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Approach to Imaging of Mediastinal
Conditions in the Adult

Sanjeev Bhalla and Edith Marom

Learning Objectives

* To understand an approach to the adult mediasti-
num based on localization of lesions within the
mediastinum and attenuation/intensity features on
cross-sectional imaging.

* To highlight conditions that disregard the compart-
mental model.

* To use some cases to show the additional value of
MR in evaluating the adult mediastinum.

3.1 Introduction

The mediastinum is an anatomic space defined by the tho-
racic inlet superiorly and the diaphragm inferiorly. It extends
from the sternum to the vertebral bodies. Yet, despite its
landmarks, there are no structures that completely separate
the mediastinum from the neck above or the retroperitoneum
below. Imaging of the mediastinum and generating a relevant
different diagnosis rest on the principles of localization and
characterization.

Once a process or mass can be localized to the mediasti-
num, it should be localized within the mediastinum. Many of
us use an approach first championed by Ben Felson. Using a
lateral radiograph or sagittal CT or MR, a line is drawn from
the anterior tracheal wall to the posterior inferior vena cava.
This line separates the anterior mediastinum from the middle
mediastinum. A second line is drawn 1 cm posterior to the
anterior margin of the vertebral body. This line separates the
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middle from the posterior mediastinum. No anatomic struc-
tures actually divide the mediastinal compartments, but this
approach can be useful in creating concise, meaningful dif-
ferential diagnoses. Keep in mind certain processes may
involve more than one compartment and that a large mass
may be hard to localize.

More recently, the International Thymic Malignancy
Interest Group (ITMIG) has proposed a modification of
lesion localization based on MDCT. In this model, three
compartments are used: prevascular, visceral, and paraverte-
bral. The main difference from the modified Felson tech-
nique is the inclusion of the heart and aorta in the visceral
compartment (middle compartment) (Fig. 3.1).

After localization, cross-sectional imaging (either CT or
MR) should be performed for lesion characterization.
Knowing whether a lesion has a significant vascular, fluid or
fat component can be very helpful in suggesting a more spe-
cific diagnosis. PET/CT is used mainly to evaluate lymph
node metastases in lung cancer. It is used as well in the eval-
uation of solid mediastinal masses.

This approach of localization and characterization will
provide the interpreting radiologist a solid foundation in
imaging the mediastinum.

3.2 Anterior Mediastinum/Prevascular

Compartment

Most anterior or prevascular mediastinal masses are thymic
in origin. Even lymphomas and germ cell tumors tend to
arise in cells within the thymus. A useful differential list
should be based on age, as germ cell tumors are almost
unheard of in patients older than 45 years. Most anterior
mediastinal masses tend to be lymphomas, germ cell tumors,
or thymomas. Many texts will include thyroid goiter in the
list for anterior mediastinal lesions. We, however, have found
that most goiters tend to extend into the middle mediastinum
or visceral compartment (Fig. 3.2).
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Fig.3.1 ITMIG definition of the mediastinal compartments at the level
of the transverse aorta (a), left pulmonary artery (b), and heart (c). The
prevascular compartment is anterior or peripheral to the pericardium (X

Observing fluid attenuation or intensity can be very help-
ful in approaching anterior mediastinal masses. Pure cystic
lesions are benign (usually thymic or pericardial cysts).
Separating pericardial from thymic cysts is based on location
as thymic cysts tend to be spade-shaped and reside in the
thymic bed, while pericardial cysts tend to be rounder and
are more commonly found in the right cardiophrenic angle
(Fig. 3.3). As the amount of soft tissue within the lesion
increases, one should consider the increased likelihood of a

color), whereas the paravertebral compartment is separated from the
visceral compartment by a line (X color) 1 cm posterior to the anterior
vertebral body border

malignancy. Both lymphoma and cystic thymoma will tend
to have soft tissue elements that will enhance on MR or CT
(Fig. 3.4). Germ cell tumors also follow this rule. The classic
teaching is that the germ cell tumor should be fat in attenua-
tion. Many teratomas do contain some fat elements, but
almost all are cystic (Fig. 3.5). As with the other lesions, if
the soft tissue elements dominate, then a malignant germ cell
tumor should be favored, such as seminoma. Interestingly,
malignant germ cell tumors are quite rare in female patients.
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Fig. 3.2 Thyroid goiter. Frontal chest radiograph (a) of an asymptom-
atic 74-year-old man demonstrates a mass in the mediastinum displac-
ing the trachea to the left. Axial (b) and coronal reformations (c) of a
contrast-enhanced CT confirm the mass is in the visceral or middle
mediastinum, shows intense enhancement, similar to the enhancement

