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INTRODUCTION

In the last decade, a tremendous amount of research effort and clinical
care has been devoted to understanding the neuropsychological
changes associated with HIV-1 infection. From the first case reports of
unexpected cognitive decline in AIDS (Navia, Cho, Petito, & Price,
1986b) to the impressively large studies of hundreds and thousands of
infected patients that were ultimately performed (Miller et al.,, 1990;
Heaton et al., 1995), our knowledge of the natural history of HIV-1-
related dementia, our ability to accurately evaluate and diagnose
HIV-infected patients, and (encouragingly) our increasing ability to
treat neuropsychological deficits in patients with AIDS have all in-
creased significantly.

Given the prevalence of HIV-l-associated cognitive impairment,
neuropsychological evaluation is frequently a critical part of the diag-
nosis and treatment of HIV-l-infected individuals. Making decisions on
important issues related to differential diagnosis (e.g., “worried well”
status vs. subclinical cognitive decline; depression vs. dementia), and
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tracking medication response over time, are but two of the important
roles the clinical neuropsychologist is called upon to play. This chapter
provides an overview of the typical cognitive and behavioral sequelae
of HIV-1 infection; it also covers such issues as the epidemiology of
HIV-associated dementia, neuroimaging findings, the relationship be-
tween cognition and depression, and the accuracy of patients’ self-
reported cognitive status.

CASE STUDY

The following is a case study of an individual who exemplifies the
characteristic cognitive and behavioral deficits seen in HIV-1-associated
dementia complex. It should be noted that although this is not an
uncommon presentation, many HIV-infected individuals do not de-
velop neuropsychological deficits of the severity of those affecting this
patient. We refer to this relatively prototypical case to illustrate various
issues throughout the chapter.

Mr. Smith, a 42-year-old, partnered white male with 16 years of
education, presented for neuropsychological evaluation with com-
plaints of trouble concentrating, forgetfulness, and difficulty do-
ing two things at a time. His partner, who accompanied him,
added that Mr. Smith was also increasingly apathetic and occa-
sionally overly irritable. Medically, the patient was first diagnosed
HIV-1-seropositive 8 years ago. Two years ago he suffered an
episode of Pneumocystis carinii pneumonia (PCP), thus meeting
diagnostic criteria for AIDS. His current CD4 T-cell count was
50. Current medications included zidovudine and saquinavir,
2’-deoxy-3-thiacytidine, as well as a number of anti-opportunistic-
infection agents. The patient was administered a comprehensive
battery of neuropsychological tests, which revealed the following
profile of strengths and deficits. On the Wechsler Adult Intelli-
gence Scale—Revised (WAIS-R), Mr. Smith’s Full Scale IQ was
110, with his Verbal IQ slightly higher than his Performance IQ.
He encountered greatest difficulty on WAIS-R subtests sensitive
to attentional difficulty, such as Digit Span and Arithmetic, as
well as on timed measures such as the Digit Symbol subtest. In
contrast, his best performances were on the Vocabulary and
Information subtests—two WAIS-R tasks that are relatively resis-
tant to the deleterious effects of HIV. Other areas of cognitive
impairment observed on neuropsychological testing included (1)
poor divided attention; (2) memory impairment for both ver-
bal and nonverbal material that was “forgetful” in nature;
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and (3) psychomotor slowing, seen as a difficulty in performing
speeded tasks where thought is wedded to action. In addition,
Mr. Smith also reported a significant degree of depressive symp-
tomatology, as measured by both the Beck Depression Inventory
(BDI) and the Minnesota Multiphasic Personality Inventory—2
(MMPI-2). In contrast, Mr. Smith performed well within normal
limits on measures of language, visual-spatial ability, praxis, and
calculation. Although aware of his difficulties, Mr. Smith re-
ported that they had not yet had adverse impact upon his ability
to perform most activities of daily living. However, because he
was now having difficulty with the most demanding of his job
responsibilities, he decided to go on disability leave from his job
as a public accountant. (See Table 1.1 for a summary of Mr.
Smith’s neuropsychological test scores.)

TERMINOLOGY AND DIAGNOSTIC CRITERIA

There - remains  considerable confusion among both mental health
professionals and the lay public about the appropriate terminology to
use in describing the cognitive changes attendant upon HIV-1 infection.
A number of different diagnostic labels have been employed over the
years, including “AIDS dementia complex,” which was first introduced
by Navia, Jordan, and Price (1986b) to identify the constellation of
cognitive, behavioral, and motor symptoms that can occur alone or in
combination in HIV-affected individuals. Soon thereafter, Price and
Brew (1988) proposed a scaling system in which the severity of AIDS
dementia complex could be graded (e.g., stage 0 = absent, stage 1 =
mild, stage 3 = severe), to capture the sometimes obvious differences
in degree of cognitive impairment seen in HIV-infected individuals.
Following these earliest attempts at developing meaningful nomencla-
ture, labels such as “HIV-related encephalopathy,” “HIV-1-associated
cognitive/motor complex,” and “dementia due to HIV disease” have
also been used to describe essentially the same syndrome.

Some of the historically most important attempts to codify criteria
for the diagnosis of HIV-related cognitive impairment are reviewed below.

Centers for Disease Control

In 1987 the Centers for Disease Control (CDC) published diagnostic
criteria for HIVrelated encephalopathy, which in some ways closely
resemnbled Navia et al.’s (1986b) description of AIDS dementia com-
plex. HIVrelated encephalopathy was considered a condition that
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TABLE 1.1. Neuropsychological Data for Mr. Smith
Age: 42 Education: 16 years
Presenting concerns:  Concentration difficulty, forgetfulness, trouble “doing two
things at once”; more apathetic and irritable (according
to informant)
CD4 count: 50 History of opportunistic infections: Pneumocystis carinii
pneumonia (one bout 2 years ago)
Current medications:  Zidovudine, 2-deoxy-3”thiacytidine, saquinavir
Wechsler Adult Intelligence Scale-Revised:
Full Scale IQ: 110, Verbal 1Q: 112, Performance IQ; 105
Best subtests: Vocabulary (91st percentile), Information
(91st percentile)
Worst subtests: Digit Span (16th percentile), Digit Symbol
(9th percentile)
Attention: Simple attn.: Intact, although digits backward somewhat low
Divided attn.: Poor (Auditory Consonant Trigramis: 4th percentile)
Memory: California Verbal Learning Test: Immediate Recall: 7/16
Delayed Recall: 6/16
Immediate Cued Recall: 10/16
Delayed Recognition: 14/16
Wechsler Memory Scale~Revised: Logical Memory I: 50th percentile
Logical Memory II: 23rd percentile
Visual Reproduction I: 43rd percentile
Visual Reproduction II: 20th percentile

Other test data:

Trail Making Test, Part B: 4th percentile: Suggestive of psychomotor slowing

Stroop task, Part A: 13th percentile: Also suggestive of psychomotor slowing

Wisconsin Card Sorting Test: 6/6 categories but higher than usual number of
perseverative errors

Finger Tapping Test: Dominant hand, 35th percentile; nondominant hand,
29th percentile

Beck Depression Inventory: 19 (suggestive of moderate level of depressive
symptomatology)

Minnesota Multiphasic Personality Inventory—2: Scale 2 (Depression)
elevated (T = 75)

could qualify an otherwise asymptomatic person for a diagnosis of
AIDS and was defined as follows:

Clinical findings of disabling cognitive and/or motor dysfunction
interfering with occupation or activities of daily living, or loss of
behavioral developmental milestones affecting a child, progressing
over weeks to months, in the absence of a concurrent illness or
other condition than HIV infection that could explain the findings.
Methods to rule out such concurrent illness and conditions must
include cerebrospinal fluid examination and either brain imaging
(computed tomography or magnetic resonance) or autopsy.
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Although this definition represented a significant step forward by
providing a consensual definition and label for an HIV-related
encephalopathy or dementia, it was nonetheless criticized as being
ambiguous and imprecise, with certain key terms not adequately
defined (e.g., “clinical findings,” “disabling cognitive and/or motor
dysfunction”).

The CDC, also in 1987, developed the first system for HIV disease
staging, primarily for the purposes of surveillance and classification.
This earliest staging system consisted of four main groups. Group I
included people with time-limited medical symptoms appearing at or
shortly following initial seroconversion; group II included individuals
who were medically asymptomatic; group III contained those with
progressive generalized lymphadenopathy (enlarged lymph nodes), but
without any other notable symptoms of infection; and group IV
included people with AIDS or AIDS-related complex, including people
with symptoms of constitutional disease (persistent fever, weight loss,
and diarrhea). This staging system emphasized individuals with AIDS,
the last stage of the disease, and was eventually criticized on that
grounds as being insufficient for predicting disease progression prior
to the appearance of AIDS.

