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G-ACETYLASPARTATE REDUCTIONS MEASURED BY 'H MRSI IN COGNITIVELY 
IMPAIRED HIV-SEROPOSITIVE INDIVIDUALS 

DIETER J.  MEYERHOFF,*$ SHANE MACKAY,*tl( NANCY POOLE,?\( WILLIAM P. DILLON,$ 
MICHAEL W. WEINER,*§ AND GEORGE FEIN~II 

*Magnetic Resonance Unit, Department of Veterans Affairs Medical Center 
and the University of California San Francisco; 

tDepartment of Veterans Affairs Psychiatry Service; and the University of California Departments of $Radiology, 
$Medicine, and IIPsychiatry, San Francisco, CA, USA 

We used magnetic resonance imaging (MRI) and water-suppressed proton MR spectroscopic imaging ('H MRSI) 
io study the effects of human immunodeficiency virus (HIV) infection on the brain. Our recent in vivo finding 
of lower N-acetylaspartate (NAA), a putative marker of neurons, in the supraventricular brain of cognitively im- 
paired HIV-seropositive patients (CISP) compared to noninfected controls was replicated in a new cohort of 13 
CISP patients and extended to include 10 high-risk homosexual HIV-seronegative controls. Throughout the su- 
praventricular brain the ratio of NAA to choline-containing metabolites (NAA/Cho) was lower in CISP subjects 
than in high-risk controls (1.98 f 0.36 vs. 2.35 f 0.29, p = 0.016), and the ratio of NAA to creatine-containing 
metabolites (NAA/Cr) was also lower in CISP subjects than in high-risk controls ( 3.02 f 0.44 vs. 3.56 f 0.39, 
p = 0.007) with Cho/Cr unchanged in both groups. These findings indicate a NAA reduction which suggests neu- 
ron loss and/or dendritic and axonal damage. Homosexual high-risk HIV-seronegative controls had metabolite 
measures similar to previously studied heterosexual HIV-seronegative controls. NAA measures in six cognitively 
normal HIV-seropositive subjects (CNSP) (NAA/Cho = 2.34 f 0.39, NAA/Cr = 3.42 f 0.69) were similar to those 
of controls and tended to be increased relative to those in cognitively impaired HIV-seropositive subjects. This 
study demonstrates that reduced NAA in the supraventricular brain is associated with the development of severe 
cognitive impairments secondary to HIV infection and that 'H MRSI methodology reliably detects HIV effects 
on the brain. Given the relatively late involvement of supraventricular brain in HIV disease, 'H MRSI may be 
even more sensitive when applied to subcortical regions. 

Keywords: Human immunodeficiency virus; Cognition; Neurodegeneration; N-acetylaspartate; Magnetic reso- 
nance spectroscopy; Magnetic resonance imaging. 

INTRODUCTION 

ifection with the human immunodeficiency virus 
4IV) frequently involves the central nervous system 
ZNS).' Direct effects of HIV on the CNS can result 
I diffuse leukoencephalopathy of the white matter 
ith myelin loss or in ill-defined areas of demyelina- 
on accompanied by loss of axons, gliosis, and multi- 
ucleated giant cells. Vacuolar myelopathy in the white 
latter may cause axonal disruption with consequent 
lallerian (anterograde) degeneration. Consistent with 
lis finding, post mortem studies of the frontal cortex 
f HIV-infected patients showed the density of neurons 

to be reduced by 18V02 and 38'70,~ regardless of the 
presence of concomitant HIV encephalitis. In patients 
with HIV encephalitis neocortical thinning of 20% was 
~ b s e r v e d . ~  However, in part because of replacement 
of neurons with glial cells, atrophy was minimal. 

