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Neuropsychiatric adverse effects related to potent antiretroviral therapy areAbstract
among the complications that can lead to poor adherence, treatment interruptions,
or change of antiretroviral therapy regimens. For a historical perspective, we
review early literature and case reports with CNS adverse effects attributed to
antiretrovirals. The variability of the cerebrospinal fluid penetration of individual
antiretrovirals may contribute to their potential for behavioural and psychiatric
manifestations.

The majority of neuropsychiatric complications related to potent antiretroviral
therapy have been associated with the use of the efavirenz. Updates on the risk of
neuropsychiatric manifestations with efavirenz use in patients with a history of
psychiatric disorders or substance abuse are reviewed. We include a critical
review of recently published data on the long-term CNS adverse effects with
efavirenz. Special attention is given to the results of recent investigations on the
relationship between the pharmacogenomics of genes responsible for efavirenz
metabolism and the plasma concentration of efavirenz. It is important to note that
there is no established direct correlation of efavirenz concentrations and symp-
toms. It is not recommended for practitioners to adjust efavirenz doses in order to
prevent or alleviate CNS adverse effects. Patients may be placed at risk for
virological failure and resistance if they receive suboptimal doses of efavirenz.

The aim of this article is to give a concise review and an update on recent
literature concerning neuropsychiatric effects of antiretroviral use in HIV-infected
patients. Our intent is to present practitioners with data that can be used in a
practical way to both educate and improve outcomes in the HIV-infected patient
population.
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The availability of potent antiretroviral therapy 1. CNS Exposure to Antiretroviral
Therapy (ART)(ART) has dramatically decreased the mortality and

morbidity of HIV-infected patients.[1] The presence
of opportunistic infections and late sequelae of While it is generally accepted that ART-associat-
chronic infection such as encephalitis are rare ed neuropsychiatric manifestations are related to
among patients who have access to care and are drug toxicity, there is increasing interest into wheth-
identified before the onset of severe immunocom- er symptoms may be due to CNS cellular damage by
promise. the HIV virus.

Psychiatric and neurocognitive changes associat-A number of strides have been made to improve
ed with HIV infection have been attributed to thepatient compliance to regimens that may require
effect of the virus on brain tissue.[8-11] Early inlifelong adherence. Reduced pill burden increases
infection, cells infected with HIV cross the blood-compliance, but medication-related adverse effects
brain barrier and enter the CNS, which can lead to acontinue to be a major barrier. Neuropsychiatric
chronic state of inflammation. Cognitive impair-effects related to ART are among the complications
ments are thought to be secondary to neurodegener-that can lead to poor adherence, treatment interrup-
ation and decreased neuronal cell-to-cell communi-tions or change of ART regimens.
cation. Neuronal loss is the hallmark of HIV-associ-Prior to the introduction of ART, psychiatric
ated dementia.manifestations were recognised as a complication of

The CNS should be considered a distinct viro-HIV infection. Questions arose as to the aetiology of
logical and pharmacological entity in relation tothe observed disorders. Investigators theorised that
antiretroviral penetration and efficacy. The majoritythe manifestations were related to the unmasking of
of antiretrovirals do not effectively cross the blood-underlying psychiatric disorders.[2] Others suggest-
brain barrier. Factors that influence antiretroviraled that they were secondary to the effect of the virus
penetration into the cerebrospinal fluid (CSF) in-itself, an opportunistic infection, or exacerbated by
clude percentage of protein binding, molecularnumerous stressors.[3,4] Later literature documented
weight and the oil/water partition coefficients.[12]

several incidents of psychiatric manifestations in-
Protease inhibitors once bound to plasma glycopro-cluding mania and psychosis that were associated
teins can be restricted from crossing the blood-brainwith the introduction of ART.[5] Neuropsychiatric
barrier via efflux pumps.[13] Although protease in-disturbances attributed to the use of ART can run the
hibitor penetration into the CSF is low as measuredcontinuum from sleep disorders to cognitive impair-
by CSF to plasma concentration, the use of proteasement to frank psychosis.[6]

inhibitor-containing regimens have proven to be
A more extensive body of literature exists detail- effective in the treatment of neurological manifesta-

ing experience with the neuropsychiatric effects of tions of HIV including cognitive impairment and
efavirenz and the proposed mechanism of action. progressive multifocal leukoencephalopathy.
Sleep disturbance, vivid dreams and impaired con- Virus that has infected brain tissue may theoreti-
centration are the most frequently reported CNS cally continue to damage neurons even in the pres-
adverse effects associated with the use of ence of viral suppression in the peripheral compart-
efavirenz.[7] Reports indicate that some form of CNS ment. Researchers have documented HIV with dif-
symptoms are present in as many as 73% of patients fering genotypic and phenotypic resistance patterns
who initiate treatment with an efavirenz-containing between those recovered from the CSF and periph-
regimen.[6] Symptoms usually occur within the first eral blood.[14] While reduction in viral replication in
few weeks of initiation then resolve, or are mild brain tissue in the presence of antiretrovirals has
enough for patients to continue the regimen. been demonstrated in vitro, the ability of ART to

