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Abstract
Objectives—To evaluate the role of proton
MR spectroscopy (1H-MRS) in detecting
metabolic changes in diVuse or focal
lesions in the brain of patients infected
with HIV.
Methods—Sixty HIV seropositive patients
(25 with HIV related encephalopathies, 20
with toxoplasmosis, eight with progressive
multifocal leukoencephalopathies (PMLs),
and seven with lymphomas) and 22 HIV
seronegative neurological controls were
examined with a combined MRI and1H-
MRS technique using a Siemens 1.5 Tesla
Magnetom. Spectra (Spin Echo sequence,
TE 135 ms) were acquired by single voxel,
localised on focal lesions in toxoplasmosis,
PML, lymphomas, and HIV encephalopa-
thies and on the centrum semiovale of
neurological controls. Choline (Cho),
creatine (Cr), N-acetyl aspartate (NAA),
lactate, and lipids were evaluated in each
spectrum and NAA/Cr, NAA/Cho, and
Cho/Cr ratios were calculated.
Results—A significant decrease in
NAA/Cr and NAA/Cho ratios were found
in all HIV diagnostic groups in compari-
son with neurological controls (p<0.003),
suggesting neuronal or axonal damage
independent of brain lesion aetiology.
However, the NAA/Cr ratio was signifi-
cantly lower in PML and lymphomas than
in HIV encephalopathies (p<0.02) and
toxoplasmosis (p<0.05). HIV encepha-
lopathies, lymphomas, and toxoplasmosis
showed a significant increase in the
Cho/Cr ratio in comparison with
neurological controls (p<0.03) without
between group diVerences. The presence
of a lipid signal was more frequent in lym-
phomas (71%) than in other HIV groups
(Fisher’s test, p=0.00003). The presence of
mobile lipid resonance together with a
high Cho/Cr ratio in lymphomas may be
related to an increased membrane synthe-
sis and turnover in tumour cells. A lactate
signal (marker of inflammatory reaction),
was found in all but one patient with PML
lesions (75%), but had a lower incidence in
the other HIV diagnostic groups (Fisher’s
test, p=0.00024).
Conclusion—1H-MRS shows a high sensi-
tivity in detecting brain involvement in
HIV related diseases, but a poor specifi-
city in diVerential diagnosis of HIV brain
lesions. Nevertheless, the homogeneous
metabolic pattern that characterises PML

suggests the usefulness of 1H-MRS as an
adjunct to MRI in diVerentiating CNS
white matter lesions, such as HIV en-
cephalopathies, from PML.
(J Neurol Neurosurg Psychiatry 1998;64:516–523)
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The involvement of the CNS is a common fea-
ture of HIV infection, as the HIV induced state
of cellular immune suppression makes the
CNS vulnerable to opportunistic infections
and tumours as well as susceptible to damage
from HIV itself.1

Brain MRI is acknowledged as a sensitive
tool for the detection of brain abnormalities in
patients infected with HIV. Although some
neuroradiological findings are not pathogno-
monic, they may suggest the aetiological diag-
nosis of focal or diVuse brain lesions. Focal
lesions of diVerent sizes, in diVerent phases of
evolution (cerebritis, granuloma, and abscess),
and in preferential sites (basal ganglia and cor-
ticomedullary junctions), as detected by MRI,
may be suggestive of toxoplasmosis, whereas
pronounced gadolinium (Gd) enhanced periv-
entricular or subependimal lesions indicate
lymphomas.2 White matter involvement during
HIV infection may appear on MRI either as
asymmetric finger-like multifocal lesions sug-
gestive of progressive multifocal leukoencepha-
lopathy (PML),3 or as symmetric, regularly
bordered lesions suggestive of HIV related
encephalophathy.4 Nevertheless, it is generally
accepted that conventional MRI is not always
sensitive enough for the detection of the earliest
stages of brain infection by HIV,4 or specific
enough for the diVerential diagnosis of single
lesions (for example, toxoplasmosis v lym-
phoma).5

