
Introduction

Radiological evaluation of a mediastinal mass is an im-
portant challenge in chest radiology. Whereas plain
film gives limited results, cross-sectional techniques, es-
pecially CT and MR, play a powerful role in evaluating
the mediastinum. Presently, a specific diagnosis is often
possible; if not, at least a limited differential diagnosis
can be made.

General considerations

According to two large series, the most frequent lesions
encountered in the mediastinum are thymoma, neuro-
genic tumors, and benign cysts, altogether representing
60% of patients with mediastinal masses [1, 2]. How-
ever, significant differences exist between adults and
children. Neurogenic tumors, germ cell neoplasms and
foregut cysts represent 80% of childhood lesions,

whereas primary thymic neoplasms, thyroid masses and
lymphomas are the most frequent in adults [1±3].

Most patients with mediastinal lesions are usually
chronically asymptomatic. Eighty-three percent of inci-
dentally discovered masses are benign and 57% of those
seen in symptomatic patients are malignant [1]. Symp-
toms can include dyspnea, dysphagia, cough from air-
way compression, superior vena cava syndrome, hoarse-
ness from laryngeal nerve involvement, or symptoms re-
sulting from spinal cord compression. Myasthenia gravis
or, less frequently, Cushing's syndrome can also reveal
mediastinal masses. Approximately one third of medias-
tinal masses are malignant and invasion or obstruction
of nearby structures on imaging studies is suggestive of
malignancy [4±6].

Imaging modalities

Chest radiographs

Posteroanterior and lateral chest radiographs are the
first imaging modalities used when a mediastinal mass
is suspected. Deformation of mediastinal contours and
lines and/or displacement of normal structures must be
present to identify a mass. Tissular characterization is
limited. Typical location and findings can help in identi-
fication in lymph nodes and vascular masses, and may
suggest a limited differential diagnosis on the basis of
age, gender, and clinical findings [7, 8].

Computed tomography

Computed tomography is the most important tool in the
evaluation of a mediastinal mass. It is the next step fol-
lowing chest radiography and is often sufficient in the
management of the patient. Characterization on CT is
based on specific attenuation of air, fat, water, and calci-
um. Vascular abnormalities and the degree of vascular-
ization of soft tissue masses are demonstrated by dy-
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Abstract. In most clinical situations the modern ra-
diological approach to a mediastinal mass consists of
performing a CT scan following the chest radiograph.
Magnetic resonance imaging is indicated when CT
findings are equivocal and as the first-line method in
particular situations such as suspected involvement
of the posterior mediastinum. In both techniques, tis-
sular components of the mass assessed by density or
signal intensity analysis, together with the precise lo-
cation, are the leading edge of the radiological diag-
nosis. This review deals mainly with the differential
diagnosis of primary neoplasms according to CT and
MRI findings.
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namic incremental CT or spiral CT more recently [9,
10]. Precontrast slices are performed first. Contrast-en-
hanced slices of adapted thickness to the size of the le-
sion are then obtained. Reconstruction interval near
the half of the slice thickness is suitable for 3D or multi-
planar reconstructions. Multiplanar reformations are a
valuable adjunct and more useful in clinical practice
than 3D reconstructions.

Magnetic resonance imaging

Magnetic resonance imaging has many advantages in
imaging the mediastinum, e.g., excellent soft tissue con-
trast with spontaneous tissue±vessel contrast and direct
multiplanar capabilities. The MRI technique includes
currently ECG-gated spin-echo and T2-weighted and
gadolinium-enhanced T1-weighted scans in the appro-
priate axial, sagittal, coronal, or oblique plane. Gradi-
ent-echo techniques are useful in the exploration of vas-
cular patency. In clinical practice MRI is used when io-
dine contrast cannot be used, or after CT if questions re-
main unanswered. Identification of some cystic lesions
as well as assessment of preoperative relationships with
the pericardium, heart cavities, spinal cord, and canal
are common indications and in some situations vascular
involvement [11±13].

Ultrasound and other imaging techniques

Transthoracic US is not currently used in mediastinal
mass evaluation, although it does have a potential role
in certain situations. The major limitation is an inade-
quate window, but useful information can be obtained
especially in children in masses abutting the chest wall
and in vascular abnormalities [14]. Endesophageal ul-
trasonography may have some interest in assessing
masses of the posterior mediastinum, particularly to
evaluate their relationships with esophagus or left atri-
um. Esophagogram and endoesophageal US are useful
when questions are raised about the esophageal origin
of the mass. Both spiral CT and MRI have led to a
more reduced utility of vascular opacification tech-
niques that are employed presently.

Transthoracic needle biopsies

Invasive diagnostic procedures often play a valuable
part in staging and providing tissue for pathological
study in order to plan treatment. Mediastinoscopy and
parasternal mediastinotomy have traditionally filled
this role. Percutaneous fine-needle aspiration and,
more recently, core biopsies with large bore needles
guided by CT scanning or US have also been advocated
for the diagnostic examination of mediastinal lesions
[15, 16]. A preoperative histological diagnosis is unnec-
essary if the mass seems reasonably resectable. Con-
versely, if the mass is clearly invasive and looks unre-
sectable, then a biopsy, either guided by imaging or sur-

gical, is indicated. Despite the excellent safety and low
complication rate with guided biopsies, some authors
believe that the nature of the common tumors found es-
pecially in the anterosuperior compartment tends to
limit the accuracy of guided biopsies, especially when
classification is needed like in non-Hodgkin's lympho-
ma, thymomas, or Hodgkin's disease. In such indica-
tions the role of CT-guided biopsies depends on the im-
portance placed on them by radiologists, pathologists,
and surgeons.

