
atients with the acquired immunodeficiency syn
drome (AIDS) present with a variety of infections. The
most common of these is Pneumocystis carinii pneu
monia (PCP); candida esophagitis, cytomegalovirus
(CMV), cryptococcus, herpes simplex, toxoplasmosis,
Mycobacterium avium-intracellulare (MM), and other
infectious occur with less frequency (14). Symptoms
may be subtle and protean (5) and conventional diag
nostic approaches unhelpful (5,6). In addition those
AIDS patients with Kaposi's sarcoma (KS), of which
there is an increased incidence in AIDS, may have fever
or respiratory complaints. Patients with KS may have
pulmonary involvement by KS with or without super
imposed infection (2). It is generally believed that the
early diagnosis of infection and institution of appropri
ate therapy may improve the clinical outcome in AIDS
patients. The role of noninvasive testing such as pul
monary function tests (7), arterial blood gases (8), chest
radiographs (9), and gallium scanning (6,8,10) in pul

ReceivedJuly 7, 1986;revisionaccepted Nov. 24, 1986.
For reprints contact: Elissa Lipcon Kramer, MD, Div. of

Nuclear Medicine NYU Medical Center, 560 First Ave., New
York, NY 10016.

Presented at the Annual Meeting of the Society of Nuclear
Medicine, June 23, 1986, Washington, DC.

monary infectious have been examined primarily vis a
vis PCP. Fiberoptic bronchoscopic biopsy, bronchial
brushings or washings, or even open lung biopsy may
be necessary to make a specific diagnosis (8,11).

We reviewed our experience with gallium scanning
in patients suspected of having pulmonary complica
tions ofAIDS to assess the value ofgallium scan results
not only in PCP, but also in other opportunistic infec
tions and neoplasms which occur in this population.

PATIENTS AND METhODS

Eighty-six gallium-67 (670a) citrate scans of the chest were

performedon 71patientssuspectedofhavingAlDS presenting
with feverand/or respiratorysymptoms.The scansrepresent
consecutive referrals over a 20-mo period from a group of
clinicians who see the majority of AIDS and KS patients in
our institution.Seventypatientswerehomosexualmales.One
wasa woman with Von Willebrand's diseasewho had received
multiplecryoprecipitatetransfusions.There wereno intrave
nous drug abusers. The mean age was 34 yr old (range 25-54
yr old). Forty-five ofthese patients had a diagnosis of KS.

Gallium scans were performed 48â€”96hr after the intrave
nous administration of 5 mCi (185 MBq) of [67Ga]citrate
usinga largefield-of-viewcamerafittedwitha medium-energy
collimator and using 20% energy windows set at 93, 184, and
296 keV photopeaks. Anterior and posterior views ofthe chest
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Eighty-six[@â€˜7Ga]cftratechestscanswereperformedin 71 adultpatientswith the acquired
immunodeficiencysyndrome.Forty-fiveof thesepatientsalsohadKaposi'ssarcoma.Only29
of 57 abnormalscanswerecorrelatedwfthabnormalchestradiographs.Chestradiographs
werenegatIvefor 27 scansandunavailablefor one.Severalscanpatternswereseen.
Diffuselyincreasedlunguptakewas seenmostcommOnlywith Pneumocystiscarinii
pneumonia,but alsoother infectionsandnoninfectiousinflammatoryconditions.Focaluptake
correspondingto regIOnallymphnodegroupsoccurredmostoftenwith Mycobacterium
avium-intracellularebut alsowith lymphoma.Localizedintrapulmonaryuptakewas seenin
baCterial pneumonias. Perihilar activity occurred in two cases. When chest radkgraphs were
abnormaland @GascansnegatIve,the mostcommondiagnoSIswas pulmonaryKaposi's
sarcoma.
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TABLE I
FinalDiagnosesBasedon ClinicalOutcome

were obtained for a total of 500,000 counts per view. When
ever possible, views of the abdomen and pelvis were also
obtained.

Activity in the lungs was considered increased when it
exceeded activity in the adjacent chest wall soft tissues. Ab
normal accumulation was characterized as diffuse, localized

and intrapulmonary, focal and corresponding to a regional
lymph node group(s), or perihilar.

