins are visible on regular T1-
weighted MR images, hilar masses are easy to detect. In
particular, sagittal images provide excellent spatial resolu-
tion of the hilar architecture and can detect normal size or
enlarged lymph nodes [2, 19, 36].

In patients with malignant disease, contrast-enhanced
CT and MR are both quite accurate in detecting hilar
masses or node enlargement, with a sensitivity approach-
ing 100% [2, 19, 36, 47, 50]. On the other hand, specificity
in the detection of lymph nodes harbouring metastases,
such as in the mediastinum, is rather poor using either
method [22, 54]. Unfortunately, MR is unable to detect
nodal calcification. On the other hand, in patients with
poor vascular opacification in CT, MR allows a more con-
fident diagnosis of a normal or abnormal hilum. In gen-
eral, bronchi are more accurately evaluated with CT. MR
may be advantageous in showing significant hilar or medi-
astinal vascular invasion contiguous with the hilar mass,
and in precisely displaying its extent [2, 19, 36].

Hilar masses, i.e. bronchogenic carcinoma, and adjacent
pulmonary obstructive collapse can be distinguished with
MR [2, 14, 19, 25, 36]. Generally, tumour tissue presents
with higher SI than distal lung tissue in T2-weighted ima-
ges. Conversely, in tumour obstruction, distal consolidated
lung parenchyma appears more intense than the tumour.

Parenchymal lung diseases

On spin-echo images in normal subjects, little signal
is obtained from the lung parenchyma, mainly because
of the small number of protons, magnetic susceptibility
effects and the very short T2-relaxation time of lung pa-
renchyma [41]. Fine linear structures extending laterally
from the hilum into the lung represent the walls of vessels
and/or bronchi. Increased SI in the parenchyma itself,
often visible in the posterior area of both lungs, may rep-
resent condensation of the lung parenchyma in a supine
position and an increase of intravascular blood. This sig-
nal is increased considerably after intravenous application
of contrast material. Because of the signal void of normal
lung parenchyma, abnormalities (nodules, masses, paren-
chymal changes) are easily detectable within the lungs.
However, because of the invisibility of the usual structures
like segmental bronchi and vessels, it may be difficult to
determine the precise location of a pathological process.
Nevertheless, the normal fissures are reliably displayed on
sagittal images [3]. It has been shown that routine MR
with 8 mm sections from the apex to the adrenals is able to
successfully depict pulmonary nodules greater than 5 mm,
given adequate patient compliance [2, 19, 36]. Altogether,
CT is superior to MR in the diagnosis of parenchymal

lung disease. Lung nodules greater than 1 cm are shown in
both MR and CT, but the morphological characteristics of
a nodule, such as edge definition, spiculation, and associ-
ated pleural tail are better defined with CT [4, 46, 47, 50].
Unfortunately, the presence of calcification in a nodule,
important in distinguishing benign and malignant disease,
is only reliably visible in thin-section or high-resolu-
tion CT (fig. 8). Overall, MR is less sensitive than CT
in detecting lung nodules <1 cm in diameter, mostly due
to respiratory motion during the MR study. However, in
centrally-located nodules, MR may be superior to CT in
distinguishing these processes from vessels [2, 19]. In pul-
monary consolidation, fluid replaces air within the lung
parenchyma. MR may be able to characterize the fluid or
the cause of consolidation and, thus, may be able to distin-
guish diseases. Nonobstructive atelectasis shows a poor
signal in T2-weighted images and only minimal enhance-
ment after contrast [10, 25].

New fast sequences allow for better evaluation of inter-
stitial lung changes, as well as cine-images of the breath-
ing lung with the moving diaphragm and chest wall during
controlled inspiration and expiration in patients with bul-
lous emphysema and possible surgical therapy [1, 21, 29,
41]. Although spiral CT provides excellent 3D-visualiza-
tion of pulmonary lesions, vascular abnormalities within
the lungs like arteriovenous malformations in Osler dis-
ease are displayed by MR angiography with great accu-
racy [4, 17, 51].

Pleura and chest wall

Pleural and chest wall abnormalities can occur in a
number of benign and malignant diseases, e.g. tuberculo-
sis, asbestosis, malignant mesothelioma, lung cancer, or
metastatic disease. Due to the excellent soft tissue con-
trast, improved spatial resolution, and imaging in various
planes, MR has been proven to be especially suitable for
the evaluation of pleural and chest wall abnormalities [8—
11, 15, 31, 37].

Although some correlations have been found both in
vitro and in vivo between MR SI and pleural fluid compo-
sition, MR cannot differentiate between various aetio-
logies of pleural effusions, but can distinguish free and
loculated effusions, as well as identify coexistent under-
lying lung disease [9, 11, 31]. An accurate demonstration
of pleural fluid composition is difficult with MR, but
blood in the pleural space is distinguishable from other
fluids, except for acute bleeding [41].

