
the initial manifestation of HIV-l infection in up to 25%
ofthe cases (1,10).

Subjects infected with HIV-1 might be asymptomatic
up to 5â€”10yr after the initial seroconversion, during which
time they harbor the virus in their blood, cerebral spinal
fluid (CSF), and brain tissue (2). The behavioral status of
the asymptomatic HIV-l seropositive (HIV@) patients has
been a subject ofcontroversy (1 1). Grant et al. (1) reported
asymptomatic HIV@ subjects to be psychologically im
paired, whereas other studies (12â€”16)found no such im
pairment. The presenting neuropsychiatric symptoms of
HIV-l infection may be easily overlooked because of the
lack ofspecificity ofthe early complaints, such as difficulty
in concentrating and mental slowing (1,10). As the de
mentia progresses it develops into a distinct pattern of
concentration and memory deficits (9), which has been
described as a â€œsubcorticaldementiaâ€• (I 7). In fact, in
AIDS dementia complex the white matter and subcortical
gray matter bear the brunt of the disease (9).

Because behavioral impairments in asymptomatic HIV@
subjects have been reported by some (I ), but are appar
ently difficult to measure, other methods to evaluate the
brain objectively in the asymptomatic stages ofthe disease
may be useful for an understanding of the preclinical
effects of this disease. Increases in ventricular size and
sulcal space and the presence ofwhite matter hyperintens
ities have been reported on MRI scans in patients with
HIV@encephalopathy (1). In patients with AIDS dementia
complex, alterations in the profile of regional glucose
metabolic rates, reductions in the overall rate, subcortical
hypermetabolism followed by cortical and subcortical hy
pometabolism and recovery of metabolic rates after treat
ment with azidothymidine have been reported on positron
emission tomography (PET) scans (18â€”20).Patients with
HIV@encephalopathy were also found to have decreased
perfusion in parietooccipital and frontal areas (21) on
single-photon emission computed tomography (SPECT)
scans. A brain SPECT study on symptomatic and asymp
tomatic HIV@ patients reportedly showed asymmetries of
perfusion in various brain regions (22). A recent SPECT

Fifteen male homosexual subjects (mean age 31 .6 Â±7.2 yr)
who were asymptomatic, but HIV-1 seropositive (HlV@)were
compared to 15 male age-matched HIV-1 seronegative (HIV)
subjects using resting PET/FDG studies and MR scans. Mean
cerebral metabolic rates for glucose (mg/i 00 g/min) in the
HlV@and HIV subjects were 7.7 Â±1.7 and 7.0 Â±2.1, (p =
0.44), respectively. An index of regional metabolic asymmetry
for the whole brain was 5.8% Â±3.2% in the HIV@and 2.7%
Â±2.3% in the HIV (p = 0.002), and the difference was most
prominent in the prefrontal area. Significant asymmetries were
found in 10/i 5 HIV@subjects, primarily in prefrontal (7/15)
and premotor (4/15) regions. MRI scans showed no abnor
malities on clinical or quantitative evaluation in HlV@subjects.
Upon follow-up of HIV@subjects over 18â€”40mo, seven
became symptomatic, of which two died. There was no
relationship between the presence of PET scan abnormalities
and earlier onset of symptomatic disease.

J NucIMed 1991;32:1725-1729

Iv-l infection has a predilection for the immune
and nervous systems (1 ). HIV-l has been identified in the
brains of patients with AIDS, mainly in multinucleated
giant cells or macrophages, and also in the cerebral spinal
fluid (2â€”5).The neurologic effects of HIV-l infection, in
the absence of opportunistic infections or neoplasms, may
present as an encephalopathy, meningitis, myelopathy,
peripheral neuropathy, or myopathy (6â€”8).The most com
mon presenting neurologic manifestation, which is the
AIDS dementia complex (9), has been described as a
subacute encephalitis or encephalopathy (1,10). It is fre
quently encountered after other complications of AIDS or
AIDS-related complex (ARC) have occurred, and may be
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study (23) reported perfusion abnormalities in many brain
regions in asymptomatic HIV@subjects compared to con
trol subjects.

In this study, asymptomatic male homosexual subjects
who were HIV@were studied in order to evaluate changes
in brain metabolism or structure by PET and MRI, re
spectively, at this preclinical stage of the disease. We
followed these subjects clinically for at least 18 mo to
determine the relationship of PET or MRI abnormalities
to the evolution of the systemic illness. Our findings dem
onstrate that although there is no evidence of structural
disease on MRI at this early stage, there is evidence of
metabolic alterations on PET scans. The presence of these
metabolic alterations, however, does not appear to predict
the earlier onset of symptomatic neurologic or systemic
disease.

