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CNS Complications of ARTCNS Complications of ART

Linda L. Chao, Ph.D.
Magnet Resonance Unit, San Francisco VAMC

Departments of Radiology and Psychiatry, 
UCSF

• Prior to introduction of antiretroviral therapy 
(ART), HIV injury to the CNS was common.

• ART has suppressed viral load, increased CD4, 
reduced the incidence of AIDS dementia.

• However, ART has poor ability to penetrate the 
blood-brain barrier.

BackgroundBackground
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Overall goal:

• Determine if there is evidence of ongoing 
CNS injury in HIV+ subjects on ART .

GoalsGoals

Methods:

• event-related potentials (ERPs) and 
structural MRI
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All HIV+ patients were on antiretroviral therapy:

• either mono- or dual-drug therapy with nucleoside reverse
transcriptase inhibitors (e.g., zidovudine, stavudine, or
lamivudine)

• or combination therapy with at least one protease inhibitor
(i.e., highly active antiretroviral therapy, HAART).

SubjectsSubjects

--798 + 29016.0 + 2.143.5 + 7.639HIV-

2.8 + 1.2403 + 21715.4 + 1.945.9 + 7.339HIV+
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load
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CD4
(cells/mm3)
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Age
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3 s

S1 = 500 ms S2 = 50 ms

Subject
Response

(button press)

trial 2 . . .trial 1
Inter-trial interval:

varies randomly from 3-18 s
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late CNV
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• HIV significantly reduced (p<0.0001) the late CNV.

early
CNV

• HIV marginally (p=0.07) reduced the early CNV.
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SubjectsSubjects

--798 + 29016.0 + 2.143.5 + 7.639HIV-

3.5 + 1.1385 + 22415.6 + 1.146.1 + 6.923viremic
HIV+

< 1.7427 + 21115.1 + 1.645.7 + 6.916suppressed 
HIV+

N Log Plasma viral 
load

(copies/ml)

CD4
(cells/mm3)

Education
(yrs)

Age
(yrs)

late
CNV

• Suppressed and viremic HIV+ patients had smaller late CNV than HIV-.
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• There was no significant early CNV amplitude differences between
suppressed and viremic HIV+ patients.
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Volumetric MRI ResultsVolumetric MRI Results
• HIV significantly reduced the volume of the thalamus.
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• HIV moderately reduced caudate, frontal lobe white matter,
and temporal lobe white matter volumes.

p = 0.06

p = 0.06

p = 0.06

ConclusionConclusion

• ART may not be completely effective in protecting 
cortical and subcortical structures against HIV-
related injury, despite its beneficial effects on 
immune function.
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All HIV+ patients were on antiretroviral therapy:

• either mono- or dual-drug therapy with nucleoside reverse
transcriptase inhibitors (e.g., zidovudine, stavudine, or
lamivudine)

• or combination therapy with at least one protease inhibitor
(i.e., highly active antiretroviral therapy, HAART).

SubjectsSubjects

< 50441 + 20315.1 + 1.744.5 + 7.615HIV+

--834 + 20615.6 + 1.844.1 + 8.015HIV-

N Plasma viral load
(copies/ml)

CD4
(cells/mm3)

Education
(yrs)

Age
(yrs)
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ERP ResultsERP Results
• HIV reduced the amplitude and prolonged the latency of the

P3a component elicited by the novel stimuli.
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• HIV reduced the amplitude and delayed the latency of the

P3b component associated with target stimuli.

ERP ResultsERP Results

HIV-

HIV+ 

Pz

P3bP3b

ERPERP ComponentsComponents

Prefrontal cortex
Basal ganglia

Anticipation
Motor & cognitive 

preparation
CNV

Posterior 
association cortex

Attention
Short-term memory 

retrieval
P3b

Prefrontal cortex
Limbic structures 

Novelty detection
Orienting responseP3a

Brain RegionCognitive ProcessComponents



14

““arfarf--arfarf”” ...300 Hz 300 Hz 300 Hz 300 Hz900 Hz• HIV reduced the amplitude of the P2 component.

HIV+ 
P2P2 HIV-

Cz

-100 100 300 500 700 ms

+5 µV

-5 µV

ERP ResultsERP Results
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These cross sectional data show:

• HIV+ subjects on ART have evidence of CNS 
injury.

• Virally suppressed HIV+ subjects also show 
evidence of CNS injury.

SummarySummary

InterpretationInterpretation
• CNS injury could reflect an ongoing process.

• Cross sectional evidence of CNS injury could 
be due to previous effects of:

– HIV

– immunodeficiency

– treatment
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Longitudinal Structural MRI studyLongitudinal Structural MRI study

GOAL:

Determine if there is ongoing CNS injury in 

HIV+ subjects on ART 

• Virally suppressed HIV+ (< 400 copies/ml)

• Viremic HIV+ subjects (> 400 copies/ml)

SubjectsSubjects

--790 + 2702.0 + 0.241 + 938HIV-

2.6 + 1.5383 + 2142.2 + 0.244 + 623HIV+

N Log Plasma viral 
load

(copies/ml)

CD4
(cells/mm3)

Interscan 
interval 

(yrs)

Age
(yrs)

• All HIV+ subjects were on ART.

* Note:
60% HIV- subjects were male
100% HIV+  patients were male.
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Rates of Total White Matter Atrophy:Rates of Total White Matter Atrophy:
Viremic vs. Suppressed HIV+ SubjectsViremic vs. Suppressed HIV+ Subjects
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Relationship between CD4 and White Matter Relationship between CD4 and White Matter 
Atrophy Rate in HIV+ Subjects on ARTAtrophy Rate in HIV+ Subjects on ART
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SummarySummary

• Longitudinal MRI study indicates increased rates 
of white matter atrophy  in HIV+ subjects on 
ART.

- More severe change in viremic subjects.

• Mechanism and significance of this finding 
remain to be determined.
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Possible Mechanisms of Ongoing Possible Mechanisms of Ongoing 
White Matter AtrophyWhite Matter Atrophy

• Direct or indirect effects of HIV

- Macrophage activation

• Toxic effects of anti-retroviral treatment

• Other factors

Possible ImplicationsPossible Implications
• Ongoing white matter atrophy could:

– lead to cognitive impairments (e.g., dementia)

– increase vulnerability to other CNS disorders (e.g., 
Alzheimer’s disease)

• The CNS may be a major target of injury associated 
with HIV.

– Therefore, it should be monitored in future 
treatment trials, including neuroprotective agents.
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Future DirectionsFuture Directions

• Extend and expand longitudinal study

• Examine role of:

– Viral mutations/replication rate

– Macrophage activation

– Treatment effects

• Correlate with cognitive function
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Lobar and Subcortical Structure 
Identification
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Hi-Resolution Segmentation

CNV Behavioral ResultsCNV Behavioral Results
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Neuropsychological ResultsNeuropsychological Results

• Viremic HIV+ patients were more impaired than virally suppressed
HIV+ patients on oral symbol-digit modalities test.
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Neuropsychological ResultsNeuropsychological Results
• HIV+ patients were more impaired than HIV- subjects on the word reading 

and the color/word conditions of the Stroop test.
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• Viremic HIV+ patients were more impaired than virally suppressed HIV+
patients on the color naming and color/word conditions. 
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