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Introduction
Lung disorders are a frequent occurrence in AIDS.
Abnormalities one can encounter on conventional
chest X-ray and in computed tomography (CT) of the
chest in patients with AIDS are classified into infec-
tions, tumors and other disorders.

Infectious Diseases

Pneumocystis carinii
The appearance of abnormalities on the chest X-ray
in a case of Pneumocystis carinii pneumonia (PCP)
lags behind the clinical appearance. An active PCP
may well be accompanied by a normal chest X-ray in
about 10% of patients.1234 High resolution CT
(HRCT) can demonstrate abnormalities in this
situation.56 The classical image of PCP on the chest
X-ray is a bilateral perihilar of basal fine interstitial
pattern without pleural fluid and without hilar or
mediastinal abnormalities. This pattern often adopts
a so-called ground-glass appearance.

Although the abnormalities on the chest X-ray are
initially interstitial in nature, histopathologic exami-
nation reveals a predominant filling of the alveoli
with inflammatory exudate early in the course of the
disease. As the infection progresses, signs of air-
space disease in the form of scattered alveolar
consolidations also appear on the chest x-ray. The
first abnormal manifestation of PCP in CT is a
symmetrical ground-glass appearance of the lung
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parenchyma, while the lung periphery may well be
spared. Later in the course of the disease, asym-
metrically scattered alveolar consolidations can be
seen; there is often a mosaic pattern of affected and
unaffected (sub)-segments and sometimes a pre-
dominantly reticular pattern caused by thickening of
interlobular and/or intralobair interstitial tissue. Just
like the chest X-ray, CT seldom demostrates intra-
thoracic lymphadenopathy or pleural fluid. The final
stage of PCP is a life-threatening respiratory insuffi-
ciency which can be associated with ARDS. The
concomitant radiologic abnormalities cannot be
distinguished from those of other causes of ARDS.7

Sometimes atypical images are seen in PCP, as
summarized in Table IIA«.».».«MUV\ Cavities in PCP
are almost thinwalled and usually occur in the upper
lobes (irrespective of the distribution of other
abnormalities.131415 These pneumatoceles may arise
early or late in the course of the disease and can persist
after the pneumonia has disappeared. A complication
of PCP associated with the presence of pneumatoceles
is spontaneous pneumothorax. Abnormalities which
are confined to the upper regions occur more often in
patients who use pentamidine inhalation prophy-
laxis.1112 Usually there is a definite improvement in
the chest X-ray appearance 2 weeks after initiating
antibiotic therapy, followed by normalization. The
radiologic abnormalities persist in some patients,
however, despite the fact that the pneumonia seems to
have been cured from a clinical and microbiological
point of bilateral reticualr or reticulonodular patterns
on the chest X-ray. HRCT then reveals a correspond-
ing interstitial pattern. Histopathologically, these
patients seem to have interstitial fibrosis.16 The
occurrence of this disorder is not linked to previous
oxygen administration or other therapy. If PCP recurs,
a mixed image emerges of fibrosis and infectin. With
regard to interpretation in this situation, it is very
important to compare the most recent images with
previous ones.

Table 1 :
Atypical thorax images in PCP and their frequency as reported in the literature