Diagnostic approach of mediastinal masses

Differential diagnosis of mediastinal masses

When a central mass is discovered on a chest radio-
graph, the first step is to be sure that this mass arises
within the mediastinum, rather than from contiguous
lung, pleura, or chest wall. Masses that lie deep to me-
diastinal vessels are clearly mediastinal in origin, and
those from the sternum or spine are easily identified on
CT. With a few exceptions, a mass with a spiculated,
nodular, or irregular edge arises in the lung, and a mass
with a broad base on the mediastinum and a smooth
edge arises in the mediastinum or mediastinal pleura.
A normal remaining pleura is strongly in favor of a me-
diastinal origin. Using these criteria, 99% of masses
may be correctly localized to the lung, pleura, or me-
diastinum [17].

The second step is to recognize abnormal radio-
graphic findings related to anatomical variants such as
aortic-arch abnormalities, masses arising from the diges-
tive tract (hiatal herniae, esophageal masses). In clinical
practice CT can only be avoided in cases of typical hiatal
herniae. Esophageal masses and abnormalities are not
usually discussed with mediastinal masses despite the
fact that they belong to the mediastinum.

In this review we focus on primary mediastinal tu-
mors. Vascular anomalies and mediastinal lymph nodes
are briefly mentioned in the following:

1. Vascular anomalies represent approximately 10 % of
mediastinal masses. They must be correctly recognized
since failure to identify an aneurysm can lead to a dra-
matic event during an invasive diagnostic procedure.
2. Mediastinal lymph nodes certainly represent the most
common cause of mediastinal masses. They are often
easily recognized on chest film, and if not, they are rec-
ognized on CT, and are uncommonly confused with pri-
mary tumors. Discussion of their most common etiolo-
gies, e.g., metastasis of solid tumors and lymphomas, is
beyond the scope of this article.

Classification of mediastinal masses

The radiological compartmentalization of the mediasti-
num in anterior, middle, and posterior compartements
introduced by Felson helps in focusing the differential
diagnosis of masses on the basis of their site. However,
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many tumor types can be found in any of the three com-
partments [7, 8].

Attenuation values at CT and signal intensity at MRI
give much more detailed information than chest film
concerning the tissular composition of the mass. Chest
radiography is only able to identify calcifications, al-
though in some cases a fatty component can be suspect-
ed as a zone of relative radiolucency. The diagnosis can
be at least partly suggested based on the major compo-
nent of a mass: fatty, cystic, or solid tissue. In most cases
calcifications and their patterns are not as useful in the
differential diagnosis. Additional information can also
be obtained from the degree and type of vascularity of
the lesion due to contrast enhancement on CT or MRI
[9, 10].

Presently, tissue components, as shown by CT or MR
scans, together with size, shape, and precise location ac-
cording to the compartments described by Heitzman
[8], are the leading edge of the diagnosis of a mediasti-
nal mass. In the following, we successively consider me-
diastinal masses of predominant fatty, cystic, and solid
tissular components. Among the latter, those with an
atypical attenuation are considered separately.

Fatty masses

Fat is specifically recognized by its low CT numbers,
which vary from ±70 to ±130 HU for pure fat. Fat is nor-
mally present in the mediastinum and increases with
age. Normal fat is unencapsulated and does not affect
the normal contours of the mediastinum. On MR well-
differentiated fat has a high signal intensity on both T1-
and T2-weighted sequences, identical to subcutaneous

fat. In the majority of cases, discovery of the fatty nature
of a mass indicates benignancy. True lipomatous tumors
are much less common than herniation of abdominal fat
or diffuse lipomatosis.

Mediastinal diffuse lipomatosis is an overabundant
amount of histologically normal fat resulting in smooth
mediastinal widening on chest radiographs. Its roent-
genographic density is often less than that of other mas-
ses. Locations of this overaccumulation of fat are the
upper mediastinum, the cardiophrenic angles, and less
frequently, the paraspinal areas which can widen the spi-
nal line. Homogeneity and absence of compression of
surrounding structures differentiate this benign condi-
tion from multiple lipomas. This condition may be part
of a generalized obesity but not exclusively, or is seen
in patients suffering from Cushing's disease or those
treated with steroid therapy [18].

Omental fat can herniate through the foramen of
Morgagni or Larrey and create the appearance of a car-
diophrenic angle mass. Esophageal hiatus herniations
of perigastric fat extend along the aorta or may appear
as a retrocardiac mass. Connections with abdominal fat
may be easily demonstrated by multiplanar reconstruc-
tion with CT. Magnetic resonance imaging, although
not indicated, is able to demonstrate abdominal fat on
sagittal and coronal acquisitions.

Mediastinal lipomas and liposarcomas represent only
1 % of all primary mediastinal tumors. They do not pro-
duce compressive symptoms unless they are large
enough. The modling to the mediastinal contour can be
so marked that a large lipoma may mimick a cardio-
megaly. In contrast, liposarcomas show unhomogeneity
of the fat and contain large areas of soft tissue density
(Fig. 1). They are often locally invasive at the time of
the diagnosis. Sometimes, fat is no longer detectable
within the tumor and is only visible on histological sam-
ples [19].