Complementary to structural and morpho-
logical information obtained by brain MRI, the
recent technique of localised in vivo proton
MR spectroscopy (1H-MRS) has been pro-
posed as a sensitive method for the characteri-
sation of the metabolic state of the brain in
normal and in pathological conditions. Several
1H-MRS studies have shown locally altered
metabolite concentrations in acute and chronic
brain ischaemia,6 7 multiple sclerosis,8 9 brain
tumours,10 epilepsy,11 neurodegenerative disor-
ders such as Huntington’s chorea,l2 Parkinson’s
disease, and Alzheimer’s dementia.13–15 A de-
crease of N-acetyl aspartate (NAA) in the brain
of patients with HIV at various stages of AIDS
dementia complex has been interpreted as a
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marker of neuronal or axonal injury induced by
HIV.16–18 Furthermore, low NAA has been
found in patients with HIV with clinical or
psychometric evidence of CNS involvement
but without abnormalities on MRI,19–21 sug-
gesting a higher sensitivity of 1H-MRS com-
pared with MRI in the detection of early brain
damage induced by HIV.22 23

Only very few 1H-MRS studies have been
carried out on patients with HIV with focal
brain lesions.5 24–26 The diagnostic accuracy of
this technique has been investigated in patients
with toxoplasmosis, lymphomas, PML, crypto-
coccomas, and cytomegalovirus encephalitis,
but discordant results have been obtained.
Whereas Chang et al found that using 1H-MRS
the metabolic patterns of toxoplasmosis and
lymphomas are completely diVerentiated,24

Chinn et al reported that the two lesions could
not be diVerentiated by this method.5

In the present study we used a localised sin-
gle voxel 1H-MRS technique to evaluate the
brain metabolism in CNS diseases which com-
plicate HIV infection.

Materials and methods
PATIENTS

Sixty patients seropositive to HIV antibodies
(41 men and 19 women) were examined. The
mean group age was 32.4 (SD 6.7) (range
16–64) years. Forty one patients were
intravenous drug misusers, four were homo-
sexuals, five were haemophiliacs, five were
thought to have contracted the HIV through
heterosexual contacts with high risk partners,
and five had had blood transfusions. All
patients belonged to the Centers for Disease
Control group IV.27

Seven patients with AIDS related brain lym-
phomas and 28 with opportunistic brain infec-
tions including eight with PML and 20 with
toxoplasmosis were studied. Diagnosis of
lymphoma was made by means of specific MRI
periventricular lesions and in three out of seven
patients it was confirmed by biopsy. Multifocal
unenhancing lesions in white matter on MRI
suggested PML; specific JC virus DNA se-
quences were detected by polymerase chain
reaction in CSF samples from five of the eight
patients with PML.Diagnosis of toxoplasmosis
was performed according to MRI findings or to
the eYcacy of empirically employed antitoxo-

plasma treatment, as evaluated by clinical and
MRI indices. Thirteen patients with toxoplas-
mosis were examined during acute phases,
seven patients during remission. DiVuse white
matter changes and atrophy on MRI were
related to HIV encephalopathy in 25 patients;
21 patients showed a clinical minor cognitive/
motor disorder associated with HIV. The other
four were characterised by severe clinical HIV
associated dementia complex.28 A full
neurological assessment by a neurologist was
performed in all subjects.
CD4 lymphocyte count was obtained in 45

patients; the mean was 46.11 (SD 65.46)
(range 1–296/) mm3. Table 1 shows the clinical
and immunological indices in HIV groups.
Twenty nine patients (seven with PML, three

with lymphomas, eight with toxoplasmosis, 11
with HIV encephalopathies) underwent lum-
bar puncture within one month from 1H-MRS
examination. Mononuclear cells in CSF, CSF/
serum ratio of albumin, amount of total and
specific intrathecal IgG synthesis,29 presence of
abnormal IgG fractions in CSF and serum,30

and a polymerase chain reaction to identify
DNA antigen sequences were evaluated.
Serial clinical, MRI, and 1H-MRS evalua-

tions were carried out on 12 patients with HIV
(eight with toxoplasmosis, four with HIV
encephalopathies). The patients were re-
examined monthly and the follow up ranged
from 30 days to two years.
Twenty two HIV seronegative subjects (17

men and five women) were assumed as
neurological controls for comparison with
patients with HIV. The mean age was 42 (SD
10) years. The group was screened to exclude
clinical and paraclinical impairment of CNS as
well as history of drug misuse and any risk for
HIV infection.