In 1993, the CDC published a revised classification system for HIV
infection, which is currently widely used for describing the stage of HIV
infection in a given patient (Mapou & Law, 1994). This two-factor staging
system groups patients on the basis of type and degree of physical
symptoms present (asymptomatic, mildly symptomatic, or AIDS-defining
opportunistic infection), as well as on the basis of degree of immunosup-
pression present (CD4 count of >500 cells/ mm?, 200-499 cells/ mm?, or
<200 cells/mm®). This revised staging system responded to the important
observation that a high CD4 count can occur in medically symptomatic
patients and a low count can occur in asymptomatic patients. The CDC
1993 classification system is shown in Table 1.2.

American Academy of Neurology

An AIDS Task Force from the American Academy of Neurology (AAN,
1991) attempted to further clarify and define diagnostic criteria for
AIDSrelated dementia and to make these criteria more objective. The
AAN criteria recognize that cognitively impaired HIV-infected individu-
als may present with either a fullblown dementia syndrome or more
mild and selective cognitive abnormalities. For this reason, HIV-1-
associated cognitive/motor complex has been divided into two sub-
groups: HIV-l-associated dementia complex and HIV-l-associated
minor cognitive/motor disorder. In HIV-l-associated minor cogni-
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TABLE 1.2. Centers for Disease Control and Prevention (CDC) 1993
Revised Classification System for HIV Infection, and Expanded AIDS
Surveillance Case Definition for Adolescents and Adults

Clinical categories
(A) Asymptomatic, (B) Symptomatic,

CD4+ Tcell acute (primary) not (A) or (C) (C) AIDS indicator
categories HIV or PGL conditions conditions

(1) 2500/L Al B1 Cl1

(2) 200-499/L A2 B2 C2

(3) <200/L A3 B3 C3

(AIDS indicator
T-cell count)

Note. Clinical categories C1-C3, B3, and A3 constitute the expanded AIDS surveillance case
definition.

Category C: AIDS-defining illnesses or infections
(1) PCP (Preumocystis carinii pneumonia)
(2) Cryptosporidium
(3) Tuberculosis
(4) Coccidiomycosis
(5) Recurrent pneumonia in the past year (other than PCP)
(6) Candidiasis (only pulmonary, esophageal, or bronchial)
(7) Wasting syndrome—diarrhea with loss of 15 lbs. or greater than 10% of
body weight
(8) CMV (cytomegalovirus)
(9) Cryptococcus
(10) K.S. (Kaposi’s sarcoma) or lymphoma
(11) Dementia due to HIV disease ’
(12) MAC (Mycobacterium avium complex)
(13) PML (progressive multifocal leukoencephalopathy)

Category B: Symptomatic non-AIDS conditions
(1) Oral candidiasis
(2) Vulvovaginal candidiasis
(8) Cervical dysplasia, moderate or severe
(4) Severe unexplained diarrhea, fever for over 1 month
(5) Oral hairy leukoplakia
(6) Herpes zoster (two distinct episodes or more than one site)
(7) Idiopathic thrombocytopenic purpura
(8) Pelvic inflammatory disease, severe

Category A: Asymptomatic

(1) PGL (persistent generalized lymphadenopathy)
(2) No symptoms

Note. From CDC (1992).

tive/motor disorder, activities of daily living and occupational perfor-
mance are less severely impaired than in HIV-l-associated dementia
complex, with the individual able to perform all but the most demand-
ing aspects of work or activities of daily living. Table 1.3 provides the
AAN criteria for HIV-1-associated cognitive/motor complex.
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TABLE 1.3. American Academy of Neurology (AAN) Criteria for
HIV-1-Associated Cognitive/Motor Complex

All of the following diagnoses require laboratory evidence for systemic HIV-1
infection (enzyme-linked immunosorbent assay {ELISA] test confirmed by
Western blot, polymerase chain recreation, or culture).

1. Sufficient for diagnosis of AIDS

HIV-1-Associated Dementia Complm;‘

Probable (must have each of the following):

1. Acquired abnormality in at least two of the following cognitive abilities
(present for at least 1 month): attention/concentration, speed of information
processing, abstraction/reasoning, visuospatial skill, memory/learning, and
speech/language.

a) The decline should be verified by reliable history and mental status

examination. In all cases, when possible, history should be obtained from

an informant, and examination should be supplemented by

neuropsychological testing. i

b) Cognitive dysfunction causing impairment of work or activities of daily

living. The impairment should not be attributable solely to severe systemic
. illness.

2. At least one of the following:

a) Acquired abnormality in motor function or performance verified by
clinical examination (e.g., slowed rapid movements, abnormal gait, limb in
coordination, hyperreflexia, hypertonia, or weakness), neuropsychological
test (e.g., fine motor speed, manual dexterity, perceptual-motor skills), or
both.

b) Decline in motivation or emotional control or change in social behavior.
This may be characterized by any of the following changes in personality
such as apathy, inertia, irritability, emotional liability, or new onset of
impaired judgment characterized by socially inappropriate behavior or
disinhibition.

3. Absence of clouding of consciousness (delirium) during a period long enough
to establish the presence of #1.

4. Evidence of another etiology, including active CNS opportunistic infection or
malignancy, psychiatric disorders (e.g., depressive disorder), active alcohol or
substance use, or acute or chronic substance withdrawal, must be sought
from history, physical and psychiatric examination, and appropriate
laboratory and radiological investigation (e.g., lumbar puncture,
neuroimaging). If another potential etiology (e.g., major depressive disorder)
is present, it is not the cause of the above cognitive, motor, or behavioral
symptoms and signs.

Possible (must have one of the following):

1. Other potential etiology present (must have each of the following):
a) As above (see Probable) #1, 2, and 3.
b) Other potential etiology is present but the cause of #1 above is uncertain.
2. Incomplete clinical evaluation (must have each of the following):
a) As above (see Probable) #1, 2, 3.
b) Etiology cannot be determined (appropriate laboratory or radiological
investigations not performed).

(continued)
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TABLE 1.3. (cont.)
I. Not sufficient for diagnosis of AIDS

HIV-1-Associated Minor Cosnitive/Motor Disorder
Probable (must have each of the following):

1. At least two of the following acquired cognitive, motor, or behavioral
symptoms (present for at least 1 month) verified by reliable history (when
possible, from an informant):

a) Impaired attention or concentration

b) Mental slowing

c) Impaired memory

d) Slowed movements

€) Incoordination

f) Personality change, or irritability or emotional liability

Acquired cognitive/motor abnormality verified by clinical neurological
examination or neuropsychological testing (e.g., fine motor speed, manual
dexterity, perceptual-motor skills, attention/concentration, speed of
processing of information, abstraction/reasoning, visuospatial skills,
memory/learning, or speech/language).

2. Disturbance from cognitive/motor/behavioral abnormalities (see #1) causes
mild impairment of work or activities of daily living (objectively verifiable or
by report of a key informant.)

3. Does not meet criteria for HIV-1-associated dementia complex or
HIV-1-associated myelopathy.

4. No evidence of another etiology, including active CNS opportunistic infection
or malignancy, or severe systemic illness determined by appropriate history,
physical examination, and laboratory and radiological investigation (e.g.,
lumbar puncture, neuroimaging). The above features should not be
attributable solely to the effects of active alcohol or substance use, acute or
chronic substance withdrawal, adjustment disorder, or other psychiatric
disorders.

Note. From AAN (1991). Copyright 1991 by the American Academy of Neurology. Reprinted
by permission.
*For research purposes, HIV-1-associated dementia complex can be coded to describe the
major features:
HIV-1-associated dementia complex requires criteria 1, 2a, 2b, 3, and 4.
HIV-1-associated dementia complex (motor) requires criteria 1, 2a, 3, and 4.
HIV-1-associated dementia complex (behavior) requires criteria 1, 2b, 3, and 4.

American Psychiatric Association

Finally, the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV; American Psychiatric Association, 1994) has
for the first time included dementia due to HIV disease in the
psychiatric nosology. As detailed in Table 1.4, to meet DSM-IV diag-
nostic criteria for dementia due to HIV disease, patients must have
memory impairment as well as impairment in at least one other
neuropsychological domain, such as language or executive function.
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Furthermore, these deficits cannot occur solely in the context of a
delirium and must be of sufficient severity to result in a decrement in
occupational or social functioning.

Comment

Although arguments can be made in favor of any of these diagnostic
schemes, it is our opinion that the AAN criteria best capture the
neuropsychological sequelae of HIV infection, whereas the CDC clas-
sification is best for staging the physical status of infected patients. The
CDC criteria would be applied as follows to Mr. Smith: Since he had
already contracted an AIDS-defining opportunistic infection and had a
CD4 count of less than 200/mm?, his physical status would be staged
as CDC category C3. Neuropsychological testing documented the
presence of moderate memory impairment, psychomotor slowing, poor
divided attention, mild executive dysfunction, and depressed and
irritable mood—deficits that led Mr. Smith to take disability leave from
his job. Although relatively mild, these symptoms would nonetheless
warrant a DSM-IV diagnosis of dementia due to HIV disease. Since his
cognitive symptoms had only affected the more demanding aspects of

TABLE 1.4. American Psychiatric Association Criteria for Dementia Due

to HIV Disease

A. The development of multiple cognitive deficits manifested by both:

(1) memory impairment (impaired ability to learn new information or to recall
previously learned information)

(2) one (or more) of the following cognitive disturbances:
(a) aphasia (language disturbance)
(b) apraxia (impaired ability to carry out motor activities despite intact
motor function)
(c) agnosia (failure to recognize or identify objects despite intact sensory
information)
(d) disturbance in executive functioning (i.e., planning, organizing,
sequencing, abstracting)

B. The cognitive deficits in Criteria Al and A2 each cause significant
impairment in social or occupational functioning and represents a
significant decline from a previous level of functioning.