The aim of this article is to give a concise review reach neuronal tissue in vivo has not been formally
and an update on recent literature concerning documented.[15] Drugs that cross the blood-brain
neuropsychiatric effects of antiretroviral use in barrier more effectively may be more likely to pro-
HIV-infected patients. duce CNS adverse effects. Effective ART treatment
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has been shown to positively influence HIV-associ- tions and only returned after the reintroduction of
ated neuropsychiatric disorders once it reduced the zidovudine. Since zidovudine and acyclovir are
HIV burden in the CSF and brain tissue.[16] metabolised and excreted through different path-

ways (hepatic and renal, respectively), significantRecently presented data from the AACTG (Adult
pharmacokinetic interactions between the medica-AIDS Clinical Trial Group) study 736 showed that
tions are not thought be the aetiology of the psycheimprovement in neuropsychiatric testing correlated
manifestations.with sustained suppression of HIV viral load in the

CSF.[17] The use of an antiretroviral regimen that Zidovudine monotherapy-associated mania was
had higher CSF penetration correlated with de- originally reported in a patient 7 months after the
creased CSF viral load. Neuropsychiatric and pro- regimen was initiated.[20] Symptoms resolved after
gressive cognitive dysfunction associated with pro- zidovudine administration was interrupted, but in
longed ART use may require effective HIV therapy contrast to the aforementioned cases, manic symp-
with high CSF penetration directed against possible toms did not return once the antiretroviral treatment
resistant HIV isolates. was restarted. No return of symptoms was noted at 3

months’ follow-up.
2. ART-Associated These reports suggest that the resolution ofNeuropsychiatric Manifestations symptoms once zidovudine was discontinued serves

as proof of causality. The reader should take intoThe majority of reports of antiretroviral-induced
account that in earlier reports, patients receivedpsychiatric manifestations involve case reports of
monotherapy, which is no longer considered stan-symptoms that occur within the first weeks of initia-
dard of care. They also received higher doses thantion of therapy (table I). Early reports of mania and
are now recommended. It is possible that higherpsychosis arose in the era preceding the availability
drug concentrations predisposed these patients toof potent ART.
the CNS effects observed. Support for this theoryThe advent of combination therapy as the stan-
includes case reports of the appearance ofdard of care for the treatment of HIV makes attribut-
zidovudine monotherapy-induced psychosis follow-ing unexpected CNS manifestations of therapy to
ing increased dose adjustments of zidovudine.[20]

one drug in particular more complex. The possibility
The patients involved in these case reports all had aexists that drug-drug interactions that alter antire-
personal or family history of an affective disorder,troviral metabolism contribute to these adverse ef-
suggesting the possibility of genetic vulnerability tofects by increasing drug concentrations beyond their
CNS toxicity. Unfortunately, these early reports didtherapeutic range.
not include more information on the level of immu-
nosuppression of the patients or information on2.1 Zidovudine
comorbidities or substance abuse that may have

One of the first observations reported new onset been significant confounders.
delusions and hallucinations in a patient who re- The manufacturer and published data report a
ceived zidovudine monotherapy following treatment neuropsychiatric event rate of 5% associated with
of Pneumocystis jiroveci pneumonia (formerly zidovudine therapy.[33,34]

known as PCP).[18] Symptoms started 3 days after
initiating zidovudine and resolved within 24 hours

2.2 Abacavirof its withdrawal. Pressured speech and delusions
recurred when the patient was rechallenged with
zidovudine. Another case of psychosis relating to Published reports include several cases that sug-
zidovudine monotherapy occurred in a patient tak- gest abacavir as the antiretroviral responsible for the
ing concomitant acyclovir.[19] Fourteen months after observed CNS adverse effects.[21,22] The patients
the start of therapy the patient presented with bizarre presented with depression, migraines, mood
behaviour, agitation and psychosis. Again, symp- changes that progressed to suicidal ideation and
toms resolved with discontinuation of both medica- auditory hallucinations. The authors use the fact that

