European Journal of Drug Metabolism and Pharmacokinetics (2025) 50:105-118
https://doi.org/10.1007/513318-025-00934-7

REVIEW ARTICLE q

Check for
updates

Critical Care Pharmacology of Antiretroviral Therapy in Adults

Luigi La Via' - Andrea Marino? - Giuseppe Cuttone? - Giuseppe Nunnari? - Cristian Deana” - Manfredi Tesauro>® -
Antonio Voza’® - Raymond Planinsic® - Yaroslava Longhitano® - Christian Zanza®

Accepted: 6 January 2025 / Published online: 12 February 2025
© The Author(s) 2025

Abstract

The clinical pharmacology of antiretroviral therapy (ART) in critical care presents unique challenges due to the complex inter-
play between HIV infection, critical illness, and drug management. This comprehensive review examines the pharmacokinetic
and pharmacodynamic considerations of antiretroviral drugs in critically ill patients, where altered absorption, distribution,
metabolism, and excretion significantly impact drug effectiveness and safety. Critical illness can substantially modify drug
pharmacokinetics through various mechanisms, including impaired gastrointestinal motility, fluid shifts, hypoalbuminemia,
hepatic dysfunction, and altered renal function. These changes, combined with potential drug—drug interactions in the polyp-
harmacy environment of intensive care units, necessitate careful consideration of dosing strategies and monitoring approaches.
The review addresses specific challenges in various critical care scenarios, including management of ART in patients with
organ dysfunction, during renal replacement therapy, and in special populations such as those with sepsis or acute respiratory
distress syndrome. It also explores the role of therapeutic drug monitoring in optimizing antiretroviral therapy and managing
drug toxicities in critical care settings. Emerging areas of research, including long-acting formulations, nanotechnology-based
drug delivery systems, and personalized medicine approaches, are discussed as potential future directions for improving ART
management in critical care. The review emphasizes the importance of a multidisciplinary approach involving critical care
physicians, infectious disease specialists, and clinical pharmacists to optimize outcomes in this complex patient population.
This review provides clinicians with practical guidance for managing ART in critically ill patients while highlighting areas
requiring further research to enhance our understanding and improve patient care in this challenging setting.

1 Introduction infectious diseases, critical care medicine, and clinical phar-

macology. Critical illness can significantly alter drug phar-

The management of human immunodeficiency virus (HIV)
infection has undergone a remarkable transformation since
the introduction of antiretroviral therapy (ART) in the
mid-1990s. What was once a near-certain fatal diagnosis
has evolved into a chronic, manageable condition for many
patients, leading to improved survival rate, equal to non-
HIV patients, and improved quality of life [1]. However,
HIV infection is still difficult to manage especially in special
environments, such as in critical care settings, where people
living with HIV may present with severe opportunistic infec-
tions, complications of ART, or critical illnesses unrelated to
HIV status, such as non-AIDS defining cancers [2—4]. The
clinical pharmacology of antiretrovirals in critical care rep-
resents a unique and challenging field at the intersection of
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macokinetics and pharmacodynamics, potentially leading to
suboptimal antiretroviral concentrations or increased toxicity
[5]. Furthermore, the potential for drug—drug interactions
(DDI) between antiretrovirals and commonly used critical
care medications necessitates a thorough understanding of
these agents' clinical pharmacology [6]. In the intensive
care unit (ICU), clinicians must navigate a myriad of con-
siderations when managing antiretroviral therapy (Table 1).
These include decisions about continuing, modifying, or
temporarily discontinuing ART, managing potential DDI,
adjusting dosages in the context of organ dysfunction, and
monitoring for adverse effects that may be exacerbated by
critical illnesses [7]. The stakes are high, as inadequate viral
suppression can lead to the emergence of drug-resistant
HIV strains, while overzealous treatment may contribute to
drug toxicities in an already vulnerable patient population
[8]. Moreover, the landscape of HIV treatment is continu-
ally evolving, with new antiretroviral agents and treatment
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Key Summary Points

Managing HIV medications in critically ill patients is
complex due to changes in how the body handles drugs
during severe illness, requiring careful adjustments in
dosing and close monitoring to maintain effectiveness
while avoiding toxicity.

The intensive care environment poses unique challenges
for HIV treatment, including interactions with critical
care medications, organ dysfunction, and difficulties

in drug administration, necessitating a personalized
approach for each patient.

Recent advances in HIV treatment monitoring and new
drug formulations offer promising solutions for better
management of HIV-positive patients in intensive care,
though more research is needed to optimize care strate-
gies in this vulnerable population.

strategies emerging regularly, from single-tablet regimen to
long-acting drugs, adding another layer of complexity to
critical care management [9]. This comprehensive review
aims to explore the multifaceted aspects of antiretroviral
pharmacology in the context of critical care. We will delve
into the pharmacokinetics and pharmacodynamics of various
antiretroviral classes, examining how critical illness affects
these parameters. The review will address dosing considera-
tions in organ dysfunction, strategies for managing DDIs,
and the role of therapeutic drug monitoring (TDM) in the
ICU. [10].