C. There is evidence from the history, physical examination, or laboratory
findings that the disturbance is the direct physiological consequence of HIV
infection.

D. The deficits do not occur exclusively during the course of a delirium.

Coding note: Also code 043.1 HIV infection affecting central nervous system on

Axis 111

Note. Reprinted with permission from the Diagnostic and Statistical M. I of Mental Disorders,

Fourth Edition. Copyright 1994 American Psychiatric Association.
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his daily life, he would meet AAN criteria for HIV-1-associated minor
cognitive/motor disorder.

INCIDENCE/PREVALENCE
HIV/AIDS

The CDC report that through December of 1996, approximately
580,000 cases of AIDS had been diagnosed in the United States, and
more than one million individuals in the United States were HIV
seropositive. Provisional data provided by the CDC in September 1997
showed a decline in AIDS incidence during 1996 compared with 1995
and a continued decline (23% drop) in the number of AIDS deaths.
These figures reflect increased success with the medical care of
HIV/AIDS including the development and increased utilization of
antiretroviral combination therapy regimens.

While surveillance data are beginning to show encouraging trends,
HIV infection remains one of the leading causes of death in the United
States among persons aged 15 to 44 (Ventura, Peters, Martin, &
Maurer, 1997). Additionally, ethnic minorities and women are being
especially hard hit by HIV/AIDS in the U.S. (Green, Karon, & Nwan-
yanwu, 1992; Kalichman & Sikkema, 1994). For example, while the
overall incidence of AIDS opportunistic infections among Black and

Latino men and among Black women who had heterosexual risk factors
(CDC, 1997).

Neuropsychological Deficits in HIV-1 Infection

Cognitive impairment is a frequent concomitant of HIV infection. This
impairment, in its most severe form, presents as a dementia syndrome
with symptoms severe enough to cause severe occupational impairment
and to disrupt even the most basic activities of daily living. The annual
incidence of HIV-associated dementia following the development of
AIDS was recently estimated at 7% (McArthur et al., 1993), but it can
vary considerably, depending on the referral population studied and
the selection criteria used. Estimates of the prevalence of HIV-associ-
ated dementia range from 6% to 66%, with a consensus building that
between 10% and 30% of patients with AIDS will eventually develop
dementia (McArthur et al., 1993; Maj et al,, 1994; Heaton et al., 1995).
The survival times of patients who develop HIV-associated dementia
can vary markedly, with one study estimating the median time of

survival following a diagnosis of dementia at 6 months (McArthur et
al., 1993).
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The prevalence rates of less severe but significant cognitive impair-
ment in medically symptomatic patients (those in CDC categories B
and C) vary widely, again seemingly in part because of population
characteristics and the impairment criteria used. The literature shows
prevalence rates ranging from 12% (Miller et al., 1990) to 86% (Grant
et al.,, 1987), with a recent well-done, large-scale study showing approxi-
mately 55% of all AIDS (CDC category C) patients and 44% of all mildly
symptomatic (CDC category B) patients showing some degree of
cognitive impairment (Heaton et al.,, 1995). Among symptomatic HIV-
seropositive patients, cognitive deficits have been reported in almost
all neuropsychological domains, including memory (Lunn et al., 1991;
McKegney et al, 1990; Poutiainen, livanainen, Elovaara, Valle, &
Lahdevirta, 1988), motor speed and control (Bornstein et al.,, 1991;
Dunbar, Perdices, Grunseit, & Cooper, 1992; Lunn et al, 1991),
abstraction ability (McKegney et al., 1990), verbal fluency (Stern et al.,
1991), and self-regulation (Krikorian, Wrobel, Meinecke, Liang, & Kay,
1990).

At one point there was considerable debate about the frequency
and degree of cognitive impairment in medically asymptomatic HIV-
seropositive individuals. An early study of a small sample of asympto-
matic subjects reported neuropsychological abnormalities in 44% of
these patients, relative to HIV-seronegative controls (Grant et al., 1987).
This study received widespread attention and led to suggestions that
patients with early, asymptomatic HIV infection should not be allowed
to perform certain government sector jobs. However, in 2 much larger
study of neuropsychological functioning in asymptomatic individuals,
Miller et al. (1990) found that asymptomatic subjects performed no
worse than noninfected controls when matched for age and level of
education. In fact, a number of cross-sectional and longitudinal studies
have concluded that HIV-1seropositive asymptomatic patients do not
differ neuropsychologically from HIV-1seronegative controls (Boccel-
lari et al,, 1993; Franzblau et al., 1991; Mauri et al., 1993; McAllister et
al., 1992). On the other hand, some investigators have found differences
on a group level between asymptomatic and control subjects (Bornstein
et al,, 1992; McKegney et al., 1990), or have found a higher frequency
of neuropsychologically “abnormal” patients among asymptomatic pa-
tients relative to seronegative controls (Lunn et al., 1991; Wilkie,
Eisdorfer, Morgan, Loewenstein, & Szapocznik, 1990). Capturing the
inconsistency of the findings regarding cognitive impairment in asymp-
tomatic HIV-infected patients, White, Heaton, Monsch, and the HNRC
Group (1995) reviewed 75 neuropsychological studies of such subjects.
They found that 32% of these studies showed significant neuropsy-
chological differences between asymptomatic HIV-positive subjects and
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controls, whereas 47% of the studies found no significant group
differences. In a well-done study using both a large sample and a
thorough neuropsychological assessment battery, Heaton et al. (1995)
found approximately that 30% of their asymptomatic subjects showed
some evidence of cognitive impairment. Bornstein et al. (1992) found
that approximately 10-20% of asymptomatic patients suffered from
neuropsychological impairment to a degree that influenced their daily
lives.

In conclusion, there is a steady increase in cognitive abnormalities
as the disease progresses into the symptomatic stages, with the preva-
lence rate of significant neuropsychological impairment increasing
markedly as a patient begins to show symptoms of AIDS (Heaton et
al., 1995). Neuropsychological impairment is less obvious and prevalent
in asymptomatic HIV infection, but there is a subset of patients who
will show at least mild cognitive compromise. Research to date suggests
that it is more the exception than the rule to see severe functional
disruption in the earliest stages of HIV infection.

SECONDARY NEUROLOGICAL ILLNESSES
IN HIV INFECTION

It is clear that HIV can be detected in the central nervous system (CNS)
of infected patients (Navia et al., 1986a). Nearly half of all seropositive
but asymptomatic individuals show evidence of HIV in their cerebro-
spinal fluid (Resnick et al.,, 1985) and nearly 90% of all patients who
die of AIDS show evidence of neuropathological abnormalities of the
CNS on autopsy (Collier, Gayle, & Bahls, 1987; Navia et al., 1986a).

Because opportunistic infections of the CNS occur frequently in
immunosuppressed patients, when a patient is being evaluated for
HIV-related dementia, the presence of secondary neurological illnesses
must first be ruled out. In the United States, the most frequent CNS
opportunistic infections leading to neuropsychological deterioration
are cerebral toxoplasmosis, cryptococcal meningitis, and progressive
multifocal leukoencephalopathy (PML) (McArthur, Selnes, Glass,
Hoover, & Bacellar, 1994).

Cerebral toxoplasmosis is the most common HIV-related oppor-
tunistic neurological illness, affecting approximately 10-15% of all
HIV-infected patients. Necrotic abscesses appear that are often multi-
focal and scattered throughout the cerebral hemispheres, with an
affinity for the basal ganglia and frontal lobes (McArthur et al., 1994).
Structural neuroimaging depicts toxoplasmosis as ring-enhancing mass
lesions that may be difficult to differentiate from CNS lymphoma (as
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discussed below). Because it can produce one or more cerebral lesions,
toxoplasmosis frequently has a focal presentation with neurobehavioral
sequelae, dependent on the site(s) of lesion(s). Cerebral toxoplasmosis
is often responsive to treatment, with approximately 80% of cases
responding clinically within 1-4 weeks following initiation of
pyrimethamine and sulfadiazine treatment (McArthur et al,, 1994).

CNS lymphomas are another leading cause of secondary neuro-
logical illness in HIV-infected individuals. Like toxoplasmosis, a primary
lymphoma often begins with a focal presentation, with one or more
cortical regions differentially affected. Specific neurobehavioral syn-
dromes (such as aphasia, agraphia, and ataxia) may be seen, depending
on the site of the lesion, and focal neurological signs will develop in
approximately 40% of all cases (McArthur et al.,, 1994). The typical
presentation of CNS lymphomas includes a slowly progressive neuro-
logical deterioration, with death usually occurring within 3-4 months.

