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The Relationship of Quantitative Brain
Magnetic Resonance Imaging Measures
to Neuropathologic Indexes of Human
Immunodeficiency Virus Infection
William C. Heindel, PhD; Terry L. Jernigan, PhD; Sarah L. Archibald, MA;
Christian L. Achim, MD; Eliezer Masliah, MD; Clayton A. Wiley, MD, PhD

Objective: To directly examine the relationship be-
tween magnetic resonance imaging (MRI) abnormali-
ties and neuropathologic changes in the brains of pa-
tients with the acquired immunodeficiency syndrome.
Design: A total of 17 brains from patients with ac-

quired immunodeficiency syndrome for which postmor-
tem MRI scans were available were used in this study.
Volumes of cortical gray matter, deep gray matter, and
abnormal white matter were estimated from the MRIs of
the left hemispheres of the formalin-fixed brains from pa-
tients with acquired immunodeficiency syndrome us-

ing quantitative morphometric techniques. Quantita-
tive estimates of human immunodeficiency virus, gliosis,
and neocortical synaptic and dendritic density were ob-
tained from the corresponding right hemispheres. Quan-
tification of human immunodeficiency virus and gliosis
was performed on all 17 specimens, while Quantifica-
tion of synaptic and dendritic density was performed on

10 of the 17 specimens.

Setting: All specimens were obtained from patients with

the acquired immunodeficiency syndrome who under-
went autopsy between 1990 and 1992 at the University
of California\p=m-\SanDiego Medical Center and the San
Diego (Calif) Department of Veterans Affairs Hospital.
Results: No association was found between MRI vol-
umes and gliosis, a nonspecific marker of central ner-
vous system damage. Significant and regionally specific
relationships were obtained, however, between the se-

verity of central nervous system human immunodefi-
ciency virus infection and the MRI volume estimates of
gray matter and abnormal white matter. In addition, a

significant association was observed between cortical gray
matter volumes and cortical synaptic density.
Conclusion: These findings indicate that the quantita-
tive morphometric analysis of MRIs in patients may pro-
vide sensitive in vivo markers of neuropathologic changes
associated with human immunodeficiency virus infec-
tion of the brain.

(Arch Neurol. 1994;51:1129-1135)

ACQUIRED immunodefi¬
ciency syndrome (AIDS)
has been associated with a

variety of neurologic com¬

plications,1 including a

constellation of cognitive, motor, and be¬
havioral deficits termed the AIDS demen¬
tia complex.2 Although neurologic distur¬
bances in patients with AIDS can result
from a number of opportunistic infec¬
tions and neoplasms, the AIDS dementia
complex has been particularly associated
with a subacute encephalitis caused by pri¬
mary human immunodeficiency virus
(HIV) infection of the brain.3 4 Human im¬
munodeficiency virus has repeatedly been
detected within multinucleated giant cells
and macrophages in the brains of pa¬
tients with AIDS.5"7 Consistent with the
"subcortical" nature of the cognitive defi¬
cits seen in the AIDS dementia complex,
HIV and gliosis have been localized most

frequently in the white matter and deep
gray matter (DGM) regions of the brain.
Neocortical damage has also been dem¬
onstrated in AIDS brains,8·9 with loss of
neurons and synapses related to the
amount of HIV in the brain.10

Cranial magnetic resonance imaging
(MRI) of patients with AIDS has demon¬
strated patterns ofbrain abnormalities that
correspond to neuropathologic changes seen
at autopsy. u"u Both white matter lesions and
cerebral atrophy (ie, sulcal and ventricular
enlargement) have been noted on the MRIs
of neurologically symptomatic HIV-
infected patients. Primary HIV infection ap¬
pears to be associated with large, bilateral

See Materials and Methods
on next page
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MATERIALS AND METHODS

A total of 17 brains with postmortem MRI scans were avail¬
able for this study (Table 1 ). All specimens were obtained
from patients with AIDS who underwent autopsy between
1990 and 1992 at the University of California-San Diego
Medical Center and the San Diego Department of Veterans
Affairs Hospital. Five of the patients were also participants in
the University of California-San Diego HIV Neurobehavioral
Research Center. Each brain was bisected sagittally into left
and right hemispheres. The left halfwas fixed for 1 to 2 weeks
in 20% formalin before MRI analysis. The right hemisphere
was dissected and portions were fixed in 2% paraformaldehyde;
the remainder was used for neuropathologic analyses.10
PATHOLOGIC ANALYSIS