CT diagnosis of pleural disease is based on the finding
of pleural effusion and pleural thickening, but the distinc-
tion of pleural and lung parenchymal abnormalities from
pleural effusion may be difficult [9]. Although CT studies
could demonstrate some progress in distinguishing malig-
nant from benign pleural diseases, the infiltration of the
chest wall, together with osseous destruction, still remains
the only reliable sign of malignancy [9]. Recent results of
MR examinations in patients with different pleural and
chest wall diseases could demonstrate that MR can be
extremely advantageous in these cases, improving both
quality of evaluation and differential diagnosis [8, 9, 11,
15]. MR detects pleural diseases with high sensitivity,
comparable with CT, and has a reliable potential in differ-
ential diagnosis of pleural changes, based on the improved
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Fig. 12. — High-resolution anatomical magnetic resonance (MR) visualization of the brachial plexus. a) Oblique coronal T1-weighted MR image with
typical appearance of the band-shaped fascicles of the brachial plexus (arrows) extending superiorly to the (left) subclavian artery (A) (V: subclavian
vein). b) Cross-sectional sagittal view (according to the white line in (a)); behind the clavicle (C) the low-signal fascicles of the brachial plexus (arrows)
are easily appreciable within the fat superior to the subclavian artery (A) and vein (V). ¢) Tumour invasion of the brachial plexus. Oblique coronal T1-
weighted MR image shows low-signal tumour tissue of the metastatic breast cancer invading the fascicles of the plexus (arrows) and presumably

involving the adjacent left subclavian artery (A).

distinction of pleural changes and adjacent structures after
contrast enhancement [9, 11]. On the basis of morpholog-
ical patterns such as nodular changes, thickening >10 mm,
mediastinal or circumferential pleural involvement, or ple-
ural extension through the entire hemithorax, malignant
disease is suggested [9, 11]. The most specific pattern for
malignancy is the infiltration of the chest wall and/or the
diaphragm. MR, especially when contrast-enhanced, has
demonstrated its superiority over CT in the diagnosis of
diaphragm and chest wall invasion in patients with differ-
ent pulmonary masses, although spiral CT has regained
some ground [45]. Particularly in tumours of the superior
sulcus or the lung base, images in the coronal or sagittal
plane can be used to demonstrate the relationship of the

tumour within the lung apex to adjacent structures such as
the brachial plexus, and the subclavian artery and vein [2,
8-11, 15, 37] (fig. 6). The normal and pathological appe-
arance of the brachial plexus is well demonstrated by T1-
weighted MR images, especially regarding displacement
and encasement/infiltration of the subclavian artery by
tumour (fig. 12). Invasion of the diaphragm can be visua-
lized by contrast enhancement of the regions involved [8—
11] (fig. 13). The invasion of the thin layer of extrapleural
fat by tumour tissue is a reliable criterion for early inva-
sion of the chest wall [11, 15]. This fat layer is more diffi-
cult to visualize using CT.

While on unenhanced T1-weighted images tumour tis-
sue can be easily distinguished from fat, the T2-weighted

Fig. 13. — Tumour invasion of the diaphragm. a) Unenhanced and b) contrast-enhanced coronal T1-weighted magnetic resonance images in malignant
pleural mesothelioma show intense band-shaped enhancement of the lateral diaphragm (arrows), representing tumour invasion (surgically confirmed).
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Fig. 14. — Primary pleural liposarcoma. a) Transverse T2-weighted magnetic resonance image displays pleural and fissural (arrow) changes with high
signal intensity. No reliable distinction of pleural effusion and tumourous changes. b) Corresponding contrast-enhanced T1-weighted image. Excellent
differentiation of enhancing irregularly defined parietal tumour nodules (black arrows), non-enhancing effusion (star), slightly thickened visceral pleura

(arrowheads), and fissural tumour involvement (white arrow).

and contrast-enhanced T1-weighted image allow reliable
distinction of tumour and muscle. Contrast-enhanced T1-
weighted images are superior to T2-weighted images bec-
ause of their improved spatial resolution with comparable
lesion contrast [8—11]. Therefore, and because of the
absolute increase in signal within the pleural space in the
presence of pleural changes on T2-weighted images, the
method of choice in pleural MR should be unenhanced
and contrast-enhanced T1-weighted sequences (fig. 14).
Improved imaging of pleural pathology and chest wall
invasion is achieved by using surface coils. High-resolu-
tion MR studies of the pleural space and the inner chest
wall suggest a reliable approach in the differential diagno-
sis of pleural diseases, and in the early detection of malig-
nant chest wall invasion [9, 11] (fig. 15).

Vascular lesions, heart and pericardium

MR imaging has proven valuable in the diagnosis of a
number of vascular changes involving the mediastinum
[12, 16, 18-20, 34, 35, 43]. Aortic aneurysms are easily
identified with MR because of the signal void usually
associated with flowing blood. Organized thrombi within
the lumen of aneurysms usually appear as areas of inter-
mediate to increased SI on TI1-weighted images. T1-
weighted MR may be limited in differentiating between
mediastinal fat and subacute or chronic haemorrhage be-
cause of a leaking aneurysm, owing to potential overlap in
their SI parameters [33-35]. MR and spiral CT are used

equally in screening for aortic dissection [47, 53]. ECG-
gated T1-weighted spin-echo sequences, best acquired in
transverse and coronal/sagittal planes, can demonstrate in-
timal flap in patients with dissection, with an accuracy
equalling or exceeding that of CT [34, 35].