MRI AND
1
H-MR SPECTROSCOPY

A combined MRI and 1H-MRS investigation
was performed with a Magnetom Siemens
instrument operating at 1.5 Tesla. MRI axial 5
mm multislices were acquired in proton
density and T2 weighted spin echo (SE)
sequences (TR 2200 ms, TE 12–80 ms); axial,
sagittal, and coronal T1 weighted SE (TR 600
ms, TE 20 ms) images were obtained before
and after 0.2 mmol/kg intravenous gadopen-
tetate dimeglumine (Gd-DTPA; scans at five
and 20 minutes after Gd administration).
Water suppressed spectra were acquired from
brain localised single volumes of interest
(VOIs) by using SE sequence, with TR 1500
ms and TE 135 ms. The VOI was located in
toxoplasmosis, lymphoma, PML, and HIV
related encephalopathy lesions, and in the cen-
trum semiovale of neurological controls. Voxel
size was optimised to the size lesions, ranging
from 3.37 cm3 (1.5×1.5×1.5 cm) to 8 cm3

(2×2×2 cm), and the acquisition number was
512 or 256 in small or large VOIs respectively.
A correction for inducing phase distortion
eddy currents was performed in each spec-
trum, and Gaussian and exponential time
domain filters were applied before Fourier
transformation.

Table 1 Clinical and immunological parameters in HIV infected (HIV+) patients

Diagnosis (No) Sex M/F
Age
(range) Risk

CDC
classification

CD4
cells/mm3

HIV-related
encephalopathies
(25) 15/10 16-48 17 drug abusers IV 1-296

1 homosexual
1 haemophiliac
5 partners of HIV+
1 blood transfused

HIV-toxoplasmosis (20) 16/4 24-47 13 drug abusers IV 3-88
2 homosexuals
4 haemophiliacs
1 partner of HIV+

HIV-lymphomas (7) 4/3 26-38 4 drug abusers IV 6-244
2 partners of HIV+
1 blood transfused

HIV-PML (8) 6/2 26-64 6 drug abusers IV 4-156
1 homosexual
1 blood transfused
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The main proton metabolites identified in
each spectrum were NAA at 2 ppm,
phosphocreatine-creatine (Cr) at 3 and 3.9
ppm, and compounds containing choline
(Cho) at 3.2 ppm. An additional signal
acquired in the opposite phase by using SE
sequence with TE 135 ms was defined as
lactate on the basis of its chemical shift at 1.1 to
1.3 ppm and 7 Hz coupling constant. Large
resonances at 0.9 to 1.4 ppm were assigned to
methylene and methyl groups of lipid. Figure 1
shows a representative 1H-MR spectrum ac-
quired on normal white matter of a neuro-
logical control.

STATISTICAL ANALYSIS

Spectroscopic data were expressed as metabo-
lite ratios calculated from integrated peak areas
under NAA, Cho, and Cr peaks. As HIV
involves the whole brain and so renders unreli-
able the comparison with the controlateral
normal appearing hemisphere, metabolite ra-
tios of brain pathological lesions in patients
with HIV were compared with those of normal
white matter of neurological controls.
DiVerences between means of metabolite

ratios were evaluated by the non-parametric

Mann-Whitney U test, because of non-
Gaussian distribution of the data. Distribution
of frequency of metabolic changes was tested
by Fisher’s exact test. The ratios NAA/Cr,
NAA/Cho, and Cho/Cr were considered
pathological if they were more than 2 SD out-
side neurological control means. Frequency of
detection of lactate and lipid signals was evalu-
ated in each HIV spectrum.All test results were
regarded as significant at p<0.05. Multivariate
general linear analysis was used to make a dis-
criminant analysis.

Results
Figures 2–5 show representative 1H-spectra
acquired from patients with HIV encephalopa-
thy, toxoplasmosis, lymphoma, or PML le-
sions.
Table 2 shows the means of NAA/Cr, NAA/

Cho, and Cho/Cr ratios in patients with HIV
and neurological controls.
The NAA/Cr ratio was significantly de-

creased in patients with HIV encephalopathies
(p=0.0019), toxoplasmosis (p=0.00001), lym-
phomas (p=0.0026), and PML (p=0.00001) in
comparison with neurological controls. Fur-

Figure 1 1H spectrum acquired from a localised VOI outlined in axial T2 weighted MRI of normal white matter of a
neurological control. Resonances of choline (Cho) at 3.2 ppm, creatine (Cr) at 3 ppm, and N-acetyl aspartate (NAA) at 2
ppm.

