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Cerebral Perfusion Scanning in Treating AIDS
Dementia: A Pilot Study
Edwin R. Szeto, Judith Freund, Bruce J. Brew, Amanda Loder and Matthew R. Griffiths
Department of Nuclear Medicine and Department of Neurology and Center for Immunology, St. Vincent's Hospital,

Svdnev. Australia

Acquired immunodeficiency syndrome (AIDS) dementia complex
(ADC) is a common effect of the AIDS virus. We studied the regional
cerebral blood flow of patients with early ADC and its response to
atevirdine mesylate. Methods: Ten men with early ADC, who had
failed or were intolerant to zidovudine or didanosine therapy, were
treated with atevirdine mesylate for 12 wk. Cerebral perfusion
SPECT using 99mTc-HMPAO was performed at Week 0 and Week
12. SPECT images were analyzed qualitatively and semiquantita-
tively. Results: The cerebral perfusion abnormalities in early ADC
were usually mild and characteristically involved the cortices and
periventricular regions bilaterally and symmetrically. Four patients
were able to complete the protocol. Three of these patients re
sponded to atevirdine clinically, two of whom showed improvement
in their Week 12 SPECT images. The other responder had an
essentially unchanged image. The patient who did not respond to
atevirdine showed a definite deterioration in cerebral perfusion.
Conclusion: Cerebral perfusion SPECT is useful in detecting and
assessing therapeutic responses in ADC. The preliminary results of
atevirdine in treating ADC are promising and need further investiga
tion.
Key Words: AIDS; dementia; technetium-99m-HMPAO; atevirdine

J NucÃMed 1998; 39:298-302

.Acquired immunodeficiency syndrome (AIDS) is caused by
the human immunodeficiency virus Type I (HIV-1). The
development of opportunistic infections, neoplasms and a
progressive subcortical dementing illness, termed AIDS demen
tia complex (ADC) is a common effect (/). ADC covers three
spheres of abnormality: cognitive, motor and behavioral. The
cognitive features of reduced concentration, forgetfulness and
slowing of intellectual processing are almost always associated
with motor dysfunction ranging from slowing of fine finger
movements and abnormal eye movements (inaccurate pursuit
and saccades) to limb ataxia and leg weakness with, at times,
bladder and bowel incontinence. Behavioral features are less
common in the early phases of ADC but, as it advances,
progressive apathy and social withdrawal become prominent. In
the terminal stages of the disease, patients are globally de
mented with paraparesis and virtual mutism (2).

Approximately 20% of patients with AIDS have ADC to
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some degree, with the prevalence of ADC increasing with
advancing immunodeficiency. The neuropathological features
of ADC can be divided into three subsets: gliosis and white
matter pallor, multinucleated-cell encephalitis and vacuolar
change of spinal cord or brain. Many of these pathological
abnormalities are found in the basal ganglia (3). Gliosis and
pallor are characteristic of those patients with mild ADC, but
can be found also in patients without dementia, presumably
representing subclinical disease. Multinucleated-cell encephali
tis is the hallmark of productive HIV-1 infection in the brain.
Such changes are found characteristically in patients with
moderate or severe ADC. Vacuolar change is a rare finding, the
clinical correlate of which still has to be adequately defined. It
is similar to the vacuolar change that may occur in the spinal
cord and which has been termed "vacuolar myelopathy" (4).

Neuronal loss is both rare and minor suggesting that ADC may
be reversible.

There is reasonable evidence for the efficacy of the antiret-
roviral drug zidovudine (AZT) in ADC (5-8). However, not all

patients tolerate AZT because of its myelotoxicity (9). Indeed,
there is an association of greater toxicity with advancing stages
of HIV-1 infection. In addition, some patients fail to respond to
AZT or deteriorate after a period of improvement. There are
conflicting data on the efficacy of didanosine (DDI) in ADC
(10,11), but DDI also has been associated with toxicity (pre
dominantly painful peripheral neuropathy and pancreatitis)
(12). Consequently, patients who develop ADC while receiving
AZT or in the context of intolerance to AZT have little in the
way of therapy that can be offered to them.

Atevirdine mesylate, an arylpiperazine non-nucleoside re
verse transcriptase inhibitor, has been shown to be effective
against HIV-1 infection with studies showing equipotency to
AZT (13). Moreover, the drug has significant central nervous
system penetration (14) and has exhibited synergy with AZT as
well as activity against AZT resistant viral strains in vitro.
Furthermore, it has been shown to have lower toxicity than
nucleoside analogs (13). As a consequence, atevirdine may be
effective in the treatment of ADC.

