
system, a primary target for the virus (3â€”8).At the
acquired immunodeficiency syndrome (AIDS) stage, in
the absence of any opportunistic infection, the virus
almost invariably attacks the brain, resulting in demen
tia or subacute encephalopathy (3,5,7,9). Tomographic
imaging techniques, such as single-photon emission
computed tomography (SPECT) cerebral blood flow
(CBF) studies (10â€”12),positron emission tomography
(PET) studies of cerebral metabolism (3,13â€”16)and
magnetic resonance imaging (MRI) morphologic stud
ies (17-20) have defined the location of AIDS-linked
disturbances and the resulting dementia during the later
stages of disease development.

However, the virus may invade the central nervous
system (CNS) very early (6). The asymptomatic phase
which follows seroconversion, Atlanta classification
Phase II (21), is not synonymous with HIV viral qui
escence, nor with the absence of developing cerebral
lesions, as cognitive disturbances have been described
at this stage (22). It is therefore most important to
demonstrate the cerebral lesions, as their presence may
well be very significant for the early initiation of chemo
therapy. CT scans, neuropsychometric tests, and espe
cially MRI, have all been proposed as possible means
of early detection. Unfortunately, MRI and CT scans
are both designed to detect morphologic changes, and
these may not be apparent during the asymptomatic
phase. While PET studies have been used in certain
cases, this method is rather cumbersome for routine
screening.

We therefore used Xenon-133 (â€˜33Xe)SPECT to
detect changes in CBF, as these changes are largely due
to products of cerebral metabolism and vary with the
energy needs of the brain (23,24). Our use of SPECT
to determine any metabolic and/or circulatory anom
alies in HIV-positive subjects is based on this coupling
between CBF and neuronal metabolism. The diagnostic

capacity of SPECT is compared with those of the other
methods listed above, and we have demonstrated its

Quantitativemeasurementsof cerebralbloodflow(CBF)
by xenon-i33 (1@Xe)tomography,togetherwith magnetic
resonance imaging (MRI),electroencephalography (EEG),
psychometrictests, and laboratoryanalyseswere per
formed on 18 human immunodeficiencyvirus 1 (HIV-1)
seropositive asymptomatic subjects. Abnormalities of cer
ebralpertusionwereobservedin 16 cases(88%).These
abnormalities were particularly frequent in the frontal re
gions(77% of cases). MRI demonstratedleucoencephal
opathy in only two cases. EEG showed only induced
diffuse abnormalitiesin two cases. Psychometrictests
showed restrictedmoderatedisturbancesin 55% of pa
tients. These disturbances mostly concerned those see
tors involved in cognitive functions and memorization.
Theseresultsindicatethat quantitativemeasurementsof
CBF by lasXe@SPECTiscapableof detectingabnormalities
of cerebralperfusionat a veryearlystage(PhaseII) of
HIV-1 infection.Theseabnormalitiesare indicationsof
disturbancesresultingfrom unidentifiedmetabolicor vas
cular lesions.This techniqueappearsto be superiorto
MRIat thisstageof thedisease'sdevelopment.It could
provideobjectiveinformationleadingto earliertreatment,
and prove useful in evaluatingpotentialantiviralchemo
therapy.

J NucIMed 1990;31:1601â€”1607

he pathogenic activity of the human immunodefi
ciency virus (HIV) is not restricted to T4 lymphocytes
(1). The virus has other target cell populations, which
also serve the CD4 membrane receptor proteins to
which the virus binds before entering the cell (2). 5ev
eral studies indicate that the brain is, with the immune
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use in detecting abnormalities of cerebral perfusion in
Phase II HIV-l seropositive subjects.

PATIENTS AND METhODS

Patients
Eighteen subjects, 2 women ofGhanaian or Angolan origin,

and 16 homosexual or bisexual men aged from 25 to 68 yr
(mean 32.6 Â±9.3 yr), were examined. All the patients had
presented at the AIDS Detection Center at Hopital Laribois
iÃ¨re.The Center is open to all persons desiring free, anony
mous serologic tests.