Quantification of HIV and Gliosis

After fixation, blocks of tissue from midfrontal and tem¬

poral CGM, cortical white matter (CWM), and DGM (in¬
cluding inner and outer globus pallidus and putamen) were
embedded in paraffin and studied for the presence of glio¬
sis and HIV. Gliosis was assessed by immunocytochemi-
cal staining for glial fibrillary acidic protein (GFAP) (Dako
Corp, Carpintería, Calif) and scored from 0 through 3 as
follows: 0, no difference in immunocytochemical staining
from seronegative controls; 1, thin glial processes dis¬
persed among a histologically unremarkable neuropil; 2,
glial cells with well-defined processes stained for GFAP;
and 3, glial cells with abundant somal GFAP staining and
thick and abundant processes within a histologically per¬
turbed neuropil. Only areas without evidence of other op¬
portunistic infections were assessed for gliosis. Levels of
HIV antigen expression were assessed with an immunocy-

tochemical technique for HIV envelope protein gp41 (mouse
monoclonal antibody from Genetic Systems, Seattle, Wash),
and were scored on a scale from 0 through 2 as follows: 0,
no cells stained for gp41; 1, fewer than two cells stained
for gp41 in an average of five X20fields;and2, more than
two cells stained for gp41 in an average of five X20 fields.
This compressed scale was chosen to ensure maximum in¬
terobserver reliability. All assessments were done blindly
and independently by two authors (C.L.A. and C.A.W.),
followed by simultaneous viewing and resolution of any
discrepancies.
Quantification of Neocortical Dendritic
and Synaptic Damage
Sensitive neurohistologic assessment using laser confocal
immunomicroscopy for synaptic and dendritic markers re¬

quires that autopsy brains be removed less than 24 hours
after death and that tissue blocks be immediately dis¬
sected and fixed in 2% paraformaldehyde. Using these in¬
clusion criteria, 10 of the 17 brains were available for this
analysis. Forty-micron-thick sections of the frontal cortex
were double immunolabeled with a polyclonal antibody
against the dendritic marker anti-microtubule-associated
protein 2 (MAP-2) (Sigma Chemical Co, St Louis, Mo) and
the monoclonal antibody against the synaptic marker syn-
aptophysin (Boehringer Mannheim Corp, Indianapolis, Ind)
as previously described.10 Double-immunolabeled sec¬
tions were imaged with a laser scanning confocal micro¬
scope (MRC 600, BioRad, Watford, England). Digitized im¬
ages (0.5 µ  thick) were transferred to a microcomputer
(Macintosh Ilei), running the public domain program of
Wayne Rasband (Image 1.2.3). The threshold of immuno¬
labeled dendritic and presynaptic areas was set, and areas
were quantified and expressed as a percentage of the total
image area. Four optical sections in each of three

areas ofdiffuse deep white matter (DWM) abnormality (seen
as regions of high-signal intensity on T2-weighted im¬
ages) along with smaller lesions in the basal ganglia. Focal
lesions on MRIs, in contrast, are more often associated with
toxoplasmosis or other nonviral infections and lym¬
phoma. In a study comparing postmortem MRIs of formalin-
fixed brains with the neuropathologic changes seen at au¬

topsy, Grafe et al14 concluded that while MRI was insensitive
to HIV-infected microglial nodules (eg, the primary patho¬
logic features ofHIV) because of their microscopic size, MRI
was capable of detecting the secondary changes (eg, cere¬
bral atrophy and abnormal white matter [AWM]) associ¬
ated with HIV infection. Although most studies have re¬

lied on subjective clinical ratings to assess MRI abnormalities
in patients with AIDS, a recent investigation using a quan¬
titative morphometric analysis of MRIs15 was able to dem¬
onstrate significant reductions in cerebral gray and white
matter volumes (along with a corresponding increase in
cerebrospinal fluid [CSF] volume) in medically symptom¬
atic HIV-infected patients compared with asymptomatic pa¬
tients and low-risk noninfected control subjects.

