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Editorial

Neuropsychiatric aspects of HIV infection

Disorders of the CNS associated with HIV infection are
diagnostic for the acquired immune deficiency syndrome
(AIDS). Clinically, the associated neuropsychiatric disor-
ders may arise from various causes. Severe immunosup-
pression may result in cerebral opportunistic infections.
The commonest include Toxoplasma gondii, cryptococ-
cus, cytomegalovirus, and JC virus, which causes pro-
gressive multifocal leukoencephalopathy. There is also a
high incidence of primary CNS B cell lymphoma.
Systemic disease and treatment, such as steroid adminis-
tration, can have secondary intracerebral consequences,
and HIV can have a primary effect on the brain to
produce dementia.
HIV affects many body tissues including the nervous

system. It has a number of regulatory genes, and three
structural genes that code for envelope glycoproteins,
reverse transcriptase, and core viral proteins. The enve-
lope glycoprotein gpl.20 recognises and binds to host cell
receptors, principally the CD4 + receptor on T helper
cells. Initially it was assumed that the virus entered the
brain within a few weeks after infection as viral antigen
could occasionally be detected at this time in the CSF,' 2
but the viral load usually remains low until the onset of
symptomatic disease.3 The virus is present in microglia,
macrophages, monocytes, and possibly astrocytes. These
infected cells produce cytokines, which activate gene
expression and so induce further productive infection.

Neuropathologically, non-specific changes are found
in asymptomatic subjects, whereas in AIDS there are
various HIV specific disorders.4 These include HIV
encephalitis, HIV leukoencephalopathy, and diffuse
poliodystrophy. Macrophages, microglia, and multinucle-
ated giant cells are found in encephalitis. They are
accompanied by diffuse myelin damage in leukoen-
cephalopathy, whereas the diffuse poliodystrophy consists
of diffuse reactive astrocytosis, microglial activation, and
neuronal loss. Cortical neuronal loss and synaptic dam-
age are now recognised features, occurring during the
symptomatic phase of the disease.5 Neither multinucle-
ated giant cells6 nor neuronal loss correlate closely, how-
ever, with cognitive impairment.7 Neurotoxicity may be
mediated either by viral products8 or by cytokines.6
Gpl20 has been reported to kill neurons9 by opening cal-
cium channels activated by glutamate.'0 Furthermore,
gp120 given to rats causes dystrophic dendritic changes
and the development of behavioural retardation."
Nevertheless, the contribution of the various neurotoxic
mechanisms in producing HIV associated dementia
remains obscure.

Described in the early 1980s, the progressive dement-
ing illness associated with HIV infection has been given
several different names. Abnormalities affect cognitive,
behavioural, and motor domains. It typically presents
as a subcortical dementia with no apraxia or agnosia,
memory loss with impaired manipulation and retrieval of
information, and general slowing of thought processes.
Behavioural changes include apathy and social with-
drawal, which may be mistaken for depression. Motor
abnormalities may affect hand writing, balance may be
poor, and there is a tendency to trip or be clumsy.
Neurological examination is usually normal in the early
stages, although diffuse hyper-reflexia and impairments
in rapid eye and limb movements may be found. With
increasingly severe dementia the cognitive impairments
worsen, there is increased tone, especially in the lower
limbs, tremor, clonus, and frontal release signs.
Terminally the patient is often incontinent and mute.

Confusingly, there are currently three separate diag-
nostic classification systems. The first to be derived was
the AIDS dementia complex (ADC), so termed to
encompass the motor as well as the cognitive changes.
The ADC is divided into four stages'2 (table 1), which
are wide and may be difficult to define. This is especially

Table 1 Staging ofAIDs dementia complex'2

Stage

Stage 0 (normal)
Stage 0-5 (equivocal/subclinical)

Stage 1 (mild)

Stage 2 (moderate)

Stage 3 (severe)

Stage 4 (end stage)