METhODS

Fifteen HIV@homosexual male subjects (mean age 31.6 Â±7.2
yr) were recruited from a dermatology clinic at Mount Sinai
Medical Center, which was studying both symptomatic and
asymptomatic HIV@subjects. HIV-l seropositivity was deter
mined by Western blot analysis, as previously described (24).
The subjectswereevaluatedclinicallyand found to be asympto
matic. A detailed medical history and a complete physical ex
amination, which was normal in all subjects, was performed by
LR. Noneofthe subjectshad a historyofintravenousdrugabuse.
The subjects were evaluated by a neurologist (RD) and were
found to be asymptomatic and without neurologic or cognitive
abnormalities.The cognitiveevaluation included the use of a
standardized neurologic examination used in a dementia clinic
withspecificquestionsdevelopedto assesssymptomsof memory
lossand psychiatricsymptomatology(depression,anxiety,hallu
cinations, delusions). The cognitive evaluation included an as
sessmentof orientation, recentand remote memory,similarities,
languagecomponents (naming, comprehension,fluency,repeti
tion), calculations and constructional praxis.

The subjects were followed clinically for a period of 18â€”40mo
after the initialevaluation,whichincludedPET and MRI scans.
All HIV@subjects were treated with azidothymidine and treat
ment was continued through the follow-up period.

Fifteen normal, HIV-l seronegative age-matched male subjects
(HIV) (mean age 30.5 Â±8.5 yr) were recruited from the local
community. They were also evaluated with a medical and a
neurologic examination.

MR scans of the brain were obtained in all subjects,using a
Siemens Magnetom with a field strength of 1.0 or 1.5 Tesla,
depending on the period at which the scans were ordered, and
using spin-echo sequences that included relatively T1-(TR = 600
ms, TE = 17ms) and T2-(TR= 2.5 sec,TE = 25 and 80 msec)
weighted sequences. All slices obtained were 10 mm thick. The
MR scans were read by a neuroradiologist(JS). In eight of the
HIV@subjectsand nine of the HIV subjects,sagittalMR slices
were obtained using T2-(TR = 2.5 sec, TE = 80 msec) weighted
sequences. On these relatively T2-weighted images, CSF has a
high signal intensity, demonstrating subarachnoid and ventricular
CSFspacesveryclearlyon sagittalimages,allowingmeasurement
by a computer assisted graphics method. The images were ana
lyzed on a personal computer using a software package (JAVA,

Jandel Scientific,Corte Madera,CA).This systemenablessemi
automated morphometric measurementsof discreteanatomical
areas using a mouse. We measured supratentonal subarachnoid
space (SSS)and the lateral ventricle area (VA) (Fig. 1), using two
parasagittal slices, 10 mm and 20 mm from the midline from

. each hemisphere. The method showed high intrarater correlation

coefficient of 0.89 for SSS (p = 0.0005) and 0.99 for VA (p =

0.0001) in ten subjects. This method has been used previously
on demented and normal subjects(25). The SSSand VA areas
were normalized to the total intracranial area in the sagittal slices.
The operator was blind to the HIV-l positive or negative status
when the measurements were performed.

PET scans were obtained in the restingstate (supine, awake,
eyes closed and blindfolded in a quiet, darkened room), using a
PElT V scanner (26) (sevensimultaneousslices 15 mm apart,
with inplane and axial image resolution of 15 mm FWHM) on
the same day as MRI. Patients were injected with 3â€”5mCi of
fluonne-18-2-fluoro-2-deoxy-D-glucose (18FDG) and plasma ra
dioactivity and glucose concentrations were measured at prede
termined intervals throughout the study, through artenalized
hand veins. Scans were obtained 30 mm later for a duration
sufficient to obtain 2 x 106 counts in the highest-count image.
Attenuation correction was done by the ellipse method. Regional
cerebral metabolic rates for glucose (rCMRglc) were calculated
using standard rate constants, a lumped constant of 0.42 and an
operational equation (27). Data were analyzed for 67 regions of
interest in the brain, using previously published methods (28â€”
31) and absolute values of rCMRglc in mg/lOO g/min were
calculated. Values were also calculated for 12 bilateral brain
lobules (prefrontal, premotor, orbitofrontal, sensory-motor, su
penor panetal, infenor-panetal, superior temporal, middle tem
poral, medial temporal, occipital, subcorticalgray matter and
cerebellum by averaging region of interest values within these
lobular regions. For each lobular region a normalized value
(lobular CMRglc/mean gray matter CMRg1c)and an asymmetry
index [200(R-L)/R+L)1werecalculated.