In the present investigation, quantitative brain MRI
morphometric techniques and quantitative immunocy-
tochemical analyses were combined for direct examina¬
tion of the relationship between MRI abnormalities and

neuropathologic changes in patients with AIDS. Vol¬
umes of cortical gray matter (CGM), DGM, and AWM
were estimated from the postmortem MRIs of the left
hemispheres of formalin-fixed AIDS brains, while quan¬
titative estimates of HIV, gliosis, and neocortical synap¬
tic and dendritic density were obtained from the corre¬

sponding right hemispheres. If HIV infection is directly
involved in the formation of the MRI abnormalities in
patients with AIDS, then the level of HIV in the brain
should be significantly associated with the quantitative
MRI measures, particularly those involving the white mat¬
ter and DGM regions. In addition, if the CGM volume
reduction observed on MRI15 reflects the neocortical dam¬
age observed at autopsy,10 then decreased CGM volume
should also be significantly related to decreases in neo¬

cortical synaptic or dendritic density.
RESULTS

NEUROPATHOLOGIC FINDINGS

As an estimate of total cerebral damage, a composite
gliosis score was computed by summing the individual
GFAP scores across the three cerebral regions (ie, CGM,
CWM, and DGM). Total cerebral damage was considered
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vibratome sections were analyzed, for a total of 12 mea¬

surements for each case. Standardized immunochemical,
immunocytochemical, and immunoelectron microscopic
quantitative assays for detection of synaptophysin,16"18 in
combination with experimental studies in the denervated
rat 19,20 -validated these techniques as fast and highly repro¬
ducible alternatives to estimate synaptic populations in the
human and rodent brain.

IMAGE ANALYSIS

After fixation, each specimen was drained of formalin and
then scanned using a standardized imaging protocol. Mag¬
netic resonance imaging was performed on a 1.5-T super¬
conducting magnet (Signa, General Electric, Milwaukee,
Wis) at the University of California-San Diego/American
Medical International Magnetic Resonance Institute. Two
spatially registered images (Figure 1 ) were obtained si¬
multaneously for each section, using an asymmetrical, mul¬
tiple-echo sequence (repetition time, 3000 milliseconds;
echo times, 30 and 80 milliseconds) to obtain images of
the entire hemisphere. The contiguous sections were 4 mm

thick, and a 256 X 256 matrix and a 24-cm field of view were
used. For the following discussion of image analysis, the
term pixel will be used to refer to a single picture element
(or signal value) from the image matrix. The term voxel will
be used to refer to the corresponding three-dimensional vol¬
ume from which the signal value for a pixel arises.

The formalin-fixed hemispheres were analyzed with
the same quantitative morphometric techniques previ¬
ously developed for use with in vivo brain MRIs.21"24 Briefly,
each pixel location within a section of the imaged brain is
classified on the basis of its signal values in both original
images (echo times, 30 and 80 milliseconds) as most re¬

sembling CSF, gray matter, white matter, or signal hyper-
intensity. (Although no CSF was present in these fixed speci-

mens, the signal characteristics of residual formalin re¬

sembled those of either CSF or signal hyperintensities.) This
classification is accomplished in two steps. First, two new

linear combinations of the pixel values are computed to op¬
timize tissue contrast (CSF/brain and gray/white). Classi¬
fication criteria, adjusted separately for each section based
on white matter tissue values, are then applied to these com¬

puted values. The full series of images is analyzed to sample
the entire hemisphere. Trained operators then use a

stylus-controlled cursor on these "pixel-classified" im¬
ages to manually delineate the following DGM structures:
caudate nuclei, lenticular nuclei, and diencephalon.

Volume of the fixed hemisphere was estimated by sum¬

ming all gray matter, white matter, and tissue hyperinten-
sity voxels over all sections. Formalin voxels (ie, voxels that
were classified either as CSF or as nontissue hyperinten¬
sities) were not included in the volume estimate. Cortical
gray matter volume, caudate volume, lenticular volume, and
diencephalic volume were each estimated by summing the
gray voxels pertaining to each structure over all sections.
Deep gray matter volume was estimated by combining the
caudate, lenticular, and diencephalic volumes. Finally, an

index of signal alterations in the white matter was con¬

structed by summing voxels within the white matter re¬

gions having signal characteristics meeting criteria for gray
matter or for signal hyperintensities (ie, having longer T2
values).