© 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (10)



868
C

espedes &
 A

berg

©
 2006 A

d
is D

a
ta

 In
fo

rm
a

tio
n

 BV
. A

ll rig
h

ts re
se

rve
d

.
D

ru
g

 Sa
fe

ty 2006; 29 (10)

Table I. Selected case reports of antiretroviral-induced neuropsychiatric reactions

Antiretroviral Psychiatric manifestation Weeks post Notes Reference
initiation

Zidovudine Delusions, auditory hallucinations 1 Monotherapy, symptoms return with rechallenge 18

Agitation, bizarre behaviour, psychosis 60 Occurred with coadministration of acyclovir, symptoms return only after 19
reintroduction of zidovudine

Mania 28 Symptoms do not return after restarting zidovudine by 3-month follow-up 20

Abacavir Headache, depression, anxiety, auditory 2 Both co-infected with hepatitis C, no evidence of abacavir 21
hallucinations hypersensitivity

Mutism, catatonia, homicidal behaviour, 4 No previous evidence of post partum depression or psychosis, no return 22
persecutory delusions of symptoms at 1-year follow-up when same regimen except for

abacavir restarted

Headache, night terrors 2 Symptoms appear abruptly once abacavir substituted for didanosine 23

Nevirapine Cognitive impairment, impulsive suicide 2 Nevirapine overdose precedes suicide attempt in one patient 24
attempts, persecutory delusions

depression Rapid resolution of symptoms once nevirapine changed to abacavir 25

Efavirenz Irritability, suicidal ideation, aggression, 4 Severity of symptoms require psychiatric hospitalisation 26
antisocial behaviour

Excitability, anxiety, insomnia 2 Symptoms resolve with dose reduction of efavirenz 26

Mental confusion, amnesia 8 Symptoms resolve with dose reduction of efavirenz 26

Mania, disinhibition, grandiosity 4 No family or personal history of psychiatric disorder 27

Mania Occurred in the setting of overdose of 90 efavirenz tablets 28

PTSD, intrusive recollections 4 Previous history of PTSD 29

PTSD 1 Symptoms subside within 4 weeks while continuing efavirenz-containing 29
regimen

Severe psychosis, confusion, aggression 4 Originally attributed to interaction with fluconazole 30

Disorientation, paranoid delusions, violent 1 Improved mental status observed within 7 days after discontinuation of 31
behaviour efavirenz

Suicidal ideation, anhedonia, agitation 4 History of previous psychiatric hospitalisation, patient refused to restart 32
antiretroviral therapy

PTSD = post-traumatic stress disorder.
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these symptoms did not return once abacavir was 2.4 Protease Inhibitors
switched to nevirapine as proof of causality.

There are few case reports of neuropsychiatricAnother case attributed to abacavir involved an
disorders developing in patients taking a proteaseantiretroviral-experienced patient with a history of
inhibitor-based ART regimen in which the proteasedepression.[23] In contrast to the previous cases, this
inhibitor is thought to be the antiretroviral responsi-patient’s depression was controlled on citalopram
ble for the observed behaviours.[37] The manufactur-and they had a CD4 count of >500 cells/µL at the
er’s product insert for ritonavir reports <2% inci-time that abacavir was substituted for didanosine
dence of psychiatric disorders including depression,because of metabolic complications. Within days,
hallucinations and abnormal thinking, and it is notthe patient complained of migraine headaches, night
clear whether these may be the result of interactionsterrors and mood disturbances, which all resolved
with other medications.[38]

immediately after abacavir was discontinued. Foster
et al.[23] suggest that the presence of headache and

2.5 Efavirenzmood changes may be early indicators of abacavir-
induced neuropsychiatric sequelae. None of the pub- Efavirenz has a long half-life permitting once-
lished case reports document the development of daily administration, and is the preferred non-nucle-
abacavir-associated psychiatric manifestations in oside reverse transcriptase inhibitor (NNRTI) for
the setting of an abacavir hypersensitivity syn- combination regimens for antiretroviral naive pa-
drome. Nevertheless, nucleoside neuropsychiatric tients.[39] The majority of neuropsychiatric compli-
adverse events remain uncommon. The manufactur- cations related to ART have been associated with
er reports a neuropsychiatric event rate of 2% asso- the use of the NNRTI, efavirenz.[26]

ciated with abacavir therapy.[35]
Efavirenz has a wide range of neuropsychiatric

effects, with published reports suggesting that2.3 Nevirapine
40–70% of patients experience some form of CNS