The HIV and HIV@groups were compared using Student's t
tests for mean gray matter metabolicrates, normalizedvaluesof
rCMRglc for the individual lobules and unsigned (i.e., absolute
value) asymmetry indices. The criterion for significance was set
at p = 0.05, and since there are twelve lobules, an overall alpha
level of 0.05 was obtained within right hemisphere, left hemi
sphere, and asymmetry measures by using an adjusted value of p

FIGURE1. Sagittalimageof the brainon T2-weightedMR
scan (TR: 2.5 sec, TE: 80 msec) 10 mm from the midline. Outline
of the supratentorialsubarachnoidspace and lateral ventricular
areasareshownusingsemi-automatededge-detectingsoftware.
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Unsigned AsymmTABLEetry Index* in
Males2

CMRglcin HIV@andHIVLobulesHIV

(n=15)HIV@ (n=15)P value

and HIV Males

* Asymmetry index was calculated as 200 (Râ€”L/R+L), where R is

a right-sidedandL is a left-sidedbrainlobule.
t p < 0.05 after Bonferonni correction for multiple comparisons.

the normal group was 7.0 Â±2.1 (p = 0.44). The regional
CMRg1c values and the ratio of lobular to mean CMRg1c
values was not different between the two groups in any
lobule (Table 1). However, the unsigned index of regional
metabolic asymmetry showed significant differences be
tween the two groups (Table 2). The global hemispheric
asymmetry was 5.8% Â±3.2% in the HIV@ group and 2.7%
Â±2.3% in the HIV group (p = 0.002). These findings
were most prominently observed in the prefrontal area
(HIV@6.6% Â±4.0%; HIV 2.7% Â±2.4%; p = 0.002),
suggesting that these areas ofthe brain in the asymptomatic
HIV@group were asymmetric in either direction (R > L
or L > R) compared to the control group (Fig. 2). When
the asymmetry indices in each of the 15 HIV@and 15
HIV subjects were individually compared to the mean
values ofasymmetry ofthe HIV group, by using Z scores,
10 of the 15 HIV4 and 5 of the I5 HIV subjects were
significantly asymmetric. The regions most frequently
asymmetric in HIV@ subjects were the prefrontal (8 sub
jects) and premotor (5 subjects) areas, whereas in the HIV

HIV
LObuleS (n=15)HIV@ (n=15)

= 0.05/1 2 = 0.004.

In all subjectsZ scoreswerecalculatedfor normalizedlobular
CMRgIc values and asymmetry values using the means and
standard deviations ofthe corresponding values in HIV subjects.
z scoresof2orgreaterwereconsideredabnormalforthisstudy.
A scan wasconsideredasymmetricif two or more lobuleshad Z
scores of 2 or greater.

Informedconsent wasobtained from all patients and control
subjectsin accordancewiththe requirementsofthe Researchand
Human RightsCommitteesof the Mount Sinai MedicalCenter.

RESULTS

MR Scan Findings
The MRI findings were interpreted by a neuroradiologist

as normal for age without evidence for cortical atrophy,
ventricular enlargement or cortical/subcortical lesions in
all HIV@and HIV subjects. Measurements of cortical
atrophy (SSS) and ventricular size (VA) did not reveal any
difference between the HIV-1 positive and the negative
group. Mean normalized SSS area for HIV@ subjects was
3.0% Â±3.0%, and for HIV subjectswas3.3% Â±3.4%.
Mean normalized VA for HIV@subjects was 10.8% Â±
2.9% and for HIV subjects was 9.3% Â±2.0%.