STATISTICS

Relationships between the quantitative MRI volumetric and
neuropathologic measures were examined using Pearson
product-moment correlations.23 Relationships between re¬

gional MRI indexes and regional neuropathologic mea¬

sures were examined using multiple linear regression
analyses.25

minimal when these composite scores ranged from 0
through 1, moderate when scores ranged from 2 through
4, and severe when scores ranged from 5 through 9. Fif¬
teen (18%) of the 17 specimens demonstrated moderate
to severe cerebral damage (Figure 2). An examination of
the regional GFAP scores indicated that this damage was

primarily localized to the CWM and DGM regions, with
over 75% of the brains displaying little or no gliosis reac¬

tivity in the CGM region.
A similar composite score for the presence of HIV

was estimated by summing the individual gp41 scores

across the three cerebral regions. Human immunodefi¬
ciency virus was considered absent or minimal with scores

ranging from 0 through 1, moderate with scores rang¬
ing from 2 through 3, and severe with scores ranging from
4 through 6. The severity of HIV infection among the 17
specimens covered the spectrum of minimal, moderate,
and severe (Figure 3). As with the estimates of gliosis,
HIV was found to be primarily localized within the CWM
and DGM regions, with the majority (ie, 70%) of the speci¬
mens displaying no HIV in the CGM.

The total presence of HIV, summed across the three
cerebral regions, was found to be significantly corre¬

lated with the amount of total cerebral gliosis (r=.51,
P<.05). Regional analyses revealed significant associa-

tions between the presence of HIV in the CWM and the
severity of gliosis in the CWM (r=.53, P<.05), and be¬
tween HIV in the DGM and severity of gliosis in the DGM
(r=.62, P=.01). No significant correlation was observed
between the presence of HIV in the CGM and the sever¬

ity of gliosis in the CGM.
Neocortical dendritic and synaptic (ie, presynaptic

terminal) densities were estimated by computing the per¬
cent of the neocortical area immunostained for MAP-2
and antisynaptophysin, respectively, in all 10 of the 17
specimens with 24 hours or less of postmortem autoly-
sis. Decreased dendritic, but not synaptic, density was
found to be significantly associated with greater HIV in¬
fection in the CGM (r=.70, P<.05). Neither dendritic nor

synaptic density was significantly associated with sever¬

ity of gliosis in the CGM. Surprisingly, dendritic density
and synaptic density were not found to be significantly
associated with each other within this small sample.10

Relationships Between MRI
and Pathologic Measures

Estimates of total hemisphere volume, CGM volume,
AWM volume, and DGM volume were computed from
the postmortem MRIs of all 17 left hemisphere speci-
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Table 1. Neuropathologic Findings and Length of Time
Between Death and Postmortem Examination of the Brains
of 17 Patients With Acquired Immunodeficiency Syndrome

Case Postmortem
No. Neuropathologic Findings Time, h

1 Myelinopathy 36
2 Microglial nodule encephalitis 24
3 Microglial nodule encephalitis 11
4 Subacute encephalitis without 11

nodules, occasional microscopic
white matter infarcts

5 Chronic meningitis 10
6 Chronic meningitis, mild 15

vacuolar myelopathy
7 Cryptomeningitis and 36

cerebellar cryptococcoma
8 History of central nervous system 48

lymphoma with several basal
ganglia and hippocampal
lesions, no tumor seen

9 Chronic meningitis, microglial 12
nodule encephalitis with
multinucleated giant cells

10 Chronic meningitis 17
11 Acute pontine infarct 57
12 Cytomegalovirus ventriculitis 41
13 Herpes simplex encephalitis 20
14 None 18
15 None 16
16 Acute hippocampal sclerosis 50
17 Progressive multifocal 52

leukoencephalopathy

mens using the previously described quantitative mor¬

phometric techniques.21 As expected, total left hemi¬
sphere volume was found to be highly significantly
correlated with the fixed weight of the corresponding right
hemisphere (r=.92, P<.0001) in the 11 specimens for
which fixed weight was available. To adjust for indi¬
vidual differences in brain size, estimates of the CGM,
AWM, and DGM structures were computed as propor¬
tions of this total hemispheric volume.