Magnetic resonance imaging (MRI) in HIV-infec- 
tion'-' reveals periventricular white matter signal hy- 
perintensities (WMSH), diffuse white matter pallor, fo- 
cal hyperintensities due to neoplasms, and focal and 
diffuse atrophy, also seen in histopathological studies 
of HIV infe~tion.'. '~ However, the majority of brain 
MR images of HIV-infected individuals appear nor- 
mal,'-' suggesting that MRI is unable to detect the 
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common neuropathological findings of neuron loss in 
cortex and axonal degeneration in white matter?-4 
Since the compromised neurons are generally replaced 
by glial c e l l ~ , ~ ~ ~ * " ~ ' ~  atrophy is difficult to detect by 
MRI. Therefore, another noninvasive imaging modality 
is needed to assess neuronal density. 

Water-suppressed proton ('H) magnetic resonance 
spectroscopy ( 'H MRS) has been used to evaluate neu- 
ronal density in vivo. The amino acid N-acetylaspartate 
(NAA) is only found in neurons and their axons,13~14~15 
and not in mature glial ~ells. '~*' '  Therefore, NAA is 
considered a marker of neurons. 'H  MRS measures 
N-acetyl-containing metabolites (primarily NAA), the 
high-energy compound creatine (Cr), as a sum of phos- 
phocreatine and creatine, and choline (Cho), a part of 
a molecule found in biomembranes. 

Reduced NAA measures have been reported recently 
in the brains of patients with AIDS dementia com- 
plexI8 and HIV using single-volume ' H 
MRS localization techniques. We previously reported 
the results of a water-suppressed proton magnetic res- 
onance spectroscopic imaging ( 'H MRSI) study2' on 
the brains of ten cognitively impaired HIV-seropositive 
(CISP) homosexual individuals and seven heterosex- 
ual HIV-seronegative controls: significantly reduced 
NAA was found throughout the white and mesial gray 
matter of the supraventricular cerebrum. Because NAA 
is a putative neuronal marker, these findings are con- 
sistent with the neuropathologically known neuron loss 
in HIV patients. They demonstrate that in vivo imag- 
ing of neurons, via the NAA resonance in ' H  MR 
spectra of the brain, may be helpful in quantifying the 
state and progression of brain involvement in HIV in- 
fection, and in monitoring a potential response to treat- 
ment. A limitation of our previous work2' and that of 

was that heterosexual low-risk individuals 
were used as controls who do not have any of the risk 
factors associated with the homosexual life style. Study- 
ing homosexual high-risk individuals is important since 
it has been shown that they have a higher incidence of 
MRI abnormalities than heterosexual controls.22 

Here, we report a replication of our earlier findings 
in a second cohort of CISP patients. In addition, we 
extended our studies to include a larger, age-matched, 
homosexual (i.e., high-risk) control group. 

METHODS 

Subjects 
All subjects gave prior informed consent (approved 

by the Committee on Human Research at UCSF). Nine- 
teen HIV-seropositive men (age 37 +- 6 years (mean +- 
SD)) were recruited via flyers distributed with hot meals 
to  homebound and/or impaired HIV-seropositive in- 

dividuals in the community. Using the 1990 classific: 
tion scheme, the subjects were distributed among CD( 
stages I1 (4 patients), IV A (3 patients), IV B (2 p: 
tients), and IV C (10 patients). None had yet develope 
CNS opportunistic infections. Controls were te 
healthy homosexual HIV-seronegative (confirmed b 
PCR) men age 37 f 12 years, recruited from the ga 
community. Both groups were screened to exclude ir 
dividuals with current or past history of medical, ne1 
rological or psychiatric disorder or alcohol or substanc 
abuse, except for current medical or neuropsychiatrj 
problems clearly secondary to the HIV infection. 