The subjects satisfied the following criteria:
1. All were HIV-seropositive after two successive ELISA

tests, confirmed by Western blots. The virus was exclu
sively HIV- 1, even in the two women of African origin.
The exact dates of infection were not known.

2. None were drug-abusers. Drug-abusers were excluded
from the study because of the potential risk of drug
induced alterations of cognitive functions and cerebral
perfusion.

3. Noneshowedneurologicfocalsignsor anyopportunistic
infections.

4. None had histories of cerebral infarct or any other vas
cular risk, diabetes, arterial hypertension, dyslipidemia,
or hyperuricemia. Informed consent was obtained from
all subjects.

Controls
Normal values were provided by nine volunteers, four men

and five women medical students, mean age 22.2 Â±0.9 yr.

Methods
All subjects underwent a preliminary general clinical and

neurologic examination. The following investigations were
then performed:

1. Quantitative measurement of CBF by SPECT (Tomo
matic 64, Medimatic, Copenhagen) using i.v. â€˜33Xe(60
mCi). Measurements were made on patients at rest, with
their eyes closed, in a quiet, darkened room to eliminate
all external stimuli. The method has been described
elsewhere (25,26). Three parallel slices located 1, 5, and
9 cm above the orbital-meatal plane, were obtained.
Eachslicewas2 cm thick and the spatialresolutionwas
1.7 cm. The selected regions of interest (Fig. 1) were
automatically adapted to the size of each brain using a
specific computer program (Head-independent region of
interest software, Medimatic). The regional values were
obtained for each selected region and compared to those
of symmetric regions. Perfusion anomalies were deter
mined by first analyzing the images visually, and then in
terms of the regional values obtained by calculation.
These values were compared to those obtained with the
controls. All ICBF variations and inter-hemispheric
asymmetries greater than the maximum 95% confidence
interval of the control group (10%) were considered to
be pathologic.

2. EEG, performed immediately after measuring CBF.
3. MRI, carriedout within 15daysof CBF measurement.
4. Psychometrictests.A batteryof neuropsychologicmess

urements was performed on all patients. These tests were
designed to cover the major components of intellectual
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SLICE 1 SLICE 2 SLICE 3
FIGURE1
PredeterminedROls.TheAOlareshownon the left sideof
eachdiagram:1 = anteriortemporalregion;2 = pons;3 =
cerebellarlobe;4 = anteriorfrontal region;5 = middlefrontal
region;6 = sylvianarea;7 = temporo-parieto-ocdpitalregion;
8 = ocapitalregion;9 = thalamusarea;10 = superiorfrontal
region;11 = centralregion;and12 = parietalregion.

function, including memory, praxic ability, visual-motor
coordination and concentration. The tests were: WAIS
performancetest, part of the WAIS verbal subset, the
Wechslermemory scale, the Benton test, and Rey draw
ing.

5. Standard laboratory screening, with T4 and T8 lympho
cyte counts in addition to the normal blood tests. An
intradermal tuberculin reaction test was performed on
each subject. All examinations were carried out during
the month immediately following HIV-1 seropositive
detection, except for Patient 5, who had been HIV-l
seropositive since 1984. None of the patients could in
dicate when they had been infected, hence the time
between seroconversion and detection of seropositivity
is unknown.

RESULTS

Cerebral Blood Flow
CBF measurements ofthe asymptomatic HIV-l sero

positive subjects showed that the cerebral or cerebellar
perfusion of 16 (88%) subjects was significantly less
(l0%) thanthatofthenormalcontrols(Table1).The
extent of these brain anomalies varied; they affected a
region or a hemisphere or were global. Two examples
ofthe anomalies found by SPECT are shown in Figure
2. The unilateral or bilateral regions involved were:
frontal region (14 cases, 77%); temporal region (10
cases, 55%); parietal region (8 cases, 44%); occipital
region (1 1cases, 61%);thalamic region (11 cases, 6 1%);
and cerebellarregion (1 1 cases, 61%) (Fig. 3).