PML results from a papovavirus infection, which leads to a de-
myelinating disorder that affects the hemispheric white matter and
causes patchy foci of demyelination. Typically, subcortical areas are the
first sites of involvement, but the gray matter may also be affected—
occasionally before any subcortical lesions are evident (McArthur et al.,
1994). The cognitive changes associated with PML are typically related
to the specific, often multiple brain regions affected by the virus. As
with the CNS lymphomas, specific focal neurobehavioral syndromes
may be present in the early stages of PML. Aphasia, apraxia, hemipare-
sis, hemineglect, and visualfield defects are commonly seen in PML.
Following the diagnosis of PML, the patient usually deteriorates rap-
idly, with death often occurring within weeks to months after initial
diagnosis.

NEUROIMAGING AND HIV INFECTION
Structural Neuroimaging

Computerized tomography (CT) studies in HIV-1 infection reveal
generalized cerebral atrophy, with widened cortical sulci and enlarged
ventricles, in the majority of patients with AIDS. Structural abnormality
is much more frequently found in the later stages of HIV infection,
with nearly 70% of all patients with AIDS showing some degree of
atrophy (Raininko et al., 1992). Regardless of the stage of infection,
central and cortical atrophy is the most frequently reported finding
when CT is used.

Magnetic resonance imaging (MRI) is assuming an increasingly
important role in the diagnostic workup of HIV-infected patients, with
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Teweighted images most sensitive in detecting the brain abnormalities
associated with HIV. MRI is better than CT for assessing the white
matter pathology often found in HIV infection. MRI scans indicate that
in addition to sulcal widening and ventricle enlargement, the white
matter, particularly the periventricular white matter, is often abnormal
in HIV-infected patients (McArthur et al., 1989; Elovaara et al., 1990).

Interestingly, most studies using structural neuroimaging tech-
niques have failed to find a convincing association between degree of
CT or MRI abnormality and neuropsychological deficit. (However, see
Hall, Whaley, Robertson, & Hamby, 1996). A sizeable minority of
HIV-infected patients show normal CT and MRI scans well into the
middle and even late stages of HIV infection.

In conclusion, because structural neuroimaging yields largely non-
specific findings and is not strongly associated with behavioral change,
it is perhaps most useful in ruling out the presence of focal lesions due
to secondary opportunistic infection.

Functional Neuroimaging

Functional neuroimaging employs techniques such as positron emis-
sion tomography (PET), single-photon emission computerized tomogra-
phy (SPECT), and functional MRI (fMRI). Unlike structural imaging
techniques such as X-rays, CT, and MRI, which provide a picture of
the brain’s structure, these newer techniques provide a picture of the
brain’s function—that is, which parts of the brain are working normally
and which parts are not. Several studies (Hinkin et al., 1995a; Rotten-
berg et al., 1987; van Gorp et al,, 1992) have employed PET scans using
fluorodeoxyglucose, a radioactively labeled sugar that the brain uses as
fuel. Those parts of the brain that are most active utilize the most
glucose; the brain structures that are least active use less. This glucose
metabolism can then be imaged. We have published two PET studies
of cerebral metabolic abnormalities in HIV infection. Our first study
(van Gorp et al,, 1992) compared patients with AIDS to uninfected
controls and found that the patients with AIDS demonstrated basal
ganglia hypermetabolism (i.e., the subcortical structures that control
psychomotor function, among other behaviors, were overly active in
these patients). We also found that the subjects who were most
demented had decreased metabolism of the temporal lobes, the brain
area that is actively involved in memory. In an effort to understand
how cerebral metabolism changes over time, we next looked at these
patients’ PET scans 6 months later (Hinkin et al., 1995a). As shown in
Figure 1.1, we found that the subjects with AIDS demonstrated even
greater hypermetabolism of the basal ganglia—a finding that may reflect
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increased effort expended by the brain in order to maintain its
neuropsychological integrity.

NATURAL HISTORY AND CLINICAL COURSE

There is considerable individual variability in the clinical course of
HIV-associated cognitive/motor complex. Although it is not possible
to predict the exact course of illness in any one HIV-infected person,
we are increasingly able to suggest a typical course of cognitive deterio-
ration, from the first signs of CNS involvement to end-stage dementia.
Some (but not all) patients report experiencing headaches, photopho-
bia, and flulike symptoms within the first few weeks of initial infection,
similar to an aseptic meningitis. After these symptoms abate, the
clinical course is frequently characterized by months or even years of
latent, asymptomatic infection. The asymptomatic stage may last an
average of 10 years before overt symptoms arise. Changes in cognitive
functioning are often first observed concurrently with the appearance
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FIGURE 1.1. Ratios of local cerebral metabolic activity to whole-brain
metabolic activity in the seronegative control subjects at time 1 and the AIDS
group at time 1 and time 2. 1, significant difference, AIDS time 1 versus control
subjects; 2, significant difference, AIDS time 2 versus control subjects;
3, significant difference, AIDS time 1 versus time 2. From Hinkin et al. (1995a).
Copyright 1995 by the American Psychiatric Press. Reprinted by permission.
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of constitutional symptoms. A recent study found relatively little
cognitive decline prior to the onset of an AIDS-defining illness unless
an overt dementia was present. Following onset of an AIDS-defining
illness, cognitive decline was most pronounced in the area of fine
motor skills, but relatively mild in other cognitive domains (Selnes et
al.,, 1995). Other commonly observed cognitive changes include diffi-
culty concentrating and paying attention (e.g., losing one’s train of
thought), as well as psychomotor slowing.

Although most clinicians have assumed that patients with HIV-
related dementia will show a relatively steady decline in mental status
once the initial cognitive signs are present, it appears that some patients
instead have relatively stable periods of plateau, which are later fol-
lowed by a more precipitous drop in intellectual functioning. Still
others never evidence any overt signs of cognitive decline. The modal
clinical course in HIV-1 infection, however, is generally believed to
progress gradually through the following stages of cognitive impair-
ment, which are based in part upon the AAN staging scheme for an
AIDS-related dementia.

® Subclinical. Patients report decreased concentration, attention
problems and loss of their train of thought. Mild forgetfulness,
such as “double booking” of appointments, may also be seen.
Work, unless especially demanding, may not be affected; com-
monly, basic activities of daily living are unimpaired. It is important
to consider whether dysphoria or clinical depression is contributing
to (or is even primarily responsible for) the selfreports of cognitive
inefficiency.

® Mild. Individuals may report more pronounced cognitive
changes, including psychomotor slowing, forgetfulness, and a decline
in work performance. Modest changes in the more challenging activi-
ties of daily living are present, including personal finances (e.g.,
balancing checkbook, keeping track of bills). Also, patients often report
experiencing difficulty keeping track of multiple appointments.

® Moderate. By this stage, patients are frequently unable to work
at any but the most basic of occupational tasks, and may be unable to
perform rapid psychomotor tasks such as driving. Memory is now
impaired. Patients may need assistance with more demanding activities
of daily living, such as housecleaning and cooking.

® Severe. At this stage, patients need assistance with most or all
activities of daily living and are totally dependent upon others. Global
cognitive impairment is present and obvious.

* Endstage. Patients are mute, bed-bound, incontinent, and glob-
ally cognitively impaired.
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NEUROPSYCHOLOGICAL PERFORMANCE
BY DOMAIN IN HIV INFECTION

Numerous research studies have described how HIV-infected persons

rform on neuropsychological testing (for reviews, see Grant &
Martin, 1994; Kelly et al., 1997; Hinkin, van Gorp, & Satz, 1995b; van
Gorp et al., 1993). Although some debate remains, a general consensus
has been reached regarding which neuropsychological functions appear
particularly susceptible to the effects of HIV infection (Butters et al,
1990; Bornstein, 1994). Once again, we need to siress that many
infected patients never experience any significant cognitive impair-
ment, and that generally the patients with more advanced 1llness
(patients diagnosed with AIDS, with a CD4 count less than 200/mm %)
are particularly likely to develop cognitive impairment (Grant et al,
1993; Heaton et al., 1995; Stern et al., 1995). Below, we describe which
cognitive domains are most likely to decline and which tests of those
behaviors appear best suited to detect such decline. Table 1.5 summa-
rizes the findings regarding the domains.

Mental Status/Intelligence

Mental status screening tests usually consist of a brief series of ques-
tions that can be asked of a patient at bedside and that do not require
any test materials other than paper and pencil. Patients are asked to
engage in activities such as providing the date and the season, counting
backward by 7’s, repeating phrases such as “No ifs, ands, or buts,” and
remembering several words for a brief period of time.