Tumors other than lipomas may contain some fat.
Among tumors predominantly composed of fat, thymo-
lipomas are the most common. Usually of large volume,
these tumors develop in the thymic space. Especially
when they are large, they may extend downwards on
the diaphragm, leaving the superior mediastinum rela-
tively clear, as the result of their soft and pliable consis-
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Fig.1. Liposarcoma. Large mass of the retrosternal prevascular
space mainly composed of fatty tissue with septations and a central
nodule

Fig.2. Mediastinal abscess after laryngeal perforation. Laterotra-
cheal fluid collection with gas bubbles

Fig.3a, b. Bronchogenic cyst. a Non-enhanced CT: subcarinal
high-attenuation mass (89 HU). Small calcifications within the
mass. b No enhancement after IV contrast injection



tency. They are composed of a mixture of fatty and tissu-
lar components [20].

Most teratomas are cystic; however, some may con-
tain a small amount of fatty tissue which clearly indi-
cates their origin [9, 10]. Other uncommon lesions that
may contain some fat include hemangiomas, angiolipo-
mas [21], lipoblastomas in infants [22], and extramedul-
lary hematopoiesis [23]. Fatty tissue component may be
part of a complex mesenchymal sarcoma with various
tissues of mesenchymal origin, i. e., fibrous, osseous, or
vascular components [24].

Cystic masses

Primary cysts represent 15±20% of all primary medias-
tinal masses. Most of them do not produce symptoms
and become large before they are discovered, usually
as an incidental chest radiographic finding. Because of
their tendency to enlarge or become infected, surgical
excision is usually recommended.

True cystic lesions should be differentiated from the
cystic degenerative changes observed in many solid tis-
sular tumors, nodes, and from abscesses and hemato-
mas. Areas of low attenuation may be present second-
ary to necrosis, old hemorrhage, or the intrinsic proper-
ties of the neoplasm. On CT identification of these de-
generative cystic changes is based on the visualization
of an unhomogeneous low-density mass with thick wall,
sometimes in conjunction with other CT findings, such
lymphadenopathy, pulmonary, or pleural abnormalities.
Goiters, thymomas, cystic teratomas, nerve root tumors,
seminomas, and enlarged nodes from any origin may
show such a finding [25]. Hodgkin's disease and other
lymphomas can also be associated with cystic changes
before or after treatment [9, 10]. Mediastinal abscess
shows a low-attenuation mass surrounded by an enhanc-
ing rim and sometimes are filled in with gas or air±fluid
level and therefore are not confused with a true cystic
mass. Clinical features and associated CT findings, such
as gas bubbles, or communication with an empyema,
usually permit differentiation from true cysts (Fig. 2).
Subacute or chronic hematomas may appear as low-at-
tenuation masses, occasionally with a fluid±fluid level.
Pseudomasses with water densities include fluid-dilated
esophagus or pericardial recesses easily identified at CT.

Typical cysts appear on chest radiograph as smooth,
sharply marginated mediastinal lesions. On CT they
have a similar attenuation to that of water and do not
enhance. Their margins are well defined and their wall
is barely perceptible. Any cyst may have a higher atten-
uation than that of water due to its calcic, proteinaceous,
mucus, or hemorrhagic content. Such lesions may be un-
distinguishable from solid soft tissue neoplasms, al-
though the complete absence of enhancement after ad-
ministration of IV contast material may be a clue to
their recognition [9, 10, 26]. However, lack of enhance-
ment is sometimes difficult to ascertain near the heart
for example. On MRI typical cysts have a high signal in-
tensity on T2-weighted images, but show a variable T1-
weighted appearance. Those filled in with serous fluid

have a low signal intensity and those with a viscous pro-
teinaceous or bloody content have a signal which varies
from intermediate to very high intensity. No enhance-
ment after gadolinium chelate injection is a useful addi-
tional feature to assess the cystic composition [27].

Most mediastinal cysts are developmental in origin
and, according to the type of epithelium of their wall, in-
clude bronchogenic, esophageal duplication, neuroen-
teric cysts, grouped together under the generic term of
foregut cyts, and pericardial cysts; however, this distinc-
tion is not always clear. Thymic cysts may be congenital
but their pathophysiology may be more complex includ-
ing acquired cysts.

Bronchogenic cysts have a fibrous capsule, often con-
tain cartilage, are lined by respiratory epithelium, and
contain mucoid material that is remarkably viscid. The
clinical features are variable from respiratory distress
in infants to asymptomatic status in older children and
adults. They are stable in size except when complicated
by infection or hemorrhage [28, 29]. They do not usually
communicate with the bronchial tree, unlike intraparen-
chymal cysts. Most of them are located adjacent to the
major airways along the paratracheal wall, near the car-
ina, or in the posterior mediastinum. Half of them are
of water density and the others have a CT density which
varies depending on the cyst content. On rare occasions
bronchogenic cysts show an extremely high density re-
lated to a milk of calcium content (Fig.3). Curvilinear
calcification of the wall is possible. At MRI bron-
chogenic cysts frequently show a signal intensity higher
than that of muscle on T1-weighted images (Fig. 4a)
due to their high proteinaceous content [30±32]. In rare
situations a fluid±fluid level has been demonstrated
[33, 34]. The signal intensity on T2-weighted images is
very high, suggesting a cystic lesion (Fig. 4 b). Because
this finding may be seen in some solid tumors, gadolini-
um injection is recommended. Duplication cysts are in-
distinguishable from bronchogenic cysts, except for
their location usually close to the esophagus, sometimes
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Fig.4a, b. Bronchogenic cyst MRI laterotracheal mass without
perceptible wall. High signal intensity on both a T1-weighted
and b T2-weighted images



within its wall. Neuroenteric cysts are rare lesions which
may be connected to the meninges through a midline
defect in one or more vertebral bodies. The vertebral
anomaly (hemivertebrae, butterfly vertebra, or spina bi-
fida) may be located above the level of the cyst. Their
communication with the subarachnoid spaces may be
demonstrated by MRI which presently replaces CT my-
elography.

