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Conventional Roentgen Diagnosis of Mediastinal Lymphadenopathy.

Review article (Part one)
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Summary

Although CT has significantly improved the imag-
ing of space occupying mediastinal processes, it
cannot be the first diagnostic step for reasons of
cost, capacity and radiation exposure. Therefore

the conventional chest examination with biplane
films, film tomography and esophagogram continues
to be the basic roentgen procedure. The basis of
the conventional studies is the analysis of the
pleuro-mediastinal interfaces which represent the
lateral mediastinal borders. This paper describes the
roentgen-morphologic aspects of enlarged lymph
nodes in the mediastinal compartments as far as
they can be detected with conventional studies.
The differential diagnoses are discussed and recog-
nition of early and discrete lesions is particularly
emphasized.

In the adult mediastinal space occupying le-
sions with enlargement of the mediastinal
shadow are in more than 25 % caused by en-
larged lymph nodes (1). One third of all me-
diastinal masses is of malignant origin (2)
and 90% of the masses in the middle com-
partment are malignant (3). The most fre-
quent diagnoses are primary malignant lym-
phoma, followed by lymph node metastases.

Both mediastinal and bronchopulmonary
lymph nodes must be regarded in context be-
cause of their close anatomic relationship and
the fact that both anatomic regions most com-
monly are involved simultaneouly in malig-
nant lymphomas (Hodgkin’s disease, Non-
Hodgkin-Lymphoma) and in infectious dis-
eases (tuberculosis, histoplasmosis) or diseases
of unknown etiology (sarcoidosis, Castleman’s
disease).*
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A polycyclic, curvilinear or lobulated outline
of an enlarged mediastinum is typical for
lymph node disease, but it is not the only
form of roentgen manifestation. A sharp li-
near lining may be seen as well, thus making
the differentiation from other mediastinal
masses difficult or impossible (4).

Enlarged mediastinal lymph nodes are the
most frequent thoracic manifestation of ma-
lignant lymphomas. They can be seen in 67 %
of Hodgkin’s disease, and in 43 % of Non-
Hodgkin-Lymphomas (5). Rosenberg (6) found
mediastinal and bronchopulmonary lymph
node enlargement in 36 % of 1.269 patients
suffering from Non-Hodgkin-Lymphomas. The
mediastinal lymph nodes are more frequently
involved in malignant lymphomas than are the
bronchopulmonary nodes or the lung paren-
chyma.

Infiltration of the lung parenchyma is more
common in Hodgkin’s disease than in Non-
Hodgkin—Lymphomas (11.6 % vs. 3.7 %),

and in most cases is associated with enlarged
bronchopulmonary or mediastinal nodes (5).
The primary malignant lymphoma of the lung
is a rare exception from this rule.

The pattern of mediastinal and bronchopulmo-
nary lymph node enlargement is rather typical
in Hodgkin’s disease, thus facilitating the dif-

*The term of “Lymphoma” is used as synonymous
with “lymph node enlargement’ because all radiologic
imaging modalities only can demonstrate the increase
in volume but can give no histologic diagnosis.
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ferentiation of this condition from sarcoido-
sis. There is bihilar, mostly asymmetric lymph
node enlargement; unilateral lymphadenopathy
is uncommon. The paratracheal and subcarina-
ry nodes are as frequently (7) or even more
frequently (8) involved than the bronchopul-
monary nodes. Lymph node enlargement in
the anterior mediastinum and in the retroster-
nal area is a typical finding (9). The nodular-
sclerosing form of Hodgkin’s disease is said

to have a predelection for the upper part of
the anterior mediastinum (4). In 5.5 % of

403 patients with this condition paraspinal
lymph node involvement could be detected
with conventional radiographic methods (10).

Lymph node enlargement in the anterior me-
diastinum can be rarely seen in sarcoidosis.
Bein and coll. (11) found enlarged lymph
nodes present there in only 16 % of 62 pa-
tients. Bilateral-symmetric enlargement of
hilar nodes is typical for sarcoidosis (97 %),
but in more than 75 % there will be an addi-
tional enlargement of mediastinal nodes de-
tectable on the conventional film and tomo-
graphy (11). Isolated enlargement of media-
stinal nodes, however, is an exceptional find-
ing in sarcoidosis (12).

The most frequent combination in sarcoido-
sis is the bilateral enlargement of the broncho-
pulmonary nodes, the right paratracheal nodes
and the nodes in the aortic-pulmonic window.
(37%). In 76 % there is an affection of the
nodes in the aortic-pulmonic window, in 71%
of the right paratracheal chain and in 21%

of the subcarinary nodes (11). Subcarinal or
right paratracheal nodes were never found to
be the only manifestation of sarcoidosis in

62 patients (11), but may occur as a rare ex-
ception (12).