Thegalliumscanswerecomparedretrospectivelywithchest
radiographs. All chest radiographs were obtained within 1 wk
of the 67Gainjection and most within 3 days. Final diagnosis
was based on results of biopsy and/or culture (6 1 scans) or
clinical outcome (25 scans) (Table 1).

RESULTS

Fifty-seven of 86 scans demonstrated abnormalities
(Table 2). In 29 of these scans the abnormal radiogal
hum accumulation and the chest radiograph abnor
mality were congruent in distribution. Twenty-seven
scans were abnormal without corresponding chest ra
diograph abnormalities. For one positive scan there was
no available concurrent chest radiograph.

Of the 29 negative gallium scans, chest radiographs
were normal in 20 and abnormal in eight. In one case,
no radiograph was available.

Positive Chest Gallium Scans
Forty of the 57 abnormal gallium scans showed a

diffuse pattern of increased lung uptake. The most
common infection associated with this diffuse pattern
(29 cases) was Pneumocystis carinii pneumonia (PCP)
(Fig. 1). Only 15 of these scans with abnormalities due
to PCP had positive correlative chest radiographs. In
one of these patients, cytomegalovirns (CMV) and KS
were documented along with PCP on lung biopsy. In

another, the scan was initially read as negative, but
retrospective evaluation suggested very faint diffuse ac
cumulation and transbronchial biopsy demonstrated
PCP.

Eleven other scans showed diffuse uptake. Of these,
three patients had evidence of CMV pneumonitis: in
one cytologic analysis of bronchial washings demon
strated CMV, in the second rising viral titers were

TABLE 2
PositiveGalliumScansby DiagnosisandChest

RadiographFindings
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FIGURE 1
A 40-yr-oldman with AIDS subsequentlyfound to have
Pneumocystis carinhi pneumonia. Anterior (A) and posterior
(B) views from a chest gallium scan show diffusely in
creaseduptake. PA chest radiograph(C) shows diffuse
interstitial markings.

Transbronchial biopsy suggested bleomycin toxicity but
no evidence ofpulmonary KS. Finally, the patient with
Von Willebrand's disease showed faint diffuse uptake
on scan and minimally increased interstitial markings
on chest film. Disseminated histoplasmosis was docu
mented by blood cultures but lung biopsy was not
performed because of the patient's bleeding diathesis.

In two patients a perihilar, but intrapulmonary dis
tribution of increased 67Ga uptake was seen (Fig. 2).
Radiographs were normal in both patients. One was
due to PCP diagnosed on bronchoscopic biopsy; the
other to legionella.

In five scans, gallium accumulation was localized
and intrapulmonary (Fig. 3). A congruent radiographic
abnormality was present in all five. In each of these
cases, bacterial pneumonia, either Kiebsiella spp. or
Staphylococcus aureus was found in sputum, bronchial
washings, or open lung biopsy. One of these patients

I-p.
I
I

found, and in the third transbronchial biopsy showed
CMV pneumonitis. Two of three chest radiographs in
these cases ofCMV were positive. In two other patients
with positive chest radiographs concurrent CMV and
cryptococcus infections were documented on trans
bronchial biopsies. In another patient with a positive
chest radiograph, biopsy revealed nonspecific chronic
inflammation with fibrosis. A second patient showed
interstitial fibrosis on biopsy; chest radiograph was nor
mal. In two other patients with evidence of extrapul
monary toxoplasmosis and diffuse uptake on scan, no
definite etiology could be identified in the lungs; one
patient had increased interstitial markings on a chest
radiograph and known central nervous system toxo
plasmosis; in the other in whom chest radiographs were
negative, elevated titers to toxoplasmosis were docu
mented. In a single patient with extrapulmonary KS,
chest radiograph revealed diffuse interstitial infiltrates.
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markings and consolidation. Biopsy showed acute and
chronic inflammation but no organisms. The patient
had a history of bleomycin therapy.