Pericardial cysts are the result of anomalous out-
pouchings of the parietal pericardium in contrast with
pericardial diverticula that communicate with the peri-
cardial sac. Most pericardial cysts are unilocular. They
are commonly located in the right cardiophrenic angle
(Fig. 5), although they may occur anywhere in relation
to the pericardium: posterior cardiophrenic angle, supe-
rior retro-aortic pericardial recess. On imaging studies

they are seen as smooth, well-defined, oval or round
masses in contact with the heart, without a perceptible
wall. In some cases an oval shape with a pointed border
may be seen [9, 10, 35]. Such cysts may be large. Rapid
change in size related to the position suggests a divertic-
ulum rather than a cyst.

Two pathogenetically distinct forms of thymic cysts
are described. A congenital one, which tends to be
unilocular, derives from remnants of the thymopharyn-
geal duct. It occurs anywhere along the course of the
embryonic thymus gland from the angle of the mandible
to the manubrium. Apart from their characteristic water
density, calcification has been reported.

Thymic cysts can also be acquired lesions which tend
to be multilocular following thymic inflammation. They
are known to occur occasionally in patients with medias-
tinal Hodgkin's disease. Their histogenesis is controver-
sial. They can encountered tissues either on presenta-
tion or at recurrence. They may be treatment related or
due to thymic infiltration by lymphomatous tissues.
The natural history of these thymic cysts is not known.
Careful observation with regular follow-up CT scans
without additional treatment seems to be the manage-
ment of choice for residual thymic cysts of mediastinal
Hodgkin's disease [9, 10].

Lymphangiomas (cystic hygromas) are tumor-like
congenital malformation of the lymphatic system, con-
sisting of lymph channel or cystic lymph spaces lined by
endothelium. Their walls are formed by fibrous tissue
and smooth muscle. They vary in size and histology,
some showing a capillary or cavernous structure, others
taking the form of unilocular or multilocular cysts.
They may be difficult to resect and may recur due to
their invasive nature. Lymphangiomas are typical when
connected with a cervical mass, but they may be isolated
in the mediastinum. When confined to the mediastinum,
they are usually asymptomatic and may be discovered in
children or adults. Fewer than 10% occur in the posteri-
or mediastinum. In typical cases CTor MRI show a cys-
tic mass sometimes multilocular or septated, which
molds or envelops adjacent mediastinal vessels [36, 40].
Unilateral or bilateral effusion may occur and in inva-
sive forms chylothorax is a feature.

Cysts of the thoracic duct and intrathoracic meningo-
celes are rare cystic lesions of the posterior mediastinum
[41]. Lateral intrathoracic meningoceles are a protru-
sion of the spinal meninges through the intervertebra
foramina, and are mostly asymptomatic. They may be
seen in association with neurofibromatosis and are
sometimes multiple and bilateral. Magnetic resonance
imaging is the technique of choice in distinguishing me-
ningoceles from neurogenic tumor (see Figs. 7, 13). It is
also the technique of choice in differentiating the con-
nection of the lesion with the subarachnoidal spaces.

Solid tissular masses

Most mediastinal masses in an adult population are sol-
id. Clinical and CT findings including precise location
are essential for planning treatment. Invasive proce-
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Fig.5. Pericardial cyst. Unenhanced CT. Mass of the right anterior
cardiophrenic recess of water attenuation

a

b

Fig.6a, b. Cystic lymphangioma. MRI: large homogeneous latero-
tracheal mass, extending within the precarinal space, of low signal
intensity on a T1-weighted and of high signal intensity on b T2-
weighted images



dures, such as percutaneous biopsies, mediastinoscopy,
or anterior mediastinotomy are often necessary to ob-
tain a definite diagnosis. The CT technique is often suf-
ficient in distinguishing invasive unresectable tumors
from well-defined resectable lesions. In some situations,
where resectability remains uncertain, additional infor-
mation may be brought by MRI or endoscopic US.
Among tissular masses, two types of CT attenuation
may restrict the differential diagnosis to a limited num-
ber of possibilities: the spontaneously hyperattenuated
mass and masses with a strong enhancement on en-
hanced CT.

Masses with high attenuation on unenhanced CT

Spontaneous hyperattenuation is an uncommon finding
which can be simply defined by a mass which has a high-
er attenuation than muscles on unenhanced CT [26].
Apart from calcified nodes, or tumor calcifications, and
some cysts that have been previously mentioned, this
feature is frequently seen in thyroid goiters and recent
hematomas.

Mediastinal thyroid goiters usually have a sponta-
neous attenuation smaller than that of the cervical gland
but greater than that of muscle (Fig.8 a). This finding,
however, is highly variable and relates to the iodine con-
tent of the goiter [9, 10, 26].