Systems

Normal mental and motor function
Absent, minimal, or equivocal symptoms
without impairment of work or activities of
daily living. Mild signs such as snout
response, slowed ocular or extremity
movements may be present.
Able to perform all but the most
demanding aspects of work or daily living.
Evidence of functional intellectual or
motor impairment as elicited on history,
examination or neuropsychological
investigation. Can walk unaided
Able to perform basic activities of self care,
unable to work or maintain the more
demanding activities of daily living.
Ambulatory, may require assistance
Major intellectual incapacity (cannot
follow news or personal events, cannot
sustain a complex conversation,
considerable slowing of all cognitive
response), or motor disability (cannot walk
unassisted, slowing and clumsiness of
arms)
Nearly vegetative state. Intellectual and
social comprehension and response are at
a rudimentary level. Nearly or absolutely
mute. Paraparetic or paraplegic with uri-
nary and faecal incontinence
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true of the subclinical or equivocal category of stage 0 5,
as it is dependent on subjective assessment. Furthermore,
in the severe stage there is equal importance placed on

both cognitive and motor disorders. Thus theoretically a

diagnosis of severe dementia could be made solely on the
presence of pronounced motor problems without cogni-
tive impairments. More recently, the World Health
Organisation'3 produced criteria for what was called
HIV-1 associated dementia. It was derived from the 10th
revision of the International Classification of Diseases
(ICD-i0) diagnosis of dementia with the following modi-
fications: the decline in memory may not be severe

enough to impair activities of daily living; motor dysfunc-
tion may be present; and aphasia, agnosia, and apraxia
are uncommon. Symptoms should have persisted for at

least one month. Finally, the American Academy of
Neurology AIDS Taskforce'415 published a specific oper-

ational definition for dementia in HIV disease. This third
diagnostic system is given the overall term of HIV-1 asso-

ciated cognitive motor complex, in which the main cate-

gory of HIV-1 associated dementia complex is applied to
those with predominantly cognitive abnormalities. The
subcategory HIV-1 associated myelopathy is retained for
those with mainly motor problems. HIV-1 associated
dementia complex is divided into a number of stages
(table 2) and includes probable and possible categories.
The possible category is applied when other causes such
as opportunistic infections and neoplasms cannot be
excluded. Understandably, the definitive diagnosis is
made at necropsy.

Initially, in the mid-1980s dementia was estimated to

affect up to 60% of patients with AIDS.'2 A more recent
retrospective case note study in London and a prospec-

tive multicentre American study reported 4% and 15%
respectively.'617 McArthur and Harrison state that
whereas the incidence of dementia has remained constant
the prevalence has decreased.'4 This apparent contradic-
tion arises from the fact that the survival time for a per-

son with AIDS has increased from 12 months in 1984-5
to 25 months in 1992, whereas the survival time for HIV
associated dementia has remained the same. Dementia is
a late manifestation of HIV disease, occurring earlier in
those with the shortest survival time.'7 Even mild cogni-
tive impairments are associated with a worse prognosis.'8
Although the prognosis of dementia is very poor, with

Table 2 Operational definition of HIV-1 dementia

Probable: must have each of the following four criteria:

A Acquired abnormalities, for at least one month in at least two of the
following cognitive domains: attention/concentration, information processing
speed, abstraction/reasoning, visuospatial skills, memory/learning, and
speech/language
B Cognitive dysfunction affecting work performance or activities of daily
living. This impairment should not be explainable just by systemic illness
2 At least one of the following
A Acquired abnormality in motorfunction or performance, as documented
on clinical examination, such as slowing of ability to perform rapid
movements, abnormal gait, limb incoordination, hyper-reflexia, hypertonia,
weakness; or as recorded during neuropsychological testing, fine motor speed,
manual dexterity, and perceptual motor skills
B Decline in motivation or emotional control or change in social behaviour.
This may include alteration in personality with apathy, inertia, irritability,
emotional lability, newly developing impairment of judgement, and socially
inappropriate behaviour or disinhibition
3 Absence of clouding of consciousness during a period sufficient to establish
criterion1 above
4 Exclusion of another aetiology as causal of the symptoms, including CNS
opportunistic infection or neoplasm, and psychiatric disorder, by history,
clinical examination, laboratory (for example, blood tests and lumbar
puncture) and neuroimaging

Possible: must have one of the following:
1 Criteria 1, 2, and 3 above in probable are present but analternative

potential cause is present
2 Criteria 1, 2, and 3 above in probable are present but incomplete clinical

evaluation

death on average occurring within three to six months,
there is variability in its course, and some develop a
stable mild dementia up until death.'4 There is no associ-
ation between dementia and either a specific AIDS defin-
ing illness, such as Kaposi's sarcoma or pneumocystis
pneumonia, or with multiple AIDS related illnesses,
CD4 + cell count, or serum 3, microglobulin or
neopterin concentration, markers of immune activation.
Importantly, it is associated with an older age, lower
body mass index, anaemia, and constitutional symptoms
before the diagnosis of AIDS.17 Anaemia and lower body
mass indicate involvement of cytokines in the develop-
ment of the dementia, as such features are associated
with increased concentrations of tumour necrosis factor-a.
Numerous investigations have been undertaken to

