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Whole Brain Imaging of HIV-Infected Patients:
Quantitative Analysis of Magnetization Transfer
Ratio Histogram and Fractional Brain Volume

Yulin Ge, Dennis L. Kolson, James S. Babb, Lois J. Mannon, and Robert I. Grossman

BACKGROUND AND PURPOSE: Magnetization transfer ratio (MTR) histogram analysis
and volumetric MR imaging are sensitive tools with which to quantify the tissue destructive
effects in patients with white matter or neurodegenerative disease. Our purpose was to deter-
mine whether whole brain MTR and fractional brain parenchyma volume measurements are
altered in HIV-1-infected patients who are neurologically symptomatic and in those who are
asymptomatic.

METHODS: We performed MR imaging and MTR studies of 15 neurologically symptomatic
(seven patients) and asymptomatic (eight patients) HIV-1-seropositive patients and compared
their findings with those of 10 seronegative normal control participants. MTR was computed on
the basis of whole brain parenchyma segmented by using thin section dual echo MR images.

RESULTS: The loss of brain tissue, indicated by fractional brain parenchyma volume, was
more pronounced in neurologically symptomatic patients (P � .003) but not in asymptomatic
patients (P � .23) when compared with control participants. As for whole brain MTR histogram
analysis, both patient groups showed significant decrease in mean (P � .02) and median (P <

.009) values, compared with normal control participants. There was a trend toward positive
correlation (r > 0.56) between MTR histogram statistics and fractional brain parenchyma volume.

CONCLUSION: Our results suggest that MTR histogram analysis is sensitive in detecting
early involvement in neurologically asymptomatic patients with HIV and may, therefore, be
used as a combined tool with volumetric measurement, which showed significant tissue loss only
in symptomatic patients, to assess various stages of brain damage induced by HIV.

HIV-related dementia is associated with the release
of neurotoxic metabolites and cytokines by HIV-acti-
vated macrophages and microglia within the CNS
(1–4), which results in cell loss and, ultimately, brain
atrophy (5–7). HIV-1 replication within CNS begins
shortly after infection, but neurologic symptoms as-
sociated with progressive cognitive, motor, and be-
havioral dysfunction typically occur during the late
stages of disease in HIV-infected patients (8). White
matter lesions and significant brain atrophy are two
features most commonly observed in patients with
HIV-1-associated dementia in neuroimaging studies,

and although HIV-induced neurodegeneration is a
diffuse process, regional variations may occur (9–11).
The aim of our study was to determine the whole
brain tissue loss and subtle pathologic changes by
using volumetric MR imaging and magnetization
transfer ratio (MTR) measurements, respectively, in
patients with mild neurologic symptoms and those
without neurologic symptoms. The identification of
such changes in whole brain would eliminate the
regional sampling bias and have implications for the
presence and severity of total tissue destructive
changes during the early stage of disease with HIV-1
infection before and after functional impairment. Our
assumptions were that subtle changes (ie, inflamma-
tion, demyelination) might occur and be detected by
MTR histogram analysis during the early phase of the
disease and that atrophy might occur later and be
associated with cognitive symptoms.

Methods

Participants
We examined 15 HIV-1-seropositive patients (12 men and

three women), eight of whom were neurologically asymptom-
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atic and seven of whom were neurologically symptomatic. Ten
age-matched volunteers (six men and four women) with no
history of neurologic illness served as control participants, with
a mean age of 40.3 years (age range, 23–56 years). The mean
age of the HIV-symptomatic patients was 40.1 years (age range,
22–56 years); the mean age of the HIV-asymptomatic patients
was 34.1 years (age range, 28–40 years). The patients had been
classified as neurologically symptomatic and asymptomatic ac-
cording to the following criteria: patients with neurologically
symptomatic HIV were scored as having AIDS dementia com-
plex stage �0.5 by neurologic examination and neuropsycho-
logical testing (NPZ-8 battery) (12), which represents the av-
erage of the individual Z scores for the eight tests. By the same
criteria, patients with neurologically asymptomatic HIV re-
ceived an AIDS dementia complex score of zero. The NPZ-8
scores of the patients ranged from 0 to 15. Eight seropositive
patients had an AIDS dementia complex score of 0, five had a
score of 0.5, and two had a score of 1. All patients were
medically stable, ambulatory, and functioning independently.
No patients with active drug or alcohol abuse were included in
the study. Six of seven symptomatic patients were receiving
antiretroviral therapy, and one was not receiving any antiviral
treatment. Seven of eight of the asymptomatic patients were
receiving antiretroviral therapy. No patients were receiving
corticosteroids nor had any patients been receiving long-term
corticosteroids before study entry. The study was approved by
our institutional review board, and all patients and normal
control participants who were included in the study signed
informed consent to participate after receiving an explanation
of all procedures.