There were diffuse reductions in CBF in two cases
(Cases 11 and 17); four patients (Cases 1, 12, 15, 18)
also showed crossed hemispheric and cerebellar hypo
perfusion, suggesting the presence of a crossed cerebro
cerebellardiaschisis.

Other Tests (Table 2)
Laboratory Tests. The sedimentation rates were >10

mm in six cases (Cases 4, 5, 8, 11, 13, 17 with values
of 24, 12, 48, 14, 20, and 72 mm, respectively, in the
first hour). Mahy of the subjects had indication of
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is indicatedon the left. (A)
Crossedcerebral-cerebellarabnormal
ItI@5, indicating a cei'ebral-cerebell&

diaschisis(Patient1). (B) Slicethrough
OM+ 5 cm,showinganoverallreduc
lion in cerebralperfusionmainlyin the
occipitalregions(Patient17).

immunodepression. Three subjects had T4 lymphocyte
counts above 500/mm3, twelve subjects had counts of
500-200/mm3, and three subjects had counts of s200.
Subject 11 had close to 100/mm3 (Table 1). Most of
the subjects had cutaneous anergia, as the intradermal
tuberculin reaction was negative in all cases. This fact
is particularly significant for young French nationals
because they had all undergone obligatory tuberculosis
vaccination. There may be a question for Patient 11,
aged 68, and for the two women of African origin.

MR Imaging. The results were normal in 14 cases
and abnormal in 2 (Cases 2 and 11);two subjects were
not examined. The two abnormal cases had hypenn
tense areas in T2-weighted MRI images in the periven

tricular white matter. No patients had cerebral atrophy.
EEG. Minor diffuse acute abnormalities were found

in two cases, caused by hyperpnea (Case 3) or by
intermittent light stimulation (Case 16).

Psychometric Tests. The overall performance of the
group was good, with restricted and/or sudden disturb
ances. There were no praxic problems and visual-motor
coordination was good. Certain subjects had difficulties
with mental calculation and digit span (Cases 4, 10, 15,
16, 18) and symbolic thinking difficulties (Cases 2, 10,
14, 15, 16, 18). This type of problem seems to be an
essential characteristic of the group studied. Memori
zation of verbal or graphic data was good or very good,

but showed sudden discontinuities, as in subject 6 (rei
terative sequence), subject 8 (complete loss of delayed
recall), and subject 18 (complete loss of delayed recall
and fabulation).

DISCUSSION

In this study, SPECT has been used to examine the
abnormalities of cerebral perfusion in asymptomatic
HIV-seropositive subjects. There are two points con
cerning the methodology which merit comment. First,
the way in which the HIV-seropositive subjects were
compared to the controls. It appeared very likely that
the cerebral disorders ofthe HIV-1 seropositive subjects
would vary from one individual to another. We there
fore compared the regional values for each individual
subject with the mean values for the control group,
using 95% confidence limits to assess differences. Local
or global interhemispheric asymmetries were consid
ered significant if they differed from the control values
by 10% or more, the maximum percent variation in
normal subjects.

Second, the mean ages of the controls and HIV
positive subjects are different. While this difference is
considerable, it does not, in itsell invalidate the corn
parison ofrCBF values. There is good evidence that the
mean hemispheric rBF does not vary with age between

CEREBELLUM

THALAMUS

OCCIPITAL

PARIETAL

R.O.l

TEMPORAL

FRONTAL

0

FIGURE3
Percentabnormalitiesin eachAOl. The____ regionscontainingunilateralorbilateral

77% perfusion abnormalities are: frontal

I I (77%), temporal (55%), panetal (44%),

70 80 occipital (61 %), thalamus (61%), and
cerebellum(61%).
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CharactensticsandFindingsin HIV-1SeropositiyeAsymptomaticPatients*Patients

Age SexPsychometrictestsT4T8T4/T8MRI>300>600>0.51

BAD. 31 FN3452521.36ND2
BER. 32 MSlight cognitivedys

function4378450.52Leukoencephalopathy3
BOU. 32 MN36210550.34N4
BUR. 27 MNumber memorization

impairment39913020.31N5
COL. 28 MN73651 11.44N6
DAR. 28 MMainly learning

disorders4104101
.00N7

FAU. 37 MN1 921 0940.18N8
HUM. 26MN4324540.95N9JUN.