characterise changes associated with HIV dementia.'9 In
the CSF a mononuclear pleocytosis occurs in about 20%
of patients, and increased protein is found in two thirds,
but these can be found in symptom free persons.
Neopterin and /32 microglobulin are often raised in CSF.
/2 Microglobulin concentrations greater than 3-8 mg/l, in
the absence of opportunistic infections are often associ-
ated with the onset of dementia, and this is probably the
most reliable predictive marker.14 Quinolinic acid, an
endogenous glutamate agonist, is also raised in CSF in
HIV dementia, supporting the notion that gp120 or glu-
tamate are neurotoxic and may contribute to the devel-
opment of dementia.

Abnormalities have been detected by both structural
and functional imaging. On MRI major findings are atro-
phy, often ventricular as well as sulcal, and abnormalities
of white matter. Atrophy on MRI, in the absence of cog-
nitive features, can be the sole abnormality and may
progress in parallel with the clinical course. The lesions
in white matter do not necessarily represent myelin dam-
age and may indicate alterations in the blood-brain bar-
rier.4 Although more brain lesions occur during AIDS,
abnormalities of white matter are found in both HIV
infected asymptomatic and HIV seronegative homosexual
patients.20 Thus care must be taken in interpreting the
white matter lesions in asymptomatic patients as they
may not relate to neurological or neuropsychological
abnormalities and must not be assumed to be indicative
of HIV brain involvement.2' An invivo31P magnetic reso-
nance spectroscopy (MRS) study has shown a reduction
in the ratio of adenosine triphosphate to inorganic
phosphate in patients infected with HIV; this was
more severe when cognitive impairments were present.22
Furthermore, decreased concentrations of N-acetyl
aspartate, a putative neuronal marker, have been
detected by proton MRS.23 Single photon emission com-
puted tomography has identified hypoperfusion in the
cerebellum and cortex, which correlates with the severity
of the cognitive impairments.24 Perfusion abnormalities,
even in patients with cognitive impairments and normal
MRI, have been found with PET.25 There is still no char-
acteristic or consistent imaging abnormality, however,
that is pathognomonic of HIV dementia.

There is a similar situation with regard to the EEG
findings, which are non-specific (see review by Baldeweg
and Lovett26). Most abnormalities occur in the later
stages of HIV disease, but asymptomatic patients
sometimes show borderline changes. These consist of
slowing of the posterior background activity, sometimes
with anterior spread of this rhythm. An increase in delta
and theta slow wave activity with hemispheric asymmetry
may also be present. Auditory and visual evoked poten-
tials may be delayed in asymptomatic patients. Those
with clinical dementia can also display non-specific
changes including generalised or predominantly anterior
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symmetric slow wave activity and abnormal evoked
potentials. Characteristic findings and potential markers
for the development of dementia, however, have not been
described.
The neuropsychological tests that often show changes

in patients with HIV dementia include fine motor control
(grooved pegboard and finger tapping tests), rapid
sequential problem solving (trail making and digit symbol
tests), spontaneity (verbal fluency), visuospatial problem
solving (block design test), and visual memory (visual
perception). The order in which these impairments
evolve and at what point they become clinically relevant
is not known. Two studies2728 found cognitive impair-
ments in asymptomatic patients infected with HIV.
These findings were not borne out by two large scale
cohort studies, of between 100 and 300 homosexual and
bisexual persons infected with HIV.' 29 Thus the preva-
lence of HIV dementia among healthy persons infected
with HIV is very low. The term HIV associated minor
cognitive and motor disorder encompasses the subtle and
subclinical neuropsychological abnormalities that may be
found in some patients. Activities of daily living are not
affected. The presence of these minor disorders does not
predict progression to clinical dementia but may, as

stated previously, indicate reduced survival.'8
In terms of differential diagnosis, HIV associated

dementia is only a valid diagnosis after exclusion of the
multiple infections and disorders to which those with
AIDS are susceptible. Factors suggestive of CNS oppor-
tunistic infections include a more acute presentation over

a few weeks with features such as headache and drowsi-
ness. Cytomegalovirus can be detected in the CSF by a

polymerase chain reaction. Examination of the CSF is
also helpful in excluding meningitis, other opportunistic
infections, such as JC virus, and neurosyphilis.
Cryptococcal antigen can be identified from either CSF
or serum. Neuroimaging is useful in excluding progres-
sive multifocal leukoencephalopathy, lymphomas, and
toxoplasma abscesses.