MR Imaging
All MR imaging examinations were performed on the same

1.5-T clinical MR imaging system (Signa; GE Medical Systems,
Milwaukee, WI) with a quadrature transmitter-receiver head
coil. Contiguous transverse 3-mm-thick dual echo fast spin-
echo proton density–weighted and T2-weighted (2500/18, 90
[TR/effective TE]; one signal acquired) images were obtained
with a 192 � 256 matrix and a 22-cm field of view. The echo
train length was eight. To cover the whole brain, �50 sections
were acquired and corresponding acquisitions were obtained.
Magnetization transfer imaging was performed by using a stan-
dard 3D gradient-echo sequence (106/5; flip angle, 12 degrees)
modified by the addition of a magnetization transfer pulse. The
field of view was 22 cm, the matrix size was 128 � 256, and the
section thickness was 5 mm. Magnetization transfer contrast
was achieved by applying a saturation pulse, which consisted of
a 19-ms sync-shaped RF pulse during each TR. Two consecu-
tive sets of transverse images, one with and one without the
magnetization transfer saturation pulse, were obtained to cal-
culate MTR and construct its histogram.

Image Processing
The first (proton density–weighted) and second (T2-

weighted) echoes of the fast spin-echo sequence and magneti-
zation transfer images in each study were transferred to a Sun
Sparc workstation (Sun Microsystems, Mountain View, CA)
for image processing. The segmentation is based on the con-
cept of fuzzy connectivity (13) incorporated in a software sys-
tem called 3DVIEWNIX (14). The process begins with the
segmentation of intracranial brain by using dual echo images.
An angle image of CSF is then created from both proton
density– and T2-weighted data sets based on segmented intra-
cranial contents (15). This method creates a voxel-by-voxel
image by using the formula Iangle � tan�1 (IT2/IPD), where
Iangle, IT2, and IPD are the intensities of the voxels from the
angle and from the T2-weighted and proton density–weighted
images, respectively. The resulting angle image has relatively
homogenous CSF intensity values that can be easily thresh-
olded to produce a CSF-only image and volume. The brain

parenchyma volume image was obtained by subtracting the
CSF image from the total intracranial binary image. The vol-
umes of brain parenchyma, CSF, and total intracranial volume
image were then calculated on the basis of associated binary
images. This method has been validated previously by using a
repeat imaging test, and the known coefficient of variation
(median) was 0.23% for brain parenchyma volume and 0.45%
for CSF volume (16). Lesions, if presented, were identified as
3D fuzzy objects that were segmented by using a validated
semiautomated computerized method with a known lower co-
efficient of variation �1% (15). Lesions, however, that were
excluded by the program from brain parenchyma were added in
the calculation of the total tissue volume of brain parenchyma.
To normalize for head size differences among participants,
fractional brain parenchyma volume was computed as the per-
centage of brain parenchyma volume within the volume of the
intracranial contents.