Abnormalities confined to the upper lobes (incidental)
Unilateral abnormalities (0 6%)
Cavity formation ( 0 - 13%)
Solitary / multiple nodules (incidental)
Intratlforacic lymph gland enlargement (0 - 5%)
Pleural fluid (0 - 2%)
Spontaneous pneumothorax (1-6%)
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Mycobacterium Tuberculosis
Infection of the lung with Mycobacterium tuber-
culosis occurs more often in AIDS patients than in the
general population. Just as in non-AIDS patients,
several patterns of disease can be distinguished. A
sign of primary tuberculosis is enlargement of hilar
and/or mediastinal lymph glands, in some cases
accompanied by pulmonary infiltration. Infiltration
does not seem to show any preference for a particular
region of the lung. The postprimary form manifests as
infiltrative abnormalities with a preference for the
upper lobe and the superior segmentof the lower lobe,
not usually accompanied by lymphadenopathy. A
third form is miliary tuberculosis in which hemato-
genous dissemination of tubercle bacilli produces a
diffuse, fine, nodular pattern on chest X-ray. In the
majority of adult tuberculosis patients who do not
have AIDS, the postprimary form of pulmonary
tuberculosis is seen; the primary infection and miliary
tuberculosis occur relatively seldom in this group.
AIDS patients with tuberculosis do usually have the
primary form (+ 60%), while miliary tuberculosis is
also seen more often (+ 15%) than in non-AIDS
patients. Pulmonary cavities are rare in cases of AIDS
and more common in non-AIDS patients. Pleural
fluid is present sometimes, both in AIDS and in non-
AIDS patients. In cases of pulmonary tuberculosis in
non-AIDS patients, a chest X-ray with no abnor-
malities is rarely seen. This occurs in + 5% of AIDS
patients.

Atypical Mycobacteria
Tuberculosis is generally seen early in the course of
AIDS and may be the first manifestation. On the other
hand, infection with atypical mycobacteria occurs
late in ±20% of the patients with AIDS.2 The most
frequently encountered atypical mycobacterium is
Mycobacterium avium-intracellulare (MAI). Myco-
bacterium kansasii is' seen less often. In the non-
immunodeficient host, MAI infection is, a primary
pulmonary process which expresses itself radio-
logically as patchy infiltrates or nodules with a
tendency to form cavities and a preference for the
upper lobes. In contrast, in AIDS patients MAI is
almost always a disseminated process, not always
affecting the lung (anymore), although it is assumed
that this is the point of entry. Thus, abnormalities are
rarely seen on the chest X-ray. If the lung is affected,
diffuse or localized patchy infiltrates or nodules with
or without indications of thoracic lymphadenopathy
can be seen. This latter disorder can also occur with-

out pulmonary abnormalities."22 One might expect a
similar spectrum of findings in Mycobacterium kansaii
infections. Because of the late occurance of infectioh
with this atypical mycobacterium, the image is usually
mixed because of the simultaneous presence of other
pathogens.

Fungal Infections
Fungal infections in AIDS are usually disseminated.
Fungal pneumonia occurs in less than 5% of AIDS
patients.2 Cryptococcus neoformans is the most
common pathogenic fungus in AIDS. Other fungi,
such as Histoplasma capsulatum, Candida albicans,
Aspergillus fumigatus, Nocardia asteroides, and
Coccidioides immites are found less often. In crypto-
coccal pneumonia, there is a large diversity of radio-
logic expression: a solitary nodule or multiple nodules
with or without cavities, a miliary pattern, segmental
consolidation, and bilaterally scattered, patchy
infiltrates may be encountered. Intrathoracic lym-
phadenopathy is often (+80%) present, sometimes
with normal lung parenchyma. In Aids patients,
pneumococcal pneumonia often occurs together with
acryptococcal meningitis. Radiologically, other fungi
can present in many ways; two of these produce
striking images on the chest X-ray.2-26 Nocardiosis
usually appears together with a unilateral segmental
lobar consolidation, often with cavity formation.
Coccidioidomycosis usually expresses itself as solitary
or multiple cavity-forming lesions which often have
a thin wall.2

Viral Infections
Viral pneumonia in AIDS is predominantly caused by
members of the herpes group: cytomegalovirus
(CMV), herpes simplex virus (HSV), and varicella-
zoster (VZV; 27). CM V is the mostfrequently isolated
cause of viral pneumonia in AIDS patients. In most
cases, chest X-ray demonstrates bilateral interstitial
abnormalities which cannot be distinguished from
the classic pattern of PCP. A nodular (including
miliary) pattern or asymmetrically scattered alveolar
opacities with a preference for central and lower
regions are sometimes observed.28 Spontaneous pneu-
mothorax and pneumomediastinum are reported as a
frequent complication of severe CMV pneumonia in
non-AIDS patients with compromised immunity. It
seems probably that this also applies in cases of
AIDS-related CMV. HSV penumonia can manifest
with a bilateral interstitial pattern just as in PCP and
CMV, but (scattered) focal alveolar abnormalities
occur just as often. VZV pneumonia usually appears
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as bilaterally scattered round alveolar opacities,,
sometimes also described as nodular, with a tendency
to coalesce.