Neuropsychological Assessments 
Subjects were administered 14 neuropsychologic; 

tests and scoring procedures?' These tests measured 
wide range of cognitive skills, including attention, cor 
centration, memory, verbal language, problem-solvinl 
visuo-motor and visuo-spatial skills, and fine motc 
ability. Each test was rated for presence and severit 
of impairment on a 0-2 scale (0 = normal; 1 = mild 
moderate impairments: 1-1.5 s.d. below normal mea 
performance; 2 = severe impairment: > 1.5 s.d. belol 
normal mean performance) and the impairment score 
were summed to yield an overall impairment ratin8 
The number of subjects with varying degrees of cogn 
tive impairment as assessed by this summary score wa 
as follows: 6 CNSP (i.e., cognitively normal HIP 
seropositive: summed impairment score of 0-1), 2 wit 
mild impairment (summed impairment score of 2-51 
2 with moderate impairment (summed impairmen 
score of 6-9), and 9 subjects with severe impairmen 
(summed impairment scores of 10 or greater). The thir 
teen subjects with at least mild impairment, whom w 
denote as CISP (i.e., cognitively impaired HIV-sero 
positive) patients, had a mean impairment score of 1 
(?5) ,  and a mean age of 37 (+7) years. 

Magnetic Resonance Procedures 
All magnetic resonance studies were performed 01 

a whole body 2 Tesla MRI/MRS system (Philips Med 
ical Systems, Shelton, Connecticut). The MRI proto 
col was the same as previously described,21 excep 
that, for transverse MR imaging, a repetition timeo 
3000 ms was used. MRSI acquisition and data process 
ing was identical to procedures in our earlier study.' 
In short, a 17 mm thick volume of interest (VOI, gen 
erally 90 mm in left-right and LOO mm in anterior 
posterior direction) was selected within the brain at thi 
level of the centrum semiovale and phase-encoding wa! 

applied in two directions yielding a nominal i n - p h  
resolution of 1 1  mm. After data processing, nine spec- 
tra were extracted from the entire data set correspond- 
ing to three lateral volume-elements (voxels) from each 
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jemisphere (frontal, anterior-parietal, and posterior- 
:&a1 voxels in the centrum semiovale) and to three 
,sxels in the anterior, posterior, and intermediate re- 
ion of the mesial cortex. Peak areas were determined 
sing NhilRl software (New Methods Research, Syra- 
:use, NY) as previously described. Statistical analysis 
,sing MANOVA was performed on those measures 
rhich showed the major changes in the previous study, 
lamely peak area ratios of NAA/Cho, NAA/Cr, and 
he NAA integrals. 

RESULTS 

Figure 1 displays the results of a combined MRI/'H 
dRSI examination of a HIV-seronegative control and 
CISP subject. The spectroscopic images obtained 
rom the control subject show a relative high NAA sig- 
la1 intensity relative to  that of the sum of Cho and Cr. 

This intensity difference is diminished in the CISP pa- 
tient, especially in the frontal brain region. The stacked 
plots of spectra in Fig. 2 (obtained from a row of vox- 
els through the frontal lobe as indicated by arrows on 
the MR images of Fig. 1) similarly demonstrate that the 
differences of the NAA peaks relative to  the Cho and 
Cr peaks are less pronounced in the CISP patient (left) 
than in the control (right). 

Table 1 presents mean metabolite ratios averaged 
across all nine voxels (representing white and gray mat- 
ter) for CISP, CNSP, and control subjects from both 
this and our prior study.2' Figure 3 displays the NAA/ 
Cho and NAA/Cr ratios for subjects from both stud- 
ies, illustrating the excellent replication of study results. 
In this study, the mean metabolite ratios of NAA/Cho 
and NAA/Cr were reduced by 14% in CISP patients 
compared to  HIV-seronegative homosexual controls 
(p =0.016 and 0.007, respectively). There were no sig- 