The computation of MTR used both segmented whole brain
parenchyma volume images without lesions and magnetization
transfer images. After the interpolation (14) of magnetization
transfer images and fast spin-echo images, we registered the
proton attenuation-weighted image with the magnetization
transfer control (unsaturated) image, because they have similar
intensity patterns, by using an intensity correction method (17).
This allowed translation and rotation in 3D and generated the
rigid transformation to the segmented tissue volume image to
match them with the magnetization transfer images. Once
registered, for each voxel in the brain parenchyma volume
image, the MTR was calculated by using the following expres-
sion: MTR � [(Mo – Ms)/Mo] � 100%, where Mo and Ms
represent the signal intensity of the voxel with saturation pulse
off and on, respectively (18). The MTR histogram of whole
brain parenchyma was then generated, and the peak height was
normalized using each histogram frequency value (ie, the total
number of voxels with a certain MTR value) divided by the
total number of voxels in the sample. The peak height of the
histogram was determined as a measure of the frequency of
appearance in the most common MTR value.

Statistical Analysis
Least squares regression was used to assess the relationship

of each MTR histogram statistic with patient age and sex.
Because no statistically significant relationships were observed
in the given range of age and sex, patient and control groups
were compared in terms of each MTR statistic without adjust-
ment for age or sex differences. After this analysis, the inde-
pendent sample t test was used to make the group pair-wise
comparisons with Satterthwaite correction for unequal vari-
ances. Pearson product-moment correlation coefficients were
also used to assess the relationship between volume measures
(lesion and brain parenchyma) and MTR histogram statistics.

Results
No statistically significant interactions between dis-

ease status and either age or sex were noted, and
neither age nor sex was significantly associated with
any of the MTR histogram statistics in this study with
a certain age range. None of the normal control par-
ticipants had any abnormalities shown on MR images.
However, the total T2 lesion volume in symptomatic
patients (mean � SD, 4.6 � 6.9 cm3) was larger than
that in asymptomatic patients (0.1 � 0.2 cm3), although
the difference did not reach statistical significance (P �
.14), indicating the greater variability of lesions in these
two patient groups. We found a significant difference of
fractional brain parenchyma volume between the symp-
tomatic patient group and either the control group (P �
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.003) or the asymptomatic group (P � .02), but no
significant difference between asymptomatic patients
and control participants was noted (Table 1). One sec-
tion of segmented volume images of brain parenchyma
and CSF from one person in each group is shown in Fig
1, in which significant brain atrophy was identified in the
symptomatic patient.

Regarding MTR histogram statistics (Table 1), a
significant difference was found in whole brain paren-
chyma MTR histogram mean (P � .02) and median
(P � .009) between both groups of HIV-1-infected
patients and normal control participants (Fig 2), sug-
gesting that abnormalities could occur during the very
early stage of disease in the absence of neurologic
symptoms. However, the first quartile, third quartile,
and peak location of MTR histogram also showed

significant differences between symptomatic patients
with controls (P � .04) and between asymptomatic
patients with controls (P � .04). Compared with the
asymptomatic patients, symptomatic patients had a
lower peak height of MTR histogram (P � .04).

Pearson product-moment correlation was used to
identify MTR histogram statistics predictive effects of
MR imaging volume measurements in the combined
symptomatic and asymptomatic patient group (n �
15). There were moderate positive correlations (P �
.03) between fractional brain parenchyma volume and
MTR histogram mean (r � 0.58), median (r � 0.57),
and peak height (r � 0.56), indicating that subtle
pathologic changes in brain may have predictive
values for brain atrophy in HIV-1-infected patients.
However, lesion volume was not associated with

Comparisons of MTR and Fractional Brain Parenchyma Volume Statistics (Mean � SD) in Groups of Normal Control Participants and Asymp-
tomatic and Symptomatic Patients With HIV

Measurements Control Asymptomatic Symptomatic

P Values

Control vs. A Control vs. S A vs. S

Mean (%) 32.1 � 0.5 31.3 � 0.7 29.7 � 2.0 .02 .02 .09
Median (%) 33.8 � 0.7 32.8 � 0.7 31.6 � 1.6 .006 .009 .12
Peak height (10�3) 105.7 � 9.9 108.9 � 11.3 92.7 � 15.1 .54 .07 .04
fBPV (%) 88.3 � 3.4 85.3 � 4.7 76.5 � 6.7 .15 .003 .02

Note.—A indicates asymptomatic; S, symptomatic; fBPV, fractional brain parenchyma volume.

