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Model of HIV Neuropathogenesis
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Courtesy Steven P. Woods and Cynthia Hight, HNRC



Clinical Definition of HIV-Associated
Neurocognitive Disorders

Acquired
Impairment in
≥ 2 Cognitive

Abilities

Interferes
with Daily

Functioning

No Current 
Severely 

Confounding 
Condition

No Pre-
existing
Cause

Delirium
Absent

Asymptomatic
Neurocognitive ✔ No ✔ ✔ ✔
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Antinori et al, Neurology 2007, 69: 1789-99

Neurocognitive
Impairment (ANI)

✔ No ✔ ✔ ✔
Mild

Neurocognitive
Disorder (MND)

✔ Mild ✔ ✔ ✔
HIV-Associated

Dementia (HAD) Marked Marked ✔ ✔ ✔



HAND is Common in U.S. and in Spain
Findings from CHARTER & FLSIDA
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Heaton RH, et al. 16th CROI, 2009, Abstract 154 Mu�oz-Moreno, et al. 17th CROI 2010 Abstract 416



Risk Factors for HAND Can be Used to 
Increase Clinical Suspicion

Host
 AIDS, Malnutrition
 Anemia, 

Thrombocytopenia
 Age, Gender

Non-Host
 HIV

� Neuroadaptation
� Clade-Subtype
� Resistance
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 Age, Gender
 Metabolic Syndrome
 Stimulants

� Methamphetamine
� Cocaine

 Genetics
� Chemokines

� Resistance
 Chronic co-infections

� Hepatitis C
 Microbial translocation
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 Age, Gender
 Metabolic Syndrome
 Stimulants

� Methamphetamine
� Cocaine

 Genetics
� Chemokines

� Resistance
 Chronic co-infections

� Hepatitis C
 Microbial translocation

Valcour et al, Neurology, 2004, 63: 822-7; Valcour et al, 
JAIDS, 2006, 43: 405-10; Cherner et al, Neurology, 2005, 
64: 1343-7; Gonzalez et al, PNAS, 2002, 99: 13795-800; 
Ranga et al, J Virol, 2004, 78: 2586-90; Letendre et al, J 
Infect Dis, 2007, 196: 361-70; Hightower et al, Virology, 

2009; Ancuta et al, PLoS ONE, 3(6): e2516



HAND May be Associated with Lower CD4 
Nadirs and Higher C-Reactive Protein Levels
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Ellis et al, 17th CROI 2010, Abstract 429 Unpublished CHARTER Data



CSF Viral Loads Are Associated with HAND, but 
Only When Compared to Plasma Viral Loads

Without ART With ART
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Letendre et al, 17th CROI 2010, Abstract 172 Letendre et al, 16th CROI 2009, Abstract 484b



EACS Recommended Screening 
for Neurocognitive Impairment
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European AIDS Clinical Society, Guidelines, Prevention and Management of Non-Infectious Co-Morbidities



Assessment Methods

 MOS-HIV
 PAOFI

Symptom
Questionnaire

Screening
Tests

 HIV Dementia 
Scale

 International 

Brief NP 
Testing

 ALLRT Brief 
Neurocognitive 
Screen

Comprehensive
NP Testing

 At least 5 
cognitive 
abilities
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 International 
HIV Dementia 
Scale

Screen
 Grooved 

Pegboard
 Action Fluency
 Computerized 

Testing

abilities
 At least 2 

tests per 
ability



Memory Scale
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Chelune et al, Advances in Clinical Neuropsychology, 1983, pp 95-126



MOS-HIV Cognitive 
Functional Status Scale
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Knippels, et al. AIDS. 2002;16:259-267Slide Courtesy Karl Goodkin



Designated 
Screening Tests

 Mini Mental Status Exam 
� Limited usefulness given its emphasis on cognitive abilities 

impaired due to posterior neocortical functions

 HIV Dementia Scale 
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 HIV Dementia Scale 
� Developed specifically to target cognitive abilities reliant on 

frontostriatal circuitry that are typically affected in HAND
� Attention, Episodic memory, Psychomotor speed, Construction

 International HIV Dementia Scale 
� Developed to be simpler and less dependent on language tasks

Slide Courtesy Steven Paul Woods



Components of the 
HIV Dementia Scale

 Antisaccadic errors  Recall of four words
• Dog 
• Hat 
• Green 
• Peach
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 Written alphabet (timed)  Cube Copy (timed)

Slide Courtesy Steven Paul Woods
Power et al. J Acquir Immune Defic Hum Retrovirol. 1995; 8:273-278



Sens Spec Sens Spec
US cohort Uganda cohort

 Memory: Word Recall
 Motor Speed: Finger tapping 
 Psychomotor Speed: Alternating hand

movements

IHDS Score
Maximum score is 12 points 
Score of ≤ 10: Possible 
dementia

International HIV 
Dementia Scale
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Sens Spec Sens Spec
12.0 100% 0% 12.0 100% 0%
11.5 92% 22% 11.5 100% 20%
11.0 92% 31% 11.0 96% 23%
10.5 83% 52% 10.5 88% 48%
10.0 80% 57% 10.0 80% 55%
9.5 71% 79% 9.5 64% 71%
9.0 63% 88% 9.0 60% 79%
8.5 46% 95% 8.5 40% 89%
8.0 46% 100% 8.0 36% 89%