When a variety of therapeutic choices exists for patients with
ADC, a predictable and early test that also indicates the brain's

response to therapy would be invaluable. Cerebral perfusion
tomography (SPECT) has been shown to be frequently abnor
mal in patients with HIV infection even before detectable
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cerebral dysfunction is noted (15-23). Furthermore, abnormal
ities in regional blood flow have been shown to respond to
antiviral therapy (15,24).

This preliminary study was performed to investigate the
regional cerebral blood flow of patients with ADC and its
response to atevirdine mesylate with clinical correlation.

MATERIALS AND METHODS
Ten HIV-1 infected homosexual men (age range 26-59 yr; mean

age 41 yr) were recruited who met the following criteria: (a) ADC
Stage 1 or 2, as defined by the Price-Brew Scale (25); (b) failure or
intolerance to AZT or DDI; (c) combined neurological and neuro-
psychological impairment score > 4 (normal < 4) (26); (a) an
estimated premorbid IQ of > 70 as determined by the Nelson Adult
Reading Test (NART) score of the vocabulary subtest of the
Wechsler Adult Intelligence Scale (WAIS); and (e) absence of
confounding neurological illness by clinical assessment, hemato-
logical and biochemical screens, blood and urine analyses for illicit
drugs, MRI brain scan and cerebrospinal fluid (CSF) analysis.
After informed consent by the patient and his next of kin, each
patient was enrolled in an open study of atevirdine 600 mg tds for
12 wk. Response to atevirdine was defined as an improvement to
ADC Stage < 1 and an improvement in neuropsychological
performance (patients who responded to the treatment were offered
the option of continuing to receive the study drug). Blood count
and biochemical profiles were checked every 2 wk. Neurological
and neuropsychological assessments were performed every 4 wk.
CSF analyses were scheduled at entry and at Weeks 4 and 12.
Cerebral perfusion SPECT and MRI cerebral scans were scheduled
at Weeks 0 and 12.

Subjects were given 600 MBq 99mTc-HMPAO through an

intravenous cannula in a quiet, darkened room after an initial
period of repose. SPECT scanning was performed approximately
45 min later using a single-head tomographic camera with a
high-resolution collimator to collect 64 40-sec frames over 360Â°in

a 64 X 64 matrix with a zoom of 1.5. SPECT reconstruction was
performed by filtered backprojection using a Metz adaptive filter
(3 < q < 14), processing transverse, sagittal and coronal slices
(slice thickness 1 pixel). Attenuation correction was performed
according to Chang's method (m = 0.11 cm"1).

The SPECT images were analyzed qualitatively and semiquan-
titatively. Qualitative analysis was performed by three experienced,
blinded observers. The transverse, sagittal and coronal slices were
normalized to the cerebellum, and perfusion was scored according
to abnormalities of the cortex (frontal, parietal, temporal and
occipital regions) and subcortical matter (basal ganglia and
periventricular regions). Cerebral perfusion was scored as 0 (severe
generalized hypoperfusion or large focal defects), 1 (moderate
generalized hypoperfusion or medium focal defects), 2 (mild
generalized hypoperfusion or small focal defects) or 3 (normal).
Differences in opinion were settled by consensus.

The images were also analyzed semiquantitatively by selecting a
transverse slice through the midcerebral cortex that best demon
strated the basal ganglia and thalamic structures. Regions of
interest (ROIs) were drawn over the right anterior, middle and
posterior cerebral cortex, right cerebellum and right basal ganglia
regions. These ROIs were then flipped over, generating identical
mirror-image ROIs for the left cerebral hemisphere. Cortex to
cerebellum and basal ganglia to cerebellum ratios were then
calculated by dividing the average counts per pixel of each ROI by
the average counts per pixel found in the cerebellar hemisphere
with the higher activity.

RESULTS
The SPECT results at entry are summarized in Table 1

TABLE 1
Qualitative Analysis of SPECT Images at Entry

Patient Basal
no. Frontal Parietal Temporal Occipital gangliaPeriventricular12345678910R

=0
=R

L3
33
32
22
22
21
12
21
12
22

2right;

Lâ€¢â€¢severeR3312222112=left.L3322222112hypoperfusionR3322222122;

1L3322222122R3322222112L3322222112=moderateR3331331333L3331332333hypoperfusion;R33223222122L3322322212=mildhypoperfusion;
3 = normal.