The presence of HfV was found to be significantly
associated with both decreased DGM proportion (r=— .54,
P<.05) and increased AWM (r=.52, P<.05), but was not

significantly associated with CGM proportion (Figure 4).
The severity of damage (as assessed by the composite
GFAP score) was not significantly associated with any
of the left hemisphere gray matter measures, although
the association between gliosis and AWM did approach
significance (r=.45, P=.07). To examine the relation¬
ship between the regional MRI indexes and the regional
neuropathologic measures, multiple regression analy¬
ses were used to estimate the magnitudes of the inde¬
pendent effects of the left hemisphere CGM proportion,
DGM proportion, and AWM proportion on the right
hemisphere CGM, DGM, and CWM scores for gp41 and
GFAP. The results of these regressions are shown in
Table 2. Independent effects of both CGM and AWM
proportion but not DGM proportion were found on CGM
HIV. In contrast, increased DGM HIV was significantly
associated only with decreased DGM proportion, but not
with CGM or AWM. The presence of HIV in the CWM
region was not significantly associated with any MRI struc-

Figure 1. Representative images from the magnetic resonance imaging
protocol. Top, Filtered images (echo times, 30 and 80 milliseconds;
repetition time, 3000 milliseconds). Sections are 4 mm thick and
interleaved. A 24-cm field of view and a 256x256 matrix were used.
Bottom, Fully processed images with regions of interest highlighted in
black. The regions include cortical gray matter, deep gray matter, and
abnormal tissue.

turai measure. The severity of gliosis in the CGM region
was significantly associated with increased AWM, but not
with the two gray matter proportions. Gliosis in the CWM
and DGM regions was not significantly associated with
any MRI measure.

Finally, correlational analyses were used to exam¬

ine the relationship between left hemisphere CGM pro¬
portion and neocortical dendritic and synaptic density
in 10 of the 17 specimens (Figure 5). Decreased CGM
volume was found to be highly significantly associated
with decreased synaptic density (r=.83, P=.003), but the
relationship between cortical volume and dendritic den¬
sity did not reach significance (r=.57, P=.08).

COMMENT

Previous MRI studies have demonstrated changes in the
brains of patients with AIDS that seem to correspond to
the pathologic changes observed at autopsy. To our knowl¬
edge, the present study is the first to directly demon¬
strate significant associations between quantitative mea¬
sures of MRI and neuropathologic changes in patients with
AIDS. As shown in previous studies, moderate to high
levels of both HIV and gliosis were observed primarily
(but not exclusively) in the CWM and DGM of the AIDS
brains. More importantly, the severity of central ner¬
vous system HIV infection, but not gliosis, was found to
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Figure 2. Regional and total gliosis scores for the 17 specimens. Regional
quantification of immunostaining for glial fibrillary acidic protein (GFAP) on
a scale of 0 through 3 was performed as described in the "Materials and
Methods" section. Total gliosis was defined as a composite score by
summing the scores from the three regions. Those brains with composite
scores of 0 through 1 were classified as minimal; those with composite
scores of 2 through 4, as moderate; and those with composite scores of 5
through 9, as severe.

Figure 3. Regional and total human immunodeficiency virus (HIV) scores
for the 17 specimens. Regional quantification of immunostaining for the
transmembrane envelope protein of HIV (gp41) on a scale of 0 through 2
was performed as described in the "Materials and Methods" section. Total
HIV was defined as a composite score by summing the scores from the
three regions. Those brains with composite scores of 0 through 1 were
classified as minimal; those with composite scores of 2 through 3, as
moderate; and those with composite scores of 4 through 6, as severe.