Figure 2 1H spectrum acquired from localised VOI outlined in axial T2 weighted MRI of white matter of a patient with
HIV related encephalopathy. Resonances of choline (Cho) at 3.2 ppm, creatine (Cr) at 3 ppm and N-acetyl aspartate
(NAA) at 2 ppm.
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thermore, PML and lymphoma lesions were
both characterised by a lower NAA/Cr ratio
than HIV encephalopathies (p=0.0003,
p=0.013 respectively) and toxoplasmosis
(p=0.0032, p=0.05 respectively); toxoplasmo-
sis lesions showed a decrease in NAA/Cr when
compared with HIV encephalopathies
(p=0.038). No diVerence in NAA/Cr ratio was
found between PML and lymphomas. Low
values of the NAA/Cr ratio were found in all
but one patient with PML (87.5%) and in five
of the seven patients with lymphomas (71%),
but in only four of the 25 with HIV
encephalopathies (16%) and in four of the 20
with toxoplasmosis (20%) (Fisher’s test
p=0.000002, table 3).
The NAA/Cho ratios were significantly

decreased in patients with HIV encephalopa-
thies (p=0.0009), toxoplasmosis (p=0.00001),
lymphomas (p=0.0001), and PML
(p=0.0001) when compared with neurological
controls. Moreover, the NAA/Cho ratios were
lower in patients with lymphoma (p=0.0008),
toxoplasmosis (p=0.036), and PML
(p=0.012) lesions than in those with HIV

encephalopathies; lymphomas showed a de-
crease of NAA/Cho in comparison with toxo-
plasmosis (p=0.009). Low values for NAA/
Cho ratios were found in six of the seven
patients with lymphomas (86%), in eight of
the 25 with HIV encephalopathies (32%), in
13 of the 20 with toxoplasmosis (65%), and in
five of the eight with PML (62.5%) (Fisher’s
test, p=0.0003, table 3).
A significant increase in Cho/Cr ratios were

found in patients with HIV encephalopathies
(p=0.013), toxoplasmosis (p=0.013), and lym-
phomas (p=0.022) in comparison with
neurological controls. No diVerences were
found between the four HIV diagnostic groups.
Raised Cho/Cr values were detected in four of
seven patients with lymphomas (57%) and in
eight of the 20 with toxoplasmosis (40%), but
in only three of the 25 with HIV encephalopa-
thies (12%) and in two of the eight with PML
(25%) (Fisher’s test, p=0.0007, table 3).
The pathological evidence of lipid signal was

more frequent in patients with lymphomas
(71%) than in those with toxoplasmosis (35%)
and HIV encephalopathies (8%); no lipid peak

Figure 3 1H spectrum acquired from localised VOI outlined in coronal T1 weighted MRI of a Gd enhanced toxoplasmosis
lesion in a patient infected with HIV. Resonances of choline (Cho) at 3.2 ppm, creatine (Cr) at 3 ppm, and N-acetyl
aspartate (NAA) at 2 ppm.Note the presence of lipid signal (Lip) at 1.4–1 ppm.

Figure 4 1H spectrum acquired from localised VOI outlined in axial T1 weighted MRI of a Gd enhanced lymphoma
lesion in a patient infected with HIV. Resonances of choline (Cho) at 3.2 ppm, creatine (Cr) at 3ppm, and N-acetyl
aspartate (NAA) at 2 ppm.Note the presence of lipid signal (Lip) at 1.4–1 ppm.
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was detected in spectra obtained from patients
with PML lesions (Fisher’s test, p=0.00003,
table 4).
A lactate signal was detected in six of the

eight patients with PML (75%), but was less
frequent in the other HIV diagnostic groups
(two of the seven patients with lymphomas,
four of the 20 with toxoplasmosis, and four of
the 25 with HIV encephalopathies) (Fisher’s
test, p=0.00024, table 4). No relation existed
betweenMRI Gd enhancement in brain lesions
and lactate presence.