All herpesvirus pneumonia can be accompanied by a
normal chest image; pleural fluid and intrathoracic
lymphadenopathy are relatively rare.

Bacteria
Streptococcus pneumoniae and Hemophilus
influenzae are among the most frequently found
bacterial lung infections in AIDS, as well as Legionella
pneumoniae. Bacterial pneumonia can manifest in
AIDS patients with a chest image of unilateral or
bilateral lobar consolidation. In AIDS (and other
immune deficiencies), often a pattern of scattered,
nonlobar consolidations may seen.30"31 The develop-
ment of these abnormalities is probably associated
with the degree of immune disturbance. Cavity
formation does occur,particularly in infections caused
by staphylococci and anaerobes. Multiple lung
abcesses as a result of septic emboli from intravenous
drug abuse may occur in both AIDS and non-AIDS
patients. The presence of pleural fluid is not unusual,
particularly in infections with anaerobes, gram-
negatives, staphylococci, and streptococci. In such
cases, one should consider the possibility of empyema.
Also in cases of AIDS, intrathoracic lymph gland
enlargement does not usually occur in bacterial infec-
tions of the lung.

Malignant Diseases

Kaposi's Sarcoma (KS)
KS in AIDS is a multicentric process which in ±25%
of cases leads to a clinically significant (pleuro)
pulmonary affection. Pulmonary KS is preceded in
95% of the patients by KS lesions on skin and mucous
membranes.3*35 The chest image can display the
following abnormalities:33-34136

- Bilateral reticular nodular opacities often local-
ized in the perhilar region.

- Bilaterally scattered, mostly round opacities
whose delineation varies in definition.

- Unilateral abnormalities (< 10%).
- Pleural fluid, mostly bilateral, often in large

amounts (<40%).
- Intrathoracic lymphadenopathy (+30%).

The interstitial abnormalities are in general coarser in
nature than those which are seen in PCP; sometimes

there is a fine interstitial pattern that could fit either
PCP or CMV pneumonia equally well. In CT of the
chest, there is often noticeable thickening of the
peribronchovascular interstitium, radiating from the
perihilar region.

Endotracheal or endobronchial localizations may also
be present. The lung abnormalities progress
relatively slowly (over a number of months), and in
the case of focal involvement, the boundary becomes
increasingly unclear.1113 Atelectasis can occur because
of obstruction of a bronchus.

Malignant Lymphoma
The incidence of AIDS-related lymphomas (ARL) in
cases of AIDS is greater than that of malignant
lymphoma in the rest of the population. Non-
Hodgkin' s lymphoma is the most frequently occuring
ARL. Thoracic organs are relalivelyrarelyaffectedin
ARL (< 10%). If the thorax is involved in the process,
lymphadenopathy, pleural fluid, and intrapulmonary
abnormalities can arise. In the latter case, the aspect
of the lung can display a unilateral or bilateral reticular
and/or nodular pattern, but a solitary mass can also
appear. Pulmonary abnormalities, lympadenopathy,
and pleural fluid can each arise in isolation, but also
in combination.2-334

Other Disorders

Lymphocytk Interstitial Pneumonitis
LIP is the lung disorder which occurs most frequently
in children with AIDS. It is, however, also found in
adults. In half of the cases, the chest X-ray is normal.
If the chest X-ray displays abnormalities, these usually
consist of a bilateral interstitial pattern in accordance
with the classic image of PCP. Considerable develop-
ment of the abnormalities and alveolar consolida-
tions, such as those which occur in an advanced PCP,
are rare in LIP. Intrathoracic lymphadenopathy has
not been reported in LIP.2-37-38