Infectious lymphadenopathy as seen in tuber-
culosis and histoplasmosis is predominantly
unilateral and in the active stage of disease
associated with an infiltration of the lung,
which leads to the correct diagnosis. Media-
stinal lymphadenopathy may be an additional
finding and can occasionally reach consider-
able dimensions (13). In infants and younger
children infectious, predominantly tubercul-
ous bronchopulmonary and mediastinal
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lymphadenopathy will be more frequent and
more extended than in adults (14). Egg-shell
calcifications prove the benign character of
lymphadenopathy (15).

1. Significance of the conventional
roentgen examination

As far as the patient’s general condition al-
lows, any thoracic lymphadenopathy deserves
histological examination, except when infecti-
ous etiology is evident. Diagnostic imaging
procedures, therefore, first must show the
existence of enlarged thoracic nodes and de-
fine their precise location. Afterwards, they
are the basis of a non-invasive follow-up in-
vestigation under therapy and during the re-
mission phase.

The primary diagnosis and the follow-up
studies of thoracic lymphomas continue to
be based on the conventional roentgen stud-
ies including biplane standard chest films,
fluoroscopy, barium studies of the esophagus
and the conventional film tomogram of the
mediastinum.

In fact, computed tomography often shows
the existence of enlarged nodes in the media-
stinum which are too small to be detected
with the conventional methods or are locat-
ed in unfavourable “‘blind” areas (4) where
they cannot be visualized. CT, however, can-
not be performed as a routine screening exam-
ination because of cost, capacity and radiation
exposure. Furthermore, CT cannot differenti-
ate between lymph node enlargement due to
a neoplastic infiltration or due to reactive
lymphadenitis. This inherent limitation of CT
causes differential diagnostic problems, espe-
cially if lymph node enlargement is only dis-
crete and calcifications are not present.

Both, CT and conventional film tomography
of the hilar region have shown to be unreli-
able in the preoperative staging of peripheral
bronchogenic carcinoma (16—20).

On the other hand, CT has provided a valus
able contribution to the knowledge of the
normal and pathologic anatomy of the me-
diastinum, thus improving the interpretation
of the standard films.
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Fig. 1 Pleuro-mediastinal interfaces on the sagittal film (a): 1. right paratracheal stripe, 2. azygos arch
(notch), 3. supra-aortic double contour by left subclavian artery and vein. 4. right para-esophageal line,
resp. posterior junction line in the supra-azygos and infra-azygos area, 5. right and left para-spinal lines,
6. para-aortic line (descending aorta), 7. aortic arch, 8. aortic-pulmonal-arterial line, 9. aortic-pulmonic
window, 10. ““aortic nipple’’. Most frequent localizations of mediastinal lyphadenopathy (b): |. paratra-
cheal lymphoma (demonstrated only on the right), Il. enlarged lymph nodes in the aortic-pulmonic win-
dow, Ill. sub- and retrocarinal lymphadenopathy, lymphoma of the right hilum, IV. lymph node enlarge-

ment in the posterior inferior mediastinum.

This paper is dealing only with the diagnosis
of mediastinal lymphadenopathy. Bronchopul-

monary and hilar lymphomas are not included.

It is our aim to describe the roentgen-morpho-
logic aspects of enlarged lymph nodes in the
different mediastinal compartments as far as
they can be detected with conventional stud-
ies. The differential diagnoses are discussed
and recognition of early and discrete lesions

is particularly emphasized.

The mediastinum is an anatomic region of near-
ly homogenous density. Only the tracheal air
stripe and the occasionally air containing or ar-
tificially barium-stained esophagus are anatomic
landmarks within this opaque shadow. There-
fore, conventional studies of the mediastinum

must be focussed on the analysis of alterations
of the pleuro-mediastinal interfaces.

In spite of a considerable variability, the roent-
gen appearance of the normal mediastinal bor-
ders, outlined by the pleuro-mediastinal lines
and stripes, may be considered as typical (21).
These lines and stripes can be seen if the x-ray
beam parallels the mediastinal borders. They
can be demonstrated on standard films, spot
films, and above all, on tomograms in stand-
ard projections. Their imaging is facilitated
and improved by the use of aluminium or
plexiglas trough filters (22).