Cortical Gray Matter Deep Gray Matter

12 3 4 5
Total gp41 Score

0.05

£ 0.02
-

0.00
12 3 4 5

Total gp41 Score

S3 0.06
-

0.04

£ 0.02

0.00
2 3 4

Total gp41 Score

Figure 4. Magnetic resonance Imaging estimates of the volume of left hemisphere cortical gray matter, deep gray matter, and abnormal white matter
(computed as proportions of total left hemisphere volume) plotted as a function of total human immunodeficiency virus infection (ie, total gp41 score) in the
corresponding right hemisphere.

be significantly correlated with the quantitative MRI es¬

timates of the volumes (expressed as proportions of to¬
tal hemispheric volume) of DGM and AWM. Specifi¬
cally, increased levels of HIV were significantly associated
with decreased DGM volume and increased AWM vol¬
ume. Multiple linear regression analyses further re¬

vealed regional specificities in the associations between
MRI changes and HIV: the severity of HIV in CGM was

associated with MRI volume changes in CGM and AWM
but not in DGM, whereas the severity of HIV in DGM
was associated with MRI volume change in DGM but not
in CGM or AWM. Taken together, these results indicate
that quantitative MRI measures are sensitive to regional
quantitative measures of neuropathologic changes ob¬
served in patients with AIDS, and that some of these MRI
changes may be directly attributable to primary HIV in-

fection of the brain rather than to neuropathologic dam¬
age in general (ie, gliosis). These findings are consistent
with those of a recent postmortem computed tomo¬

graphic study26 that demonstrated an increased fre¬
quency of cerebral atrophy (as reflected in increased ce¬

rebrospinal spaces) in brains with HIV-associated
histopathologic changes.

Estimates of neocortical dendritic and synaptic den¬
sity were derived from the percentages of neuropil area

in the frontal cortex that were immunostained for MAP-2
and synaptophysin, respectively. Increased levels of HIV
in the CGM were found to be significantly correlated with
decreased dendritic density. Similar correlations with the
presynaptic marker synaptophysin did not achieve sta¬
tistical significance. In contrast, decreased CGM vol¬
ume estimates taken from the MRIs were found to be more

Downloaded From: http://archneur.jamanetwork.com/ by a University of California - San Diego User  on 04/25/2016



Table 2. Multiple Regression of Neuropathologic Variables and Quantitative Magnetic Resonance Imaging (MRI)'1
MRI Structural Measures

 
Cortical Gray Deep Gray Abnormal Tissue

 -1 r~  r
ß  ß  ß

CGMHIV -0.755 .013 0.155 .562 0.638 .002
DGMHIV 0.365 .317 -0.792 .040 0.215 .357
CWMHIV 0.213 .578 -0.503 .197 0.383 .133
CGMGFAP -0.411 .300 -0.464 .240 0.548 .043
DGMGFAP 0.007 .986 -0.371 .338 0.526 .043
CWMGFAP -0.205 .621 0.063 .878 0.456 .103

*CGM indicates cortical gray matter; DGM, deep gray matter; CWM, cortical white matter: HIV, human immunodeficiency virus: and GFAP, glial fibhllary
acidic protein.

2 0.50

15 20 25 30

Dendritic Density, %

Figure 5. Magnetic resonance imaging estimate of left hemisphere cortical
gray matter volume (computed as a proportion of total left hemisphere
volume) plotted as a function of cortical synaptic density and dendritic
density of the corresponding right hemisphere.

highly correlated with decreased synaptic rather than den¬
dritic density. It is therefore interesting to speculate from
this pattern of results that the neurotoxic effects of HIV
may be primarily postsynaptic (possibly mediated via
N-methyl-D-aspartate receptors distributed on den¬
dritic membranes), but that synaptic loss must occur be¬
fore neocortical volume changes are observed on MRI.
This interpretation must be treated cautiously, how¬
ever, both because of the relatively small number of speci¬
mens for which dendritic and synaptic density esti-

mates were available and because of the surprising finding
that the tight association between synaptic and den¬
dritic damage seen previously10 was not observed in the
present study.