TOXOPLASMOSIS SUBGROUP

According to clinical data and MRI findings at
the time of the first observation, patients with
toxoplasmosis were grouped as acute (13) and
remission phase (seven). A raised lactate signal
was exclusively detected in those with acute
toxoplasmosis, although the frequency was low
(four of 13 patients). The NAA/Cr ratio was
lower in those with acute than in those with
remission toxoplasmosis (p=0.05) No signifi-
cant diVerences were found between groups for
NAA/Cho and Cho/Cr ratios. Furthermore,
patients with both acute and remission lesions

showed a decreased NAA/Cr (p=0.00001 and
p=0.0016 respectively) and NAA/Cho
(p=0.00001 and p=0.0037 respectively) and
an increase of Cho/Cr (p=0.037 and p=0.05
respectively) in comparison with neurological
controls (table 5).

FOLLOW UP

In patients with toxoplasmosis serial 1H-MRS
investigations were performed in a follow up
ranging from 30 days to eight months. All
patients were treated with antitoxoplasma
therapy. Five patients with acute lesions
showed a significant decrease of NAA/Cr at the
first examination (mean 1.05 (SD 0.14);
p=0.0006 v normal controls), three of whom
recovered to normal values over eight months.
Three out of eight lesions showed evidence of
lactate, which remained raised in one patient
over 40 days. A high Cho/Cr ratio was found in
four lesions at the first study (mean 2.48 (SD
0.8); p=0.0018 v neurological controls), recov-
ering during the follow up to control values in
two lesions and rising in the other two (1.76
and 2.78 respectively) in line with clinical
worsening.
Four patients with HIV related encephalopa-

thy were followed up from six months to two
years. Two patients showed a decrease in the
NAA/Cr ratio (0.86 and 1.16), progressively
falling during the follow up. In the other two
patients a high Cho/Cr ratio was found (2.32
and 1.72), whereas the NAA values were
normal.
Using NAA/Cr, NAA/Cho, and Cho/Cr val-

ues as combined variables in the four HIV
groups, discrimant analysis showed that 1H-
MRS had an overall diagnostic accuracy of

Figure 5 1H spectrum acquired from localised VOI outlined in axial T2 weighted MRI of a PML lesion in a patient
infected with HIV. Resonances of choline (Cho) at 3.2 ppm, creatine (Cr) at 3 ppm, and N-acetyl aspartate (NAA) at 2
ppm.Note the presence of lactate signal (Lac) at 1.3–1.1 ppm.

Table 2 Metabolite ratios in HIV infected patients and in neurological controls

Diagnosis (No)
NAA/Cr
(mean (SD))

NAA/Cho
(mean (SD))

Cho/Cr
(mean (SD))

Neurological controls (22) 2.25 (0.51) 2.09 (0.51) 1.12 (0.26)
HIV-related encephalopathies (25) 1.78 (0.5)* 1.47 (0.67)* 1.34 (0.36)*
HIV-toxoplasmosis (20) 1.47 (0.36)*† 1.09 (0.56)*† 1.61 (0.76)*
HIV-lymphomas (7) 1.05 (0.86)*†‡ 0.48 (0.41)*†‡ 2.37 (1.86)*
HIV-PML (8) 0.97 (0.28)*†‡ 0.83 (0.46)*† 1.49 (0.9)

Comparison of means by Mann-WhitneyU test: * diVerent from neurological controls; † different
from HIV-encephalopathies; ‡ diVerent from HIV-toxoplasmosis. Only the significant diVerences
observed are presented; for statistic details see results.

Table 3 Frequency of pathological values of 1H-MRS metabolite ratios in HIV infected
patients

Diagnosis (No)
Low NAA/Cr*
n (%)

Low NAA/Cho*
n (%)

High Cho/Cr†
n (%)

HIV-related encephalopathies (25) 4/25 (16) 8/25 (32) 3/25 (12)
HIV-toxoplasmosis (20) 4/20 (20) 13/20 (65) 8/20 (40)
HIV-lymphomas (7) 5/7 (71) 6/7 (86)§ 4/7 (57)¶
HIV-PML (8) 7/8 (87.5)‡ 5/8 (62.5) 2/8 (25)

Ratio values: * < M-2SD of NC; † > M+2SD of NC.
Fisher exact test: ‡ p=0.000002; § p=0.0003; ¶ p=0.0007.