Nodes that are located more centrally in the
mediastinum and those which are almost nor-
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Fig. 2 Lateral view showing the posterior treacheal band (11) and the bifurcation (12). Most frequent locali-
zations of mediastinal lymphadenopathy (b): Ill. enlarged lymph nodes in the subcarinal and retrocarinal re-
gion, V. Lymph node enlargement in the anterior superior mediastinum, VI. Lymph node enlargement in the
posterior superior mediastinum, VII. lymphadenopathy in the cardio-phrenic angles

mal in size will be barely detected by the ana-
lysis of the pleuro-mediastinal interfaces; they
can only be seen on CT (17, 23). From that
we can conclude: 1) not all mediastinal lym-
phomas are detectable with conventional
methods; 2) an alteration of mediastinal bor-
ders is by no means specific for lymph node
enlargement. A number of differential diag-
noses must be considered.

2. Roentgen findings
2.1 General anatomic considerations

Although anatomically the mediastinum is
one single space which is not separated by
fascias or comparable structures, for clinical
use the mediastinum may be arbitrarily sub-
divided into an anterior, middle and poste-
rior and into a superior and inferior compart-
ment. This subdivision into compartments
facilitates the localization and description

of mediastinal processes and has become
generally accepted (24, 25).

The anterior mediastinum lies between the
sternum and the vascular structures of the
middle mediastinum, as pericardial sac, as-
cendent aorta, supra-aortic branches and su-
perior vena cava.

The posterior mediastinum is located between
the posterior tracheal wall and the posterior
wall of the pericardial sac anteriorly and the
ventral surface of the vertebral bodies poste-
riorly. The paravertebral space is not includ-
ed in this compartment.

The posterior and the middle mediastinum
which contains the remaining structures —
trachea, vessels, heart — are subdivided into
a superior and an inferior half by a horizon-
tal line thought to run through the tracheal
bifurcation.

It is important to remember that these arbi-
trarily separated compartments in fact freely
communicate with each other. This is why
gas, fluid and malignancies may spread across
the mediastinum. The spread of mediastinal
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tumors and lymphomas is similar to the dis-
tribution of gas in the “potential spaces” of
the mediastinum which can be demonstrated
with CT after pneumomediastinography (26).
Table 1 gives a synopsis of all possible endo-
thoracic lymph node locations (5, 25, 27),
(Fig: 1, 2)

The anterior mediastinum may be complete-

ly filled by enlarged retrosternal, prevascular,
precaval, retrocaval and/or pretracheal nodes
(28, 29) which may continue into the visce-

ral compartment of the neck via the thoracic
inlet (30).

In the middle mediastinum the paratracheal
and tracheobronchial lymph nodes may be-
come involved. The azygos node is part of
the right paratracheal (tracheobronchial)
chain. On the left side the ductus node, also
referred to as “Engel’s node” in German lite-
rature, and the inconstant nodes surrounding
the aortic arch, the pulmonary trunk and
main arteries are part of Most’s accessory
chain which parallels the left main chain (27,
31). If the pre- and paratracheal nodes are
considerably enlarged, the lymphatic tissue
in the retrotracheal and para-esophageal area
of the posterior superior mediastinum will be
involved as well.

Table 1 Thoracic lymphadenopathy

The subcarinal nodes predominantly extend
under the surface of the right main stem bron-
chus and tend to enlarge dorsally to the carina
and caudally along the esophagus. They deform
the azygo-esophageal recess and may compress
or displace the esophagus in that area.

In the lower posterior mediastinum there may
be an involvement of the para-aortic and para-
esophageal nodes which may extend into the
para-spinal space. To this group also belong
the retrocrural nodes.

Lymph node enlargement may rarely occur in
the para-cardiac angles and along the mam-
marian arteries.

2.2. Paratracheal lymphadenopathy
2.2.1. Normal roentgen anatomy

The upper mediastinum has a triangular shape
in transversal sections with the basis ventrally
and the apex dorsally as can be demonstrated
on CT (fig. 3¢). Consequently, the right upper
lobe with its middle and posterior portion
deeply indents the mediastinum and fills the
right pleural sac extending above the azygos
arch. As a result, the sagittal chest film may
show on the right border of the mediastinum
the shadow of the superior vena cava and the

anterior mediastinum

middle mediastinum  posterior mediastinum

retrosternal (internal
mammarian)

prevascular

pretracheal

superior mediastinum

inferior
mediastinum

retrotracheal
para-esophageal

paratracheal
tracheobronchial
R: azygos node
L: ductus node
perivascular
(in contact with aorta
and pulmonary artery)

subcarinal/retrocarinal
(bifurcational)
bronchopulmonary
pulmonary ligament
cardiophrenic angles

para-esophageal
para-spinal (intercostal)
para-aortic (retrocrural)

(5, 25, 27; 28)

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.