In 20 patients with negative gallium scans there were
negative correlative chest films. For one negative scan
no chest radiograph was available (Table 4). An extra
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FIGURE 3
42-yr-oldman with known pulmonaryKaposi'ssarcoma
(KS) and new onset of fever. PA chest radiograph (A)
shows perihilardensities(arrowheads),which had been
presentfor severalmonthsand were found on biopsyto
be pulmonary KS. A new right upper lobe infiftrate is also
seen(arrow).Anterior(B)viewfroma galliumscanshows
accumulationof radiogalliumin a distributioncorrespond
ingto the new infiltrate.Openlungbiopsyof this infiltrate
showedKiebsiellapneumonia.
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FIGURE 2
53-yr-oldpatient with AIDS,PCP, and normal chest radio
graphs.Anteriorgalliumscanshowsbilateralperihilarup
take(arrows)lessdiscretethanusuallyseeninassociation
with lymph node uptake (see Fig. 3).

also had radiographic evidence ofpulmonary KS. How
ever, the KS appreciated on plain film was clearly
distinguishable from the patient's pneumonia and did
not correspond in location to the gallium uptake.

Of ten scans with abnormal focal gallium accumu
lation (Fig. 4), nine were seen in association with My
cobacterium avium-intracellulare. The foci of uptake
occurred in parahilar, mediastinal, supraclavicular,
and/or cervical locations. In only one case did a chest
radiograph suggest the presence of lymphadenopathy.
MAI infections were documented by lymph node bi
opsy in six cases and bone marrow and/or liver biopsy
in three. Focal uptake on gallium scan in the supraclav
icular region was also seen in one patient with lym
phoma.

Negative Chest Gallium Scans
Twenty-nine chest gallium scans were negative. Of

these, eight had positive correlative radiographs (Table
3). All eight of these patients had documented extra
pulmonary KS. In five, lung biopsies showed pulmo
nary KS, but no infection. The chest radiograph pres
entation in these five was variable: nodules in two,
diffuse interstitial infiltrates in two, and both nodules
and interstitial infiltrate in one (Fig. 5).

In two additional patients the chest radiograph
showed mildly increased interstitial markings: one pa
tient with biopsy proven CMV pneumonitis and an
other with disseminated herpes. In the eighth patient,
chest radiograph revealed both increased interstitial

o4.)@
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FIGURE 4
29-yr-oldmanwith AIDSand biopsyprovenMycobacteriumavium-intracellularelymphadenitis.Anteriorchest gallium
scan(A)with focalgalliumaccumulationin supraclavicular,paratrachealand mediastinalor parahilarlymphnodes.PA
chestfilm(B)with subtlehilarlymphadenopathy(arrow).

thoracic source of fever could be identified in all but
three of these cases. In six, fever was ascribed to extra
pulmonary KS. Four others had colitis or enteritis. Four
had documented CNS infections including toxoplas
mosis, histoplasmosis, CMV and cryptococcus. Single
cases of disseminated candidiasis, herpes simplex, and
herpes zoster occurred. One patient had streptococcal
pharyngitis. In three patients, the cause ofthe symptoms
remained unidentified.

Abdominal and Pelvic Findings
Attempts were made to scan the abdomen and pelvis

whenever possible. However, because the patients were
primarily referred for evaluation of pulmonary symp
toms or findings, they frequently were unwilling to
undergo these additional views. Of the 23 abdominal
pelvic scans obtained, 15 were negative. Two showed
focal activity in the midline consistent with para-aortic
lymphadenopathy. Both occurred in patients with MAI.
Four scans suggested diffusely increased bowel uptake.
In one case this was associated with proven bacterial
enteritis. In two, increased gastric uptake was noted.
Endoscopic biopsy of gastric mucosa in one of these
patients failed to reveal an abnormality.

DISCUSSION

A high incidence ofPneumocystis carinii pneumonia
in AIDS patients has been identified consistently in
studies of the AIDS population (1,2,12). PCP was the
single most common infection in the series reported
here. Sensitivity for PCP infections on gallium scans
was high (29 of 30 were initially read as positive) and
similar to the findings of Barron and others who re
ported >90% sensitivity over all scans regardless of
chest radiograph findings and 86% sensitivity with neg
ative chest radiographs.

In our series the overall specificity of a positive
gallium scan for PCP was 51%. This is lower than the
overall specificity reported by Barron and co-workers
(74%) and may reflect the use of gallium scanning in
our institution very early in the evaluation of a symp
tomatic AIDS patient.

