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Single photon emission computed tomography (SPECT) studies were performed in AIDS 
dementia complex using IMP in 12 patients (and HM-PAO in four of these same patients). In 
all patients, SPECT revealed either multiple or focal uptake defects, the latter corresponding 
with focal signs or symptoms in all but one case. Computerized tomography showed a diffuse
cerebral atrophy in eight of 12 patients, magnetic resonance imaging exhibited changes like 
atrophy and/or leukoencephalopathy in two of five cases. Our data indicate that both 
disturbance of cerebral amine metabolism and alteration of local perfusion share in the 
pathogenesis of AIDS dementia complex. SPECT is an important aid in the diagnosis of AIDS
dementia complex and contributes to the understanding of the pathophysiological 
mechanisms of this disorder. 
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Subacute encephalopathy is a frequent neurologic
manifestation of the acquired immunodeficiency syn
drome (AIDS) (1-4). This encephalopathy characteris
tically manifests as a progressive dementia accom
panied by motor dysfunction, and is only observed in 
HIV-1-(HTL V-111-) infected patients but not in those
with other immunosuppressed states. A great number
of investigations support the theory that this condition
is caused by direct HIV-! brain infection ( 4-10). Never
theless, thc pathogenesis of AIDS dementia complex is
not fully understood. and metabolic and/or neurotrans
mitter disturbances are discussed as additional patho
physiological factors ( 1 /-13). Neuropathologie findings
are cerebral atrophy. gray and white matter abnormal
ities. and vascular changes (2.14.15). The diagnosis is
mainly based on clinical Features and brain biopsy;
computerizcd tomography (CT) and magnetic reso
nance imaging (MRI) may be of some diagnostic value 
(16. /7). Recently. positron emission tomographic 
(PET) studies performed in a patient with AIDS de
mentia. showed an abnormal pattern of g]ucose metab
olism, which recovered after treatment with 3' -azido-
3' -deoxythymidine (AZT) ( 18). 

SPEC'T represents a special method used to image
radioactivc distribution in three-dimensional direction 
and has gained special importance in the field of neu
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roimaging after the introduction of IMP (iodine-123-
N-isopropyl-p-iodoamphetaminehydroacetate) and
HM-PAO (techneti u m-99 m-hexamethylpropylenea
mine oximc). Recently. sing]e photon emission com
puted tomography (SPECT) has been cons;dered to be 
a useful method used in the differential diagnosis of
dementia. (19). The purpose of this study was, there
fore. to discuss observations made using SPECT tn
patients with AIDS dementia complex. 

Patients and Methods 

SPECT studies of 12 HIV infected patients with subacute
encephalopathy were reviewed. Of the 12 patients. there were
seven homosexual men and live drug abusers (three males,
two females) ranging in age from 26 to 46 yr (mean 38 yr).
Thrce patients fit the criteria for AIDS established by the
Centers for Disease Control. two of them were homosexual
men sufTering from Kaposi's sarcoma; one was a drug abuser
with repeated opportunistic infections. Six patients werc clas
sified as ARC (AIDS-related complex). and three patients
(including the two females) were seropositivc without evidence
of other than neurologic HIV-rclated diseasc. one of the
patients sufTcrcd from other opportunistic or ncoplastic dis
eases of the brain at the time of thc SPECT examinations. 

All patients undcrwent neurologic examination and psy
chiatric evaluation prior to CT. EEG. SPECT. and MRI.
Follow-up examinations and repeatcd CT scans were carried
out during a pcriod betwccn 2 and 6 mo. Thc dcgrcc of the
mental changes was classified according to thc criteria givcn
by Na via et al. ( / ). A mild dementia was diagnosed. when
complaints of cognitive impairment or deficits in at least onc
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TABLE 1
Characteristics and Findings in 12 Patients with AIDS Dementia Complex

SPEGT
Patient Risk Neurologic
no. group Staqe! signs GT MRI IMP HM-PAO

h AIDS moderate dem. atrophy n.d.? multiple more pro-
focal signs I nounced
parietal

2 h AIDS moderate dem. atrophy n.d. multiple n.d.
3 h ARG moderate dem. atrophy n.d. multiple n.d.
4 h ARG mild dem. focal normal normal r fronto- n.d.

signs r fron- basal
tal

5 h ARG moderate dem. normal leukoencepha- multiple additional le-
lopathy sions

6 h ARG mild dem. atrophy n.d. multiple n.d.
7 h POS mild dem. focal normal leukoencepha- I fronto- additional

signs I fron- lopathy basal
tal

8 da AIDS mild dem. focal atrophy atrophy r fronto- more pro-
signs r fron- temporal nounced
totemporal

9 da ARG moderate dem. atrophy atrophy multiple n.d.
10 da ARG mild dem. I atrophy n.d. I parieto- n.d.

parietotem- temporal
poral

11 da POS mild dem. focal atrophy n.d. r fronto- n.d.
signs r fron- basal
tobasal

12 da POS mild dem. loc- normal n.d. loccipital n.d.
cipital

----
. h: homosexual; da: drug abuser.
t ARG: AIDS-related complex; POS: HIV-1-seropositive.
* dem: dementia; I: left; r: right.
§ n.d. - not done.

cognitive area was present. A patient was considered as mod-
erate demented if two or more cognitive areas were impaired
but with preservation ofthe ability to perform simple activities
of the daily life.