Ninety percent of hematomas have areas of high at-
tenuation during the first 72 h, reflecting the high hemo-
globin concentration of clotted blood. At this stage the
MR signal intensity is low on T1 and T2. When the he-
matoma ages, its attenuation decreases at CT in a cen-
tripetal fashion creating a low-attenuation peripheral
halo that increases over time. At MRI the signal intensi-
ty on T1-weighted images increases and gives a more
typical appearance of the hemorrhagic content.

Other spontaneously hyperattenuated masses in-
clude foreign bodies, fresh clots in aneurysms, residual
lymphangiographic contrast material, retained surgical
sponges, and orally opacified esophageal diverticula
[26].

Masses that may highly enhance on CT

Masses that are known to possibly strongly enhance at
CT are: goiters, vascular tumors (hemangiomas), para-
thyroid masses, Castelman disease, medullary cancer of
the thyroid, thymic carcinoid, and metastasis of sarco-
mas and melanomas.

Mediastinal goiters constitute 5±10% of all resected
mediastinal masses. An intrathoracic thyroid mass is
usually a benign multinodular colloid goiter or an ade-
noma and seldomly a carcinoma. Malignant thoracic
goiters are not more frequent than their neck counter-
part. Small foci of degenerescence are frequent when
masive degenerescence remains very seldom. Most pa-
tients with thyroid mass are asymptomatic and the ab-
normality is detected on a routine chest radiograph. Oc-
casionally, symptoms of airway or esophageal compres-

sion are present. In most cases thyroid masses represent
direct contiguous growth of a goiter into the mediasti-
num. An intrathoracic thyroid mass developing from
heterotopic thyroid tissue without any connection to
the thyroid in the neck is extremely rare. Occasionally,
the only connection is a narrow fibrous or vascular pedi-
cle not visible at CT. In 80 % of cases, the thyroid ex-
tends into the prevascular spaces, but posterior exten-
sion behind the brachiocephalic vessels along the tra-
chea represents 20% of cases. The role of imaging is im-
portant in the preoperative assessment of substernal
goiters because their surgical approach depends on their
precise anatomical location [9, 10]. On plain films they
have a well-defined spherical or lobular outline and
many displace and narrow the trachea. Tracheal dis-
placement is usually posterior or lateral but may be an-
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Fig.7. Magnetic resonance imaging of meningocele. Large high
signal intensity mass communicating with the arachnoidal space

a

b

Fig.8a, b. Goiter. a Plain CT and b enhanced CT. Mass of the
upper anterior mediastinum spontaneously hyperattenuated com-
pared with muscles



terior in thyroid masses separating the trachea and
esophagus. The combination of findings on CT is char-
acteristic in most instances. Identification of a subster-
nal thyroid tissue is made on the following findings:
communication between the cervical thyroid gland and
the mass by contiguous slices, mass of unhomogeneous
density with cystic and high-density areas, calcifications
of various shape, and marked and prolonged contrast
enhancement (Fig. 8 b) [9, 10]. Occasionally, goiters
may compress the brachiocephalic veins or the superior
vena cava. Calcifications are more frequently seen the
longer the goiter is present. They may be seen in malig-
nant (papillary, follicular carcinomas and medullary car-
cinomas) as well as benign disease. Limitations in histo-
logical specificity similar to sonography for the neck
part have been noted with CT and MRI. Distinguishing
between benign and malignant goiters at CT is not pos-
sible unless the tumor clearly invades beyond the thy-
roid gland. On MR multinodular goiters have been
shown to be relatively hypointense as compared with
normal tissue on T1-weighted images, except foci of
hemorrhage and cysts that may be hyperintense. T2-
weighted images show a typically heterogeneous ap-
pearance with high signal intensity throughout most of
the gland. Displacement of mediastinal vessels, trachea,
esophagus, and relationships between the cervical and
thoracic components of the goiter are exquisitely dem-
onstrated by multiplanar imaging whatever the tech-
nique, spiral CT or MRI. Radionucleid imaging of the
thyroid shows some functioning thyroid tissue in almost
all intrathoracic goiters.

Most parathyroid masses are adenomas or hyperplas-
tic glands. They enhance brightly in many cases. Hyper-
parathyroidism may be caused by parathyroid adenomas
that arise in ectopic parathyroid glands in the mediasti-
num [42, 46]. They may occur in or near the thymus, but
an aortopulmonary window location is possible [47].
They are often less than 2 cm in diameter and their de-
tection at CT drops considerably below this size. Techne-
tium-99 Sestamibi SPECT scans have been shown to be
more effective in their detection than MRI and CT [48].

Castelman disease (giant lymph node hyperplasia,
angiofollicular lymph node hyperplasia) is a variety of
lymph node hyperplasia. The hyaline vascular type is
seen most frequently as an asymptomatic mass. The
plasma cell variety is usually associated with symptoms
such as fever, fatigue, anemia and gammaglobulin
anomalies. It occurs at any age but frequently in young
adults. AIDS and Kaposi sarcomas can be associated
and patients may develop a lymphoma. The disease
may be confused histologically with lymphoma or thy-
moma. Vascular neoplasms have been reported to arise
in nodes affected by the disease [10]. Well-defined large
masses sometimes calcified in the mediastinum or prox-
imal hilum are the radiological features. Multicentric
forms have a poorer prognosis and present as multiple
enlarged lymph nodes. Striking uniform contrast en-
hancement is seen on CT or MRI and suggests the diag-
nosis [49, 51].