More selective criteria for evaluating gallium scans
in the setting of AIDS may increase the specificity for
PCP. When only a diffuse pattern is considered, the
specificity in our series increased to 83% for PCP.
Coleman and others found that utilization of a grading
system based on intensity of uptake increased the spec
ificity of gallium scanning for PCP to greater that 90%
(8). The specificity ofpositive gallium scans in Barron's
series increased to 85% when chest radiographs were
negative (6).

The diffuse pattern of gallium uptake occurred in
entities other than PCP, particularly CMV or CMV in
combination with cryptococcus (five cases). Mild to
moderately positive scans with CMV infections have
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ExtrapulmonaryKS6Colitis
&/orentetitis4CNS

infections4Disseminated
candidiasis1Disseminated

herpessimplex1Disseminated
herpeszoster1Streptococcal

pharyngitis1Unknown.1

21.

One without correlative chest radiograph.

been reported previously in both AIDS patients (8) and
other immunosuppressed patients (13). Within our se
ries there was also a false-negative scan in a patient with
biopsy proven CMV pneumonitis.

Diffuse pulmonary uptake also was seen in patients
with disseminated histoplasmosis and toxoplasmosis
but without definite documentation of pulmonary in

TABLE 4
NegativeGalliumScanswith NegativeChest

Radiographsby Diagnosis
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volvement. This pattern also occurred in patients with
nonspecific inflammatory changes in the lung such as
bleomycin toxicity.

Another pattern of gallium uptake seen was more
localized intrapulmonary activity often corresponding
in distribution to a pulmonary segment or lobe. In all
scans with this finding, radiographs demonstrated an
infiltrate in the same distribution. In each, a bacterial
pneumonia was diagnosed.

The only case of bacterial pneumonia in this series
that deviated from this pattern occurred in a patient
with a negative chest radiograph, bilateral nonfocal
perihilar gallium uptake, and legionella.

The positive predictive value of gallium accumula
tion in intrathoracic regional lymph nodes for MA!
infections was 90%. Only one patient had lymphade
nopathy appreciated on plain film. Because MA! is an
extremely common infection in AIDS patients (3,4),
these results indicate that the gallium finding of focal
lymph nodes uptake in an AIDS patient should suggest
MA! lymphadenitis. However, lymphoma may present
with a similar scan pattern, making tissue diagnosis
imperative.

A negative gallium scan with positive chest radio
graph was often associated with pulmonary KS (five of
eight patients) in this series. In an additional patient
with pulmonary KS and bacterial pneumonia, gallium
accumulation was confined to the segmental pneu
monia. Often, the chest radiograph in AIDS patients
with KS is nonspecific revealing bilateral interstitial
infiltrates indistinguishable from opportunistic infec
tion (14). The absence of accumulation of gallium in
KS lesions, recognized in non-AIDS patients previously
(15) suggestsgallium scanning may be used to differ
entiate between pulmonary KS and infection in AIDS
patients with KS.

Because of the high prevalence of PCP in the AIDS
population and the high sensitivity of gallium for PCP,
gallium scanning has been advocated for screening in
symptomatic AIDS patients, especially when radio
graphs are negative (6,8,10). Our findings support this
use of gallium (Fig. 6). However, the overall specificity

A

FIGURE 5
38-yr-oldman with known extrapulmonaryKS and new
onsetof dyspnea.Althoughgalliumscanof the chest (A)
is within normal limits, the PA chest film shows both
interstitialinfiltratesand nodules(arrow)found on biopsy
to bepulmonaryKS.
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FiGURE6
Diagnosticalgorithmfor the evalua
lion of AIDSpatientswith feverand/
or respiratory symptoms.@ Bron
choscopy includes alveolar lavage
and transbronchialbiopsy.@ A pa
tientwith knownextrapulmonaryKa
posi'ssarcoma,positiveradiograph,
andnegativegalliumscanmaygoon
to bronchoscopydependingon the
particulardinicalsituation.

of a positive chest gallium scan for PCP in this series
was less than reported elsewhere. Similarly, the pattern
of focal lymph node uptake, although highly predictive
for MA! infection in this series, was also seen in asso
ciation with lymphoma. This emphasizes the need for
tissue diagnosis in the setting of a positive gallium scan
before the institution of potentially toxic therapy (5,8).
The pattern ofgallium uptake (focal lymph node versus
localized intrapulmonary versus diffuse pulmonary up
take) can be extremely useful in directing clinicians to
an appropriate site for biopsy, i.e., lung versus lymph
node.