30FN5925041.17N10
LAI. 24 MNumber memorization

impairment4326300.69ND1
1 LEM. 68 MN1085300.20Leukoencephalopathy12

MAR. 38MN3816210.61N13
MIN. 34MN2604510.58N14
PlO. 31 MPartial cognitive

dysfunction44210820.41N1
5 AM. 40 MNumber memorization

impairment4584331
.06N1

6 RIN. 28 MPartial cognitive
dysfunction83612270.68N17

VAL. 29 MVisuo-spatial dysfunc
tion2083740.56N18

IRA. 25 MMemoryimpairmentNDNDNDN.

Normal values(25).N

= normal;ND= notdone.

TABLE2

the second and fifth decades (27,28). Some workers
(29) believe that CBF may not be reduced even beyond
that age in subjects having no vascular risk factors.

The major findings at this stage of the disease devel
opment were frequent abnormalities (88% of cases),
which included regional interhemispheric asymmetry
and/or an overall reduction in blood flow.

This frequency contrasts with the small number of
disturbances shown by the data from most of the other
tests. The clinical examination results were completely
normal. The laboratory tests, especially the T4 and T8
lymphocyte counts, whose predictive significance in this
disease is known (30), showed no correlation with the
presence or absence of disturbances of cerebral perfu
sion. The MRI was abnormal in only two cases. There
were small, diffuse disturbances in the EEG in two
cases, with no topographic correlation with the SPECT

results, reflecting the subcortical nature of the CBF
disturbance. The psychometric tests were the only ones
which showed frequent abnormalities (55% of cases).
There were mainly sectorial cognitive problems and
minor mnesic disturbances, which are always difficult
to correlate with the data of seroconversion.

It is difficult to compare our data with those of others
since there have been few studies on Phase II seroposi

tive subjects. Only Trotot et al. (18) studied these
abnormalities by MRI in 25 asymptomatic HIV-posi
tive patients. They found abnormal cases (36%), eight
with hyperintense areas in T2-weighted MR images of
the periventricular white matter, and one case of corti
cal atrophy. Only 11% of anomalies were found by
MRI in the present study. The difference is even larger
when the abnormalities detected by the â€˜33Xe-SPECT
are considered.

MRI has proved to be much more sensitive than CT
for detecting cerebral abnormalities due to opportunis
tic infections. The recent use ofgadolinium-DTPA may
increase the sensitivity and specificity of MRI (20).
However, its performance is less impressive than that
of emission tomographic methods for detecting the
lesions of AIDS-complex dementia. Navia et al. (13)
studied four subjects suffering from AIDS complex
dementia by PET. They found hypometabolism only
in the temporal lobes, mainly in the medial region.
Brunetti et al. (14) showed, using the same method on
four patients, one generalized low cortical glucose me
tabolism, two cases in which the bilateral abnormalities
were either temporo-occipital or frontal, and one case
of frontal-temporal damage with contralateral hypo
metabolism, causing crossed-cerebellar diaschisis

1605HIV-1: Phase II and CBFâ€¢TranDinhet al



(CCD). CCD was also found in 22%ofour cases, which,
apart from its intrinsic interest, confirms the organic

reality of defects in hemispheric perfusion. Pohl et al.
(1 1) used SPECT to show that 12 patients with AIDS
associated subacute encephalopathy all had abnormal
HMPAO and/or IMP binding (6 multiple abnormali
ties, 3 fronto-basal, 1 fronto-temporal, 1 parieto-tem
poral, 1 occipital). CT scans detected 8 cases of cortical
atrophy out of 12, while MRI detected leukoencepha
lopathic lesions in 2 out of 5 patients examined.

