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EDITORIAL 

HIV Encephalopathy: On The Road to a Useful Diagnostic Test? 

~oo tUre generations will look back 
n the AIDS epidemic as one of 

the most malicious mutations that na- 
ture has hurled at the human life 
form. Yet the course of the disease 
may play out differently from past 
plagues. Unless the virulence of HIV- 
1 takes another malignant turn, the 
extent of this disaster may be limited 
by changes in behavior and cultural 
values. The AIDS epidemic may also 
be muted by the galaxy of high tech- 
nologies arrayed against it. If the rav- 
ages of AIDS are to be reduced before 
a vaccine is developed, diagnostic 
aides and effective therapeutic regi- 
mens must be developed. Diagnosis 
and therapy go hand in hand and it is 
often the development of the former 
that leads to meanful progress with 
the latter. 

In an exciting study in this issue of 
the Journal, Masdeu el al. report on 
the accuracy of SPECT in the retro- 
spective diagnosis of HIV-1 encepha- 
lopathy, the most frequent neurologic 
complication of HIV- I infection (1). 
They found a high incidence of per- 
fusion abnormalities even in patients 
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with early disease (CDC Groups II and 
III) using [~23I]IMP SPECT. In a pro- 
spective study Schielke et al. reported 
similar results with ~OmTc HMPAO 
SPECT (2). As promising as these 
studies are, we are only a short way 
along the road to documenting 
SPECT's clinical effectiveness. 

The validation of any diagnostic 
test follows a path beginning with in- 
vention, standardization and descrip- 
tion, leading ultimately to investiga- 
tions of accuracy, cost effectiveness, 
and impact on patient outcome (3). 
While it is not possible to leapfrog 
directly to the multicenter trial or 
complex outcome studies before 
standardization, description, and 
early validation have taken place, it is 
vital that we not get bogged down on 
the way to clear answers. 

The first reports of a new test typi- 
cally compare its appearance in dis- 
eased patients and normal control 
subjects. If the test cannot distinguish 
between these two groups, it is too 
insensitive and there is no point to 
further testing. The specificity of a test 
must also be determined by taking 
into account other diseases which 
might mimic the one under study. 
Masdeu et al. are the first to address 
the specificity of brain perfusion 
SPECT for diagnosing HIV encepha- 

lopathy by including an abnormal 
control population. They found a 
clear separation in brain perfusion be- 
tween patients with HIV encephalop- 
athy and non-AIDS psychoses. Other 
confounding and overlapping proc- 
esses will have to be considered in the 
future. Approximately 40%-60% of 
intravenous drug users are seroposi- 
rive for HIV-1 antibody. Cocaine use 
among HIV-I seropositive patients is 
at least as high as it is in the general 
population. Chronic polydrug use is 
associated with widespread focal cor- 
tical defects (4,5) which may be indis- 
tinguishable from the brain perfusion 
pattern seen in AIDS dementia. 

The ultimate subject population for 
the validation of any diagnostic test 
must be an accurate replica of the 
population that will be referred to the 
test once it has been proved accurate. 
In the case of AIDS encephalopathy, 
that population will not include nor- 
mal subjects and it will not include 
patients with non-AIDS psychosis. It 
will be a population made up entirely 
of HIV-I seropositive patients. The 
usefulness of the test will hinge on its 
ability to distinguish HIV encephalop- 
athy from other neurological compli- 
cations such as opportunistic infec- 
tions, metabolic encephalopathies, 
and vascular disorders and from those 
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patients who do not, as yet, have ac- 
tive central nervous system infection. 
To prove that the diagnostic test is 
specific for HIV encephaiopathy re- 
quires that we have an alternative 
method for judging the presence of 
the disease. It is called the reference 
standard. 

At this point, we run into the cen- 
tral paradox of technology assessment 
research: the worse the reference 
standard, the more desperately we 
need a new diagnostic test. This par- 
adox holds for AIDS encephalopathy. 
The HIV- l gains entry into the central 
nervous system early in the course of 
HIV-I infection. Patients remain 
asymptomatic while the virus lays 
dormant for a variable time. At some 
point, the virus awakens, creating an 
active encephalopathic process called 
HIV- l dementia complex. When does 
the latent process become active and 
what is the relationship between his- 
tology and dementia? The incidence 
of the AIDS dementia complex during 
the various stages of the infection is 
unknown. Probably the majority of 
AIDS patients eventually develop cog- 
nitive symptoms if they survive long 
enough (6). Even the relationship be- 
tween histologic appearance and de- 
mentia is unclear. Brew et al. suggest 
that only the presence of multinucle- 
ated cells are definitive evidence for 
brain infection (7). White matter pal- 
lor, with astrocytic proliferation and 
some mononuctear infiltration, is 
present in almost all AIDS patients. 
Other changes such as vacuolar my- 
elopathy are seen in these patients but 
appear to be nonspecific and are un- 
related to the encephalitic process per 
se. When strict histologic criteria are 
used, the infection may be limited to 
a few cells in patients with global de- 
mentia (8). Perhaps indirect mecha- 
nisms of injury play a role in the 
development of cognitive changes. 
Recent in vivo evidence demonstrates 
that the viral envelop glycoprotein 
gpl20 (9) and neurotoxic agents se- 
creted by infected macrophages (10) 
cause neuronal injury and death. 
Therefore, the pathophysiology of 
HIV dementia may not be caused by 

a single disease process but may in- 
volve a number of overlapping etiol- 
ogies (11). 