FIG 1. T2-weighted MR images (left), seg-
mented brain parenchyma volume images
(middle), and CSF volume images (right).
The loss of brain parenchyma, as reflected
by the enlargement of ventricles and sulci,
was most apparent in the symptomatic pa-
tient.

A, Normal control participant.
B, Asymptomatic patient.
C, Symptomatic patient.
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either fractional brain parenchyma volume or MTR
histogram statistics in these patients.

Discussion
The data in this study showed the feasibility of

generating, on a whole brain basis, quantitative mea-
sures of tissue damage during the early phase of HIV
disease with mild cognitive symptoms (AIDS demen-
tia complex score, 0.5–1) or without cognitive symp-
toms by using volumetric MR imaging and MTR
histogram analysis. The study was motivated by pre-
vious work showing that the MTR is abnormally low
in lesions (19) and normal appearing white matter
(20) in patients with HIV-1 infection and that the
region-specific cerebral volume loss is detected in the
disease with HIV infection (21). Our results extend
these earlier findings to a global index of disease
burden and emphasize that both microscopic (MTR)
and macroscopic (atrophy) assessments are useful
markers of HIV-1-associated brain injury. Imaging
markers of the amount of injury are necessary to
assess the natural history of disease evolution and
their relationship with clinical status and are crucial
for monitoring response to treatment.

Our results indicate that whole brain MTR mea-
surements significantly differed between each patient
group and the seronegative control group. Our obser-
vations of abnormal MTR in neurologically asymp-
tomatic patients may reflect the pathologic processes
occurring microscopically before the neurocognitive
symptoms appear. Most previous imaging studies (19,
22, 23) evaluated tissue damage in patients with HIV
primarily during the late stages of the disease, when
severe cognitive impairments were apparent. Re-
cently, however, with the development of more sen-
sitive techniques, such as MR spectroscopy and mag-
netization transfer imaging, more investigators have
turned to study subtle abnormalities in the brains of
HIV-1 patients relatively early during the disease pro-
cess. Meyerhoff et al (24) detected higher choline-

containing metabolites in subcortical brain in cogni-
tively and clinically asymptomatic patients with HIV,
which was thought to reflect membrane damage after
HIV infection (24, 25). This has been also observed
pathologically (3, 26). Magnetization transfer imaging
is well suited to the study of normal appearing white
matter tissue of MS (27, 28) because of its ability to
detect small abnormal changes in water signal inten-
sity due to magnetization transfer by means of selec-
tive saturation of macromolecular bounded water in
regions undergoing magnetization transfer (29). Our
results of MTR in neurologically asymptomatic pa-
tients were consistent with the findings identified by
MR spectroscopy (24, 30). The mechanism of MTR
changes in HIV-infected brain tissue is still not well
known but pathologically may include inflammation
(macrophage and microglial activation), demyelina-
tion, and neuronal injury (dendritic) during the early
stages of the disease process.

The findings of this study with regard to brain
volume by using fractional measure showed signifi-
cant differences between normal control participants
and patients but only in symptomatic patients whose
cognitive symptoms are mild (AIDS dementia com-
plex score, 0.5–1). The lack of significant atrophy in
asymptomatic patients in this study may further sug-
gest that cerebral atrophy is significantly associated
with HIV-induced dementia (31). Previous work from
our group with this patient cohort showed that frac-
tional brain parenchyma volume shows significant
correlation with neuropsychological tests of motor
function in HIV-1-infected patients (32). Compared
with normal control participants, the decreased MTR
values in asymptomatic patients with no significant
volume loss imply that these abnormalities may occur
microscopically and may not cause tissue loss during
the course of disease. This may also indicate that
MTR is a more sensitive imaging marker in detecting
early tissue destructive changes of brain in cases of
disease with HIV infection. The pathogenesis of brain
atrophy in patients with HIV is still not well known.