Fig. 3.3 Pericardial cyst. Axial contrast-enhanced CT (a) of a 56-year-
old man demonstrates a cystic mass abutting the right heart border with
imperceptible walls, of water density and no enhancing nodule or septa,
typical for a pericardial cyst

of the right thyroid lobe (R in image C), and contains course calcifica-
tions (arrows) and low attenuation regions with it. These findings, of a
heterogeneous intensely enhancing mass, with low attenuation regions,
and course calcifications, connecting to the thyroid, are typical for
intrathoracic extension of a goiter

The visualization of fat intensity or attenuation can
also be very helpful. In the anterior or prevascular medi-
astinum, most fatty masses are benign. As described
above, an anterior mediastinal mass with fat and fluid sug-
gests a teratoma (benign germ cell tumor) (Fig. 3.5). If the
mass is purely fat, it may be the very rare thymolipoma
but more likely will be a fat pad or anterior hernia
(Morgagni hernia). Coronal or sagittal images are quite
helpful in depicting vessels originating below the dia-
phragm. Visualization of these are key in separating her-
nias from fat pads or fatty tumors. In our practices,
infarction of a pericardial fat pad or fat within the
Morgagni hernia may present with chest pain. In the era of
the frequent use of CT in the evaluation of chest pain,
these areas of fat necrosis can simulate a neoplasm.
Awareness of this potential pitfall will allow the patients
to be treated appropriately.

Calcification can also be helpful. The incidence of calcifi-
cation in thymomas varies from 10 to 40% (Fig. 3.6). Circular
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Fig. 3.4 Cystic thymoma. Axial view from a contrast-enhanced coro-
nary artery CT in a 51-year-old woman demonstrated a cystic mass in
the prevascular mediastinum. At this phase of early imaging after con-
trast injection, intralesional nodular enhancement is not readily seen,
better demonstrated on a routine contrast-enhanced chest CT (B).

Fig. 3.5 Mature teratoma. Axial view of a contrast-enhanced chest CT
at the level of the thymus (T) in a 5-year-old boy. There is a fluid-filled
(F) large prevascular mass containing obvious fat

peripheral calcification may occur in solid thymomas.
Teratomas contain calcium in about 35% of cases. Untreated
lymphomas do not calcify and about 5% of them show calci-
fications after radiation therapy. Peripheral circular calcifica-
tion can be a finding of an aneurysm. In this location, many

Delayed imaging after contrast enhancement or MR imaging with its
improved contrast resolution is used to ensure cystic lesions in the pre-
vascular mediastinum do not contain enhancing soft tissue which usu-
ally indicated malignancy, as was proven in this cystic type Bl
thymoma

Fig.3.6 Thymoma with calcifications. Contrast-enhanced chest CT of
a 65-year-old woman shows a prevascular mass with dense calcifica-
tions proven at resection to represent a type B3 thymoma. Thymoma
may present with dense or even curvilinear calcifications

such aneurysms represent bypass graft aneurysms. The pres-
ence of mediastinal wires should be a clue to this potential
diagnosis.

Vascular or hyperenhancing lesions may present within
the anterior or prevascular mediastinum. Often, these
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are related to the heart, ascending aorta. Rarely, ectopic
parathyroid adenomas may present as vigorously enhanc-
ing anterior prevascular masses.

Key Point

* Most anterior mediastinal masses are of thymic ori-
gin. Patient age and attenuation characteristics are
key in narrowing the differential diagnosis. MR can
be helpful in characterizing cystic lesions and in
diagnosing thymic hyperplasia.

3.3 Middle Mediastinum/Visceral

Compartment

Most middle mediastinal or visceral compartment masses
represent lymphadenopathy, foregut duplication cysts, vas-
cular lesion, or esophageal processes. They usually present

Fig. 3.7 Asymptomatic bronchogenic cyst in a 19-year-old woman
incidentally discovered on a preoperative chest radiograph (a, b). There
is a mass posterior to the heart (arrows in A) displacing the right lower
lobe bronchovascular structures laterally but best appreciated on the
lateral film (arrow in B). Contrast-enhanced chest CT (b) demonstrates

with right paratracheal widening on a frontal chest radio-
graph or occasionally the doughnut sign on a lateral exami-
nation. As with the anterior mediastinal conditions,
assessment of attenuation or intensity can be helpful. In the
ITMIG model, the heart is included in this compartment. In
our experience, left ventricular and left atrial conditions may
occasionally simulate middle mediastinal, visceral masses.
If the mass is fluid in characteristic, the middle mediasti-
nal mass most likely represents a foregut duplication cyst
(either bronchogenic or esophageal). These cysts occasion-
ally are higher in attenuation as a result of infection (Fig. 3.7)
or hemorrhage and may even contain a fluid-calcium level
from milk of calcium. The risk of malignancy in these condi-
tions tends to almost nonexistent. As with anterior mediasti-
nal lesions, the ratio of soft tissue to fluid needs to be
considered. A foregut duplication cyst should have no soft
tissue, enhancing element. If soft tissue is encountered, one
must consider a potentially more significant process, usually
low-attenuating lymphadenopathy. Such low-attenuating
lymph nodes may be encountered in lung cancer, mucinous