Fig. 1. Summed MRI (3000/80) and 'H MR spectroscopic images (uxw)/272) from a HIV-seronegative control (A) and a CISP 
subject (B). Superimposed on the summed MR images are the field-of-view (FOV) used for phase-encoding (red) and the PRESS 
volume (blue) from which MRSI signal was obtained. Spectroscopic images were reconstructed from the N-acetyl resonance 
(primarily NAA) and from the sum of Cho and Cr resonances. Superimposed on these images is the corresponding high pass- 
filtered MRI for better spatial correlation. A color scale is shown to the right of the images with pink denoting highest signal 
intensity. 
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Fig. 2. Stacked plots obtained from the IH MRSI examinations of the HIV patient (left) and the control (right) of Fig. I .  
The plots were obtained from a line of spectra through the brain (image left to image right) indicated by an arrow on the MR 
images of Fig. 1. Resonances are from NAA (N-acetyl-containing metabolites), Cho (choline-containing metabolites), and CI 
(creatine-containing metabolites). While the spectra in each stacked plot are properly scaled, the two stacked plots are not scalec 
to the same intensity. 

nificant group by location interactions evident compar- 
ing either primarily mesial gray vs. primarily bilateral 
white matter voxels or comparing voxels in the anterio- 
posterior direction. Thus, as in our prior study, the 
NAA/Cho and NAA/Cr reductions were present 
throughout the supraventricular volume studied. No 
differences between groups were observed for the 

Cho/Cr ratios, suggesting that the differences observe( 
in the NAAICho and NAA/Cr ratios were due to re 
duced NAA in the CISP sample. Consistent with thi! 
interpretation, the mean NAA integral, which is pro 
portional to the mean NAA concentration, was reducec 
by 13% in CISP patients relative to  homosevua 
controls. 

Table 1 .  IH metabolite measures in HIV-seropositive individuals and controls (mean f SD) 

NAA integral 
(arbitrary units NAA/Cho NAA/Cr Cho/Cr 

Current study, homosexual controls 
CNTRLS, n = 10 
Pa 0.016 
CISP, n = 13 

CNSP, n = 6 

CNTRLS, n = 7 
Pa 0.008 
CISP, n = 10 
P b  0.05 
CNSP, n = 4 

CNTRLS, n = 17 

CISP, n = 23 

CNSP, n = 10 

2.35 f 0.29 

1.98 f 0.36 

2.34 f 0.39 

2.28 f 0.16 

1.98 +. 0.21 

2.33 f 0.40 

2.32 f 0.24 

1.98 * 0.30 

2.34 f 0.37 

P b  0.061 

Previous study, heterosexual controlsz1 

Pooled data 

Pa O.OOO4 

P b  0.006 

3.56 0.39 
0.007 

3.02 f 0.44 
0.13 

3.42 f 0.69 

3.23 0.46 
0.047 

2.81 f 0.34 
n.s. 

3.03 f 0.27 

3.43 f 0.43 
0.0007 

2.93 k 0.41 
0.07 

3.27 f 0.58 

1.60 f 0.25 
n.s. 

1.62 f 0.18 
n.s. 

1.55 2 0.25 

1.50 f 0.30 
n.s. 

1.46 f 0.11 
n.s. 

1.38 f 0.31 

1.56 +. 0.27 
n.s. 

1.55 f 0.17 
n.s. 

1.48 2 0.27 

38 f 8 
0.11 

33 * 5 
n.s. 

37 * 9 

42 f 4 
0.07 

38 f 4 
n.s. 

41 f 5 

39 2 7 
0.03 

35 * 5 
0.14 

39 k 7 

aSignificance by MANOVA between CISP and control groups; n.s. = not significant bsignificance by MANOVA between CISP and CNSP 
groups; n.s. = not significant. 
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tegrals similar to  those in HIV-seronegative homo- 
sexual controls. The reduction of NAA/Cho in the 
ClSP sample did not quite reach the 0.05 level of sig- 
nificance when CISP patients were compared to CNSP 
subjects. 