Hypersensitivity Reactions
Allergic reactions to drugs do occur in AIDS patients,
but there is usually a lack of radiologically recogniz-
able pulmonary abnormalities. Noncardiogenic lung
edema and a diffuse interstitial reticular or nodular
pattern may occur. Intrathoracic lymphadenopathy
and pleural fluid are sometimes seen as a result of
hypersensitivity.3'
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Bullous Changes
Bullous changes of the lung are seen more often in
AIDS patients and at a younger age than in the general
population. The bullae are mainly located in the lung
periphery (in particular in the apex), in contrast to the
pneumatoceles in PCP, which are found distributed in
the lung parenchyma (largely in the upper lobes).
Pneumatoceles usually dissapear when the pneu-
monia has been cured, but they can persist for a long
time and cannot always be distinguished from
bulla.31315 CT, in particular HRCT, is more sensitive
than chest X-rays for tracing bullae, and their distri-
bution can also be better determined with CT. In a
recent series, using CT, bullous abnormalities were
found in + 40% of the AIDS patients with pulmonary
symptoms.14

(Peri)cardial abnormalities
Pericardial fluid in AIDS is sometimes seen as a result
of tuberculosis and, incidentally, in pericardial or
epicardial localizations of Kaposi's sarcoma.
Cardiogenic lung edema and pleura! fluid, which
can, for instance, occur in the context of an AIDS-
related cardiomyopathy,40 should not be confused
with a progression of the infectious abnormalities in
the case of pre-existent infection.

Discussion
No single radiologic finding or combination of find-
ings is pathognomonic for a particular pathogen.
Indications for radiologic investigation of the thorax
include:

1. Correlation of the radiologic manifestations with
the clinical picture. If the chest X-ray is unusual
for the clinically determined diagnosis (estab-
lished, e.g., by means of bronchoscopy or
bronchoalveolar lavage), there may be addi-
tional causes which were not suspected.

2. Support of bronchoscopy or bronchoalveolar
lavage (B AL) on the basis of indications. If there
is clinical suspicion of PCP, there is a tendency
to instigate empirical treatment aimed at
Pneumocystis carinii without invasive diag-
nostics:41"44 If the chest X-ray or CT displays an
unusual image for PCP, this can be a reason for
carrying out bronchoscopy or BAL.

3. Demonstration of complications.

4. As a parameter to measure the effect of t reat-
ment.

5. Determination of the distribution of abnor-
malities.

6. Determination of the precise localization of an
abnormality.

The following observations are important:

1. Intrathoracic adenopathy is very uncommon in
PCP and in viral and bacterial infections. It is
usually the result of tuberculosis, fungal infec-
tions, Kaposi's sarcoma, or malignant lymphoma.

2. Presence of pleural fluid is, certainly in large
amounts, unusual in PCP and viral infections,
and occurs as a result of Kaposi's sarcoma,
lymphoma, and bacterial and mycobacterial
infections.

3. Thick-walled cavities are unusual in PCP, viral
infections, Kaposi's sarcoma and lymphoma.
These are seen most often in cases of fungal and
bacterial infections. Cavity formation does occur
in myobacterial infections, but is not usually
present in tuberculosis in AIDS.

4. Thin-walled cavity formation occurs as a result
of PCP (pneumatoceles), sometimes in fungal
infections (coccidioidomycosis) and can also be
due to bullae.

5. A solitary nodule is a most unusual manifesta-
tion of PCP and viral and bacterial infections;
more likely causes are Kaposi's sarcoma,
lymphoma, fungi, and mycobacteria. A diagnosis
of bronchial carcinoma can also be considered,
partly because an increased occurrence of this
disorder is reported in AIDS.

6. Multiple nodules are unusual in PCP and bacte-
rial infections and are mainly encountered in
Kaposi's sarcoma and in cases of viral, myco-
bacterial, and fungal in fection. The miliary pattern
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7.

is mainly due to typical and atypical myco-
bacteria and fungi (in particular, Cryptococcus
and Histoplasma).

Unilobar consolidation is unusual in infection
with Pneumocystis carinii, virus, mycobacteria
or fungi (especially Nocardia).
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