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Abstract Dopaminergic dysfunction is thought to play a
pivotal role in human immunodeficiency virus (HIV)-
related dementia. Decreased dopamine (DA) levels in the
cerebrospinal fluid (CSF) and neuronal loss in the sub-
stantia nigra (SN) have been reported in HIV-infected
patients, suggesting nigrostriatal damage. Structural chan-
ges detectable as hyperechogenicity in transcranial
ultrasound (TCS) scans of the SN have been reported in
patients with Parkinson’s disease (PD) and other neuro-
logical conditions. In this study, we assessed the
echomorphology of the SN in 40 HIV-positive patients
compared to 40 age- and sex-matched healthy controls and
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correlated these findings with CSF levels of DA and the
metabolites homovanillic acid (HVA) and 3,4-dihydroxy
phenylacetic acid (DOPAC) and with neuropsychologic
performance. We observed that the SN of HIV-infected
patients was hyperechogenic relative to that of controls
(0.07 £ 0.05 wvs. 0.04 = 0.07 cm?;  mean £+ SEM;
P < 0.001) and that this SN hyperechogenicity was cor-
related with decreased DA levels in the CSF, decreased
CD4 cell count, and an impaired performance in the psy-
chopathology assessment scale (AMDP) subtest for drive
and psychomobility. An association to CDC stage, duration
of HIV infection, or presence of HIV dementia was not
observed. Our results indicate changes in the nigrostriatal
system in HIV-infected patients that are detectable as hy-
perechogenic SN precede prominent extrapyramidal
symptoms and cognitive dysfunction.

Keywords AIDS - Dopamine - HIV dementia -
Substantia nigra echogenicity - Transcranial sonography

Introduction

Clinical manifestations of dopaminergic dysfunction are
prominent findings in patients with human immunodefi-
ciency virus (HIV) infection and consecutive HIV
dementia. This symptom-complex consisting of subcortical
dementia and extrapyramidal features, such as bradykine-
sia, postural and gait abnormalities, and hypomimia, was
recognized in the 1980s and represents primary HIV-rela-
ted neuronal damage involving the nigrostriatal pathway.
Even in the absence of cognitive impairment, HIV-infected
patients may exhibit subclinical motor disturbances [11].
Cerebrospinal fluid (CSF) studies also reflect dopaminergic
dysfunction in HIV patients, with HIV-positive patients
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with or without neurological deficits showing significantly
reduced levels of CSF dopamine (DA) than control subjects
[12]. Using stereological techniques, Reyes et al. [25]
estimated the volume density of melanin for quantitative
assessment of pigmented cells in the pars compacta of the
substantia nigra (SN) of 12 autopsied patients with
acquired immunodeficiency syndrome (AIDS) without
parkinsonism and 12 age-matched controls. There was a
25% neuronal decline in AIDS patients (P < 0.01), with
evidence of reactive astrocytosis, extracellular melanin,
and small neuronal cell bodies. These observations indicate
injury of the nigrostriatal pathway prior to the development
of extrapyramidal symptoms. Structural changes detectable
as hyperechogenicity in transcranial ultrasound (TCS) of
the SN were reported in patients with Parkinson’s disease
(PD) [3, 8]. In this study, we assessed the echomorphology
of the SN in different stages of HIV infection and corre-
lated these findings with DA levels in the CSF, including
its metabolites, and with neuropsychological performance.

Methods
Subjects

We investigated 40 male patients with HIV infection
[mean age 45.9 £ 8.6 (SD) years; mean duration of HIV
infection 9.8 £ 6.5 years (range 1-21 years); mean CD4
lymphocyte count 500.85 & 273.5; mean plasma HIV
RNA 8362.1 &+ 10,544 copies/pl (range 50-122,040 cop-
ies/ul); mean T4/T8 ratio 0.5] and 40 healthy controls (35
males, mean age 46.6 £ 10.2) without any neurological
limitation (Table 1). All patients were prospectively

recruited from the outpatient clinic for sexually trans-
mitted diseases at the University Hospital Essen. Inclusion
criteria were informed consent and an age >18 years.
Exclusion criteria were opportunistic systemic or CNS
infection, CNS neoplasm, active alcohol or drug abuse,
aphasia, and concomitant neurological disease, such as
dementia caused by factors other than HIV, schizophrenia
or other severe psychiatric disease. Thirty patients (75%)
received highly active antiretroviral therapy (HAART).
All patients and controls underwent a careful neurological
examination, and all participants gave their informed
consent according to the Declaration of Helsinki prior to
study inclusion. The study was approved by the local
ethics committee.

