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HIV-associated neurocognitive disorder (HAND) is currently prevalent at epidemic
proportions within the HIV-infected patient population [1]. Of the conditions identified as
‘HAND’, the milder conditions of mild neurocognitive disorder (MND) and asymptomatic
neurocognitive impairment are more common than the severe condition of HIV-associated
dementia in the current era of effective antiretroviral therapy (ART). This has been
confirmed by neuropathological studies [2]. The revised criteria for diagnosing HAND do
not identify any specific positive laboratory or neuroimaging techniques for making the
diagnosis of HAND. Hence, these conditions remain diagnoses requiring the exclusion of
other conditions that could present with neurocognitive impairment in the patient population
[3,4]. Establishing HAND diagnoses involves a significant differential diagnostic work-up
that extends beyond structural neuroimaging to specialized cerebrospinal fluid studies (e.g.,
Epstein–Barr virus PCR to rule out primary CNS lymphoma, JC virus PCR to rule out
progressive multifocal leukoencephalopathy, and cytomegalovirus PCR to rule out
cytomegalovirus encephalopathy). In addition, ruling out metabolic encephalopathy requires
evaluation of pulmonic, hepatic and renal function. Furthermore, psychiatric disorders (e.g.,
major depressive disorder and substance use disorders), as well as psychoneurotoxicity of
prescribed medications must be excluded.
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Structural neuroimaging studies have demonstrated cerebral atrophy in the late stage of
HAND (i.e., HIV-associated dementia) dating back prior to the era of effective ART.
Morphometric studies using quantitative measures of brain volume, such as the bicaudate
ratio (as a measure of basal ganglia volume), also correlate with impaired neuro-cognitive
performance. The caudate nucleus volume has been correlated with motor performance in
HIV-infected individuals, independently of measures of generalized brain atrophy and
immunological disease progression. More recently, maps of cortical thickness have
documented thinning of the cerebral cortex to be correlated both with the level of
neurocognitive impairment and the CD4 cell count. Reports of hippocampal atrophy in
HAND have also accumulated, as have reports of diffuse, periventricular white matter
changes. However, no specific pattern of structural changes has emerged by which HAND
might be positively diagnosed.

Proton magnetic resonance spectroscopy (MRS) studies of HAND have shown increases in
myoinositol (MI) and choline (Cho) (both associated with microglial proliferation) in white
matter and the basal ganglia and reduced N-acetyl aspartate (NAA) (associated with
neuronal cell death) in the frontal lobe white matter [5]. While most studies have focused on
patterns of these three metabolites in terms of absolute concentration or as ratios with
creatine, other metabolites may be helpful in the diagnosis of HAND. Glutamate (Glu) is a
widespread and abundant (6–12 mM) neurotransmitter that is associated with excitotoxic
neuronal cell death, one of the primary mechanisms of neuronal cell death associated with
HAND [6]. NAA is related to this mechanism, since NAA binds Glu in neuronal cells (N-
acetyl-aspartyl glutamine). With a drop in NAA levels, this binding capacity decreases and
therefore more Glu is available to induce excitotoxicity. With regard to HIV infection, few
studies have reported on Glu, and these have been focused on the combination of the Glu
and glutamine (Gln) into the Glx peaks. The Glx peak in HIV-infected patients appears to be
regionally specific and has been reported as decreased in the frontal grey and the frontal
white matter and increased in the basal ganglia. Hence, we have focused upon the finer
resolution of the Glx peaks by brain region. Glu and Gln are highly related in the brain, as
Glu is thought to be taken up by astrocytes, converted to Gln, transported back to the
presynaptic neuron and converted back to Glu [7] – posited as the ‘glutamate/glutamine
shuttle’ hypothesis [8,9].