CT scans and EEG were performed in all patients; five
patients underwent additional MRI examination. CT exami-
nations were carried out on the DR 2 (Siemens Medical
Systems, Inc., Iselin, NJ) using standard techniques; slice
thickness was 8 mm, contrast material was administered in-
travenously in all patients before scanning (average amount
of iodine injected: 21 g), double-dose contrast enhancement
was not used. In suspicious cases other causes of meningitis
or encephalitis were excluded by cerebrospinal fluid exami-
nations.

MRI scans were performed on a Siemens Magnetom MR
imager with a O.5-T superconducting magnet using standard
techniques. The TI weighted scans were obtained with TR =
500 msec and TE = 30 msec, the T2 weighted images were
performed with TR = 2,000 msec. and TE = 60 msec. The
MR images were obtained in axial, sagittal and coronal planes.

SPECT imaging was carried out with a conventional rotat-
ing gamma camera (Siemens Gammasonic) connected to a
DEC PDP 11/34 computer for three-dimensional image re-

construction. Data were obtained from 64 projections into a
64 x 64 matrix using a high-resolution low-energy collimator.
A dose of 185 MBq iodine-123 (1231) amphetamine or tech-
netium-99m HM-PAO W9mTc]HM-PAO) were administered
intravenously in a quiet room with dimmed lights. The pa-
tients were positioned supine; they were told to close their
eyes, and their ears were plugged for 15-30 min. With the 1231
agent IMP data collection was started 20 minutes after the
injection of the radiopharmaceutical. The total acquisition
time was -30 min during which time 2.5- 5 million counts
were collected. From the 64 planar pictures around the pa-
tient's head tomographic slices in transverse, coronal and
sagittal direction were reconstructed using a filtered backpro-
jection algorithm. The data were examined by the statT of the
department of nuclear medicine being unaware ofthe patient's
clinical state.

RESULTS

Neurologie and Psychiatrie Findings
The results are summarized in Table 1. At the time

of the SPECT examination, seven patients suffered
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FIGURE 1
Multiple uptake defects (arrows) in
Patient 9 (IMP-SPECT). One ex-
tended lesion is localized left occipital
depicted by the color blue. Three
minor lesions in the left and right
frontal cortex are characterized by
contour interruption and by color
change (transversal section just
above the basal ganglia and across
the region of the lateral ventricles).

from a mild dementia and five patients were judged as
moderate demented. During the follow-up period five
of the seven mild demented patients developed a mod-
erate degree of dementia, two of the prior moderate
demen ted patients exhibited severe signs of mental
impairment. In seven patients additional slight foeal
signs or symptoms eould be found by neurologie ex-
amination; a peripheral neuropathy was present in ten
patients.

Computerized Tomography and Magnetic Resonance
Imaging

The eomputed tomographie (CT) seans showed evi-
denee of diffuse eerebral atrophy in eight patients and
were normal in four patients. In two patients magnetie
resonanee imaging (MRI) exhibited multiple white mat-
ter lesions, whieh were not apparent on CT images. In
three other eases, MRI did not give additional infor-
mations.

FIGURE 2
A: Unilateral uptake defect (IMP-SPECT) in Patient 10 (transversal section just above the central parts of the lateral
ventricles). B: Increase of the uptake defect (IMP-SPECT) in Patient 10; or 3 wk later (transversal section just above
the central parts of the lateral ventricles). (a: anterior; p: posterior; I: left; r: right).
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EEG Findings
In three eases, EEG revealed mild to moderate ab-

normalities like diffuse slowing. In all other eases the
EEG was normal.

SPECf
IMP-SPECT showed pathologie findings in all pa-

tients. Multiple foeal lesions (Fig. I) in the eerebral
cortex were deteeted in six patients. Of the remaining
patients, three had isolated unilateral lesions in the left
and three in the right hemisphere (Fig. 2A), whieh were
in aeeordanee to the foeal signs found by neurologie
examination. One patient with foeal signs and symp-
toms exhibited multiple uptake defeets. In two patients
follow-up studies performed 3-5 wk later showed sig-
nifieant deteriorations of the prior sean findings (Fig.
2B).