The frequency of perfusion abnormalities found in
our study is broadly similar to that of the anatomic
lesions found in patients who have died from AIDS. Dc
la Monte et al. (5) examined 30 such patients and
showed that the most frequent cerebral lesions were:
temporal (69%), frontal (58%), occipital (52%), parietal
(48%), basal ganglia (77%), and thalamus (58%). The
percent cerebellar abnormalities (6 1%) found in the
present study is significantly different from that found

by Dc la Monte (22%). The association of functional
CCD and organic cerebellarabnormalities may explain
the high percentage found in our study. The hippocam
pal and amygdalia regions were found to be frequently
damaged by Dc la Monte; these could not be individ
ually distinguished by our technique and are included
in the temporal and sylvian regions. But this type of
topographic comparison can only be relative, except for
the study ofTrotot et al. (18), because ofdifferences in
the stage of the disease and the methods used.

The major question arising from this study is that of
the pathophysiology of the circulatory disturbances
found in these asymptomatic seropositive subjects. The
virus seems to penetrate the CNS via macrophages and

monocytes, which can cross the blood-brain barrier
(31). Once it is within the brain, the virus binds to CD4
receptors or analogous structures. There are several
possible explanations for the disturbances in CBF found
in this study. Direct neuronal damage by HIV (2,32),
the toxic effects of enzymes secreted by infected cells
(4,33), or a reduction in trophic factors (34) may all
reduce CBF. White matter damage, which occurs fre
quently in AIDS (5,8), may also cause local reductions
in cerebral perfusion. Local demyelination probably
occurred in the two of our subjects who had abnormal
MRI, with hyperintense areas in T2-weighted MR im
ages of the periventricular white matter reminiscent of
sclerotic plaque lesions (18). Demyelination would re
suit from an autoimmune reaction by cells antigenically
modified by virus binding, as described in the peripheral
nervous system (35). This demyelination could also

result in a reduction in glial vasoactive intestinal peptide
(VIP) secretion (36). This neuromediator has a trophic
action on neurones and acts as a vasodilatator on
cerebral vessels. A recent study (34) showed that there
were similarities between the virus envelope T molecule
and VIP. Thus, the virus may be acting as a VIP

antagonist. Direct vascular damage may occur by HIV
infecting the cerebral vessel endothelial cells, causing
local rupture of the blood-brain barrier (8,37), and
increasing the sensitivity of artenolar smooth muscles
to cathecholamines (38). Perivascular inflammation,
which is frequently found in cephalic arterioles (4,5,9,
39) or arterioles in the white matter and central grey
nuclei (7), is aggravated by the secretion of certain
enzymes by infected macrophages (33). Finally, oppor
tunistic infection in the CNS is possible, but may be
excluded in our study. There were no focal clinical signs
of encephalopathy, the MRI was normal in 16 cases,
with the appearance of focal demyelination in the re
maining two. There was no significant immunodepres
sion, with the T4 counts being normal or subnormal
except in Case 11, where it was very low.

The results ofthis study show that abnormal cerebral
perfusion is frequent (88% of cases) in the early stages
of HIV-l infection. The abnormalities are most often
found in the frontal lobe (77% of cases), the occipital
lobe, and the thalamus and cerebellum (66% of cases).
The temporal (55%) and parietal (44%) lobes are less
frequently involved. The other methods used to detect
brain abnormalities tend to reveal fewer disturbances

than does SPECT. MRI showedjust two abnormalities,
while the psychometric tests indicated discrete mnesic
and gnosic disturbances. EEG showed few nonspecific
abnormalities.

It would be unwise to extrapolate these results for a
selected group of subjects to all HIV-seropositive sub
jects. Nevertheless, they clearly demonstrate that quan
titative measurement of CBF by â€˜33Xe-SPECT,which
is a readily performed routine analytical method, can
be used to detect early changes in Phase II HIV-sero
positive subjects. The method may also be suitable for
monitoring the therapy of cerebral forms of AIDS.
However, only a longitudinal study of these patients
can provide suitable answers to these questions.
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