Consideration must also be given to endocrine and
metabolic disorders, side effects of drug treatments, and
substance misuse. Depression may be differentiated from
the history, especially that obtained from informants,
when affective symptoms may preceed the cognitive or

behavioural disturbances. Apart from an endogenous dis-
order, depression may represent a response to episodes of
ill health, or possibly a manifestation of an organic dis-
ease. There are conflicting reports as to whether depres-
sive scores correlate with neuropsychological impainment
or the development of dementia.303' There is a stronger
indication that hypomanic episodes may be organic in
origin. In a study of 14 men the seven who had a family
or personal history of mania developed hypomania
regardless of the stage of their HIV infection. Those
without such a history had episodes late in their illness,
had a low CD4 + count, and developed dementia.'2
Thus a new episode of hypomania may not be a separate
illness but an initial presentation of dementia.

Anxiety is a common response to the diagnosis of HIV
infection or the development of AIDS. Occasionally, the
distraction and preoccupation with worrying thoughts
can diminish concentration and attention. Thus such
patients can be mistaken as cognitively impaired. The
recognition of an anxiety disorder is important as the
accompanying distress can be alleviated either by simple
reassurance, or in more severe cases by a course of cogni-
tive therapy. Other less common psychiatric syndromes
may rarely present with an apparent dementing picture,
such as dissociative states. In these conditions, if there is
"memory impairment" the degree of amnesia is often out

of proportion to the preservation of other higher cogni-
tive functions.

Antiretroviral agents have currently been advocated for
the treatment of HIV associated dementia. These consist
of AZT, didanosine, and dideoxycytidine. Evidence for
and against the use ofAZT has been drawn from a num-

ber of sources. Neuropathologically, although it is pos-
sible that AZT has reduced the frequency of HIV
encephalitis33 it has not been shown to maintain neuronal
density.7 Clinically, there is evidence that AZT may
improve the cognitive state. Sidtis et al,34 in a study of 40
patients with mild to moderate AIDS Dementia
Complex, on high doses of AZT (up to 2000 mg per
day), found improvements in neuropsychological perfor-
mance but no overall improvement in neurological clini-
cal status. Other reports have noted improvement in
neurological function and neuropsychometric function in
patients receiving AZT, but clear evidence that it is effec-
tive in consistently producing a definite or sustained
improvement in activities of daily living is still lacking.
Finally, from the in vitro evidence of gpl20 induced neu-
rotoxicity, therapeutic trials are currently being under-
taken with calcium channel antagonists such as

nimodipine. The results are not yet available as to its effi-
cacy in preventing or even reversing cognitive impair-
ments.

In conclusion, the major advances in this area over the
past decade have been the recognition of HIV involve-
ment in the brain and clarification regarding the clinical
features of dementia and neuropathological disorders.
The precise relation, however, between the clinical syn-
drome and the neurotoxic mechanism resulting in
dementia remains obscure. Understandably, much atten-
tion in AIDS research has concentrated on developing
improved treatment for life threatening opportunistic
infections, and an effective antiretroviral agent or vac-
cine. Thus therapeutic trials for dementia are still in their
infancy. Effective treatment for dementia, together with
greater understanding of its pathogenesis, should be one
of the major goals for researchers into the neuroscience
of HIV. Such goals will only be realised by large scale,
possibly multicentre, prospective trials that include
neuropathological and molecular biological examination
of the postmortem brain.

LAN PAUL EVERALL
Departments ofNeuropathology and Psychological Medicine,
Institute of Psychiatry,
DeCrespigny Park,
London SE5 8AF, UK
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NEUROLOGICAL STAMP

Papaver somiferum (opium poppy)

Papaver somniferum, the opium poppy, bears large white
flowers with a purple stain at the base of each petal. It
yields opium-a complex of 20 alkaloids, including
morphine, heroin, codeine, and papaverine, as well as
other chemicals. In 1806 the isolation of morphine was
described by a 22 year old German pharmacist,
Friederich Wilhelm Adam Serturner. Morphine was the
first plant alkaloid ever isolated. It is extracted from the
dried milky exudate seed capsule of Papaver somniferum.

In 1839 the British successfully waged the Opium War
with China to preserve its profitable opium trade.
Celebrated users of opium include Thomas de Quincey.
The surgeon William Halstead successfully "treated"
a debilitative addiction to cocaine by switching to
morphine.
The opium poppy is shown postally as part of a set of

medicinal plants issued by East Germany in 1960
(Stanley Gibbons E 491, Scott 497).
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