In Patient 5 (Table I) the first SPECT examination,
whieh was performed three months before onset of
demential symptorns, revealed a normal distribution.
The seeond examination, performed 5 wk after the
presentation of demential eomplaints, showed multiple
uptake defeets.

HM-PAO-SPECTwas additionally performed in four
of the 12 patients with an interval of 4 to 7 days after
the IMP seans. Two patients exhibited IMP and HM-
PAO uptake defeets in identieal regions, while in the
two other patients additional areas of redueed HM-
PAO uptake eould be observed.

DISCUSSION

Central nervous system manifestations often eompli-
eate AIDS. Among these, subaeute eneephalopathy is
one of the most striking events, clinieally presenting as
a progressive dementia. The preeise ineidenee of this
eomplieation is uneertain, but it seems to afflict at least
half ofthe AIDS patients. In over one-third the demen-
tia is present either at the time of diagnosis of AIDS or
prior to other manifestations (1). The most frequent
neuropathologie findings in AIDS dementia eomplex
are diffuse astroeytosis ofthe white matter and fibrillary
gliosis of the gray matter struetures in the eerebral
hemispheres (2,4.14). Vaseular ehanges are of two
types-ealcifie and inflammatory (15). The eause of
the AIDS eneephalopathy is still under diseussion. Sev-
eral investigations (e.g., in-situ hybridization, virus iso-
lation from and identifieation of HIV-I antigen in the
brain, transmission studies) suggest a direet HIV-I in-
feetion of brain tissue (4-10). However, the lack of a
clear eorrelation between elinieal severity and the de-
gree of neuropathologie ehanges indieate that additional
faetors eould be involved in the pathogenesis of the
AIDS dementia eomplex (2). Some preliminary studies
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on metabolie and neurotransmitter disturbances have
been earried out, but the results are ineonclusive (11-
13).

While CT and MRI are suitable for deteeting spaee-
oeeupying lesions within the brain in patients with
AIDS (20), the diagnosis of subaeute AIDS eneephalop-
athy is mainly based on clinieal findings whieh allow
for the separation of different stages and degrees of
AIDS dementia eomplex. CT findings are nonspeeifie;
they often show evidenee of diffuse cerebral atrophy,
and-in advaneed disease-may exhibit widening of
the frontal horn and bilaterallow density ofthe adjaeent
white matter (16,17). MRI seems to be superior to CT
in the imaging of AIDS dementia (17), beeause it is
more sensitive than CT in evaluation of white matter
lesions whieh are typieal for HIV -assoeiated subaeute
eneephalitis. However, in three out of five eases of our
study MRI findings did not exeeed the data gained by
CT. In eontrast, IMP- and HM-PAO-SPECT displayed
pathologie results in all patients. In all but one patient
with foeal neurologie signs, SPECT revealed foeal le-
sions in identieal loealizations. No differenees in the
SPECT patterns eould be deteeted between the group
of homosexual patients and the group of drug abusers.
Follow-up examinations in two patients revealed an
inerease of uptake defeets in parallel to the inerease of
clinieal symptoms. In a third ease, a prior normal
SPECT pattern ehanged to abnormal 5 wk after the
patient developed demential symptoms. In this patient,
CT and MRI eonfirmed the diagnosis of a leukoen-
eephalopathy only in a later stage of the disease.

HM-PAO is degradated into a hydrophilie eomplex
after blood-brain-barrier passage and fixed in brain
tissue proportional to regional eerebral blood flow (21).
IMP refleets loeal perfusion too, and furthermore inter-
aets relative unspeeifieally with synaptosomal amine
binding sites (22). Thus, the radiopharmaeeutieals have
different meehanisms of intraeerebral retention and
therefore probably point out different forms of brain
tissue alteration. The uptake defeets of IMP and HM-
PAO refleet the above mentioned vaseular ehanges in
brain autopsy studies, although altered perfusion itself
eannot be regarded as the primary pathogen event. In
addition, redueed uptake of IMP supports the prelimi-
nary studies on metabolie and neurotransmitter dis-
turbances in AIDS dementia eomplex.

The findings of IMP- and HM-PAO-SPECT are not
speeifie for AIDS eneephalopathy and a variety of other
eonditions produee similar uptake defeets, but the
method very sensitively shows pathophysiologieal
ehanges at early stages of the disease. Thus, besides the
diagnostie value, the method mayaIso eontribute to the
understanding of the pathophysiologieal meehanisms
generating AIDS dementia eomplex. Sinee SPECT is
more readily available than PET, it may be benefieial
in diagnosis and evaluation ofthis disorder.
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