Neuropsychological and clinical testing

Neuropsychological assessments were performed using the
following tests: trail making test A and B, Wechsler
memory scale-R (figural and logical memory), mosaic test,
digit symbol test, multiple word choice test form b
(MWCT-b), Raven standard progressive matrices, Re-
gensburg word fluency test, syndrome short test (SKT),
Wisconsin card sorting test (WCST), and digit-span
memory test. All patients were also evaluated by the
Hamilton depression rating scale (HAM-D), unified PD
rating scale (UPDRS), HIV dementia scale and psychopa-
thology assessment scale (AMDP).

Transcranial sonography

Transcranial sonographic examination was performed as
described by Berg et al. [8].

Table 1 Demographic and
clinical characteristics

HAART Highly active
antiretroviral therapy, AMDP
psychopathology assessment
scale (0 = normal, 3 = severe
disability), CSF cerebrospinal
fluid, HIV human
immunodeficiency virus, M
male, F female

Unless indicated otherwise,

Demographic and HIV patients Healthy

clinical characteristics controls

Number of subjects, n 40 40

Age, years 459 £ 8.6 46.6 £ 10.2
(25-65) (25-69)

Gender (M:F), n 40:0 35:5

Duration of illness, years 9.8 £ 6.5 (1-21) -

HIV RNA blood, copies/pl 8,362.1 £ 10,544 (50-122,040) -

HIV RNA CSF, copies/pl 942.2 £ 832.8 (50-10,568) -

CD4-cell count, cells/ul 500.85 £ 273.5 (25-1,100) -

T4/T8-ratio 0.5 (0.2-1.6) -

HAART (%) 75 -

CSF dopamine, ng/ml 29.6 £ 13.6 (13.5-64.6) -

Substantia nigra echogenicity, cm? 0.07 £ 0.05 (0-0.23) 0.04 £ 0.07

(0-0.19)
AMDP score 0.9 £ 1.1 (0-3) -
Neurological deficit (%) 25.7 -

values are given as the mean +
standard deviation, with the

. . X HIV dementia scale
range given in parenthesis

12.6 £ 3.1 (6-16) -
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For TCS, a color-coded, phase array ultrasound system
equipped with a 2.5-MHz transducer was used (Siemens
Sonoline Elegra). Two investigators (MM, OK), blinded
for the results of the neuropsychological testing and
patients’ diagnosis, performed transcranial sonography via
a preauricular acoustic bone window with a penetration
depth of 16 cm and a dynamic range of 45 dB. The SN was
identified within the mesencephalic brainstem, with scan-
ning from both temporal bone windows. Since the signal
brightness (echogenicity) is not quantifiable by ultrasound,
the area of hyperechogenic signals in the SN region was
encircled and measured. The average measurement values
from both sides (left and right) were used for further
analysis.

Measurement of DA, homovanillic acid,
and 3,4-dihydroxy phenylacetic acid

Lumbar puncture was performed in 20 patients. Prior to
analysis, the CSF samples were centrifuged at 10,000
rpm. (Hettich, Micro Rapid, Tuttlingen, Germany)
through molecular weight filters (cut-off 5 kDa; Milipore,
Bedford, MA) at 4°C to remove high-molecular-weight
components. Filtrate (20 pl) was injected into a Rheo-
dyne injector (model GI1313 A, 1100; Agilent,
Waldbronn, Germany) and analyzed for DA, and its
metabolites DOPAC (3,4-dihydroxy phenylacetic acid)
and HVA (homovanillic acid) were analyzed by a
reverse-phase high-performance liquid chromatography
system with electrochemical detection. The HPLC sys-
tem (model 1100; Agilent) consisted of a solvent
delivery pump, an electrochemical detector (Bio-Rad
model 1640; Bio-Rad, Hercules, CA) with a glassy car-
bon electrode. Peaks were recorded by means of an
integrator (HP Chem Station 2/3; Agilent). All settings,
columns, and solutions were the same as described
elsewhere [17]. Qualitative and quantitative analyses
were performed by comparing retention times and peak
heights with those obtained with commercially available
standards (Sigma, St. Louis, MO).

Fig. 1 Example of substantia
nigra (SN) echogenicity
measurement using transcranial
sonography (TCS) at the
midbrain level. a Normal SN,
b hyperechogenic SN
(hyperechogenic area is
encircled). HIV Human
immunodeficiency virus

@ Springer

Statistics

We used a simple 7 test for independent samples to make a
group comparison of SN echogenicity between healthy
controls and HIV-positive patients. The statistical level of
significance was set to P < 0.05. We also performed a
simple regression analysis using Pearson test for parametric
correlation of SN echogenicity, CSF and serum analysis
results, and clinical and neuropsychological testing results
(SPSS for Windows ver. 14; SPSS, Chicago, IL).