(qualitative) and Table 2 (semiquantitative). On qualitative
analysis, two patients were judged to have normal images
(Patients I and 2). In the other eight patients (80%), cerebral
hypoperfusion was generally bilateral and involved the cerebral
cortices and periventricular regions diffusely (only three pa
tients appeared to have normal perfusion in the periventricular
white matter). The basal ganglia were less commonly involved,
being spared in six of the eight patients with abnormal scans.
The MRI cerebral images of all 10 patients before treatment
were normal, thereby excluding atrophy as a potential cause for
cerebral hypoperfusion.

Five patients were able to complete the protocol, four of
whom responded to atevirdine clinically. Unfortunately, one of
the responders committed suicide before the Week 12 assess
ments (see Table 3 for impairment scores). Those patients who
responded at Week 12 had shown clinical improvement by the
combined impairment score at Week 4. No consistent changes
were seen between the MRI brain scans at entry and at Week 12
(in both the responders and the patient who did not respond). In
the patient who did not respond, both ADC stage and combined
impairment score worsened.

Results of SPECT scans in four patients at Week 12 (the three
surviving responders and the one nonresponder) are summa
rized in Table 4 (qualitative) and Table 5 (semiquantitative). Of
the responders (Patients 4, 8 and 9), the SPECT images of

TABLE 2
Semiquantitative Analysis of SPECT Images at Entry

Cortex/
cerebellumratiosPatient

Anteriorno.12345678910R

=R0.980.930.830.910.990.830.930.800.861.01right;L =L0.960.740.760.920.910.710.940.830.860.93left.MiddleR0.950.910.860.901.010.880.920.800.970.99L0.940.890.960.900.920.920.930.820.940.88Basal

ganglia/
cerebellumratioPosteriorR1.040.960.891.060.990.810.950.870.950.99L1.000.870.921.011.000.910.950.750.880.95R0.900.890.781.071.031.000.910.911.020.99L1.051.050.950.921.021.000.890.951.071.13
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TABLE 3
Clinical Response to Atevirdine

TABLE 4
Qualitative SPECT Results at Week 12

Patient
no.Patient

1*WeekOWeek

4Patient
2'WeekOWeek

4WeekSPatient

3'WeekOPatient

4WeekOWeek

4WeekSWeek

12Patient
5WeekOWeek

4WeekSWeek

12Patient
6fWeekOWeek

4Patient
7*WeekOWeek

4WeekSWeek

12Patient
8WeekOWeek

4WeekSWeek

12Patient
9WeekOWeek

4WeekSWeek

12Patient
10Â§WeekOWeek

4ADC

stage10.5222220.50.5010.50.5222110.50.510.50.50.520.50.5022Neurological
impairment

score2397812772131389778347332832199Neuropsychologicalimpairmentscore371312-161510556711131413865-12823103131414

'Died of sepsis.

TDied of progressive multifocal leukoencephalopathy.
Â»Suicide.

Withdrawn due to rash.

Patients 8 and 9 revealed a trend toward improvement in both
the qualitative and quantitative analyses (Fig. 1). The SPECT
image of Patient 4 at Week 12 was essentially unchanged
compared with his scan at entry. In the patient who did not
respond to atevirdine (Patient 5), his SPECT scan at Week 12
showed a definite deterioration in cerebral perfusion qualita
tively (Fig. 2), with the corresponding semiquantitative analysis
revealing decreased ratios in all regions analyzed. In the
qualitative analysis for Patient 5, deterioration in cerebral
perfusion was most marked in the subcortical matter.

There were several reasons for five of the 10 patients not
completing the protocol. One patient deteriorated at Week 7
and, on further investigation, was found to have developed
progressive multifocal leukoencephalopathy. Review of the
MRI brain image at entry into the trial did not reveal any
evidence of progressive multifocal leukoencephalopathy. One
patient died of hypotension possibly on the basis of sepsis at

Patient
no.FrontalRPatient

4WeekO
2Week

122Patient
5*WeekO

2Week
121Patient

8Week
01Week
122Patient

9WeekO
2Week

12 2L22211222Peri-

Parietal Temporal Occipital Basal gangliaventricularR22211212L22211212R22211122L22211122R22211113L22211113R11313133L11313133R11312312L11312312'Nonresponder.0

=severehypoperfusion;hypoperfusion;3
=1=

moderatehypoperfusion;2=mildnormal.

Week 6. Two patients died of sepsis at Weeks 2 and 8 and one
patient developed a generalized rash at Week 4. Four of these
patients were able to be evaluated at Week 4 of the protocol and
none of them had improved (Table 3).