Although of great utility in the examination of cortical dementias
such as Alzheimer’s disease, mental status screening examinations such
as the Mini-Mental State Exam (MMSE; Folstein, Folstein, & McHugh,
1975), the Blessed Dementia Rating Scale (Blessed, Tomlinson, & Roth,
1968), and the Neurobehavioral Cognitive Status Examination
(Schwamm et al., 1987) are of limited usefulness in detecting early signs
of HIV-associated cognitive decline (Grant & Atkinson, 1995; Hinkin
et al., 1995b). Generally, it is not until the moderate stage of HIV-
associated dementia that patients score below suggested cutoff scores
(e.g., MMSE < 24).

Intelligence, as operationalized by the 1Q and as assessed by the
WAIS-R (Wechsler, 1981), is commonly affected in HIV-1 infection.
This is particularly true for the Performance subtests of the WAISR,
in which subjects receive bonus points for rapid completion of tasks
such as the Block Design, Object Assembly, and Digit Symbol tests
(Hinkin et al., 1995b). Digit Symbol is perhaps the most sensitive of all
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TABLE 1.5. Neuropsychological Effects of HIV-1 Infection by
Stage of Infection

Neuropsychological Early, middle: Late (dementia): End-stage:
deficit/domain Affected? Affected? Affected?
Abstraction No +/- +/-
Agraphia - No No +/-
Calculation No +/~- Yes
Concentration +/- Yes Yes
Digit span No +/- Yes
Divided attention +/- Yes Yes
Executive/frontal system +/- Yes Yes
functions
Expressive language No No +/~
Judgment : No +/- +/-
Motoric functions +/~ +/- Yes
Mood
Agitation No +/- +/~
Anxie[y + / - +/~ +/-
Depression +/- +/- +/-
Mania No No No
Naming No No Yes
Psychomotor speed +/- Yes Yes
Recent memory +/- Yes Yes
Receptive language No No +/~
Remote memory No No No
Sensory functions No +/- +/-
Verbal fluency No Yes Yes
Visual construction No +/- Yes
Visual perception No No +/~

the WAISR subtests to the effects of HIV infection (Hinkin et al.,
1995b). Because the Verbal subtests are largely untimed, HIV-1-infected
subjects tend to perform better on these tasks. Of WAIS-R Verbal
subtests, HIV-infected patients frequently have the greatest difficulty
on the digits backward portion of Digit Span and Arithmetic, two
measures sensitive to attentional disruption. Generally, patients per-
form adequately on the Vocabulary and Information subtests.

In addition to providing a measure of global intelligence and
information regarding component cognitive processes such as visual
construction or attention, the WAIS-R can also be of some assistance
in detecting a focal opportunistic infection of the CNS. Should clini-
cians note more than a 15- to 20-point discrepancy between Verbal and
Performance 1Qs, follow-up neuropsychological testing and referral for
neurological testing and/or neuroimaging are indicated.
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Attention/Concentration

Adequate attention is a requisite basis for virtually every higher-level
cognitive function, since if patients are unable to pay attention, they
will certainly have difficulty engaging in any additional cognitive pro-
cessing. Accordingly, careful assessment of attention and concentration
in the workup of HIV-l-infected patients is critical, especially given the
myriad potential causes of diminished attention in HIV-infected pa-
tients. The detrimental effects of acute physical illness and/or chronic
debilitation on attentional functioning must be considered. Along these
lines, poor attention may also be caused by the effects of medication,
prescribed or otherwise, and/or psychiatric distress.

One common cause of pronounced attentional impairment is
delirium, also known as “acute confusional state.” Delirium is a rela-
tively common condition in HIV-infected patients, with published
studies suggesting that nearly half of hospitalized HIV-infected patients
sustain a delirium at some point during their inpatient hospitalization.
Acute confusional state has many causes, including toxic or metabolic
disorders, adverse medication response, hypoxia, systemic infection, or
focal CNS opportunistic infections and neoplasms. Because delirium
can reflect a potentially life-threatening underlying disease, it is crucial
that immediate referral for medical care be initiated.

The clinical assessment of attention and concentration commonly
includes evaluation of simple attention, sustained concentration, and
divided attention. Of these, divided attention is most likely to be
impaired in HIV-1 infection (E. M. Martin et al. 1995; Law et al., 1994;
Sorenson, Martin, & Robertson, 1994). From a clinical perspective, two
tasks have proven to be sensitive measures of divided attention: (1) the
Auditory Consonant Trigrams (ACT) test, also known as the Brown-
Peterson procedure, and (2) the Paced Auditory Serial Addition Task
(PASAT). Both tests require patients to allocate attentional focus
simultaneously to two activities. On the ACT, patients are provided
with consonant triplets, and then must engage in an “interference” task,
counting backward by 3’s for varying periods of time (usually 3, 9, 18,
and 36 seconds). Following completion of this interference task, the
subject must then recall the original three letters. The PASAT requires
patients to add the last two numbers from a continuous string of
numbers presented at increasingly rapid rates. Trouble engaging in two
such activities at the same time is one of the more common complaints
of HIV-infected patients. :

Difficulties with sustained concentration may underlie patients’
complaints of trouble reading, despite an absence of actual reading
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impairment. Alternatively (or conjunctively), fatigue or affective distur-
bance may account for subjective complaints of reading difficulty (van
Gorp et al, 1991). Although computerized measures of sustained
attention such as a continuous-performance test are best suited to
detect such impairment, clinical measures requiring patients to engage
continuously in a behavior can also be employed. Our group has found
that Parts A and B of the Stroop task, which require subjects to read
and/or name 100-item lists of either color words (e.g., “red,” “blue,”
“green”) or color blocks, assess this domain adequately. In general,
HIV-infected individuals as a group perform as well as seronegative
control subjects on tasks of sustained attention (Stern et al., 1991).

Finally, simple attention is generally within normal limits in early
HIV-associated dementia (Heaton et al., 1995). Usually only the most
demented, delirious, or acutely physically ill patients will demonstrate
severely impaired basic attention. As such, mental control tasks such
as counting backward or saying the alphabet are usually unimpaired.
On the WAISR Digit Span subtest and other digit span tests (also
putative measures of simple attention), most HIV-infected subjects
perform within normal limits, especially on digits forward (Grant et al.,
1987; Tross et al., 1988; van Gorp, Miller, Satz, & Visscher, 1989). When
patients are required to repeat strings of digits in the reverse direction
(i.e., digits backward), they are more likely to show slightly depressed
performance (Stern et al.,, 1991).

Speech and Language

Speech, which can be conceptualized as the mechanical production of
language, is frequently affected by HIV infection. Diminished volume
of speech, or “hypophonia,” is common, as is “dysarthria” or reduced
intelligibility of speech. Not infrequently, speech is slowed among
HIV-infected patients when compared to premorbid levels.

In contrast, language is generally spared in HIV infection unless
individuals are severely demented, delirious, or suffering from a focal
CNS opportunistic infection affecting language areas of the brain. Both
expressive and receptive language abilities, as well as repetition, are
usually normal. Although patients frequently complain of difficulty
reading, this is almost always secondary to impaired concentration
rather than to alexia per se. Similarly, although many patients complain
of word-finding difficulty, performance on confrontation naming tests—
for example, the Boston Naming Test, in which patients must provide
the names for pen-and-ink drawings—is usually within normal limits
(Heaton et al, 1995; Janssen et al, 1989; Stern, Sano, Williams, &
Gorman, 1989; van Gorp et al,, 1989). Writing, however, may be
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adversely affected because of poorer penmanship. Among the typical
neuropsychological tests of language, measures of verbal fluency are
the only tasks on which HIV-infected individuals encounter difficulty
(Hinkin et al., 1995b; Saykin et al., 1988). An example of a verbal
fluency task is the Controlled Oral Word Association Test (Benton &
Hamsher, 1989), in which patients must rapidly name as many words
as possible that begin with certain letters of the alphabet. If HIV-
infected patients demonstrate symptoms consistent with a frank apha-
sia, such as an inability to repeat, paraphasic errors, or an inability to
produce or understand speech, this is almost always a cause for alarm;
prompt medical treatment of the underlying cause (often a CNS
opportunistic infection) is required.

Visual-Spatial Function

Visual-spatial abilities include such behaviors as visual construction,
visual perception, visual scanning/tracking, and geographic/topo-

- graphic orientation. Although early studies suggested that symptomatic

subjects performed more poorly on neuropsychological tests of visual-
spatial ability, such as the WAIS-R Block Design subtest (van Gorp et
al., 1989; Tross et al., 1988), most researchers and clinicians now agree
that visual-spatial abilities are largely spared in HIV infection (Pou-
tiainen et al., 1988; Saykin et al., 1988; Stern et al., 1991). However,
since many neuropsychological tests of visual-spatial ability (e.g., the
Block Design subtest) are timed, psychomotor slowing may lead to a
lowered score because patients do not receive bonus points for speed.
Completion of complicated, unstructured visual-constructive tasks,
such as the Copy portion of the Rey-Osterrieth Complex Figure Test,
can also be affected. This is generally secondary to poor planning and
problem solving rather than to visual-spatial impairment.