There were no significant correlations of any of the 
metabolite measures with CD4% in the entire HIV- 
seropositive sample (n = 19) or with the severity of 
cognitive impairment within the CISP group (n = 13). 
When analyzing pooled ' H  MRSI data from this and 
the previous study, no differences of metabolite mea- 
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:. 3. NAA/Cho (A) and NAA/Cr (B) in controls, ClSP 
lgnitively impaired HIV-seropositive), and CNSP (cogni- 
ely normal HIV-seropositive) patients. Each data point is 
average value for metabolite ratios obtained from the nine 
vels in the PRESS volume. Values are shown in two col- 
ins from our previous study (left)*l and from the current 
dy (right). 

The six CNSP patients (previously2' called asymp- 
matic seropositive or ASP) had NAA ratios and in- 

sures were apparent comparing HIV-seropositive sub- 
jects who had progressed to  CDC stages IV C or D 
(n = 9) compared to  other HIV-seropositive subjects 
(n = 14). Among all subjects of both studies (n = 50), 
there was a moderate negative correlation of NAA/Cr 
with age ( r  = -0.36, p = 0.01), which was also found 
by others," while the negative correlation of NAA/Cho 
with age ( r  = -0.18, p = 0.22) was not significant. 

Five of the 13 CISP patients had mild to severe sul- 
cal atrophy and two of those also had mild to moder- 
ate ventricular atrophy by neuroradiologist (WPD) 
rating of the MRI. There was no association between 
the presence of atrophy and any of the metabolite mea- 
sures, which are from primarily intracellular metabo- 
lites. Four of the 10 homosexual HIV-seronegative 
controls had abnormal MR images (three had white 
matter signal hyperintensities and one mild sulcal wid- 
ening), while only two of the seven heterosexual HIV- 
seronegative controls of the previous study had white 
matter signal hyperintensities. 

The VOI contained focal hyperintense white mat- 
ter on the T2-weighted MRI for two subjects, one 
CNSP subject from this study, and one subject with 
severe cognitive impairments from the prior study. The 
CNSP subject from this study had metabolite ratios 
comparable to the normal controls. The metabolite ra- 
tios from a spectrum of the MRI hyperintense region 
did not differ from metabolite values throughout the 
remainder of the VOI. The CISP subject from the prior 
study had one of the lowest metabolite ratios obtained 
in either study. Moreover, the spectrum from his hy- 
perintensity revealed reduced NAA ratios and increased 
Cho/Cr compared to  either the contralateral, MRI nor- 
mal region within the VOI or to  average measures 
throughout normal brain within the VOI. 

DISCUSSION 

This study replicates our previous findings2' of re- 
duced NAA/Cho, reduced NAA/Cr, and trends to  
lower NAA integrals in the supraventricular brains of 
CISP patients relative to  age-matched HIV-seronega- 
tive controls and extends this result to a comparison 
with high-risk controls. Furthermore, trends to  lower 
NAA measures in CISP subjects relative to  CNSP pa- 
tients were replicated. These metabolic changes in CISP 
patients suggest the presence of neuronal damage in 
such patients throughout the supraventricular volume 
studied. They are consistent with neuropathological 
findings of primarily cortical neuron loss in HIV- 
seropositive patients with and without HIV encephali- 
tis.24 Furthermore, axonal damage is suggested by the 
findings of reduced NAA in the white matter of CISP 
subjects. 
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The metabolite measures determined in this study 
were very similar to  those determined in our earlier 
study, even though new subject groups, which were re- 
cruited completely independent of the earlier study, 
were examined. This indicates that the metabolite mea- 
sures reliably assess HIV effects on the brain, and that 
the ‘H  MRSI methodology for determining those 
measures is sufficiently robust and reliable for assess- 
ing these effects in the brain region studied. In addi- 
tion, similar metabolite measures in homosexual and 
heterosexual HIV-seronegative controls suggest that the 
homosexual life style with its known risk factors does 
not alter measured brain metabolites, although there 
was a higher incidence of abnormal MR images. 