a homogeneous mass abutting the takeoff of the right lower lobe bron-
chus and esophagus measuring 41HU, often encountered in duplication
cysts which contain proteinaceous material. Note the absence of any
thickened or enhancing septa or nodules
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Fig. 3.8 Tuberculosis. Contrast-enhanced chest CT of a 64-year-old
febrile new immigrant. Chest radiograph at presentation (a) demon-
strates loss of the right paratracheal line which was clearly present on a
baseline chest radiograph (arrow in b) performed 1 year earlier.
Contrast-enhanced chest CT (c¢) confirms that indeed there are enlarged
right paratracheal lymph nodes, some of which have peripheral
enhancement and a low attenuation center (arrow). Such low attenua-
tion lymph nodes in the correct clinical setting are highly suggestive of
tuberculosis

neoplasms, and mycobacterial disease (Fig. 3.8). In the
superior mediastinum, papillary thyroid carcinoma can
rarely mimic a foregut duplication cyst.

Unlike the anterior mediastinum or visceral compart-
ment, fat cannot be considered benign. Although esophageal
or tracheal lipomas and esophageal fibrovascular polyps
contain fat, so may mediastinal liposarcomas. Although rare,
these lesions may insinuate through the mediastinum and
often have a predilection for the middle mediastinum.

Hypervascular lesions in the middle mediastinum or vis-
ceral compartment are most often hypervascular lymph
nodes, or an intrathoracic extension of a goiter. Rarely a
paraganglioma may present in this space. Interestingly, many
of these lesions tend to abut the left atrium. The hypervascu-
lar lymph nodes (defined as higher in attenuation than skel-
etal muscle) may be seen with melanoma, plasmacytoma,
Castleman’s disease, Kaposi sarcoma, and thyroid and renal
cell cancer (Fig. 3.9). When the high attenuating structure is
tubular, a vessel must be considered. Aortic arch anomalies
and azygous vein enlargement often present as a middle
mediastinal mass on radiography. Azygous vein variants
tend to enlarge on portable radiographs (when the patient is
supine) compared with upright radiographs.

Most mediastinal lymphadenopathy will present in the
middle mediastinum or visceral compartment. Occasionally,
these nodes will be calcified. Most often these calcified
nodes are indicative of an old granulomatous process such as
healed tuberculosis or histoplasmosis or sarcoidosis, but care
must be taken to remember that certain tumors also tend to
present with calcified mediastinal lymph nodes, including
ovarian serous adenocarcinomas, mucinous colon neo-
plasms, and osteosarcomas.

Fig. 3.9 Renal cell enhancing metastasis to the subcarinal lymph node
in a 65-year-old man with renal cell carcinoma. Axial contrast-enhanced
chest CT demonstrates subcarinal lymphadenopathy (arrow) at the level
of the pulmonary artery (P). The subcarinal lymph node shows avid
enhancement, measured as 105HU, identical to the contrast within the
pulmonary artery

Another potential for a perceived middle mediastinal
mass on radiography will be a dilated esophagus. Although a
distal mass may also result in esophageal dilatation, it is usu-
ally only achalasia that results in esophageal widening that
can be seen on a chest radiograph.

Key Point
* Most middle mediastinal masses will consist of
lymphadenopathy, duplication cysts, vascular

lesions, or esophageal masses. Attenuation charac-
teristics of the lymphadenopathy compared to skel-
etal muscle can be helpful at honing in on the
correct diagnosis.

34 Posterior Mediastinum/Paravertebral

Compartment

A vast majority of posterior mediastinal or paravertebral
masses will be neurogenic in origin (Fig. 3.10). In adults,
these tend to be benign nerve sheath tumors, usually schwan-
nomas and neurofibromas. In kids and younger adults, these
tend to be sympathetic ganglion in origin, such as ganglio-
neuroblastoma, neuroblastoma, or ganglioneuroma. The key
in separating the two groups is to assess the overall shape,
comparing Z-axis to the XY-axis. The nerve sheath tumors
tend to be spherical (equal in all three axes), while the gan-
glion lesions are longer in the Z-axis and are more cylindrical
(akin to a sausage). Osseous lesions represent the second
most common group of posterior mediastinal disease.
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Fig. 3.10 Benign peripheral nerve sheath tumor. Frontal chest radio-
graph in an asymptomatic 51-year-old woman demonstrates a posterior
mediastinal mass (arrow). Contrast-enhanced chest CT (b) at the level
of the heart demonstrates the mass is centered in the paravertebral

Although metastases are often considered, one cannot forget
about diskitis/osteomyelitis. This latter condition can present
with insidious back pain and can easily be overlooked.