Table 4 Frequency of detection of lactate and lipid signal
in 1H-spectra of HIV infected patients

Diagnosis (No)
Lactate
n (%)

Lipids
n (%)

HIV-related encephalopathies (25) 4/25 (16) 2/25 (8)
HIV-toxoplasmosis (20) 4/20 (20) 7/20 (35)
HIV-lymphomas (7) 2/7 (29) 5/7 (71)†
HIV-PML (8) 6/8 (75)* 0/8 (0)

Fisher exact test: * p=0.00024; † p=0.00003.
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50% (30 of 60 lesions). Nevertheless, consider-
ing the diagnostic power in each HIV group, it
seemed very low (30%) for toxoplasmosis (only
six of 20 lesions correctly classified) whereas it
was higher for PML (75%) (six of eight lesions
correctly classified (table 6)).

Discussion
In recent years, the increasing interest in in vivo
1H-MRS in the study of CNS involvement in
HIV has provided much information on meta-
bolic changes in AIDS-dementia complex as
well as in the early stages of HIV infec-
tion.19 20 22 31 32 The very few 1H-MRS studies
performed until now on focal brain lesions by
opportunistic infections or CNS tumours in
patients with HIV disagree on the potential role
of 1H-MRS in the diVerential diagnosis of vari-
ous focal lesions.5 24 26 33

The results of our study indicate that signifi-
cant metabolic changes occur in brain proton
spectra both in diVuse and focal lesions of dif-
ferent aetiology in patients infected with HIV.
A recurrent finding of this study was the

decrease in NAA/Cr ratio found in patients
with HIV related encephalopathies as well as in
patients with lymphoma, toxoplasmosis, and
PML lesions. It is likely that a reduction in the
NAA/Cr ratio depends on a selective reduction
of NAA; as Cr is assumed to be a relatively sta-
ble brain metabolite both in normal and
pathological conditions, it is often used as an
internal standard in the in vivo evaluation of
relative concentrations of metabolites.8 34 Al-
though the role of NAA in CNS is not well
established, most researchers agree that this
amino acid, located exclusively in neurons and
their processes, may be a marker of neuronal
viability.35 A decrease in NAA is detected in
many diseases characterised by neuronal dam-
age, such as stroke and dementia,7 36 or by
axonal injury, such as multiple sclerosis.8 9 In
agreement with several 1H-MRS studies,16 20 21

our data indicate that HIV encephalopathies
showed a significant decrease of NAA in com-
parison with neurological controls. This con-
firms the histopathological findings of
neuronal,17 dendritic, and axonal loss indirectly
induced by HIV.18 Furthermore, we found that
PML and lymphoma lesions were both charac-
terised by lower levels of NAA than toxoplas-

mosis and HIV encephalopathies itself. It is
known that the JC papova virus preferentially
infects the myelin producing olygodendro-
cytes, resulting in cell lysis and demyelination.
An eventual axonal injury, secondary to severe
myelin damage, could account for the decrease
in NAA found in PML infection.37

Another frequent metabolic abnormality
was the increase in Cho/Cr ratio found in
patients with HIV encephalopathies, lympho-
mas, and toxoplasmosis in comparison with
neurological controls. Several studies have
found increased Cho in the late stages of
AIDS-dementia complex and, recently, also in
the early phase of HIV infection.16 22 32 Cho is
an important constituent of cell membranes
and its increase could be consistent with cell
membrane breakdown, such as the HIV
induced vacuolisation of dendrites found in
HIV encephalopathies.38 In disagreement with
a recent study,26 we found a normal Cho/Cr
ratio in patients with PML lesions, and this
result could be in contrast with the character-
istic myelin damage induced by JC virus.37 On
the other hand, high Cho may suggest an
increase of cell membrane synthesis and
turnover which characterise cellular tumours,
such as we found in lymphomas.39

In line with previous proton MRS studies of
tumours,39 the lipid signal was more frequent in
patients with lymphomas. The ability to detect
mobile lipid resonance by 1H-MRS is an addi-
tional important tool to monitor proliferation
of cell membranes.39 Alternatively, an increased
lipid signal could be related to a breakdown of
cell membranes,40 or to the presence of
infiltrating macrophages around inflammatory
lesions of diVerent aetiology. It is known that
activated macrophages contain high concentra-
tions of mobile lipids.41 However, in disagree-
ment with this hypothesis and with a recent
study,26 we did not show presence of lipids in
spectra from patients with PML.
Finally, a lactate peak was detected more

often in PML lesions than in the other HIV
groups. The reason for this is not clear. A high
lactate signal may depend on anaerobic glyco-
lytic metabolism by activated macrophages
around tumour lesions, such as lymphomas,42

or around inflammatory areas, such as in PML.
Alternatively, in acute toxoplasmosis lesions
the necrosis, secondary to vascular thrombosis,
may contribute to an increase in lactate.
Our preliminary results on longitudinal