The overall severity of cognitive impairment in the 
new patient cohort (mean impairment score: 12 k 5 )  
was greater than in the first patient group (mean: 7 -t 
5 ) ;  however, this was not associated with a greater re- 
duction in metabolite ratios, nor were there any strong 
correlations between severity of cognitive impairment 
and metabolite ratios within the CISP sample. 

Thus, our findings demonstrate a reduction in NAA 
in superior brain regions associated with the develop- 
ment of significant cognitive impairments secondary 
to  HIV, but fail to demonstrate an association between 
the magnitude of the reduction and the severity of the 
cognitive impairments. Although it is possible that no 
such association exists, the failure to  demonstrate an 
association may suggest that the neuropsychological 
tests are a poor quantitative indicator of neuron loss 
in the examined brain regions and/or it may reflect the 
insensitivity of our MRS measures.There are many pos- 
sible steps to  improve the latter: 

1. The supraventricular volume studied is likely to only 
reflect relatively late CNS manifestations of HIV. 
Basal ganglia and temporal limbic gray matter are 
the areas affected earliest, followed by the periven- 
tricular and deep white matter, and finally by neo- 
~ o r t e x . ~ ~ - ~ ~  Moreover, the pattern of cognitive 
impairments secondary to HIV disease is similar to 
that of subcortical dementias. Thus the severity of 
defects is most likely to reflect the severity of dam- 
age to deep structures, with damage to  more supe- 
rior brain regions not causally related to the severity 
of deficits. Our choice of the superior bilateral vol- 
ume was dictated by technical concerns which have 
since been overcome, permitting study of deeper 
brain regions. 

2. Longitudinal studies where loss of NAA can be di- 
rectly measured and separated from inter-subject 
variability should provide a more sensitive test of 
our hypotheses. It is essential in such studies to eval- 
uate the exact same volumes repeatedly, so that dif- 
ferences in the proportions of gray matter, white 

matter, and CSF in the volumes studied do not add 
noise to  the difference measurements. 

3. The MRS techniques can be improved: (a) The anal. 
ysis of metabolite ratios or uncorrected metabolite 
peak integrals may underestimate the true NAA de. 
crease in CISP subjects. Absolute quantitatior 
methods for ‘H MRSI have recently been devel. 
opedz6 and should be applied. (b) The measured 
NAA decrease may be due to  relaxation time dif. 
ferences between groups. A recent report” showec 
no differences of longitudinal relaxation times 01 
metabolite resonances between heterosexual con. 
trols and AIDS patients. However, a significantlj 
increased transverse relaxation time was found ir 
AIDS patients with HIV encephalopathy and/or hy 
perintensities on MR images. This increase wa! 
smaller in AIDS patients without MRI abnormali, 
ties. If the transverse relaxation time of NAA wen 
increased in our patient cohort, the actual loss 01 
NAA is underestimated by our measures which were 
not corrected for relaxation times. Therefore, mea. 
surements of metabolite relaxation times in all stud! 
groups are desired and necessary to calculate abso. 
lute concentrations. (c) The NAA changes in H hitc 
and gray matter are combined in many of the LOX, 

els studied. As regions more severely affected b! 
HIV are studied, the effects in white and gray mat. 
ter may need to  be separately estimated. 

The results from the two subjects with hyperinrense 
white matter on T,-weighted MRI are intriguing. The} 
suggest that MRI findings can look the same at differ. 
ent stages in the local disease process. Although we onl) 
have data from two subjects (and there is an anecdotal 
similar finding in the recent literature”), the results 
suggest that ‘H MRS may be valuable in establibhinp 
the morbidity of the process underlying hyperintense 
regions on T2-weighted MRI. Data from other inves- 
t i g a t i o n ~ ’ ~  and from this laboratory2* are consistent 
with this speculation. Signal hyperintensities in patients 
with multiple sclerosis are associated with reduced 
NAA, while those in cognitively normal aged inciivid- 
uals are occurring without NAA reductions. 
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