2 Pharmacokinetics of Antiretrovirals
in Critical lliness

The pharmacokinetics of antiretroviral drugs in critically
ill patients can differ significantly from those in stable out-
patients, potentially leading to altered drug exposure and
therapeutic outcomes [5]. Critical illness induces various
physiological changes that can affect all aspects of drug
pharmacokinetics: absorption, distribution, metabolism,
and excretion [11]. Absorption of oral antiretrovirals may
be impaired in critically ill patients due decreased gastro-
intestinal motility, altered pH, mucosal edema, and the use
of gastric acid suppressants [12]. For instance, some drugs,
such as rilpivirine, require an acidic environment for optimal
absorption, which may be compromised in patients receiv-
ing proton pump inhibitors [13]. Moreover, many critically
ill patients are unable to take oral medications, necessitat-
ing the use of alternative routes of administration or tem-
porary discontinuation of certain antiretrovirals, which are
not available per os [14]. Distribution of antiretrovirals can
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be affected by changes in body composition, plasma protein
concentrations, and tissue perfusion that often accompany
critical illness [15]. Fluid shifts, common in conditions like
sepsis or heart failure, can alter the volume of distribution
for many drugs. Additionally, hypoalbuminemia, frequently
observed in critically ill patients, can lead to increased free
drug concentrations for highly protein-bound antiretrovi-
rals such as protease inhibitors (PIs) [16]; furthermore, it
should be considered the role of alpha-1-acid glycoprotein
in binding antiretrovirals [16] Metabolism of antiretrovirals,
primarily occurring in the liver, can be significantly altered
in critical patients. Hepatic blood flow may be reduced in
shock states, potentially decreasing the clearance of drugs
with high hepatic extraction ratios [17]. Furthermore, the
expression and activity of cytochrome P450 enzymes, cru-
cial for the metabolism of many antiretrovirals, can be modi-
fied by the inflammatory response associated with critical
illness [18]. For instance, PI undergo hepatic metabolism
via cytochrome P450 enzymes, particularly CYP3A4. In the
ICU, liver dysfunction or the use of drugs that inhibit or
induce CYP3A4 (such as antifungals or anticonvulsants) can
lead to either reduced clearance or subtherapeutic concentra-
tions of the drug, impacting its efficacy or increasing toxicity
risks. Similarly, integrase inhibitors, which are also metabo-
lized by the liver via glucuronidation, can be impacted by
co-administered drugs or reduced liver function, potentially
leading to elevated drug concentrations and toxicity. Non-
nucleoside reverse transcriptase inhibitors (NNRTIs), such
as efavirenz, also rely heavily on hepatic metabolism. Com-
promised liver function may lead to decreased clearance,
which could result in higher plasma levels, increasing the
risk of central nervous system (CNS) side effects like hal-
lucinations. Excretion of antiretrovirals, particularly those
eliminated renally, can be impacted by the acute kidney
injury often seen in ICU patients [19]. Nucleoside reverse
transcriptase inhibitors (NRTIs) like tenofovir are primar-
ily renally excreted. In critically ill patients with acute
kidney injury or fluctuating renal function, the clearance
of NRTIs may be significantly reduced, necessitating dose
adjustments to avoid nephrotoxicity. Tenofovir disoproxil
fumarate (TDF) and tenofovir alafenamide (TAF) are both
prodrugs of tenofovir used in HIV treatment, but they differ
significantly in their pharmacokinetic profiles and implica-
tions for critical care [20]. It needs to be underlined that
TDF and TAF are prodrugs, and whether the active intracel-
lular moiety is affected by the changes observed in critically
ill patients remains unknown. TDF is converted to active
tenofovir in the bloodstream, resulting in high plasma con-
centrations and renal elimination, which can heighten the
risk of kidney toxicity, particularly in critically ill patients
prone to renal dysfunction or receiving nephrotoxic drugs
[21]. It is also associated with bone density reduction, which
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may complicate long-term recovery for some patients [22].
Conversely, TAF achieves higher intracellular concentrations
with lower plasma concentrations, thereby reducing the risk
of kidney and bone toxicity. This advantage makes TAF a
potentially safer option for patients with compromised renal
function or those requiring long-term ART management.
However, TAF’s reliance on hepatic activation and a higher
propensity for DDIs due to its partial liver metabolism may
pose challenges in patients with hepatic impairment or those
on multiple critical care medications that interact with liver
enzymes [20]. Overall, while TAF offers a safer renal profile,
TDF might be preferable in patients with significant hepatic
impairment or those needing less interaction-prone options
in polypharmacy settings. The choice between TDF and TAF
in critical care requires a careful balance of renal and hepatic
status, co-medications, and the patient's overall prognosis
[20]. Conversely, augmented renal clearance, observed in
some critically ill patients, may lead to subtherapeutic con-
centrations of renally cleared drugs [23]. The use of renal
replacement therapies further complicates dosing, as drug
clearance can vary depending on the modality and intensity
of the therapy [24-26].