A negative chest radiograph combined with a normal
chest gallium scan had a high negative predictive value
for intrathoracic pathology. This constellation of find
ings in a symptomatic AIDS patient should direct the
search for infection away from the chest. Even with a
positive chest radiograph, a negative gallium scan points
to noninflammatory pathology. In AIDS patients with
these findings, KS should be considered strongly.

REFERENCES

1. Update: acquired immunodeficiency syndrome
United States. MorbidMortal WeekRep 1986;35:17â€”
21.

2. Murray JF, Felton CP, Garay SM, et al. Pulmonary
complications ofthe acquired immunodeficiency syn
drome. Report of a national heart, lung, and blood
institute workshop. NEJM 1984; 310:1682â€”1688.

3. Greene JB, Sidhu GS, Lewin S, et al. Mycobacterium
avium-iniracellulare: a cause of disseminated life
threatening infection in homosexuals and drug abu

sers.Ann InternMed 1982;97:539â€”546.
4. Zakowski P. Fligiel S, Berlin 0GW, et al. Dissemi

nated Mycobacterium avium-intracellu/are infection
in homosexual men dying of acquired immunodefi
ciency. JAMA 1982; 248:2980â€”2982.

5. Kovacs JA, Hiemenz JW, Macher AM, et al. Pneu
mocystis carinii pneumonia: a comparison between
patients with the acquired immunodeficiency syn
drome and patients with other immunodeficiencies.
Ann Intern Med 1984; 100:663â€”671.

6. Barron TF, Birnbaum NS, Shane LB, et al. Pneumo
cystis Carinii pneumonia studied by gallium-67 scan
ning.Radiologyl985;154:79lâ€”793.

7. Stover DE, White DA, Romano PA, et al. Spectrum
of pulmonary diseases associated with the acquired
immunodeficiency syndrome. Am J Med 1985;
78:429â€”437.

8. Coleman DL, Hattner RS, Luce JM, et al. Correlation
between gallium lung scans and fiberoptic bronchos
copy in patients with suspected Pneumocystis carinii
pneumonia and the acquired immunodeficiency syn
drome.Am RevRespirDis1984;130:1166â€”1169.

9. McCauley DI, Naidich DP, Leitman BS, et al. Radio
graphic patterns of opportunistic lung infections and
Kaposi's sarcoma in homosexual men. Am J Roent
genol 1982; 139:653â€”658.

10. Tuazon CU, Delaney MD, Simon GL, et al. Utility of
gallium67 scintigraphy and bronchial washings in the
diagnosis and treatment of Pneumocystis Carinii
pneumonia in patients with the acquired immunode
ficiency syndrome. Am Rev Respir Dis 1985;
132:1087â€”1992.

11. Broaddus C, Dake MD, Stulbarg MS. et al. Bronchoal
veolar lavage and transbronchial biopsy for the diag
nosis of pulmonary infection in the acquired immu
nodeficiency syndrome. Ann Intern Med 1985;
102:747â€”752.

12. Centers for Disease Control. Pneumocystis pneu
moniaâ€”Los Angeles. Morbid Mortal Week Rep 1981;

1113Volume28 â€¢Number7 â€¢July1987



30:250â€”252.
13. !sam All, Wenzl JE, Leonard JC, et al. Pulmonary

cytomegalovirus infection, detection by gallium-67
imaging in the transplant patient. Arch Intern Med
1979; 139:286â€”288.

14. Garay SM, Belenko M, Fazzini E, et a!. Pulmonary
manifestations of Kaposi's sarcoma. Chest: in press.

15. Krishnamurthy GT, Singhi V, Taylor RD, et al.
Radionucide scanning in the evaluation of Kaposi
sarcoma. Arch Intern Med 1976; 136:400â€”403.

1114 Kramer,Sanger,Garayetal TheJournalof NuclearMedicine