DISCUSSION
The results of our study show that the cerebral perfusion

abnormalities in early ADC characteristically involve the cor
tices and periventricular regions bilaterally. The involvement is
usually diffusely patchy and symmetrical. In addition, the
abnormalities are usually mild (occasionally moderate). Of
particular interest is that, despite the well-documented neuro-
pathological changes that occur dominantly in the basal ganglia
of patients with ADC, the basal ganglia were infrequently
involved in our study. However, deterioration in perfusion was
more marked in the basal ganglia than in the cerebral cortex in
the one patient that did not respond to therapy and who was able
to complete the protocol. The reasons are unclear but may
indicate late but overwhelming involvement of the basal ganglia
in the evolution of ADC.

A quantitative approach is theoretically more objective.
There are, however, limitations to the method of quantitation.

TABLE 5
Semiquantitative SPECT Results at Week 12

Cortex/
cerebellumratiosPatientno.Patient

4WeekOWeek

12Patient
5*WeekOWeek

12Patient
8WeekOWeek

12Patient
9WeekOWeek

12AnteriorR0.910.940.990.770.800.900.860.95L0.920.940.910.730.830.870.861.03MiddleR0.900.991.010.800.800.970.971.05L0.900.890.920.760.820.920.941.00Basal

ganglia/
cerebellumratioPosteriorR1.061.060.990.870.870.890.951.06L1.010.971.000.800.750.870.881.97R1.070.991.030.900.911.031.021.13L0.921.021.020.970.951.111.071.21â€¢Nonresponder.
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FIGURE 1. SPECT scans of Patient 8 (responder to therapy) at Weeks 0 and 12.

First, the type of quantitation necessary is not clear. Second,
most investigators, including ourselves, compare regional up
take with cerebellar uptake. However, the effect of HIV
involvement of the cerebellum is uncertain. We found that the
trends observed in our semiquantitative data in the four patients
able to be followed-up always reflected the direction of change

TRRHSAXIAL

seen in the corresponding qualitative data. Thus, although our
quantitative analyses provided useful confirmatory results, they
yielded no additional information over our qualitative analyses
and we found the qualitative approach more useful practically.

The comparison of regional cerebral perfusion to cerebellar
perfusion is suboptimal when cerebellar involvement is uncer-

CORONAL

WEEK 0

WEEK 12

A A
FIGURE 2. SPECT scans of Patient 5 (nonresponder to therapy) at Weeks 0 and 12.
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tain and there are no normal controls, and this is a potential
weakness of this study. However, the main objective of this
study was to observe any change in regional cerebral blood flow
of patients with ADC before and after therapeutic intervention
with clinical correlation, and we believe our observations to be
valid. This study demonstrates preliminary evidence of the
efficacy of atevirdine in the treatment of ADC.

CONCLUSION
It is important to develop therapies for the treatment of ADC

because, until now, only one drug, AZT, has shown efficacy in
adults. The promising results of atevirdine in this study needs
further investigation. This study adds to the existing data on the
usefulness of cerebral SPECT in the detection and assessment
of therapeutic responses in ADC.
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Parapharyngeal Meningioma Extending from the
Intracranial Space Evaluated by FDG PET
Hirotsugu Kado, Toshihide Ogawa, Toshio Okudera, Iwao Kanno, Jun Hatazawa and Kazuo Uemura
Departments of Radiology and Nuclear Medicine, Research Institute of Brain and Blood Vessels, Akita, Japan

We report a rare case of parapharyngeal meningioma extending
from the intracranial space evaluated by PET with [18F]-2-fluorode-

oxyglucose (FDG). Although the parapharyngeal meningioma had a
high rate of glucose metabolism, it was proved to be pathohisto-

logically benign. The high rate of glucose metabolism of the tumor
reflected tumor aggressiveness well because the tumor grew in a
relatively short time.
Key Words: parapharyngeal meningioma; PET; fluorine-18-fluoro-

deoxyglucose
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CASE REPORT
A 66-yr-old woman had a history of left-sided oculomotor

paralysis that had been getting worse for 6 mo. CT and MR1
showed a large parapharyngeal tumor. This tumor extended
from the left parasellar region to the parapharyngeal space via
the foramen ovale. After administration of gadopentetate dime-
glumine, the tumor was moderately enhanced. The intracranial
portion of the tumor invaded the cavernous sinus and sur
rounded the left internal carotid artery (Fig. 1A). A left carotid
angiogram showed that the intracranial portion of the tumor was
fed by small branches of the internal carotid artery. The
extracranial portion of the tumor was fed by branches of the left
external carotid artery.

We examined the glucose metabolism of the tumor using
PET with !8F-fluordeoxyglucose (FDG). PET was carried out

with a Headtome V PET scanner (Shimadzu, Kyoto, Japan),
which provides 47 tomographic slices and an in-plane spatial
resolution of 4.0 mm FWHM and an axial spatial resolution of
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