For the sole purpose of illustration, MRS data are reported from one subject with the
diagnosis of MND versus one HIV-seropositive control subject without neurocognitive
impairment. It is important to note that a comparison such as this cannot be substantiated as
formally evidence based owing to sources of variability attributable to subject movement,
voxel placement and intrinsic variability ≥25% – a particular problem for Glu [10]. The
subject with MND is a 64 year-old African–American homosexual man who is a disabled
clerical worker having a history of HIV infection since 1987, when he presented with oral
candidiasis. He was treated with emtricitabine/tenofovir and boosted lopinavir, a regimen
with a CNS penetration rank of seven, which is moderate [11]. The subject’s most recent
plasma viral load was nondetectable and his CD4 cell count had consistently been in the
range of 600–800 cells/mm3 – the mild level of immunologic disease progression. The
subject also had a history of HIV-induced distal sensory polyneuropathy for which he was
being treated with gabapentin. He had performed at 1.33 standard deviations (s.d.s) below
the mean on the symbol-search task (information processing speed domain), −1.50 s.d.s on
the California Verbal Learning Test (total acquisition of words across trials 1–5) (verbal
memory domain), −1.33 s.d.s on block design (visuospatial domain) and −2.19 s.d.s on the
grooved pegboard test, non-dominant hand (motor domain). He also had an elevated score
on the Cognitive Difficulties Scale, demonstrating an impact on his functional status and,
overall, qualifying him for the diagnosis of MND.
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With regard to neuroimaging, axial T1 magnetization-prepared rapid acquisition gradient
echo showed some ventricular enlargement but no midline shift or mass effect (Figure 1).
Axial fluid attenuated inversion recovery (FLAIR) demonstrated confluent foci of high
signal in the peri-ventricular white matter, more prominent posteriorly on both frontoparietal
slices (Figure 1), and a small region of the pons adjacent to the aqueduct. The FLAIR image
of a HIV-seropositive control subject without neurocognitive impairment is offered for
comparison, which suggests very mild white matter edema that could portend future
impairment (Figure 1). A schematic sample spectrograph is presented in Figure 2 to display
the peaks attributed to different compounds (notably NAA, Cho, Gln and MI). Note that two
or more areas of the spectrograph contribute to each compound except MI and water, both of
which are broad. Hence, quantitation of peaks alone may not be sufficient to represent the
concentration of the compounds in the region.

The MRS of the basal ganglia shows a pattern of a slightly decreased NAA peak with an
elevated Gln peak, as well as elevated Cho and MI peaks – consistent with MND (Figure 3).
A similar pattern was evident in the left hippocampus, with the exception that the NAA peak
was not decreased (Figure 3). A newer approach to Glu MRS detection involves obtaining
multiple spectra from a particular brain region using different echo times (TE; i.e., a
multiple TE [MTE] acquisition) and then averaging the spectra [12]. For the basal ganglia,
MTE averages suggested no difference in the NAA peaks between the MND and HIV-
positive control subject, while the other single-voxel results were maintained (Figure 4). For
the hippocampus, the MTEs showed a decrease in the NAA peak and increased Gln and MI
peaks, but no increase in the Cho peak for the MND subject. It has been suggested that
different MRS measures may be complementary to one another, such as single-voxel MRS
and MRS imaging [13]. Combinations of different types of MRS data together with FLAIR
have been used in this report, which suggests that this may be a useful combination with
which to diagnose HAND in a proof-positive manner in the future. If verified by future
work, the combination of MRS data with FLAIR could offer a sizable benefit in the
reduction of labor-intensiveness and in the economic costs involved in the current diagnosis
of HAND.
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Figure 1. Structural neuroimaging in mild neurocognitive disorder
MRI images from the MND patient described in the text (top row) and comparison images
from a seropositive control (bottom row). Slices intersecting the pons and lateral ventricles
are shown. T2-weighted FLAIR images (left panels) demonstrate periventricular
hyperintense white matter lesions that are pronounced in the MND patient. MP-RAGE
images (right panels) show these lesions as hypointense due to T1-weighting. Both FLAIR
and MP-RAGE also show pronounced ventricular enlargement in the MND patient that is
presumably the result of brain atrophy.
FLAIR: Fluid attenuated inversion recovery; MND: Mild neurocognitive disorder;
MP-RAGE: Magnetization prepared rapid acquisition gradient echo.
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Figure 2. Sample magnetic resonance spectroscopy spectrograph from an HIV-seronegative
control subject
This is a sample spectrograph obtained from a 3.0 cm3 voxel of brain tissue centered on the
left hippocampus of an HIV-seronegative control subject from this study. It is a short echo
time (echo time = 30), localized, single-voxel spectrograph showing proton magnetic
resonance signals from various metabolites and neurotransmitters. Signal location
assignments are given above the spectrograph.
Cho: Choline; MI: Myoinositol; NAA: N-acetyl aspartate; NAAG: N-acetyl-aspartyl
glutamate.
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Figure 3. Standard single voxel (single echo time) magnetic resonance spectra
A short echo time (echo time = 30), localized, single-voxel spectrograph from the MND
patient and one from a HIV-seropositive control subject without neurocognitive impairment
are presented. The locations which produced the spectra (basal ganglia and hippocampus)
are outlined in red on the images to the left of each spectrograph. MND:
Mild neurocognitive disorder.
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Figure 4. Multiple echo time magnetic resonance spectroscopy spectra
This figure shows data obtained using multiple echo times that are averaged from the basal
ganglia and hippocampus – for both the subject with MND and the HIV-seropositive control
subject without neurocognitive impairment.
MND: Mild neurocognitive disorder.
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