Paragangliomas are tumors of the paraganglionic
cells and in the chest are chemodectomas or functioning

paragangliomas. Chemodectomas are aortic body tu-
mors and are seen as masses of the aortopulmonary win-
dow. Functioning paragangliomas occur rarely in the
chest and mostly in the posterior mediastinum. These
masses are usually extremely vascular and enhance
brightly at enhanced CT. At MRI they may show high
signal intensity on T2-weighted images. Radio-iodine
metaiodobenzylguanidine can show increased activity
into the mass and is a good method of identifying any
apudoma. If vascular opacification were performed, it
would show enlarged feeding vessels [52, 53].

Blood vessel tumors in the mediastinum are rare. Be-
nign lesions are capillary or cavernous hemangiomas ac-
cording to the size of their vascular spaces. They tend to
be well-circumscribed lesions without a true capsule.
They typically occur in young patients and may be asso-
ciated with Rendu-Osler syndrome. Phleboliths, which
are potential diagnostic findings, are seen rarely and
punctate calcifications may be seen. On enhanced CT
they are heterogeneous masses of four distinct patterns
of enhancement, in decreasing order of frequency: cen-
tral, mixed central and peripheral, or peripheral [54].
Mixed lymphatic and blood vessel lesions, such as
lymphangiohemangiomas, hemangioendotheliomas,
and hemangiosarcomas, are occasionally encountered
[24]. Hemangiopericytomas may seldom develop in the
chest sometimes arising from the chest wall. They are in-
filtrative and have a non-specific appearance on CT.

Other solid tissular masses

The most frequent solid masses which arise in the medi-
astinum enhance less strongly than the vascular struc-
tures. Apart from clinical findings, the location of the
mass within a mediastinal compartment is the leading
thread of the diagnosis. Most commonly, thymic lesions
and germ cell tumors occur in the anterior compart-
ments, whereas neurogenic tumors arise in the paraver-
tebral gutter.

Thymic masses

The size of a normal thymus varies strongly with age.
Differentiating between a large normal thymus and a
small thymic mass can therefore be difficult in children
and some young adults. A normal thymus, in contradic-
tion to a thymic mass, conforms to the shape of the ad-
jacent great vessels on CT and MRI. The analysis of
the signal intensity at MRI can be useful because nor-
mal thymic tissue shows an homogeneous signal, where-
as thymic masses often show unhomogeneous signal in-
tensity. Ultrasound can also be used to establish the
normality of a prominent thymus in infants, showing
an homogeneous low-echo pattern similar to the spleen
[9].

Apart from the uncommon cysts, enlargement of the
thymus is usually caused by thymomas. Other tumors in-
clude malignant lymphoma, thymic carcinoid, and thy-
mic carcinomas.
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Thymomas are tumors composed of an admixture of
thymic epithelial cells and reactive lymphocytes with a
proportion appearing to comprise a continuous spec-
trum. The predominantly epithelial variety carries the
poorer prognosis. On pathologic studies cystic changes
are common, in some cases the tumor being almost to-
tally cystic. Calcifications at the periphery of the lesion
or throughout its substance, hemorrhage, or necrosis
can also be seen. Thymomas vary in size from large
masses to small lesions of less than 1 cm in size only de-
tectable on CT. The presence or absence of spread be-
yond the capsule, rather than the histological appear-
ance within the thymus, determines whether a tumor is
labeled benign or malignant by the pathologist:
15±40 % of thymomas turn out to be invasive. Several
staging systems are currently used for invasive thymo-
mas with radiation therapy and chemotherapy given in
addition to surgical treatment.

Thymomas are seen with equal frequency in men and
women at a mean age of 50 years and are extremely un-
common below the age of 20 years. Most patients have
no symptoms related to the mass, but thymomas are as-
sociated with a large variety of autoimmune diseases no-
tably myasthenia gravis. In patients with myasthenia
gravis, a thymoma or a thymic hyperplasia is present in
10±20 % of cases.

Thymic hyperplasia is a term used by pathologists to
describe numerous active lymphoid germinal centers in
the medulla. The role of CT and MR is limited in detect-
ing this abnormality because 50% of thymic hyperpla-
sias appear entirely normal on CT, whereas other glands
with hyperplasia typically are diffusely enlarged [9, 10,
55±57].

The spectrum of CT findings in patients with thymo-
ma has been extensively described. Non-invasive thy-
momas appear as round or oval well-circumscribed
masses growing asymmetrically to one side of the anteri-
or mediastinum. The CT density is similar to that of a
normal young thymus and slightly increases with admin-
istration of contrast material. Intratumoral calcifica-
tions are seen in one third of cases and areas of cystic de-
generation are common. The tumor can occur in the
prevascular space of the mediastinum but also around
the base of the heart and anywhere between the lower
pole of the thyroid gland and the anterior surface of
the pericardium [58, 59].

Invasive thymoma appears on CT as an irregular ill-
defined mass. They grow along pleural surfaces and
can reach the posterior mediastinum and extend down-
wards along the aorta to involve the crus of the dia-
phragm and the retroperitoneum. A full CT examina-
tion in these patients should extend to the upper abdo-
men. Pleural extension as droplet spread without conti-
nuity with the primary tumor is seen in 15% of cases. In-
vasion of the thoracic wall, mediastinal vessels, trachea,
pericardium, and lung parenchyma is frequent. Com-
puted tomography is the most precise method for de-
tecting local and regional spread. However, caution
should be used to avoid overdiagnosing invasion. Direct
contact and absence of cleavage planes are not strictly
reliable criteria to predict invasion. On the other hand,

clear delineation of fat planes surrounding a tumor
should be interpreted as indicating an absence of exten-
sive local invasion [9, 10].