PET ScanFindings
Mean cerebral metabolic rates for glucose (CMRglc) in

mg/lOO g/min in the HIV'@group was 7.7 Â±1.7 and in

TABLE I
Normalized* Regional Cerebral Glucose Metabolism in HIV@

Prefrontal
Premotor
Orbito-Frontal
Motor-Sensory
Superiorpanetal
Inferiorparietal
Superiortemporal
Middle temporal
Medialtemporal
OCdp@aI
Basalganglia/

Thalamus
Cerebellum
Wholehemisphere

2.7%Â±2.4%7.0% Â±4.0%0.002*6.7%Â±5.7%10.8%Â±1.6%ns3.0%

Â±2.6%4.9% Â±2.6%0.056.2%
Â±6.0%7.9% Â±6.8%ns9.0Â°k
Â±9.0%7.0% Â±4.9%ns4.8%Â±4.1%8.6%Â±6.7%ns5.i%Â±4.1%8.6%Â±6.2%ns5.9%

Â±3.7%10.3% Â±6.0%0.055.7%
Â±4.8%9.0% Â±9.7%ns3.8%
Â±3.0%3.9% Â±3.5%ns3.9%
Â±3.0%3.5% Â±1.9%ns5.6%

Â±3.5%6.9% Â±7.0%ns2.4%Â±2.3%5.9%Â±3.2%O.OO2@

PrefrontalAI .06Â±0.051 .03 Â±O.O5@LI
.04Â±0.060.99 Â±0.08PremotorR

L1.12Â±0.051.06Â±0.071.11Â±0.061.03 Â±0.07Orbito-FrontalA

L0.94
Â±0.09

0.95Â±0.110.89
Â±0.08

0.92Â±0.09Motor-SensoryR

L1
.06Â±0.08

1.01 Â±0.081
.05 Â±0.04

1.02 Â±0.08Superior
panetalA

L0.93
Â±0.08

0.96Â±0.120.97
Â±0.07

0.98 Â±0.07InfenorparietalA

L1.00Â±0.051.00Â±0.051.03Â±0.131.02Â±0.14Superior
temporalA

L0.96
Â±0.09

0.95Â±0.050.98
Â±0.07

0.97 Â±0.07Middle
temporalA

L0.90
Â±0.06

0.88Â±0.070.88Â±0.090.86 Â±0.07Medial
temporalR

L0.84
Â±0.10

0.84Â±0.070.81
Â±0.10

0.82 Â±0.07OccipitalR

LI
.00Â±0.07

1.04Â±0.071
.05 Â±0.06

1.08Â±0.04Basalganglia/R1.09Â±0.071.12Â±0.06ThalamusL1

.07Â±0.081 .11 Â±0.06cerebellumA

L0.86Â±0.100.87Â±0.100.86Â±
0.13

0.87Â±0.15

* Normalization formula was regional metabolic rate/mean gray

mattermetabolicrate.
t No significant differences were found for any brain region.

FIGURE2. HorizontalPETimageof thebrain70 mmabove
the inferior orbito-meatal line in an HIV@subject. Asymmetry in
the parietalregionis clearlyevident in this image.
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subjects the asymmetries were evenly distributed with no
lobule having more than two subjects showing asymmetry.
The occurrence of metabolic asymmetry in the prefrontal
region is significantly higher (p = 0.02) in the HIV'
subjects (8/15) than the HIV subjects (1/15). The abnor
mal Z scores ranged between 2.0 and 5.8. In every instance
these abnormal Z scores in HIVâ€•subjects were produced
by hypometabolism in a right- or left-sided region, rather
than hypermetabolism in any one region.

We have followed this group of 15 HIV subjects pro
spectively for a period of 18 to 40 mo (mean follow-up:
27 Â±10 mo for those with symmetrical scans, 30 Â±9 mo
for those with asymmetrical scans). Eight subjects remain
asymptomatic. Four subjects have developed ARC, three
have developed AIDS, including two that died. We were
not able to find any correlation between abnormal PET
asymmetry and the development of symptoms. Four of
seven (57%) HIV subjects who developed symptoms had
asymmetries in the PET scan (mean follow-up: 28 Â±9
mo). In the group of eight HIV@subjects who are still
asymptomatic at this point, six (75%) had abnormalities
in the PET scan (mean follow-up: 30 Â±9 mo).

DISCUSSION

In asymptomatic HIV-l infected subjects, we have
shown a significant excess of metabolic asymmetries on
PET, but no evidence ofstructural abnormalities on MRI.
The presence of these early metabolic abnormalities was
not associated with an expedited onset of systemic or
neurologic disease. While our follow-up evaluation would
not have detected early immunologic or behavioral disor
ders, it was sufficient to detect obvious or symptomatic
disease. Since there was no difference in the average follow
up period between those who did and did not develop
symptoms, the duration of follow-up did not confound
these results.