Conventional Roentgen Diagnosis of Mediastinal Lymphadenopathy

Fig. 3b
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Fig. 3¢

Fig. 3 Normal pleuro-mediastinal interfaces in the
upper mediastinum. Sagittal views (a, b): 1. superior
vena cava, 2. right paratracheal stripe, 3. posterior
junction line/right para-esophageal line, 5. para-arte-
rial (left subclavian artery) and aortic-pulmonic line,
6. paravenous line (left subclavian vein). As the CT
section (c) demonstrates, the line by the superior
vena cava is the most ventral one and the posterior
junction line in the most dorsal one, with the right
paratracheal stripe inbetween. 4. retrotracheal stripe
(lateral view!)

right paratracheal stripe (32—34) as structures
of the middle mediastinum and the right para-
esophageal line or posterior junction line as an
anatomic landmark of the posterior mediasti-
num (Fig. 3a).

The right paratracheal stripe (32--34) can be
seen on the sagittal plain film in 76 % of all
normal persons, the supra-azygeal part of the
right para-esophageal line can be detected in
86 % of normal persons aged from 18 to 25
years and in 66 % of normal persons over 40
years of age (21). The posterior tracheal wall
may also partly come into contact with the
right upper lobe, thus producing a posterior
tracheal band (35—38) in the lateral view,
which normally does not exceed S mm in
width. A similarly configurated tracheo-esoph-
ageal band (37) may result from the contact
of the posterior tracheal wall with the adjacent
air-distended esophagus; this condition has no
pathologic significance.

On the left superior mediastinal border in one
half of normal persons a double contour can
be detected on the standard sagittal chest film;
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Fig. 4 Massive right paratracheal lymphadenopathy
(Non Hodgkin's Lymphoma). There is a widening of
the upper mediastinum to the right, the right paratra-
cheal stripe and the azygos arch are obliterated by en-
larged nodes that separate the right pleura from these
structures. The right lateral contour of the mediasti-
num ist most probably formed by the superior vena
cava which is displaced laterally. As the posterior
junction line is still intact (4p), there is no retrotra-
cheal lymph node enlargement

it is formed by the left subclavian vein and
artery und must be considered as normal (21,
39), (fig. 3 b).

2.2.2. Pathologic anatomy in lymph node
enlargement

Enlargement of the paratracheal or pretracheal
lymph nodes including the azygos node is the
most frequent pathologic condition in the upper
mediastinum. The corresponding roentgen find-
ings are widening of the right paratracheal stripe
with curvilinear or polycyclic outlines (fig. 6)
or obliteration of the right paratracheal stripe
within the widened upper mediastinal shadow
(32, 33, 40), (Fig. 4). In this second case the
displaced superior vena cava may be the most

‘Fig. 5 Mass in the right posterior mediastinum

(retrotracheal goiter). The right paratracheal stripe
is normal in width and length. As its cranial end
forms a sharp angle with the inferior border of the
mass, this mass cannot be at the same level as the
trachea. It must be situated behind the trachea,
because a lesion that at this level (the level of the
thoracic inlet) lies before the trachea will have no
contact with the pleura and therefore cannot produce
a pleuromediastinal line. (The transverse plane
through the thoracic inlet parallels the first rib and
is tilted so that it is higher posteriorly that it is
anteriorly.)

laterally situated mediastinal structure and
may form the straight right upper mediastinal
border. If there is an involvement of lympathic
tissue in the retrotracheal and para-esophageal
region, the right para-esophageal line can no
longer be seen.

Above the level of the sternoclavicular junc-
tions, the right paratracheal stripe fades away
(fig. 3a). Opposed to the findings in pleural
processes (fig. 8), in lymphomas the tomo-
gram will never show a curvilinear continua-
tion of the enlarged right paratracheal stripe
with a right apical pleural cap (32).