Magnetic resonance imaging has a limited role in the
evaluation of thymomas. The MRI signal is only in a few
cases helpful for the diagnosis of myasthenia gravis, thy-
mic hyperplasia, and thymic mass. However, vascular
and cardiac extension of invasive thymoma is well iden-
tified by MRI [60, 61].

Thymic carcinomas are sometimes classified as a sub-
group of thymomas. This entity behaves more aggres-
sively and CT features cannot help to distinguish them
from invasive thymomas. A local invasion along the
pleura or mediastinum, as well as necrosis and calcifica-
tions, are frequent [62, 65].

Thymic carcinoid may secrete adrenocorticotropic
hormone (ACTH) and present with an ectopic ACTH
Cushing's syndrome. The CT features are indistinguish-
able from thymomas [66].

The thymus in commonly involved in Hodgkin's and
non-Hodgkin's lymphomas. Isolated thymic involve-
ment in Hodgkin's disease is much rarer than combined
thymic and mediastinal node disease. The major imag-
ing finding is thymic enlargement, being a major differ-
ential diagnosis between a large normal thymus and a
lymphomatous involvement in young patients [9, 10].

Rebound thymic hyperplasia is a phenomenon in
which the thymic gland grows back to a larger-than-nor-
mal size after rapid atrophy in response to stress or ther-
apy with antineoplasic or steroids. It has been reported
after treatment of lymphomas, Cushing's syndrome,
and recovery after a wide variety of other stresses. On
CT the appearance is a normally shaped enlarged gland
which conforms to the shape of adjacent structures
with a similar density to that of the normal gland. The
signal at MRI is also similar to normal thymic tissue.
Distinguishing between rebound hyperplasia from lym-
phoma in children and young adults may be very diffi-
cult [67±69].

Germ cell tumors

Germ cell tumors arise from tumoral transformation of
germinal elements. Sixty percent are benign teratomas
that occur with equal frequency in men and women. Ma-
lignant varieties have a strong male predominance and
include teratocarcinomas, embryonic carcinomas, semi-
nomas, endodermal sinus tumor, choriocarcinomas,
and mixtures of these cell types [70, 71].

Benign teratomas usually consist of ectodermal ele-
ments such as skin, sebaceous material, hair, and calcifi-
cation; hence, the expression of dermoid cyst along with
smooth muscle and respiratory epithelium. Half the
cases are asymptomatic. Others have symptoms caused
by local compression, rupture, or infection. Most occur
in the anterior mediastinum, but a few are found in the
posterior mediastinum. They grow slowly and rapid in-
crease in size may occur because of hemorrhage. Tu-
mors may be uni- or multiloculated. Benign teratomas
typically contain a mixture of CT fatty, tissular, and wa-
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ter densities (Fig. 9). Fatty and cystic components are
present in half the cases, and sometimes a fat±fluid level
strongly suggests the diagnosis [72±74]. None of these
features are specific for benignity. In cases of rupture
within the pleura, a fat±fluid level may also be visible
in the pleural space. Calcification in the wall or small
spherical or irregular calcifications within the mass,
sometimes suggesting dental material, may be seen.
Similar information can be obtained with MRI.

The malignant germ cell tumors grow rapidly and
metastases may be seen in the lung, pleura, or bone.
They secrete beta human chorionic gonadotropin, al-
pha-fetoprotein, and lacticodehydrogenase which are
used to diagnose and monitor the progress of the dis-
ease. Malignant germ cell tumors have CT and MR fea-
tures similar to other primary malignant tumors arising
within the anterior mediastinum (Fig.10). Invasion of
mediastinal structures is difficult to assess. Obliteration
of fat planes and replacement of mediastinal fat by tu-
moral tissue is not a formal sign of tumoral involvement
since a tumor can only adhere to adjacent structures
without invading them. Confirmation of the primary na-
ture of these tumors requires that there is no evidence of
testicular or retroperitoneal tumor. The role of imaging
modalities is to define disease extent and to monitor re-
sponse to therapy [71, 75±77]. A residual mass may be
seen after successful treatment. This mass may be cystic,
representing mature teratoma, and may grow despite
being benign [78]. The benign or malignant nature of
the mass cannot be stated with certainty on CT criteria.
If the elevation of serum tumor markers is not straight-
forward indicating malignancy, surgical removal is rec-
ommended [78, 79].

Neurogenic tumors

Neural tumors can be divided into nerve sheath tumors,
ganglion cell tumors, and paraganglionic cell tumors.
The latter have been discussed previously. The nerve
sheath tumors comprise schwannomas, neurofibromas,
and their malignant counterpart. All of them are com-
mon in neurofibromatosis. Schwannoma is eccentric
and encapsulated and has no nerve fibers passing
through it, whereas neurofibroma is unencapsulated
and has nerve fibers scattered through the tumor. Al-
most all intrathoracic nerve sheath tumors arise from ei-
ther the intercostal or the sympathetic nerves, with
some exceptions arising from the phrenic or vagus
nerves. Most nerve sheath tumors are benign and
asymptomatic, and are rare in people under 20 years.
Ganglion cell tumors form a spectrum: neuroblastomas
are the malignant form and ganglioneuromas the benign
form. They are essentially childhood tumors with 10%
occuring in subjects over 20.