The weight of evidence currently suggests that neuro
psychologic impairments are not detectable in the asymp

tomatic stage of HIV-l infection (11â€”16),although there
may be pleocytosis and HIV-l virus can be detected in the
CSF at this early stage (13,16). Our results suggest that
PET scan abnormalities are also present at this stage and
may be the earliest functional disorder detectable in the
course of HIV-l infection of the brain. The study of Tran
Dinh et al. (23), done with â€˜33XeSPECT, is the only other
report of brain functional abnormalities in HIV'@asymp
tomatic subjects. Unfortunately, this was a very poorly
controlled study, in terms ofage and gender. Furthermore,
statistical evidence of a difference in frequency of focal
abnormalities in controls and HIV'@subjects was not pre
sented. There instead appeared to be a global deficit of
cerebral blood flow in the HIV@ subjects, which could be
explained by the fact that they were significantly older and
had a different gender distribution than the controls.

In our data, 67% ofall HIV subjects and 33% of HIV
subjects had abnormalities on PET scans. Since the criteria

used to determine abnormalities (Z score of 2) would
result in an incidence ofat least 5% abnormalities for each
lobule, this rate of abnormalities in HIV subjects was not
unexpected. The area most significantly affected in HIV'@
subjects was the prefrontal region. These results are in
accordance with the notion that AIDS-related cognitive
dysfunction is of the subcortical type, at least in the early
stages (32). For example, the disorder recognized as the
classical example of a subcortical dementia, i.e., progres
sive supranuclear palsy (33), pathologically affects mainly
subcortical gray matter structures but manifests itself on
PET scans with predominantly frontal cortex hypometab
olism (34â€”38).By comparison, in HIV-l infection of the
nervous systems the earliest pathologic alterations are re
ported to be in subcortical structures (9), and the meta
bolic abnormalities (manifest as asymmetries) are also
predominantly frontal. Moreover, PET scan studies have
shown asymmetries of metabolism to be early indicators
of regional dysfunction (39,40).

In this study we did not evaluate the neuropsychologic
status of the HIV@subjects, as this has been an area of
specific interest in various other studies using large num
bers of subjects. These studies have generally found no
neuropsychologic differences between HIV and HIV@
subjects(11â€”16), with the exception ofone study (1) where
very small differences were found. The validity of currently
available neuropsychologic tests for quantifying the behav
ioral deficits in subcortical types ofdementia has not been
established and may be the reason for contradictory find
ings in asymptomatic HIV@subjects. Unless sensitive tech
niques are used to assess behavioral deficits, such as mental
slowing, motor retardation and depression, that are likely
to be found in HIV-l infected subjects, a combined PET
neuropsychologic study may be premature. We did not
feel we could contribute to this debate, given the small
number of subjects in this current study.

It is well known that later in the course of HIV-l
infection, when patients are symptomatic, a variety of
abnormalities are present in the brain that can be detected
by MRI (1,20). The fact that MR scans in HIV@subjects
in this study were normal, when evaluated by a neurora
diologist and also by quantification of ventricle size and
supratentorial subarachnoid space, suggests that brain me
tabolism may be affected before any structural changes
take place in the brain.

The absence of correlation between abnormalities on
brain metabolism in the asymptomatic stage of HIV-l
infection and the latency for development of symptomatic
HIV-l infection, ARC, or AIDS could have various expla
nations. First, it is possible that the effect of HIV-l infec
tion in the brain does not predict nor parallels the systemic
effects of HIV-l infection. The brain is invaded very early
in the course of HIV-l infection (5) and this central
nervous system invasion seems to be unrelated to the
immunologic deficiencies that occur in this disease. Sec
ond, the duration of HIV-l infection may have been
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different in those who became symptomatic versus those
who did not, but this duration could not be determined in
any ofthe HIV@ subjects in this study, and usually cannot
be specified by the infected subjects (23).

We believe that it is likely that onset of symptomatic
disease in HIV-l infection corresponds more closely to the
duration of infection or a host-related genetic or immu
nologic factor rather than the presence of metabolic asym
metry in the brain. Nevertheless, the metabolic abnormal
ities in the brain are an important sign of central nervous
system involvement by HIV-l virus and may be useful for
monitoring the effects ofcurrent and future treatments for
this presently incurable disease.
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