As with the other compartments, attenuation or intensity can
be helpful. On CT, a potential pitfall is that myelin-rich neuro-
genic lesions may look cystic. For this reason, we often rely on
MR with posterior mediastinal/paravertebral lesions. True pos-
terior mediastinal cystic lesions are rare. Although neuroenteric
cysts exist, they are often associated with vertebral anomalies
and rarely encountered de novo in adults. Instead, a cystic lesion
in the posterior mediastinum is much more likely to represent a
lateral meningocoele or post-traumatic nerve root avulsion.

Fatty lesions are unusual in the posterior mediastinum but
when encountered may invoke extramedullary hematopoiesis.
Although rare, in patients with anemia, extramedullary hema-
topoiesis may develop in this space. The etiology of this con-
dition remains unknown. Some authors have postulated that it
develops from extruded marrow, while others have suggested
that it develops from totipotent cells in the paravertebral space.
When the patient is anemic, extramedullary hematopoiesis

mediastinum. FDG PET/CT (c¢) revealed the mass was FDG avid with
an SUVmax of 6.8. Most masses in this location represent benign
peripheral nerve sheath tumors. Their FDG avidity is variable and may
be very high despite being benign

will present with bilateral masses that enhance similar to the
spleen without a connecting bridge. As the patient returns to
normal hematocrit, the yellow marrow will take over. The net
effect is bilateral posterior mediastinal fatty masses. In the
elderly, Bochladek hernias should be included in the differen-
tial diagnosis. Often the diaphragmatic defect can be seen.

Hypervascular lesions in in the posterior mediastinum or
paravertebral space are less helpful than with the other com-
partments. Most often these are related to an aneurysmal
aorta or enlarged collateral vessels as with aortic coarctation.
As described above, extramedullary hematopoiesis may be
seen with bilateral hypervascular paravertebral masses.

Key Point

* Most posterior mediastinal masses are neurogenic
in origin. Osseous lesions, however, should not be
forgotten. Mutiplanar reconstructions and MR are
particularly helpful in this compartment.
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3.5 Conditions that Disregard

the Compartment Model

Certain conditions tend to disregard the compartment model
of the mediastinum. Even with these lesions understanding
the attenuation or intensity can be helpful. These include
infection and hematoma, which will result in fat stranding
and soft tissue attenuation throughout the mediastinum,
often in more than one compartment.

Lymphangiomas and hemangiomas also tend to disregard
the compartment model. The former tend to be fluid in their
attenuation and insinuate throughout, while the latter will be
higher in attenuation.

Of course, lung cancer may present with metastases to
any compartment and unfortunately and tends to metastasize
to more than one region.

Key Point
* Infections, lymphangiomas, and hematomas tend to
disregard the compartmental model.

3.6  Conclusion

The mediastinum represents a space that may be impacted by
a large number of lesions. Regardless whether one uses the
modified Felson technique or the newer ITMIG approach,
having an approach based on location and characterization
will allow the radiologist the ability to create a useful, tar-
geted differential diagnosis (Table 3.1).

Take-Home Messages

e A solid approach to the adult mediastinum uses the
patient’s age, lesion cross-sectional attenuation/
intensity, and lesion location to generate the differ-
ential diagnosis.

* This compartment model is based on certain ana-
tomic landmarks (Fig. 3.1).

* Although most lesions will be characterized by CT,
MR may have additional value in characterizing
cystic lesions, diagnosing thymic hyperplasia and
separating neurogenic from osseous lesions in the
posterior mediastinum/paravertebral compartment.

Table 3.1 Location and characteristic approach to mediastinal masses in the adult

Mediastinal compartment Most common Fluid Fat Hypervascular
Anterior/prevascular Thymoma Thymic cyst Teratoma Heart*
Lymphoma Pericardial cyst Thymolipoma Coronary arteries™
Germ cell tumor Lymphoma Fat pad Ascending aorta*
Morgagni hernia Parathyroid adenoma
Middle/visceral Lymphadenopathy Duplication cyst Lipoma Arch anomaly
Duplication cyst Lymphadenopathy Liposarcoma Azygous vein
Vascular anomaly Fibrovascular polyp Lymph nodes
Hiatal hernia Goiter
Heart*
Posterior/paravertebral Neurogenic Neurenteric cyst Extramedullary hematopoiesis Aorta or collaterals
Osseous met Lateral meningocoele Bochladek hernia
Diskitis Traumatic
More than one Infection Lymphangioma Liposarcoma Hemangioma
Hematoma Lipomatosis

Lung cancer

The main difference between the older Felson technique and the newer ITMIG approach is inclusion of the heart in anterior mediastinum vs. vis-
ceral compartment. The conditions marked with an asterisk (*) may vary on localization based on technique used
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