Memory

Impaired memory is common in HIV infection and is in fact required
for the DSM-IV diagnosis of dementia due to HIV disease. The memory
deficit in HIV infection is primarily one of retrieval rather than
encoding or storage, although these stages can also be affected (Born-
stein et al., 1993a; Hinkin et al., 1995b). Patients with AIDS may have
difficulty with free recall (e.g., recall of story details or word lists), but
when they are provided with cues or multiple-choice options, their
Performance often improves dramatically. Learning of new informa-
tion may also be affected in HIV disease, but this generally does not
Tesemble the amnestic quality of Alzheimer’s disease. Frequently, be-
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cause of attentional difficulty, patients have difficulty attending to and
thus encoding new material to be learned; moreover, because of
executive dysfunction, they may employ ineffective strategies to guide
the encoding process.

In assessing infected patients’ memory function, one should test
both verbal memory (e.g., memory for word lists) and nonverbal
memory (e.g., memory for designs). Verbal and nonverbal memory are
equally susceptible to the effects of HIV infection (Stern et al,, 1991);
although several early studies suggested that nonverbal memory was
perhaps more sensitive to the effects of HIV infection, this apparent
sensitivity was more likely to have been due to the increased difficulty
of typical nonverbal tasks.

Typically, neuropsychology has focused on “declarative memory,”
or memory for “knowing that.” Another type of memory process has
been termed “procedural memory,” or “knowing how,” and is exempli-
fied by such activities as typing, playing a musical instrument, or riding
a bike. The ability to learn new procedures, though commonly affected
in other subcortical diseases such as Huntington’s disease, appears to
be affected in only a subgroup of patients with AIDS. Dr. Alex Martin
and his colleagues (A. Martin et al., 1992) demonstrated that although
on a group level patients with AIDS performed as well as seronegative
controls did on a measure of procedural learning/memory, there was
a subgroup of patients who clearly performed much worse. Interest-
ingly, these researchers found that this subgroup of poor performers
also evidenced higher levels of an excitatory neurotoxin (quinolinic
acid) in their cerebrospinal fluid (A. Martin et al., 1992), strengthening
the conclusion that impaired procedural learning is associated with
CNS disease in patients with AIDS.

Working memory is that aspect of cognition that controls the
simultaneous processing and active manipulation of information. For
example, a working memory task might require subjects to complete a
string of simple mental arithmetic problems (e.g.,5+3=_,9-4=_,
6+ 7=__, etc.) while simultaneously asking them to remember the last
digit of each problem (in the example above, 3, 4, 7). There is
compelling evidence suggesting that working memory is mediated by
prefrontal structures and circuits that are intimately connected with
subcortical regions (Baddeley, Della Sala, Papagno, & Spinnler, 1997;
Gabrieli, Singh, Stebbins, & Goetz, 1996; Goldman-Rakic & Friedman,
1991). Recent studies of working memory in HIV-1 infection have
shown that at least a subgroup of seropositive individuals show working
memory deficits (Bartok et al., 1997; Sahakian et al., 1995; Stout et al.,
1995).
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Executive Functions

«Executive functions,” or “frontal systems functions,” are that behaviors
which monitor, direct, and control other behaviors; they include such
skills as problem solving, sequencing, judgment, inhibition, and divided
attention. Although a clear consensus has yet to be reached (Claypoole
et al., 1990; Stern et al., 1989; Poutiainen et al., 1988; Grant et al., 1987;
Rubinow, Berettini, Brouwers, & Lane, 1988), it appears that only
certain executive functions are significantly affected by HIV (see
Sahakian et al., 1995). One such area of impairment is the ability to
engage simultaneously in several tasks at once. An example of this is
driving while talking on a car phone or engaging in conversation while
watching television. In a minority of patients with AIDS, difficulties
with inhibition and judgment also arise (Saykin et al., 1988). In such
cases, patients may underestimate the degree of impairment they have
actually suffered. In the vast majority of patients, problem solving is
spared. This latter contention is strongly supported by studies using
the Wisconsin Card Sorting Test (WCST), a putative measure of
hypothesis formation, set shifting, and nonverbal problem solving; the
majority of these studies have found HIV-infected subjects to be
unimpaired (on this test Stern et al., 1989; Claypoole et al., 1988). In
our own laboratory, we compared the performance of patients with
AIDS and uninfected controls on the WCST and found that the two
groups performed virtually identically.

Motor Functions

With advanced disease, HIV-l-infected patients become increasingly
slow. This slowing takes two basic forms: (1) slowing of motor movements
and (2) slowing of cognition. Motor slowing is measured by tasks such as
the Finger Tapping Test, a measure requiring patients to tap a key rapidly
on a teletype-like machine, using the index finger. Some studies have
found that patients with AIDS tend to perform worse (more slowly) on
this task than do uninfected controls (Saykin et al., 1988), while others
have not found this difference (Claypoole et al., 1990; Franzblau et al.,
1991; Ollo, Johnson, & Grafman 1991). Although it is caused in part by
central slowing, upper-extremity motor slowing may also be caused by
myelopathy and myopathy, peripheral neuropathy, or simply the effects
of physical illness. It is important to note that neuropathies and myopa-
thies can occur as direct effects of HIV infection or as side effects of
pharmacological treatment (Brew, 1993).

Slowing of cognition, especially when speed of thought is linked
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to action (psychomotor slowing), is considered the cardinal sign of
HIV-associated dementia (Hinkin et al., 1995), with the majority of
studies to date having found differences between HIV-infected patients
and noninfected controls on measures of psychomotor speed (Miller
et al., 1990; Poutiainen et al., 1988; van Gorp et al., 1989). Clinical
measures, such as the Digit Symbol subtest of the WAIS-R and the Trail
Making Test, are particularly well suited for detecting psychomotor
slowing. Slowed cognition, or “bradyphrenia,” can also be sensitively
detected via computerized measures of speeded information processing
(Miller & Wilkie, 1994), which are discussed next.

Mr. Smith’s Neuropsychological Performance Pattern

To return to Mr. Smith’s case, inspection of his performance on
neuropsychological testing revealed that his pattern of neuropsy-
chological strengths and deficits was fairly typical of HIV-1 infection.
He encountered the greatest difficulty on measures of memory. A
comparison of his ability to recognize information with his free recall
suggested that his memory problem was based more in retrieval than
in encoding or storage. After a 20-minute delay, Mr. Smith was only
able to recall 6 of the 16 words on the California Verbal Learning Test,
but was able to accurately recognized 14 of the 16 words when he was
presented with multiple-choice options. As can be seen in Table 1.1,
other notable findings from his neuropsychological examination in-
cluded the presence of marked psychomotor slowing. Tasks such as the
Digit Symbol subtest of the WAIS-R and Part B of the Trail Making
test posed considerable difficulty for him. Comparing those scores with
his average performance on the Finger Tapping Test, a measure of
pure motor speed, suggested that his slowing was more cognitive than
motoric in nature. His difficulty on the ACT test, on which he scored
at the 4th percentile, reflected his problems in dividing attention
between two simultaneous activities. Equally important was considera-
tion of the neuropsychological tasks on which Mr. Smith performed
well. No evidence of language or visual-spatial impairment was ob-
served. Had major deficits been seen in these domains, this would have
suggested that an additional disease process, such as a CNS opportun-
istic infection, was present.

COMPUTERIZED ASSESSMENT IN HIV-1 INFECTION

As mentioned above, both motor slowing and psychomotor slowing are
considered hallmarks of HIV-related cognitive impairment; both are
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also quite amenable to computer assessment. In fact, in the early stages
of HIV-1 infection, conventional neuropsychological measures may lack
the necessary sensitivity to detect the often subtle cognitive changes
that occur in a subset of patients (Miller & Wilkie, 1994). Computerized
assessment measures may be more sensitive than are conventional
neuropsychological tasks in demonstrating cognitive impairment
(Miller & Wilkie, 1994), especially during the earlier stages of HIV
infection.

The majority of studies using computerized assessment tools have
measured reaction time and early-stage information-processing effi-
ciency. Many of these instruments, which were developed according to
the tenets of cognitive and experimental psychology, have shown
promise in identifying deficits in a sizeable minority of HIV-infected
patients (A. Martin et al.,, 1992; E. M. Martin, Sorensen, Edelstein, &
Robertson, 1992b; Miller, Satz, van Gorp, Visscher, & Dudley, 1989;
Law et al., 1993). Clearly, the sometimes subtle decrements in reaction
time or information-processing speed do not always correlate with
functional impairment, but it may be that these deficits are indicative
of the onset of brain disease or an impending dementing process
(Miller & Wilkie, 1994). Obviously, the ability to identify atrisk indi-
viduals as early in the disease process as possible could be of tremen-
dous value.