Neurologic studies of dementia in AIDS, unlike those
of illnesses such as Alzheimer's disease, are complicated by
the presence of abundant opportunistic infections and neo¬

plasms that plague this population. In this initial study, four
of the 17 patients (including one of the 10 patients avail¬
able for synaptic and dendritic measurements) had oppor¬
tunistic diseases that could potentially affect the brain vol¬
ume estimates obtained from the MRIs. An expanded
version of this study in which patients with confounding
neuropathologic changes are excluded is currently in
progress. It seems likely, however, that the exclusion ofsuch
subjects would strengthen rather than weaken the ob¬
served correlations between the MRI volume estimates and
the measures of HIV and synaptic density.

A further complication in the present study con¬

cerns the general difficulty in interpreting correlations (or
lack of correlations) between the presence of any virus and
fixed neurologic damage. For example, in the case of po¬
lio where anterior horn motoneurons are lyrically in¬
fected, correlation of neuronal damage and viral infec¬
tion is only possible during acute infection. At later stages
when neurons are lost and there is a fixed neurologic defi¬
cit, the spinal cord anterior horn regions are atrophie de¬
spite the lack of virus. The potential for a similar problem
exists in the case of a chronic viral infection such as HIV
encephalitis: neurologic damage can become fixed while
presence of HIV can be either waxing or waning. This prob¬
lem is further exacerbated by the advent of drug therapy
with which the temporal arrest of viral replication is pos¬
sible. Despite these potential confounding changes, we have
been able to discern significant relationships between the
presence ofHIV and both neuropathologic9 and, in the pres¬
ent study, neuroradiologic evidence of atrophy.

Although MRI has become an increasingly impor¬
tant tool in the neurologic evaluation of patients with
AIDS, interpretive problems still exist in linking these
MRI findings to patients' underlying neuropathologic
changes. The results of the present study demonstrate that
the quantitative morphometric analysis of MRIs can pro¬
vide measures of brain structural changes that are sen¬
sitive to specific neuropathologic changes seen at au¬

topsy. In particular, these measures have been shown to
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be sensitive to both the level and the regional distribu¬
tion of HfV in the brain, as well as to estimates of neo¬

cortical synaptic density. The ability to obtain sensitive
in vivo markers of the underlying neuropathologic
changes associated with HIV infection is critical for in¬
vestigations concerned with the pathogenesis and lon¬
gitudinal progression of neurologic disturbances in pa¬
tients with AIDS.

Accepted for publication December 7, 1994.
This work was supported by grants NS-25178, NS-

27810, and NS-07078from the National Institutes of Health
and grant MH45294 from the National Institute of Men¬
tal Health (HIV Neurobehavioral Research Center), Bethesda,
Md, and by the Medical Research Service of the Depart¬
ment of Veterans Affairs.

Reprint requests to Department of Psychology, Box 1853,
Brown University, Providence, RI 02912 (Dr He'indel).

REFERENCES

1. Levy RM, Bredesen DE, Rosenblum ML. Neurologic complications of HIV in-
fection. Am Fam Physician. 1990;41:517-536.

2. Navia BA, Jordan BD, Price RW. The AIDS dementia complex, I: clinical fea-
tures. Ann Neurol. 1986;19:517-524.

3. Navia BA, Cho ES, Petito CK, Price RW. The AIDS dementia complex, II: neu-

ropathology. Ann Neurol. 1986;19:525-535.
4. Price RW, Brew B, Sidtis J, Rosenblum M, Scheck AC, Cleary P. The brain in

AIDS: central nervous system HIV-1 infection and AIDS dementia complex.
Science. 1988;239:586-592.

5. Gabuzda DH, Ho DD, de la Monte SM, Hirsch M, Rota TR, Sobel RA. Immu-
nohistochemical identification of HTLV-III antigen in brains of patients with
AIDS. Ann Neurol. 1986;20:289-295.

6. Stoler MH, Eskin TA, Benn S, Angerer RC, Angerer LM. Human T-cell lym-
photropic virus type III infection of the central nervous system. JAMA. 1986;
256:2360-2363.

7. Wiley C, Schrier RD, Nelson JA, Lampert PW, Dldstone MB. Cellular localization of
human immunodeficiency virus infection within the brains of acquired immune de-
ficiency syndrome patients. Proc Natl Acad Sci U S A. 1986;83:7089-7093.