7.5 20% 95%

Sacktor N, et al. AIDS. 2005; 19: 1367-74

Ana Curiel Jiménez
Inherited

Ana Curiel Jiménez
Inherited

Ana Curiel Jiménez
Inherited



 Brief Neurocognitive 
Screen (ALLRT)
� Trailmaking A & B
� Digit Symbol Test

Brief Neuropsychological Testing
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� Digit Symbol Test
• Sensitivity up to 65%
• Specificity up to 84%

 Grooved Pegboard
 Computerized Testing

Woods SP et al, Neuropsychologia. 2005; 43:1144-51
Ellis RJ, et al. J Neurovirol 2005; 11: 503-11



Brief Assessment of HAND
Summary of Advantages and Disadvantages

Advantage Disadvantage
Symptom 
Questionnaires

Good sensitivity
Inexpensive

Self-administered

Limited Specificity

HIV Dementia Scale Very good specificity Variable sensitivity
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Inexpensive
Minimal training

International HIV 
Dementia Scale 

Very good sensitivity
Inexpensive

Minimal training

Moderate Specificity
Limited validation

Brief NP Testing Very good sensitivity
Very good specificity

Requires training
Must be administered
May be copyrighted



Approach to Screening and Diagnosis

Symptom
Questionnaire

Screening
Tests

Brief NP 
Testing

Comprehensive
NP Testing

History
Physical Exam

Interview informants
Assess for…
 Functional changes
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 Functional changes
 Mood changes
 Sleep disorders
 Alcohol and 

recreational drug 
use

 Prescribed and 
OTC drugs

 Focal neurologic 
signs



Approach to Screening and Diagnosis

Symptom
Questionnaire

Screening
Tests

Brief NP 
Testing

Comprehensive
NP Testing

History
Physical Exam

 Chemistry Panel
 Complete Blood 
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 Complete Blood 
Count

 Glucose, Lipids
 TSH, B12
 Oxygen saturation
 Toxicology
 HCV, HBV, Syphilis, 

Cryptococcus
 PPD (possible)

Screening
Lab Tests



Approach to Screening and Diagnosis

Symptom
Questionnaire

Screening
Tests

Brief NP 
Testing

Comprehensive
NP Testing

History
Physical Exam

 Cell count
 Total protein
 Culture

Lumbar
Puncture
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 Culture
 Possible

 Syphilis, 
Cryptococcus

 HIV RNA
 Resistance Testing
 CMV, JCV, EBV

Screening
Lab Tests

Lumbar
Puncture
Lumbar

Puncture



Approach to Screening and Diagnosis

Symptom
Questionnaire

Screening
Tests

Brief NP 
Testing

Comprehensive
NP Testing

History
Physical Exam

Lumbar
Puncture
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 Abnormal white 
matter

 Atrophy
 Exclude stroke, 

mass lesion

Screening
Lab Tests

Lumbar
Puncture
Lumbar

Puncture

Structural
MRI

Specialized
Neuroimaging

Specialized
Neuroimaging



Approach to Screening and Diagnosis

Symptom
Questionnaire

Screening
Tests

Brief NP 
Testing

Comprehensive
NP Testing

History
Physical Exam

Lumbar
Puncture

Specialist
Referral
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Screening
Lab Tests

Lumbar
Puncture
Lumbar

Puncture

Structural
MRI

Specialized
Neuroimaging

Specialized
Neuroimaging



Antiretroviral Treatment
Structure of the Blood-Brain Barrier
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Graphic
Licensed from
NetterImages



CNS Penetration-Effectiveness Ranks
2010

4 3 2 1
NRTIs Zidovudine Abacavir Didanosine Tenofovir

Emtricitabine Lamivudine Zalcitabine
Stavudine

NNRTIs Nevirapine Delavirdine Etravirine
Efavirenz

PIs Indinavir-r Darunavir-r Atazanavir Nelfinavir
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PIs Indinavir-r Darunavir-r Atazanavir Nelfinavir
Fosamprenavir-r Atazanavir-r Ritonavir

Indinavir Fosamprenavir Saquinavir
Lopinavir-r Saquinavir-r

Tipranavir-r
Entry/Fusion 
Inhibitors Maraviroc Enfuvirtide

Integrase 
Inhibitors Raltegravir

Letendre et al, 17th CROI 2010, Abstract 172



Estimation of Penetration-Effectiveness in CNS
Better Penetration = Lower CSF Viral Loads

p = 0.008
n = 467
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Letendre S, et al. Arch Neurol 2008; 65:65-70 Letendre et al, 17th CROI 2010, Abstract 172



CSF Viral Loads Are Associated with HAND 
When Compared to Plasma Viral Loads

Low-Level HIV vs. Performance ART Penetration vs. Low-Level HIV
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Letendre et al, 16th CROI 2009, Abstract 484b