As defined in most studies, “reaction time” is a composite measure
of motor speed and the time required for such mental events as
perception, stimulus processing, and decision making (Miller & Wilkie,
1994). “Simple reaction time” (SRT) is the time it takes an individual
to respond to a single stimulus, such as the appearance of a visual cue
or of an auditory tone. SRT, as it is generally conceptualized, does not
involve higher cognitive processing (i.e., decision making) and is
thought to measure mainly stimulus registration and motor speed.
“Choice reaction time” (CRT) is the time it takes an individual to
respond to one of at least two distinct stimuli that may occur, with each
stimuli associated with a different response (e.g., “Push the button if
you see a blue stimulus; don’t push it if you see a red stimulus”). CRT,
as the name implies, involves higher cognitive processing (i.e., making
a decision about the status of a given stimulus) and can vary consider-
ably in difficulty or in the information-processing demands required.
The difference between SRT and CRT for any individual represents
the speed of information processing for a particular choice decision
and has been referred to as “decision-making time” (Miller & Wilkie,
1994). A limitation of much of the computerized reaction time research
is that investigators have used different computerized measures of SRT
and CRT, which make comparisons across groups more difficult.
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Most reaction time studies have concluded that CRT is more likely
than SRT to be impaired in HIV-1 infection. Perdices and Cooper
(1989) found that asymptomatic patients performed similarly to sero-
negative controls on measures of both SRT and CRT, whereas symp-
tomatic patients were significantly slower on measures of CRT but not
SRT compared with controls. Although some investigators have found
no differences between asymptomatic subjects and HIV-seronegative
controls on either SRT or CRT tasks (Martin, Robertson, Edelstein,
Jagust, & Sorensen, 1992a; Miller, Satz, & Visscher, 1991; Perdices &
Cooper, 1989), others have found both asymptomatic and symptomatic
subjects to be significantly slower than control subjects on measures of
CRT (E. M. Martin et al., 1992b). It appears that SRT is less affected
in HIV infection, or that if it is, this occurs in the later, symptomatic
stages of the disease (A. Martin et al., 1992).

A study conducted by Alex Martin’s group (1992) studied reaction
time in both asymptomatic and symptomatic HIV-seropositive subjects,
as well as HIV-seronegative psychiatric patients with adjustment disor-
ders and HIV-seronegative controls with no medical or psychiatric illness.
They found that both seropositive groups were slower on SRT and CRT
measures than were both seronegative groups. Also, at a 6-month follow-
up, on average, both seropositive groups were significantly slower than
they were previously. Interestingly, there was a significant correlation
between slowing of reaction time over time and cerebrospinal fluid levels
of an endogenous neurotoxin, quinolinic acid.

Although some debate exists, a consensus is beginning to emerge
that most symptomatic HIV-seropositive patients show signs of slowing
on computerized measures of reaction time, relative to seronegative
controls. This slowing may be more pronounced on measures of CRT
(Perdices & Cooper, 1989), but it has also been observed on measures of
SRT as well (Miller et al., 1990; A. Martin et al., 1992). With regards to
asymptomatic patients, there is some evidence that they may show slow-
ing on measures of CRT when compared with seronegative controls
(E. M. Martin et al., 1992b; but also see Miller et al., 1991); however, they
show roughly comparable performance on measures of SRT.

DEPRESSION AND HIV INFECTION

Considering the chronic and life-threatening nature of HIV, it is
probably not surprising that HIV-infected individuals show high rates
of depressed mood. The prevalence of depressed mood has been
reported at nearly 80% in some studies (Boccellari, Dilley, & Shore,
1988; Perry & Tross, 1984), while the prevalence of a clinical syndrome
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of major depression in HIV-infected individuals has been reported at
between 10% and 15% (Boccellari et al., 1988; Dilley, Ochitill, Perl, &
Volberding, 1985). These elevated rates of depression are seen regard-
less of whether self-report measures (Cleary et al., 1993; Kelly et al,,
1993) or interactive diagnostic interviews (Atkinson et al., 1988; Born-
stein et al., 1993b) are used to ascertain depressive symptomatology.
Clearly, these rates exceed those found in the general population.

As suggested above, depressive symptomatology in HIV-infected
individuals may be a reaction to the life-altering, chronic, and ultimately
terminal nature of the illness. Studies have found higher rates of
depression and psychiatric disturbance immediately after patients learn
that they have tested HIV-positive (Bix et al., 1995; Cleary, Singer, &
Rogers, 1988; Ostrow et al., 1989). Also, immediately prior to HIV
testing and while awaiting testing results, patients may show prominent
symptoms of mood disturbance. Psychiatric support and, if necessary,
crisis intervention may be most required at these times. Although
psychiatric distress generally tends to lessen over time (Fell et al., 1993),
some studies have suggested that depression may reemerge at transi-
tional points of the disease (Grant & Atkinson, 1990). These transitions
are often identified by physical symptoms (e.g., advent of AIDS-defining
iliness), with research suggesting that patients with the most HIV-
related medical complications are more likely to be anxious and
depressed (Gorman et al.,, 1991; Fell et al., 1993). Such issues as social
stigmatization and marginalization are also important to consider as
potential contributors to feelings of isolation and depression.

Certainly depression may be directly related to the involvement of
subcortical brain structures (Cummings, 1993). Increased rates of
depression have been reported in several neurological disorders that
differentially affect subcortical structures (e.g., Parkinson’s disease,
Huntington’s disease), suggesting that the presence of depression in
some HIV-infected patients may relate, at least in part, to actual CNS
changes. There is considerable overlap between the symptomatology
characteristic of unipolar major depression and the presentation of
various subcortical dementias; in fact, researchers have suggested that
major depression is causally related to subcortical pathology (King &
Caine, 1990; Cummings, 1993). Accordingly, depression and cognitive
decline are perhaps best conceptualized as dual-pronged manifestations
of an underlying disease process.

Issues Involved in Assessing Depression

Several issues concerning the measurement of depression in patients
with HIV or AIDS warrant consideration. A primary complication in
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assessing depression in HIV-infected patients is the often considerable
overlap between symptoms of depression and physical illness. Such
signs and symptoms as fatigue, diminished sleep and appetite, weight
loss, and somatic complaints may be diagnostically ambiguous. When
somatic symptoms occur independently of affective distress, they may
not be indicative of the vegetative signs of a mood syndrome, but
instead simply signs of physical illness (Drebing, van Gorp, Hinkin, et
al,, 1994). Research with medical populations (Volk, Pace, & Parchman,
1993) in general, and HIV patients specifically (Drebing et al., 1994;
Harker et al., 1995), has shown that the inclusion of somatic items in
the measurement of depression often leads to increased rates of false
positives. Clinicians and researchers working with HIV-infected patients
should therefore use caution when interpreting measures containing
somatic items, such as the BDI (Beck & Steer, 1987), the Hamilton
Rating Scale for Depression Scale (Hamilton, 1960), and the MMPI-2.
It is perhaps more prudent to emphasize cognitive and affective
symptoms and signs of depression, especially with patients in the later,
symptomatic stages of HIV disease. One such measure that minimizes
the influence of physical symptoms in the assessment of depression is
the Geriatric Depression Scale, a test originally designed for the elderly,
which omits questions assessing neurovegetative symptomatology.

It is well established that severe depression can lead to cognitive
impairment, especially in the elderly (Cassens, Wolfe, & Zola, 1990; La
Rue, 1992). This phenomenon, which has been termed “pseudodemen-
tia,” is more properly termed the “dementia syndrome of depression.”
Given the high prevalence of depression in HIV-1 infected individuals,
it is reasonable to wonder whether depression is leading to potentially
reversible dementias in this population. Studies that have addressed
this question have almost uniformly concluded that, on a group level,
depressed HIV-1 infected patients do not perform significantly poorer
on more poorly on neuropsychological testing than do HIV-1 patients
without depression (Atkinson et al., 1988; Bix et al., 1995; Grant et al.,
1993; Hinkin et al., 1992; Pace, Rosenberger, Nasrallah & Bornstein,
1993). This is not meant to suggest that, on an individual basis,
depression cannot result in a significant decrement in cognition.

Subjective Complaints of Cognitive Decline

Among the common manifestations of depression are hypersensitivity
to and exaggeration of difficulties real or imagined. From a clinical
perspective, we have observed that many HIV-infected patients will
complain of cognitive deficits that cannot be detected on a thorough
neuropsychological evaluation. Conversely, we have also encountered
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a subgroup of patients who, despite incontrovertible signs of severe
neuropsychological impairment, will nevertheless deny that they have
suffered any cognitive decline. The relationship between patients’
complaints of self-perceived cognitive decline and performance on
neuropsychological testing has also been empirically studied (Hinkin et
al., 1996; Mapou et al.,, 1993; Poutiainen & Elovaara, 1996; van Gorp
et al., 1991). This issue is of considerable importance to practicing
clinicians, in that many treatment decisions (e.g., altering medication
regimens) are based in large part on patients’ selfreport. Several
studies have found that medically asymptomatic subjects’ complaints of
functional decline are indeed associated with poorer performance on
objective neuropsychological testing (Mapou et al., 1993; Poutiainen &
Elovaara, 1996). In contrast, several other studies have found that
subjects who complain of cognitive decline do not perform worse on
neuropsychological testing (Hinkin et al., in press; van Gorp et al,
1991; Wilkins et al., 1991). Rather, in a study of 223 HIV-infected
asymptomatic subjects, we (van Gorp et al., 1991) found that subjects
who complained of cognitive impairment tended instead to be more
depressed. Since patient complaint of cognitive decline is often at
variance with objective neuropsychological findings and instead tends
to be related to level of depression, clinicians should obtain correlative
data (e.g., interviews with significant others) prior to making diagnostic
and treatment decisions.