FIG 2. MTR histograms from asymptom-
atic and symptomatic patients with HIV and
from normal control participants. Histo-
grams from two patient groups were shifted
to the left toward the lower MTR values.
Normalized peak height was generally lower
for symptomatic patients compared with the
other two groups.
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However, several studies (5, 7, 33) have shown that
HIV does not cause brain atrophy directly but virus
replication in vulnerable brain regions drives local
neurotoxin (ie, quinolinic acid) biosynthesis, which
may eventually induce brain atrophy. Brain tissue loss
seems to be an accumulative net effect from all neu-
rotoxin-induced chronic neurodegenerative processes
in patients with HIV and may cause symptoms. Be-
cause brain atrophy was found in various regions and
most likely occurs in subcortical gray matter, frontal
lobe, and parietal white matter (9, 10, 34), our whole
brain parenchyma volume measure could be an im-
aging surrogate marker to correlate with the amount
of disease progression and neurologic symptoms (16).

Although T2 lesion volume was observed to be
substantially lower for asymptomatic patients (mean,
0.1 cm3) than for symptomatic patients (mean, 4.6
cm3), the difference did not reach statistical signifi-
cance partly because of the high variability observed
in this study. We did not find significant correlations
between T2 lesion volume and either fractional brain
parenchyma volume or MTR histogram statistics in
this study. This finding agrees with those of previous
reports that T2 white matter abnormalities do not
correlate with neuropsychologic variables in HIV-
positive patients (31, 35). One possible explanation is
that not all abnormalities can be seen on conventional
MR images, as indicated by abnormal MTR findings
in normal appearing brain tissues in this study. How-
ever, we observed the positive correlations in patients
between MTR histogram parameters and fractional
brain parenchyma volume, suggesting that these mi-
croscopic changes may contribute to the brain tissue
loss in patients. Further, we showed brain atrophy in
the symptomatic group; even their cognitive function
was mildly impaired in this study. This indicates that
the early use of MTR histogram analysis in clinically
asymptomatic patients without detectable cognitive
impairment may be helpful to predict irreversible
brain atrophy and to guide modification of therapy.

The findings of differences in fractional brain pa-
renchyma volume and MTR histogram measure-
ments in control and different patient groups suggest
that the extent and severity of the pathologic process
could be graded by the new technologies, such as
MTR and volumetric MR imaging. Because peak
height is considered as an indicator of the residual
amount of normal tissue in a given part of brain (36)
and was thought to be inversely related to the amount
of parenchyma affected by the disease, the signifi-
cantly lower fractional brain parenchyma volume and
MTR histogram peak height in symptomatic patients
(Figs 1 and 2) indicate wide pathologic involvement,
compared with asymptomatic patients. This is consis-
tent with their different clinical appearance reflected
by cognitive heterogeneity. However, how and when
HIV produces imaging-detectable changes and pro-
duces brain functional impairments are still poorly
understood. It may be argued that brain atrophy
could be seen during the very early phase before
cognitive impairment (37) in HIV-infected patients.
We did not find significant atrophy in asymptomatic

patients compared with normal control participants.
Although we carefully identified the cognitive perfor-
mance and found no age effect on MTR in the cur-
rent range of age in patients, the number of patients
was small, the symptomatic patient group was older
than the asymptomatic patient group, and the influ-
ence of atrophy on MTR changes in patients is not yet
known. Further study of a larger, age-matched cohort
may be required to consolidate these preliminary ob-
servations of MTR and brain atrophy measurements
in patients with HIV.

Conclusion

MTR measurements and volumetric MR imaging
show the subtle and gross structural changes in HIV-
1-infected cognitive normal and abnormal patients.
Analysis from only individual lesions or regions lacks
specificity with respect to all different types of patho-
logic abnormalities and may not be a good marker for
the presence of the disease that could be widespread.
Our data suggest that global measures of MTR and
brain atrophy provide valuable and noninvasive as-
sessment of the various stages of HIV infection. It is
also likely that MTR may have potential value in
detecting early pathologic changes and guiding ther-
apy in patients without clinical symptoms and before
significant loss of brain tissue.
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