Nevirapine has been associated with neurop- disturbance.[39-42] CNS adverse effects from
sychiatric complications in a small number of pub- efavirenz-containing regimens are reported more
lished case reports.[24,25] Wise et al.[24] described than three times as often as from protease inhibitor
three cases in patients without a prior history of regimens. The most common CNS adverse effects
mental illness, all of whom manifested symptoms reported by patients are sleep disturbances, ranging
within 2 weeks of initiating treatment with from insomnia to vivid dreams and night terrors.
nevirapine. The patients developed a delirium, an Dizziness, vestibular complaints and difficulty con-
organic affective state, and an organic psychosis centrating are frequently reported and tend to appear
with persecutory delusions. Unfortunately, the brief soon after initiation of therapy.[43,44] These com-
report fails to report the antiretrovirals that plaints usually last for the first 2–4 weeks of treat-
nevirapine was used in conjunction with or other ment. In cases where efavirenz-associated sleep dis-
coadministered medications that may have contrib- turbances persist, the majority report that the effects
uted to the symptoms. are mild enough to tolerate and continue with the

prescribed regimen. Preliminary data from AACTGAnother case of mania and cognitive impairment
study 5097s reported that the majority of patientsoccurred unexpectedly in a patient who was tolerat-
slept better after the initial exposure to efavirenz.[45]ing nevirapine.[36] The symptoms began with the
Only 4% of patients discontinued efavirenz as partintroduction of clarithromycin for a respiratory in-
of their treatment regimen because of CNS-associat-fection and resolved after the withdrawal of the
ed adverse effects.[45]macrolide. The authors suggest that since both

nevirapine and clarithromycin are metabolised by More serious neuropsychiatric disorders have
the same hepatic cytochrome P450 (CYP) been documented with efavirenz use. Depression,
isoenzyme, it is likely that a pharmacokinetic inter- aggressive behaviour, paranoia and psychosis in-
action was the underlying aetiology of the CNS cluding hallucinations are rare complications in-
disturbance. duced by efavirenz (see table I). Manic episodes
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have also been reported; in one case, secondary development of neuropsychiatric symptoms. Plasma
efavirenz intoxication following an overdose of 90 serum samples from 130 patients who received
tablets.[27,28] efavirenz as part of combination ART were analysed

for drug concentration. The researchers also record-The literature contains only two case reports of
ed concomitant medications used, as well as dura-recurrences of post traumatic stress disorder (PTSD)
tion of efavirenz use, body mass index, CD4 andpredicated by initiation of efavirenz in antiretroviral
HIV viral load measurements and CNS adverse ef-naive patients.[29] Each reported a history of PTSD
fects at the time of sampling. The study found aand depression that had not been present at the time
large variability of the efavirenz concentrations be-immediately prior to starting treatment. Within 1
tween patients and these differences were not influ-week of starting efavirenz in combination with
enced by the age, sex, ethnicity or body mass indexzidovudine and lamivudine, both patients reported
of patients. Data showed that 50% of patients whointense intrusive recollections, flashbacks and phys-
had low efavirenz concentrations had documentediological distress when exposed to cues resembling
virological failure. Twenty-four percent of patientsprevious torture. In these cases, the decision was
who had efavirenz concentrations higher than themade to continue efavirenz and the symptoms of
optimal range developed neuropsychiatric adversePSTD subsided within 4 weeks.
effects compared with only 9% of patients withReports have suggested that psychiatric manifes-
concentrations in the recommended therapeutictations are more likely to occur in patients with a
range. No patients with low efavirenz concentra-pre-existing history of a psychiatric diagnosis or
tions developed CNS manifestations. While the au-substance abuse.[46-48] A case-control study from the
thors factored protease inhibitor coadministrationSwiss HIV cohort reported that intravenous drug
into the analysis, they failed to mention if there wereusers were more likely than non intravenous drug
associations between other medications taken thatusers to stop efavirenz during the first 2 months of
effect the plasma efavirenz concentrations. The re-therapy as a result of intolerance of adverse effects.
port mentions only one patient in the low concentra-A retrospective study of HIV-positive patients who
tion group in which the concomitant use of pheno-abused cocaine, alcohol, or marijuana showed that
barbital is suggested as aetiology of the low plasmathey were no more at risk of exhibiting CNS adverse
concentrations. The anticonvulsant is a knowneffects than patients who denied substance abuse.[49]