In patients with superior vena cava obstruction, the area
of narrowing or obstruction can be demonstrated [2, 12,
19, 33, 36]. Furthermore, the evidence of slow flow is
seen, and increased SI within the lumen of the superior
vena cava suggests the diagnosis of thrombosis [19] (fig.
4). However, a fresh thrombus may appear similar to flow-
ing blood and may be missed on unenhanced or nonangio-
graphic MR images [33, 41]. Contrast-enhanced MR is
able to differentiate thrombus from intravascular tumour
[10, 12]. On MR angiographic images, central emboli are
displayed as low intensity defects within the high signal of
flowing blood [6, 20] (fig. 16). Nevertheless, in pulmo-
nary artery embolism, to date, spiral CT with bolus-appli-
cation of contrast material is the method of choice [4, 20,
35,44, 47,49, 53]. In patients with tumour involvement of
the main pulmonary arteries or veins, MR can better dem-
onstrate the tumorous extension, compared with CT [2,
12, 19, 36, 43].

In the evaluation of the heart and the pericardium, the
advantages of MR include larger FOV than ultrasound and
far better soft-tissue contrast resolution than ultrasound
and CT. While cine-MR is believed to be the most sensi-
tive method for detecting pericardial effusion and intracav-
itary masses, myocardial and pericardial masses are best
imaged with spin-echo techniques [2, 12, 16, 18, 23, 24,
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Fig. 15. — Malignant invasion of the chest wall. a) Computed tomography
shows pleura-based tumour mass with broad contact to the intercostal
soft tissue and presumable invasion (arrow). b) Conventional coronal T1-
weighted magnetic resonance (MR) image demonstrates broad tumour
contact with the lateral chest wall. ¢) High-resolution sagittal T1-weighted
MR image excellently reveals focal invasion of the inner chest wall with
disruption of the peripleural fat, involvement of the innermost intercostal
muscle and the intercostal fat (arrow). Surgery confirmed focal chest wall
invasion by malignant fibrous histiocytoma.

28, 30, 43]. MR is particularly sensitive for the presence of
pericardial fluid, especially intrapericardial haemorrhage
[2, 19, 43]. When combined pericardial and cardiac in-
flammatory or tumorous involvement is suspected, MR is
usually superior to CT and ultrasound [2, 12, 19] (fig. 2).

Summary

Compared with CT, the main advantages of MR are the
ability to conduct multiplanar imaging, the excellent soft
tissue contrast, the depiction of vascular structures with-
out the use of contrast material, and the ability to produce
detailed angiographic images of mediastinal and pulmo-
nary vasculature, already comparable with digital sub-
straction angiography. The the main disadvantage of MR
compared with CT in clinical routine is the longer exami-
nation time, in addition to the insufficient demonstration
of calcifications. MR is used as a primary imaging moda-
lity in patients with suspected vascular lesions, mediasti-
nal masses, hilar lesions, and pathological changes of the
pleura and the chest wall. In many other patients, MR is

Fig. 16. — Pulmonary artery thrombosis. a) T1-weighted transverse image
shows low-signal thrombus adjacent to the anterior vascular wall (arrow)
with compression of the lumen of the superior vena cava (arrowhead). b)
Parasagittal magnetic resonance-angiogram demonstrates nearly signal-
void thrombus (star), high-signal true lumen of the enlarged right pulmo-
nary artery (arrow), and medium-signal of the compressed superior vena
cava (arrowhead).

used as a problem-solving modality in answering specific
questions raised by the CT study or clinical findings. De-
tailed information can be achieved by high-resolution MR
regarding pleural and chest wall changes, especially after
contrast application. MR is able to distinguish different
tissues, fluids, or pathological processes within the chest.
Furthermore, qualitative and quantitative data regarding
blood flow, volume and blood pressure within vessels and
the heart, as well as diaphragm function can be obtained.
Postprocessing algorithms, which are being increasingly
used, can eliminate motion, flow, breathing and other arti-
facts, and significantly improve MR image quality.
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Future outlook

About 15 years after the introduction of magnetic re-
sonance imaging into clinical routine, there are emerg-
ing applications expanding magnetic resonance from a
purely diagnostic modality to its use in guiding invasive
procedures throughout the body. Dedicated interventio-
nal magnetic resonance-systems with open magnets are
being developed, allowing direct access to patients dur-
ing procedures such as magnetic resonance-endoscopy,
stereotactic biopsy, radiofrequency tumour ablation, or
laser discectomy. Magnetic resonance-guided-biopsy and
laser-induced interstitial thermotherapy has already been
established in liver, breast and neck abnormalities. In pre-
therapeutic planning three-dimensional-image reconstruc-
tion and "virtual reality" processing of simulated vascular,
intestinal and bronchial endoscopies, as well as simulated
surgical interventions, are being developed. Real-time ma-
gnetic resonance techniques allow for reliable functional
imaging comparable with ultrasound, and tissue tempera-
tures can be noninvasively measured and also used for
thermal imaging.
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