Both Masdeu et al. and Schielke et 
al, find perfusion changes very early 
in the course of the infection, in many 
cases before the patients develop sig- 
nificant cognitive impairments. Are 
we seeing brain image signs of cogni- 
tive impairment or are we seeing signs 
of viral infection that may or may not 
relate to cognitive changes? It may be 
premature to claim, as Schielke et al. 
do, that the test is defining "silent HIV 
encephalopathy," since uniform neu- 
ropsychological testing was not per- 
formed in either group. Consequently, 
mild cognitive and memory disturb- 
ances may have been undetected. 
Schielke el al. defined the HIV en- 
cephalopathy by the presence of oli- 
goclonal IgG immunoproteins in the 
cerebral spinal fluid but these findings 
indicate only that the blood-cerebro- 
spinal fluid barrier has become more 
permeable and may be seen in the 
latent phase of CNS infection as well 
as in active disease (7). Other disease 
endpoints such as clinical follow-up 
and autopsy results are unreliable be- 
cause disease activity may change dur- 
ing the time interval between SPECT 
and follow-up. 

All of these limitations suggest 
problems with the traditional meas- 
ures of technology assessment and beg 
for alternative approaches. Recent 
shifts from accuracy to patient out- 
come measures have been advocated 
because it is ultimately the usefulness 
of a test that determines its worth 
(12). Patient outcome studies may 
also bypass some of the limitations of 
Bayesian analysis if the test becomes 
self-defining. If brain perfusion 
SPECT defines a subpopulation in 
which early treatment is warranted, 
and if that treatment is effective as 
Masdeu et al. and Brunetti et al. sug- 
gest (1,13), than it may be less impor- 
tant whether perfusion abnormalities 
precede encephalopathy or not. In 
fact, perfusion SPECT will have de- 
fined a more important boundary 
point than histology has thus far been 
able to do. 

If perfusion SPECT is to play a 
useful role as a predictor of patient 
outcome and be useful in following 
therapy, qualitative visual image 
interpretation will not be enough. We 
agree with Masdeu et al. that a quan- 
titative approach will prove more ob- 
jective and more reproducible. How- 
ever, the type of quantitation neces- 
sary is by no means clear. Absolute 
quantification of regional cerebral 
blood flow, while possible with single 
photon radiopharmaceuticals, would 
make the procedure far more compli- 
cated than would be acceptable for 
routine clinical use, since it would 
require arterial blood sampling, care- 
ful correction for attenuation, com- 
plex modeling of enzyme kinetics, and 
in vitro measurements of blood sam- 
ples. The PET experience with abso- 
lute quantification of regional glucose 
utilization is not encouraging because 
of the wide variations that have been 
found in normal subjects. Relative in- 
dices have been more useful as diag- 
nostic and treatment guides for both 
PET and SPECT. Recently developed 
techniques for computerized registra- 
tion of structural and functional im- 
ages (I 4) may clarify the pathogenesis 
of HIV encephalopathy. Does the 
white matter HIV lesion functionally 
disconnect overlying cortex, as has 
been proposed in other subcortical de- 
mentias such as progressive supranu- 
clear palsy, multiple sclerosis, and 
Binswanger encephalopathy? It may 
be possible with MR/SPECT regis- 
tered images to stratify patients ac- 
cording to severity by comparing MR 
white matter abnormalities with the 
functional status of overlying cortex. 

Which radiopharmaceuticals and 
instrumentation to use for imaging 
HIV-1 seropositive patients must also 
be clarified. The abnormalities found 
at postmortem examination are often 
small, arguing for high-resolution sys- 
tems. Masdeu et al. and others find 
high detection rates with the single- 
head gamma camera, but higher spa- 
tial resolution may be necessary in 
order to follow the disease process. If 
better image quality is needed, higher 
dose rates will be essential and 99mTc- 
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labeled compounds will be required. 
While Schielke et al. reported early 
detection of HIV encephalopathy 
with 99mTc HMPAO, slow blood clear- 
ance and in vitro instability may limit 
its use for quantitative serial studies. 
Technetium-99m-ECD may be the 
best compound for brain perfusion 
SPECT since it has superior imaging 
characteristics (12), but no detailed 
study describing its efficacy in AIDS 
has been reported at this time. 

The usefulness of a test depends not 
only on its predictive value but also 
on its relative value. PET may be able 
to provide comparable information 
but it does so at a substantially greater 
cost. Conventional CT and MRI are 
not accurate indicators of early HIV 
encephalopathy but are indispensable 
for detecting opportunistic infections, 
neoplasms and hemorrhage (15). But, 
just as SPECT is evolving rapidly, 
other technologies are developing at 
an astonishing pace. Magnetic reso- 
nance spectroscopy, for example, can 
now measure high energy phosphate 
metabolites regionally in the brain. 
Deficits in brain phosphocreatine and 
nucleoside triphosphate have been 
identified in patients with HIV de- 
mentia. MRS could prove to be a 
reliable test for following disease pro- 
gression and response to therapy (17). 
Any evaluation of the usefulness of 
brain perfusion SPECT will have to 
take into account alternative modali- 
ties. 

Brain perfusion SPECT will play its 
greatest role in HIV encephalopathy 
when therapeutic choices are avail- 
able. When a variety of therapeutic 
choices exist for these patients, a pre- 
dictable and early test which also in- 
dicates the brain's response to therapy 
will be invaluahte. In the meantime, a 
physiological test, which might un- 
ravel the diagnostic dilemma of early 
onset central nervous system involve- 
ment with HIV-1 infection, will not 
go unnoticed. 

B. Leonard Holman 
Keith A. Johnson 

Brigham and Women's Hospital 
Massachusetts General Hospital 

Harvard Medical School 
Boston, Massachusetts 
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