Chest radiography typically shows a sharply circum-
scribed round or oval mass located in the paravertebral
gutter when the tumor arises from the nerve sheath.
When arising from ganglial cells, they are more anteri-
orly located. Rib erosion with a sclerotic border is sug-
gestive of a benign lesion. Spreading to multiple ribs

with erosion or destruction is in favor of malignancy.
Calcification may be seen in all types of neural tumors.

On CT scans neurogenic tumors have a tissular densi-
ty but may show a low-attenuation value attributed to
lipid content, cystic degeneration, and entrapment of
peripheral neural tissue (Fig.11) [80]. Relationships
with vertebrae, ribs, and the spinal canal are essential
for planning therapy [81, 82].

At MRI neurofibromas may show a so-called target
pattern with a lower signal intensity in the central por-
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Fig.9. CT scan of Benign teratoma. Mixture of fatty, water, and
solid tissular densities

Fig.10. CT scan of necrotic
choriocarcinoma. Large
low-density mass with a
thick wall in the anterior
mediastinum

Fig.11. Neurinoma. Homogeneous low-density mass of the
paravertebral gutter. An extension into the neural foramen is sus-
pected suggesting a neural tumor



tion compared with the peripheral zone on T2-weighted
images (Fig. 12). Other types of neural tumors do not
show this feature [83]. Schwannomas may show inhomo-
geneity on T2-weighted images and on T1-weighted im-
ages after gadolinium injection. This is related to various
tissue components, vascularity, or cystic degeneration.
Magnetic resonance imaging can demonstrate spinal in-
volvement without the use of intrathecal contrast mate-
rial (Fig.13). Moreover, its multiplanar capabilities help
in demonstrating the longitudinal spread along the spine.

Plexiform neurofibromas, pathognomonic of von
Recklinghausen's disease, occur virtually in any loca-

tion. In the thorax the sympathetic chains are most com-
monly involved, but the vague and phrenic nerves can
be affected. The CT technique shows multiple low-at-
tenuation lesions and MRI is particularly accurate for
demonstrating the spread of the disease [84].

A diverse group of entities different from neurogenic
tumors may also involve the posterior mediastinum, in-
cluding lipomatosis, lymphadenopathies, aortic aneu-
rysm, cystic masses, and thoracic spinal inflammatory
or neoplastic lesions. Computed tomography is often di-
agnostic, but MRI has one of its best indications [9, 10].

Fibrous and sarcomatous tumors

Desmoid tumors, also known as aggressive fibromatosis,
are locally invasive tumors that are very rarely found in
the mediastinum. Sarcomas other than vascular neural
or lyomatous origin, including fibrosarcomas, osteosar-
comas, and chondrosarcomas, are also very uncommon,
some arising from the chest wall. They show non-specif-
ic appearance, but some dense areas of calcification or
ossification are in favor of the latter.
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Bauer, B.L., Kuhn, T.J.: Severe Head Injuries: Pathology, Diagno-
sis and Treatment. Berlin, Heidelberg, New York: Springer 1997.
154 pp., 15 figures, 6 tables, (ISBN 3-540-62701-4), DM 128.00.

This book is the result of a project on the management and out-
come of brain-injured patients. The 15 chapters are all written by
different authors. The importance of a multidisciplinary approach
is stressed in the preface as can be seen from the unfortunately in-
complete list of contributors belonging to many different dis-
ciplines. The book covers the different aspects of neurotraumatol-
ogy.

The first brief chapter reviews clinical head injury trials. The
second and third chapters deal with pathophysiology and morphol-
ogy of brain injury. The preclinical management is discussed in
Chapters 4 and 5. There is some overlap between Chapters 4, 5
and 7 which could have easily been summarized in one chapter.
Chapter 6 reviews all aspects of carotid cavernous fistulas. In
Chapter 7 guidelines are given for the treatment of head injury.
Fractures are discussed in Chapters 8 and 9. The paragraph on ªdi-
agnosisº in Chapter 8 is very short and contains some inaccuracies.
The authors refer to the new technique of MR cisternography but
their comment is rather poor and they fail to provide a reference.

In Chapter 10 the pathophysiology of cranial trauma is discussed.
Chapter 11 deals with intracranial hypertension in children. The
remaining chapters, except Chapter 14, are devoted to the moni-
toring and outcome of brain injury. Chapter 14 discusses cranial
nerve palsy after trauma.

There is a difference in style as can be expected from a multi-
authored book and some chapters are not always logical and con-
cise. Recent references (updated to 1997!) are listed at the end of
the chapters for the interested reader.

The quality of printing and photographic reproduction is good.
The price is rather elevated for the amount of pages that is offered.
This book is a mixture of chapters reviewing the pathophysiologi-
cal mechanisms that occur during and after cranial trauma (Chap-
ters 2±8, 10, 11 and 14) and chapters presenting the clinical results
of the author(s) (Chapters 9, 12, 13 and 15). Overall, little attention
is paid to the radiological aspects. Therefore, I cannot recommend
this book to radiologists, who would probably benefit more from a
book on imaging of head trauma that is already on sale. The book
that is reviewed here should be considered rather as a valuable
addition for radiologists who have a particular interest in cranial
trauma. P.Demaerel, Leuven
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