8. Budka H. Human immunodeficiency virus (HIV) envelope and core proteins in
CNS tissue of patients with the acquired immune deficiency syndrome (AIDS).
Acta Neuropathol (Berl). 1990;79:611-619.

9. Wiley C, Masliah E, Morey M, et al. Neocortical damage during HIV infection.
Ann Neurol. 1991;29:651-657.

10. Masliah E, Achim CL, Ge N, DeTeresa RM, Terry RD, Wiley C. Spectrum of
HIV-associated neocortical damage. Ann Neurol. 1992;32:85-93.

11. Chrysikopoulos HS, Press GA, Grafe MR, Hesselink JR, Wiley C. Encephalitis
caused by human immunodeficiency virus: CT and MR imaging manifesta-
tions with clinical and pathologic correlation. Radiology. 1990;175:185-191.

12. Jarvik JG, Hesselink JR, Kennedy C, et al. Acquired immundodeficiency syn-
drome: magnetic resonance patterns of brain involvement with pathologic cor-
relation. Arch Neurol. 1988;45:731-736.

13. Post MJD, Berger JR, Quencer RM. Asymptomatic and neurologically symp-
tomatic HIV-seropositive individuals: prospective evaluation with cranial MR
imaging. Radiology. 1991;178:131-139.

14. Grafe MR, Press GA, Berthoty DP, Hesselink JR, Wiley C. Postmortem mag-
netic resonance imaging in AIDS: correlation with neuropathology. AJNR Am
J Neuroradiol. 1990;11:905-911.

15. Jernigan TL, Archibald S, Hesselink JR, et al. Magnetic resonance imaging
morphometric analysis of cerebral volume loss in human immunodeficiency
virus infection. Arch Neurol. 1993;50:250-255.

16. Masliah E, Ellisman M, Carragher B, et al. Three-dimensional analysis of the
relationship between synaptic pathology and neuropil threads in Alzheimer's
disease. J Neuropathol Exp Neurol. 1992;51:404-414.

17. Alford MF, Masliah E, Hansen LA, Terry RD. A simple dot-immunobinding as-
say for the quantification of synaptophysin-like immunoreactivity in human brain.
J Histochem Cytochem. 1994;42:283-287.

18. Masliah E, Hansen L, Albright T, Mallory M, Terry RD. Immunoelectron mi-
croscopic study of synaptic pathology in Alzheimer's disease. Acta Neuro-
pathol. 1991;81:428-433.

19. Masliah E, Fagan AM, Terry RD, DeTeresa R, Mallory M, Gage FH. Reactive
synaptogenesis assessed by synaptophysin immunoreactivity is associated with
GAP-43 in the dentate gyrus of the adult rat. Exp Neurol. 1991;113:131-142.

20. Walaas S, Jahn R, Greengard P. Quantitation of nerve terminal populations:
synaptic vesicle-associated proteins on markers of synaptic density in the rat
neostriatum. Synapse. 1988;2:516-520.

21. Jernigan TL, Press GA, Hesselink JR. Methods for measuring brain morpho-
logic features on magnetic resonance images: validation and normal aging.
Arch Neurol. 1990;47:27-32.

22. Jernigan TL, Archibald SL, Berhow MT, Sowell EA, Foster DS, Hesselink JR.
Cerebral structure on MRI, I: localization of age-related changes. Biol Psychia-
try. 1991;29:55-67.

23. Jernigan TL, Salmon DP, Butters N, Hesselink JR. Cerebral structure on MRI,
II: specific changes in Alzheimer's and Huntington's diseases. Biol Psychiatry.
1991;29:68-81.

24. Jernigan TL, Butters N, DiTraglia G, et al. Reduced cerebral grey matter ob-
served in alcoholics using magnetic resonance imaging. Alcohol Clin Exp Res.
1991;15:418-427.

25. Hays WL. Statistics. 4th ed. New York, NY: Holt Rinehart & Winston; 1988.
26. Gelman BB, Guinto FC. Morphometry, histopathology, and tomography of ce-

rebral atrophy in the acquired immunodeficiency syndrome. Ann Neurol. 1992;
32:31-40.

Downloaded From: http://archneur.jamanetwork.com/ by a University of California - San Diego User  on 04/25/2016