1H-MRS studies in patients with HIV showed
dynamic metabolic changes in brain lesions.
We found a reduction of NAA in acute
toxoplasmosis, which partially recovered dur-
ing the follow up. Factors other than neuronal
loss may account for this reversible change.

Table 6 Result of discriminant analysis

Actual groups No of cases

Predicted group membership (n (%))

(1) (2) (3) (4)

(1) HIV-related encephalopathies 25 14 (56) 8 (32) 3 (12) 0 (0)
(2) HIV-toxoplasmosis 20 7 (35) 6 (30) 3 (15) 4 (20)
(3) HIV-PML 8 0 (0) 1 (12.5) 6 (75) 1 (12.5)
(4) HIV-lymphomas 7 0 (0) 1 (14.3) 2 (28.6) 4 (57.1)

Per cent of “grouped” cases correctly classified: 50%.

Table 5 1H-MRS metabolites in HIV toxoplasmosis group

NAA/Cr
(mean (SD))

NAA/Cho
(mean (SD))

Cho/Cr
(mean (SD))

Lactate
n (%)

Lipids
n (%)

Neurological controls (22) 2.25 (0.51) 2.09 (0.51) 1.12 (0.26) — —
HIV toxoplasmosis - acute phase (13) 1.38 (0.39)*† 1 (0.56)* 1.7 (0.9)* 4/13 (31) 5/13 (38)
HIV toxoplasmosis - remission phase (7) 1.64 (0.24)* 1.27 (0.55)* 1.44 (0.42)* 0/7 (0) 2/7 (29)

Comparison of means by Mann-WhitneyU test: * diVerent from neurological controls; † diVerent from HIV toxoplasmosis - remis-
sion phase. Only the significant diVerences observed are presented; for statistical details see results.
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Oedema is a prominent feature of acute
toxoplasmosis lesions and it is possible that the
relative number of neurons/unit of volume is at
first reduced and later increases as the oedema
is absorbed. By contrast, HIV encephalopa-
thies were characterised by an irreversible and
progressive NAA loss.
Our findings confirm the high sensitivity of

1H-MRS in detecting brain metabolic impair-
ment which seems to be consistent with
histopathological features of HIV related brain
diseases. Nevertheless, according to previous
results,9 5 but in disagreement with another
report,24 the discriminant analysis showed an
overall low diagnostic power of the 1H-MRS
technique to distinguish diVerent brain lesions
in patients with HIV. Diagnosis based on MRI
is sometimes very diYcult in the presence of
focal lesions, in particular of toxoplasma
abscesses and brain lymphomas. Although our
data showed that lymphomas were character-
ised by lower NAA/Cr and NAA/Cho ratios
and by more frequent lipid signals in compari-
son with toxoplasmosis, the few patients
studied with lymphoma make the 1H-MRS
unable to diVerentiate the two HIV related
diseases.5 By contrast, the metabolic pattern of
PML lesions seems to diVer from those of the
other HIV groups, as it is homogeneously
characterised by low NAA, constant presence
of lactate, and absence of lipid signal. It is
known that in the late stages of PML white
matter abnormalities on MRI (T1 hypointen-
sity and T2 hyperintensity) are usually well dif-
ferentiated from those found in HIV encepha-
lopathies, whereas in the early stages of PML
T1weighted lesions may appear isointense and
MRI features of the two diseases may be
confused.3 43 Therefore we suggest that the
1H-MRS technique could support MRI in the
diVerential diagnosis of CNS lesions involving
white matter during HIV infection.
Our opinion is that 1H-MRS, combined

with MRI findings and clinical and laboratory
indices, could help to define diagnosis, but
above all it may be useful to monitor the
course of progression of disease and to evalu-
ate the eYcacy of specific therapy in longitudi-
nal studies.
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