Results

Figure 1 shows an example of an SN with a hyperecho-
genic area in contrast to a normal SN.

The TCS scan revealed a mean (& SD) area of SN hy-
perechogenicity of 0.07 £ 0.05 cm® in HIV-infected
patients in contrast to 0.04 £ 0.07 cm? in the control group
(P <0.001) (Fig. 2a). The interrater variability of SN
measurements between MM and OK was r = 0.81.

A neurological deficit was present in 13 patients and
included sensory disturbances of the lower limb (seven
patients), sensory disturbances of the upper limb (two
patients), facial asymmetry after peripheral facial palsy
(one patient), horizontal gaze nystagmus (one patient), gait
ataxia (one patient), and resting tremor of the right side
(one patient). There was no difference in SN echogenicity
between patients with and without neurological deficits
(P = 0.26). Highly active antiretroviral therapy did not
influence SN echogenicity when patients on HAART were
compared with those not on HAART (P = 0.46). The eight
patients (10%) with HIV dementia scale results <10 had a
lower CD4 cell count (361.6 £ 180.7 cells/pl; P = 0.046)
than the other HIV patients, but there was no difference in
SN echogenicity or DA level in the CSF.

In the CSF, the mean DA level was 29.6 + 13.6 ng/ml,
the mean HVA level was 54.4 £+ 15.4 ng/ml, and the mean
DOPAC level was 6.2 £ 3.9 ng/ml. Dopamine levels in
the CSF were negatively correlated to the area of SN

healthy

HIV+
control

patient
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Fig. 2 a Group comparison of SN echogenicity; HIV-positive
patients versus healthy controls (P < 0.001). b Correlation of SN
echogenicity with dopamine concentration in the cerebral spinal fluid
(CSF) (P = 0.018). ¢ Correlation of SN echogenicity with CD4 cell
count (P = 0.029)

hyperechogenicity (r = —0.52; P = 0.018) (Fig. 2b). No
correlation was found for HVA and DOPAC levels or CSF
viral load (HIV RNA). The CD4 cell count was negatively
correlated with SN hyperechogenicity (r = —0.35;
P = 0.029) (Fig. 2c). Apart from CD4 cell count, we found
no correlation to disease duration or disease severity (i.e.,
CDC stage, HIV RNA blood, etc.).

The psychopathology assessment scale (AMDP) disor-
ders of drive and psychomotor speed and SN
hyperechogenicity (r = 0.41; P = 0.006) were positively
correlated. In contrast, the remaining neuropsychological

tests correlated with neither SN hyperechogenicity or with
CSF analysis results.

Discussion

Transcranial sonography revealed that HIV-infected
patients have an enlarged area of hyperechogenic SN com-
pared to healthy controls and that the SN hyperechogenicity
is correlated with decreased levels of DA in the CSF, a
decreased CD4 cell count, and impaired performance in the
AMDP subtest for drive and psychomotor speed.

An increased hyperechogenicity of the SN, as evidenced
on TCS scans, was first described in PD [3]. Subsequently,
a hyperechogenic SN was reported in several other con-
ditions, such as depression [28], parkinsonism induced by
neuroleptic medication [8], spinocerebellar ataxia type 3
[23], and Huntington’s disease [24]. In contrast, a hypoe-
chogenic SN was shown in patients with restless legs
syndrome [26]. Substantia nigra hyperechogenicity is
assumed to be caused by binding of an increased amount of
iron to iron-metabolizing proteins or structural alteration of
iron-binding proteins leading to differences in the reflec-
tion of the ultrasound beam, which is then displayed as
hyperechogenic signals [4]. However, a correlation
between SN hyperechogenicity and the degeneration of
presynaptic dopaminergic neurons could not be demon-
strated in a study combining TCS and single-photon
emission computed tomography (SPECT) [27].

Motivational drive and psychomotor speed (as assessed
by AMPD) was the only clinical feature that showed a
correlation to SN hyperechogenicity in our patients, in
contrast to extrapyramidal symptoms. In patients with PD,
the size of the hyperechogenic area in the SN remains
stable throughout the course of the disease, despite
increased motor slowing [9].