HIV-RELATED COGNITIVE DECLINE COMPARED
WITH THE NORMAL AGING PROCESS

Clinicians not formally trained in neuropsychology may experience
some understandable difficulty incorporating the information detailed
in this chapter in their own work with HIV-infected patients. A helpful
heuristic for better understanding the neuropsychological effects of
HIV infection is to view the cognitive sequelae of HIV/AIDS as similar
to the neuropsychological changes associated with the normal aging
process. In both instances, individuals may become both motorically
and cognitively slower; similarly, both the elderly and patients with
AIDS may become forgetful and have difficulty engaging in several
tasks at once. Because both groups may face a foreshortened life span,
similar psychodynamic issues may also arise. Noting the overlapping
symptomatology between the normal elderly and younger patients with
AIDS, we (Hinkin et al, 1990) compared the neuropsychological
performance of three groups of individuals: (1) uninfected younger
males with a mean age of 36; (2) older uninfected males with a mean
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age of 70; and (3) a group of younger men (mean age = 36) diagnosed
with AIDS. As can be seen in Figure 1.2, the younger subjects with
AIDS performed virtually identically to the elderly, uninfected group.
Those tasks that were problematic for the older subjects (e.g., Part B
of the Trail Making Test) also proved difficult for the younger subjects
with AIDS, whereas those tasks which were normal in the elderly cohort
were also within normal limits for the AIDS subjects. These data suggest
that clinicians seeking to gain insight into the cognitive changes caused
by HIV-1 infection can utilize the normal aging process as a useful
heuristic model.

WHEN SHOULD A PATIENT BE REFERRED
FOR EVALUATION?

One critical question that practicing clinicians must address is “When
should I refer my patient for a neuropsychological evaluation?” Al-
though no hard and fast answer can be provided, several guiding
principles exist. Should a patient’s family and/or friends complain of
changes in the patient’s thinking or behavior, this is almost always cause
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FIGURE 1.2. Pattern of neuropsychological performance for three groups:
AIDS patients, normal elderly, and normal young. Digit Sym, Wechsler Adult
Intelligence Scale~Revised, Digit Symbol subtest; Log Prose, Wechsler Memory
Scale, Logical Prose subtest; RAVLT, Rey Auditory Verbal Learning Test;
Rey-O, Rey-Osterrieth Complex Figure. From Hinkin et al. (1990). Copyright
1990 by Canadian Journal on Aging. Reprinted by permission.
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for further workup and referral. In contrast, as discussed above, the
validity of patients’ self-complaint is often debatable. A conservative
and prudent course is to take a patient’s self-report at face value and
refer for testing. Another clear reason for referral for neuropsy-
chological testing is evidence that the patient’s ability to perform at
work or to discharge higher-level activities of daily living (e.g., balancing
a checkbook) is beginning to suffer. Neuropsychological evaluation can
also be helpful in establishing legal competence such as the ability to
enter into contracts or execute a will, as well as in providing medical
evidence to support a disability claim.

Resources permitting, neuropsychological testing concurrent with
important disease milestones such as patient’s CD4 count dropping
below 200/mm?3, viral load climbing above 20,000-30,000 copies/ mm3,
onset of AIDS, or the institution of antiretroviral therapies—has also
been proven to be a useful adjunct.

NEUROPSYCHOLOGICAL BATTERIES FOR THE
* ASSESSMENT OF DEMENTIA DUE TO HIV DISEASE

There has been considerable debate regarding what measures are most
appropriate for investigating HIV-related cognitive dysfunction. Practi-
cal considerations such as patient tolerance, test administration costs,
and fatigue effects must be balanced against the goal of thoroughly
assessing all relevant cognitive domains. Some studies have used brief
screening batteries lasting less than 1 hour (e.g., McArthur et al., 1989;
Miller et al., 1990), while others have used assessment batteries requir-
ing up to 7-9 hours of testing (Saykin et al., 1988; Heaton et al., 1995).
Not surprisingly, the likelihood of identifying a problem appears to be
related to the length of the battery administered. Brief screening
batteries, developed out of necessity for large-scale longitudinal re-
search, run the risk of increased false negatives or the failure to detect
actual deficits. On the other hand, patients’ inability to tolerate day-
long testing frequently precludes using more lengthy assessment bat-
leries.

Assigned with the task of constructing an ideal assessment battery
for evaluating HIV-infected individuals, a National Institute of Mental
Health (NIMH) working group chaired by the late Nelson Butters pro-
posed the following 10 areas of examination: (1) premorbid intelligence,
(2) attention, (3) speed of processing, (4) memory, (5) abstraction, (6)
language, (7) visual perception, (8) constructional abilities, (9) motor
abilities, and (10) psychiatric symptoms (Butters et al., 1990). The battery
recommended by this group takes between 7 and 9 hours to administer,
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with additional time required for scoring, interpretation, and report
preparation. A shortened version of the original NIMH battery, requiring
between 1 and 2 hours of patient contact, has also been suggested. Table
1.6 lists the neuropsychological tests recommended by Butters et al.
(1990) for the assessment of HIV-infected persons.

The Muiticenter AIDS Cohort Study (MACS), assigned the task of
testing large number of subjects longitudinally, used a multistage
approach to develop a brief screening neuropsychological assessment
battery (see Selnes & Miller, 1994, for details). Initially, they determined
which measures from among 24 originally given to HIV-infected
(asymptomatic and symptomatic) patients and seronegative controls
best discriminated the performance of patients with AIDS from control
subjects. Next, they identified major domains of cognitive functioning

TABLE 1.6. Neuropsychological Tests Recommended by the NIMH
Working Group

Intelligence
Wechsler Adult Intelligence Scale—Revised (WAIS-R)
National Adult Reading Test~Revised
Simple and divided attention and sustained concentration
WAIS-R Digit Span
Paced Auditory Serial Addition Task
Trail Making test (Parts A and B)
Language
Boston Naming Test
Verbal fluency tests
Visual-spatial function
WAIS-R Block Design
Verbal memory
California Verbal Learning Test
Nonverbal memory
Wechsler Memory Scale—Revised, Visual Reproductions 1 and II
Motor speed
Finger Tapping Test
Grooved Pegboard Test
Psychomotor speed and speed of information processing
Trail Making Test
WAIS-R Digit Symbol
Sternberg Search Task
Simple and choice reaction time
Executive and frontal systems functions
Category Test
Mood, affect, and personality
Beck Depression Inventory or Hamilton Rating Scale for Depression
State-Trait Anxiety Inventory
Diagnostic Interview Schedule

Note. Adapted from Butters et al. (1990, p. 966). Copyright 1990 by Swets & Zeitlinger. Adapted
by permission.

Neuropsychological Features of HIV Disease 33

by performing factor analyses on the 24 original measures. They then
eliminated any redundancy by selecting the one measure from each
cognitive domain that showed the greatest power to discriminate AIDS
patients from seronegative controls. The resulting assessment battery
is both brief, taking approximately 45 minutes to administer, and
sensitive to the earliest cognitive symptoms of HIV infection. Table 1.7
contains the MACS neuropsychological screening battery.

SUMMARY

To summarize, some degree of cognitive decline will occur in the majority
of HIV-liinfected patients. This decline can range from very subtle
psychomotor slowing and forgetfulness to profound dementia. Although
the types of cognitive problems seen in HIV-infected individuals vary, the
most common deficits are forgetfulness, psychomotor slowing, and
trouble dividing attention between competing activities. Depression,
apathy, anxiety, and irritability are also common. Should practicing
clinicians suspect the presence of neuropsychological decline, they
should screen for incipient cognitive decline, if they are appropriately
trained to do so. Positive findings on screening should then trigger
referral for a more comprehensive neuropsychological evaluation.

TABLE 1.7. MACS Neuropsychological Screening Battery

- Trail Making Test, Parts A and B
. Grooved Pegboard Test (dominant and nondominant hands)
. Symbol Digit Modalities
Raw score
Paired recall
4. Rey Auditory Verbal Learning Test
Trials 1-5
Interference
Recall after interference
Delayed recall
Delayed recognition
5. Rey-Osterrieth Complex Figure Test
Copy
Immediate recall
Delayed recall
- Stroop Task
- California Computerized Assessment Package
Simple reaction time
Choice reaction time
Serial pattern matching (sequential reaction time)

Note. Adapted from Selnes and Miller (1994). Copyright 1994 by Oxford University Press.
Adapted by permission.
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