CYP3A4 inducer and the inference is that the in-The study cited that the most common reason for
creased rate of efavirenz clearance is responsible fordiscontinuation of efavirenz was virological failure
the lower observed concentrations.and not adverse effects. Of the patients failing

efavirenz, 79% were non-injection substance abus- The influence of genetic factors that alter the
ers who did not report CNS adverse effects. A hepatic metabolism of efavirenz has been increas-
review by Halman determined that pre-existing psy- ingly addressed in the recent literature. Pharmacoge-
chiatric history was not an independent risk factor nomic investigations have suggested that genetic
for the development of neuropsychiatric adverse variations may play a significant role in neurop-
effects with efavirenz use.[50] sychiatric disorders with efavirenz use. The single

nucleotide polymorphism CYP2B6 G516T mutation
is associated with significantly reduced function of2.5.1 Pharmacogenetics
the CYP2B6 enzyme.[53,54]Efavirenz is metabolised by the hepatic CYP

system, primarily by CYP isoenzyme 2B6, a mixed AACTG study 398 noted that the clearance of
function oxidase, with some involvement of efavirenz was 28% higher in non-Hispanic Cauca-
CYP3A4. Efavirenz has been demonstrated to cross sians than in African Americans and Hispanics.[55]

the blood-brain barrier. Efavirenz concentrations in The slower elimination in these populations be-
CSF have been documented to reach up to 1.2% of comes increasingly important as HIV morbidity and
the corresponding plasma concentrations.[51] mortality disproportionately affects non-White races

Marzolini et al.[52] investigated the relationship worldwide. The single nucleotide polymorphism
between efavirenz plasma concentrations and the G516T of CYP2B6 associated with loss of function

© 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (10)
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has been reported to directly affect efavirenz con- separate population in terms of prevalence of
centrations in Caucasian and African-American in- CYP2B6 G516T homozygotes.
dividuals. Among all patients in AACTG A5097s, the pres-

ence of the CYP2B6 G516T allele was associatedImpaired hepatic metabolism of efavirenz in pa-
with adverse CNS symptoms at 1 week. None of thetients with the G516T polymorphism has been indi-
other CYP450 alleles nor MDR-1 were associatedcated as the cause of psychosis.[30] In this case the
with these symptoms. Nearly one third of subjectspatient developed confusion, aggression and
developed treatment-limiting CNS toxicities or pre-behavioural changes 1 month after initiation of an
maturely discontinued efavirenz, but the investiga-efavirenz-containing regimen.[30] Symptoms were
tion revealed that there was no statistically signifi-originally thought to be secondary to the known
cant association between tolerability of efavirenzinteraction efavirenz with fluconazole, but they per-
and the presence of the CYP2B6 G516T allele.sisted after the antifungal dose was appropriately
There were no differences in either virological orreduced. The patient’s plasma concentration of
immunological responses in T/T patients homozy-efavirenz was discovered to be >30 times the normal
gous for the allele as compared to G/G or G/Tlimit. Efavirenz was discontinued with resolution of
patients at 24 weeks.the psychiatric manifestations. Efavirenz was re-

started at 200mg once daily, a third of the recom- A more recent investigation conducted by the
mended daily dose, with no recurrence of symp- Swiss HIV Cohort Study substantiated the associa-
toms. The patient achieved virological suppression tion of the CYP2B6 G516T allele and alterations in
and adequate CD4 count recovery at 6 months. both efavirenz and nevirapine concentrations with
Genetic investigation demonstrated that the patient the CNS toxicity of the antiretrovirals.[56] It was
was homozygous for the CYP2B6 G516T allele. determined that the T/T variant was associated with

both increased plasma and intracellular efavirenzAACTG study A5097s further analysed the rela-
concentrations, and plasma concentrations oftionship between the single nucleotide polymorph-
nevirapine. The intracellular drug concentration andisms that affect efavirenz metabolism.[53,54] The
the CYP2B6 genotype were strong predictors ofstudy investigated whether allelic variants previous-
efavirenz neuropsychiatric manifestations.ly associated with altered plasma efavirenz concen-

trations (CYP2B6, CYP3A4, CYP3A5 and multidrug
transporter P-glycoprotein [MDR-1]) were associat- 2.5.2 Long-Term Neuropsychiatric Manifestations
ed with neuropsychiatric adverse effects. The Two independent European teams of researchers
24-week randomised cohort included 154 patients, have recently published data on the neuropsychiatric
32% of whom were African American and 10% of manifestations with efavirenz in patients who have
whom were identified as Hispanic. been on an efavirenz-based regimen for ≥3 months.