Isolated lymph node enlargement in the pre-
tracheal area will be frequently missed on the
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Fig. 6a

Fig. 6b

Fig. 6 Lymphadenopathy predominantly of the
anterior mediastinum and nodular pulmonary in-
volvement in a 24 year old man with Hodgkin’s
lymphoma. In the sagittal view (a) the right para-
tracheal stripe is moderately widened. There is a
mass laterally to the trachea which is sharply out-
lined at its inferior but not at its superior aspect.
This finding is typical for a mass lying ventral of
the trachea and reaching through the thoracic in-
let into the cervical spaces, and is confirmed by the
lateral tomogram (b) and by CT (not shown).
*artifact by the hilum filter

Fig. 7 Fibrosis of the right upper lobe with traction
of the hilum and the trachea, and discrete apical
pleural thickening after radiation for Hodgkin’s dis-
ease 4 years ago. Normal right paratracheal stripe
(RPS), the lateral contour of the upper mediastinum
is made by the superior vena cava (VCS)

sagittal film. The diagnosis is based on the
lateral view which may show soft tissue mas-
ses in the retrosternal field (fig. 6).

The double contour on the left superior
mediastinal border may disappear in left para-
tracheal lymph node enlargement; comparison
with previous films is mandatory.

2.2.3. Differential diagnosis

Widening, obliteration or irregular contour of
the right paratracheal stripe may be due to a
number of various conditions. Local changes
can be simulated by tumors of the anterior
or posterior mediastinum, including goiter,
and by tortuous vessels in ectactic arterio-
sclerosis (32), (fig. 5). A tracheal tumor (41)
or granuloma after long-time tracheal intuba-
tion may also produce a local widening of the
stripe.

Fibrosis after medical treatment or irradiation
for malignant lymphomas can also cause
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Fig. 8 Thickening of the right apical and medistinal
pleura due to inactive tuberculosis of the right up-
per lobe. Widening of the right paratracheal stripe
with curvilinear margins and obliteration of the
azygos notch. No lymphadenopathy. Similar find-
ings can be obtained in right-sided pleural effusions

Fig. 9 Mediastinal lipomatosis. The whole upper

mediastinum is widened but relatively translucent
as can be judged from the good delineation of the
(non calcified) tracheal wall. Diagnosis confirmed

by CT (-120 HE). *artifact by hilum filter

widening of the right paratracheal stripe and
must be differentiated from an incomplete re-
mission or relapse. As in this case differentia-
tion between fibrosis and active tumor tissue
may be difficult also with CT, follow-up
series and comparison with previous films will
help to establish the correct diagnosis (32).
Widening of the right paratracheal stripe or
the tracheo-esophageal band may also be
caused by inflammatory or neoplastic diseases
arising from the deep tracheo-bronchial sys-
tem or the esophagus; this possibility must be
always taken into consideration.

An isolated enlargement of the azygos node
has to be distinguished from a dilated azygos
vein, as in right heart insufficiency or an-
omalous venous drainage (aplasia or thrombotic
occlusion of the inferior caval vein with

azygos continuation). Films obtained in up-
right and recumbent position and under
Valsalva and Mueller maneuver will demonstrate
changes in form and size of an azygos knob
but not any changes of an azygos node.

Bilateral widening of the upper mediastinum
will be present if the left paratracheal nodes
are also enlarged. This, however, is not as
frequent as enlagement of only the right para-
tracheal nodes, because left paratracheal
nodes are less constant (27) and because the
potential space seems to be smaller on the
left than on the right (26).

The differential diagnoses of bilateral upper
mediastinal widening are infectious disease
and mediastinal hemorrhage which can be
easily excluded on their typical history and
symptoms. A widening of the right para-
tracheal stripe in patients with blunt chest
trauma should always rise the suspicion of
mediastinal hemorrhage (42). Mediastinal
phlebothrombosis will be diagnosed by
mediastinal phlebography. Mediastinal lipo-
matosis predominantly occurs in cases of
extreme obesity and is characterized by trans-
lucency of the mediastinum caused by fat.
Often the outer walls of the trachea can be
identified against the fat tissue on the film
tomogram. Definitive diagnosis is made by
density measurements on CT (fig. 9).
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In aortic coarctation the left subclavian
artery is a collateral vessel and is dilated. This
will also change the left upper mediastinal
contour as the aortic arch looses its sharp
upper definition and is in straight continua-
tion with the left upper mediastinal border.

Opacifying processes such as pneumonia,
atelectasis, tumor infiltration, pleural effusion
and fibrosis (Fig. 8) in the adjacent lung or
pleura may simulate an enlargement of the
upper mediastinum or of the right para-
tracheal stripe alone. If an azygos lobe is pre-
sent, these conditions may be confined to
this part of the right upper lobe (43).

The second part of this review is to deal with
lymphadenopathy in the aortic-pulmonic
window (2.3), subcarinal lymphadenopathy
(2.4) and lymphadenopathy in‘the posterior
mediastinum (2.5).
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