Recent Findings Supporting Penetration 
are Consistent but Not Uniformly

Cysique Tozzi Ellis Marra
Study UCSD CIT NIID ALLRT ACTG 736
Sample Size 37 185 2,636 26
CPE: CSF VL Lower VL No CSF No CSF Lower VL
Number of NP Tests 6 15 3 4
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Number of NP Tests 6 15 3 4

CPE: NP Tests Better Better Better Less 
Improvement

Prospective Yes Yes Yes Yes
Controlled No No No No

Norms for NP Change Yes No No No

Cysique et al, Neurology 2009, 73(5):342-8; Tozzi et al, J Acquir Immune Defic Syndr 2009;52:56–63; 
Ellis et al, Annual Meeting American Neurological Association 2009; Marra et al, AIDS 2009, 23(11):1359-66



Better Distribution into the Nervous
System may have Other Benefits

 Better mood
� Even after accounting for antidepressant use and 

neuropsychological performance

 Better survival
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 Better survival
� In a study of nearly 20,000 adults in the UK
� In more than 2,000 perinatally infected children
� In individuals with CNS opportunistic infections

Unpublished CHARTER Data; 
Garvey  et al, 17th CROI, 2010, Abstract 427

Patel et al, AIDS 2009, 23(14):1893-901; 
Gasnault et al, 15th CROI, 2008, Abstract 385 



Conceptual Therapeutic Window 
in the Nervous System

R
is

k 
of

  B
ra

in
 In

ju
ry

ART Therapeutic 
Threshold

Drug Resistance Neurotoxicity
Threshold
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ART Concentrations in the CNS

Clinical Cognitive Threshold
HIV-Mediated
Immune-Mediated



Treatments Other than ART 
May be Necessary

Reduce
Neurotoxins

Reduce HIV

▻Innate & Adaptive 
Immune Responses

▻ Oxidative stress
▻ Excitotoxins
▻?Certain Antiretrovirals
▻ Comorbidities
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Antiretrovirals
Reduce HIV
Replication 
in the CNS

Cognitive
Health

▻ Anti-inflammatory
Molecules

▻ Antioxidants
▻ Growth factors
▻ Neural Progenitor Cells

Improve
Neuroprotection



Treatments Other than ART 
are Unproven

 Potential Modifiers of 
Neuronal Injury
� Glutamate: Memantine
� Serotonin: SSRIs / 

SNRIs

 Anti-inflammatories
� Minocycline
� Statins (HMG CoA 

Reductase Inhibitors)
� NSAIDs
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SNRIs
� Dopamine: 

Methylphenidate, 
Bupropion

� Choline: Donepezil
 Growth factors

� Erythropoietin (if anemic)

� NSAIDs
 Glycogen synthase 

kinase-3 inhibitors
� Lithium

Zink et al, JAMA, 2005;293(16):2003-11
Letendre et al, AIDS, 2006, 20:1885–1888 

Schiffito et al, J Neurovirol 2009, iFirst: 1-11
Zhao et al, HIV Clin Trials 2010;11(1):59–67

Digicaylioglu et al, Nature. 2001;412(6847):641-7
Letendre et al, J Neuroimm Pharmacol, 2007, 2(1):120-127



Possible Impact of 
Other Therapies

 658 CHARTER 
participants

 Serotonin reuptake 
inhibitors and Statins 
were each associated 

HIV NEUROBEHAVIORAL RESEARCH CENTER  |  UNIVERSITY OF CALIFORNIA, SAN DIEGO

were each associated 
with lower CSF viral 
loads

 SRIs were also 
associated with better 
NP performance

Letendre et al, J Neuroimm Pharmacol 2007, 2(1): 120-7



Prevention is Unproven

 Earlier initiation of ART
� Earlier may be better: At least above 350 cells/mm3

� ART reduced the incidence of HAD but better penetrating ART is 
unproven in preventing HAND

 Diagnose and treat comorbidities
� Mood disorders � Metabolic and lipid disorders
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� Mood disorders
� Stimulant abuse
� Co-infections

 Measure biomarkers to raise suspicion and increase 
surveillance when abnormal
� None are clinically validated
� CD4 count, hemoglobin, platelets, C-reactive protein
� CSF viral load ≥ plasma viral load
� ApoE, MCP-1, soluble CD14

� Metabolic and lipid disorders
� Vascular disorders



Recommendations

 Counsel patients on HAND and antiretroviral penetration to 
enable them to make informed treatment choices

 Question patients about cognitive symptoms and activities of 
daily living at routine visits and before initiating ART

 Screen for and treat other conditions that could account for 
nervous system complaints 
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nervous system complaints 
� Co-infections, substance use, mood disorders, vascular and metabolic disease
� Consider lumbar puncture and neuroimaging

 Consider using better penetrating ART since data support 
that it better reduces HIV in CSF and may lead to better 
neurocognitive performance
� Recent US treatment guidelines may lead to undertreatment of the CNS

 Continue to monitor effectively treated patients
� Cognitive impairment might persist or even occur for the first time in treated 

individuals
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