The study revealed that significant alterations in A cross-sectional study compared 60 patients on an
efavirenz concentrations as measured by areas under efavirenz-based regimen with the same number of
the concentration-time curve (AUCs) were only sig- patients on a protease inhibitor-based regimen for at
nificant for variations in the CYP2B6 genotype. The least 1 year.[57] Quality of life and psychological
CYP2B6 G516T allele was associated with higher status were assessed via standardised question-
plasma efavirenz concentrations. It was determined naires. No significant difference in psychological
that patients who were homozygous for the CYP2B6 status or quality of life was demonstrated between
G516T variation (T/T) had statistically significant the efavirenz or protease inhibitor groups. It did
median efavirenz AUCs nearly three times as high reveal that neuropsychiatric disorders persisted in
as those with wild type (G/G), and more than twice more than half of HIV-infected patients on long-
that of patients heterozygous for the allele (G/T). term therapy, but these disturbances were usually
Homozygotes for CYP2B6 G516T were more com- mild and well tolerated clinically. The study did not
mon in African Americans than in Caucasians, 20% find any association between efavirenz plasma con-
versus 3%, respectively. Too few Hispanic patients centrations and the presence of neuropsychiatric
were included in the study to be evaluated as a disorders. A limitation of the study was that patients

© 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (10)
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who had previously discontinued efavirenz because Recent reports suggest that pharmacogenomic fac-
of moderate or severe adverse effects or who had tors may contribute to altered metabolism of
supra-therapeutic plasma concentrations were ex- efavirenz, predisposing the patient to slower elimi-
cluded. nation and higher plasma concentrations. These ge-

netic factors may disproportionately affect AfricanLochet et al.[58] developed a self-administered
American and Hispanic populations. However, it isquestionnaire to assess quality-of-life issues, specif-
important to note that it is not recommended thatically addressing sleep disturbances, cognitive
practitioners reduce efavirenz doses in certain popu-changes and mood disorders in 174 consecutive
lations in an effort to avoid or diminish neurop-patients who had all received efavirenz for ≥3
sychiatric manifestations. There is no establishedmonths. The most common disorders noted were
direct correlation of efavirenz concentrations andabnormal dreams, memory disorders, nocturnal
symptoms, and patients may be placed at risk ofwalking and sadness. Twenty-three percent of pa-
virological failure and resistance if they receivetients reported moderate to severe global neurop-
suboptimal doses of efavirenz.sychiatric discomfort.

Therapeutic drug monitoring, the process of doc-Recent reports addressed the influence of antire-
umenting peripheral blood-drug concentrations totrovirals associated with CNS adverse effects on
ensure therapeutic levels, is used in practice to ad-neurocognitive performance. In a large randomised
just medication doses to reach the desired targetcontrolled trial comparing the use of protease inhibi-
concentrations. This option, although attractive, hastor-sparing ART regimens in treatment naive pa-
inherent pitfalls when applied to HIV therapy. Fortients, the improvement in neuropsychological per-
antiretrovirals, the practice is expensive and notformance was comparable in patients receiving
readily available in the US. More importantly, itefavirenz with those who were not, at 6 months.[59]

does not measure the intracellular or CSF drug con-In a treatment-experienced cohort with virological
centrations nor the amount of tissue penetration forsuppression, neurocognitive impairment was associ-
individual medications. These drug concentrationsated with increased age and nadir CD4 count, but
are of particular importance in relation to the pro-not with current ART regimen nor the relative CSF
pensity of an individual agent to cause or treat HIV-penetration of the individual antiretrovirals.[60]

associated neuropsychiatric manifestations.
It is important for practitioners to obtain detailed3. Conclusions

medication and psychiatric histories from patients
prior to the initiation of therapy. Our growing ar-The evolution of HIV disease management
mamentarium of antiretrovirals and other medica-makes a comparative review of early published re-
tion classes increases the possibility of significantports of antiretroviral-associated neuropsychiatric
pharmacokinetic interactions. Despite the possibili-manifestations more problematic. Updated dose rec-
ty of neuropsychiatric complications of efavirenz, itommendations, coformulations and changes in the
remains a potent option in treating HIV-infectedaccepted criteria on when to initiate therapy are
patients regardless of psychiatric history, history oflikely to eliminate cofounders that may have con-
substance abuse or ethnicity.tributed to adverse outcomes. Pharmacokinetic in-

teractions secondary to the coadministration of
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