In one study, a hyperechogenic SN was found in 46% of
33 healthy elderly subjects (age range 86-95 years); this
hyperechogenic SN was strongly correlated with the pres-
ence of subtle extrapyramidal motor dysfunctions that were
not prominent enough for clinical diagnosis of PD without
cognitive deficits [5]. Studies in healthy younger subjects
(mean age 77 years, n = 79) showed comparable results
[10]. The authors proposed SN hyperechogenicity as a risk
factor for nigral injury, which is supported by the fact that
9% of healthy young subjects (median age 30 years,
n = 330) had hyperechogenic SN revealed on their TCS
scans [7]. Further work-up in ten subjects did not find a
deficit in comprehensive motor testing and neuropsycho-
logical assessment, but it did detect dopaminergic
dysfunction with a marked decrease in the accumulation of
['"®F]-DOPA in the caudate nucleus and putamen using
positron emission tomography (PET) [7]. Interestingly, in a
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prospective study, initial hyperechogenicity of the SN was
strongly correlated with the development of extrapyramidal
side effects in patients receiving their first neuroleptic
therapy, indicating subclinical nigrostriatal injury disclosed
by antidopaminergic agents [8]. The likelihood of HIV-
positive patients developing extrapyramidal side effects due
to neuroleptic therapy is two- to fourfold higher than that of
HIV-negative subjects, providing reasons to assume sub-
clinical dopaminergic dysfunction [15]. The prevalence of
hyperechogenic SN in HIV-infected patients seems to par-
allel the higher prevalence of extrapyramidal side effects of
antidopaminergic agents. Thus, SN hyperechogenicity may
be an important risk factor for the development of these side
effects in HIV-positive patients.

In our patients, there was no correlation between SN
hyperechogenicity, duration of disease, or presence of HIV
dementia. Hence, an early subclinical nigrostriatal injury
detectable by TCS in HIV-infected patients may predict the
development of extrapyramidal symptoms and HIV
dementia, but it does not necessarily entail consequent
disease progression.

The results from the studies of DA, DOPAC, and HVA
in the CSF demonstrate that neurochemical alterations in
therapy-naive asymptomatic HIV-infected patients do
occur [1]. In our patients, DA levels in the CSF were
negatively correlated with SN hyperechogenicity (Fig. 2b),
indicating increased SN echogenicity as a marker for
dopaminergic hypofunction. Before HAART was avail-
able, Larsson et al. [19] reported reduced CSF dopamine
metabolite (e.g., HVA) levels in patients with AIDS com-
pared to those at other stages of HIV and healthy controls.
The stage of AIDS dementia was not associated with lower
HVA levels in the CSF [19], but an association between
lower HVA levels with impaired performance in motor
speed, attention, concentration, and executive control in ten
HIV patients was found [14]. Even though DA metabolites
may allow conclusions to be drawn on DA behavior, our
CSF results based on 20 HIV patients at different stages did
not reveal an association between HVA levels in the CSF
and neuropsychological testing.

The fact that SN hyperechogenicity negatively corre-
lated to CD4 cell count may suggest that patients with a
low CD4 cell count are at risk of developing structural
changes in the SN following increased HIV neurotoxicity.
Neurotoxicity in HIV is exhibited via the envelope protein
glycoprotein (gp) 120, which causes apoptosis in in vitro
and in vivo models [2, 13, 20]. With respect to the dopa-
minergic system, gp 120 reduces DA uptake in
mesencephalic neuronal cultures in vitro [6], and the in-
trastriatal injection of gp 120 leads to specific loss of
dopamine [21]. Tat is another HIV protein with neurotoxic
potential for dopaminergic neurons via excitatory amino
acid receptors [22] and mitochondrial dysfunction [18].

@ Springer

Neuronal loss in the SN of HIV-infected patients was
described pathoanatomically by Reyes et al. [25] and Itoh
et al. [16]. Unfortunately, the accumulation of tissue iron
content—the presumed underlying mechanism for SN hy-
perechogenicity—was not examined in these studies.
Pathological alterations of the SN were not accompanied
by clinical signs of parkinsonism in patients undergoing
autopsy, providing evidence that structural changes of the
SN occur before the onset of extrapyramidal symptoms
[25]. However, it has to be remembered that SN changes in
HIV disease seem to result from primary viral protein
neurotoxicity and inflammation leading to secondary
degenerative processes, whereas SN changes in PD are
probably induced by primarily degenerative processes.

In conclusion, our results indicate early nigrostriatal
damage mediated through increasing HIV neurotoxicity in
patients with a low CD4 count, detectable as hyperechog-
enicity on a TCS scan as DA depletion in the CSF. This
leads to subtle clinical impairment of psychomotor speed
before cognitive or extrapyramidal symptoms become
apparent.

Conflict of interest statement The authors report no conflicts of
interests.
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