3 Pharmacodynamics of Antiretrovirals
in Critical Care

As regard pharmacodynamics of antiretroviral drugs in
critically ill patients, while the fundamental mechanisms of
action remain constant, the altered physiological state of crit-
ical illness can significantly impact the concentration—effect
relationships and therapeutic outcomes [5]. Antiretrovi-
ral drugs exert their effects through various mechanisms,
including inhibition of viral enzymes (reverse transcriptase,
protease, and integrase) and prevention of viral entry into
host cells [27]. The pharmacodynamic goal in HIV treatment
is to achieve and maintain plasma drug concentrations above
the minimum effective concentration to suppress viral repli-
cation while avoiding toxicity [25]. However, in critically ill
patients, several factors can influence this delicate balance.
Firstly, the immune dysfunction associated with critical ill-
ness may alter the host—virus interaction, potentially affect-
ing the efficacy of antiretroviral drugs [28]. For instance, the
increased inflammatory state and oxidative stress in sepsis or
acute respiratory distress syndrome (ARDS) might enhance
HIV replication, necessitating higher drug concentrations
to achieve the same concentration of viral suppression [29,
30]. Secondly, organ dysfunction common in ICU patients
can significantly impact drug—target interactions. Hepatic
impairment may alter the metabolism of PIs and NNRTIs,
leading to unpredictable drug concentrations and potential
toxicity [31]. Renal dysfunction can affect the clearance
of NRTIs, requiring careful dose adjustments to maintain
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therapeutic efficacy while avoiding adverse effects [32].
The use of sedatives, vasopressors, and other critical care
medications can also influence antiretroviral pharmaco-
dynamics through DDIs. For example, ritonavir and cobi-
cistat, potent CYP3A4 inhibitors used to boost other Pls,
can significantly increase the concentrations of commonly
used ICU medications like midazolam, potentially leading
to prolonged sedation [33]. Augmented renal clearance and
acute kidney injuries could led to subtherapeutic effects and/
or augmented toxicities, respectively [23]. In detail, PIs like
darunavir, which require a robust immune response to opti-
mize viral suppression, may be less effective in critically ill
patients with immune dysregulation due to sepsis or trauma.
The body's inflammatory response can also impact drug effi-
cacy, as inflammation can reduce drug target engagement
or interfere with cellular uptake of antiretrovirals [34]. Fur-
thermore, tissue penetration of antiretrovirals like integrase
strand transfer inhibitors (INSTIs) (e.g., raltegravir, dolute-
gravir) may be compromised in critical settings where blood
flow is altered due to shock or the use of vasopressors. This
could limit drug distribution to viral reservoirs, such as the
brain, lymphoid tissues, or genital tract, reducing the over-
all effectiveness of therapy. Additionally, INSTIs rely on
stable plasma protein binding and hepatic clearance, both
of which can be significantly altered in critically ill patients
with systemic inflammation, hypoalbuminemia, or hepatic
dysfunction. These changes might necessitate adjustments
in dosing or increased monitoring to maintain therapeutic
efficacy while minimizing toxicity. Another consideration
is the impact of organ dysfunction on drug-receptor interac-
tions. NNRTIs like efavirenz, might have altered pharma-
codynamic effects if the binding site affinity is impacted by
systemic acidosis or hypoxia common in ICU patients. The
efficacy of NRTIs like zidovudine could also be affected in
conditions of reduced cellular metabolism, where the con-
version of the prodrug to its active form is impaired [35-37].

4 ART in Special Critical Care Populations

The management of ART in critical care settings becomes
even more complex when considering special populations
such as patients with sepsis, ARDS, and neurological emer-
gencies [38]. These conditions not only alter the pharma-
cokinetics and pharmacodynamics of antiretroviral drugs
but also present unique challenges in terms of drug—disease
interactions and potential complications. In patients with
sepsis, the systemic inflammatory response can significantly
impact drug metabolism and elimination. Cytokine-medi-
ated suppression of cytochrome P450 enzymes can lead to
altered metabolism of many antiretrovirals, particularly PIs
and NNRTIs [18]. Additionally, the hemodynamic instabil-
ity and organ dysfunction associated with sepsis can further
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complicate drug dosing and absorption. For instance,
reduced intestinal perfusion may impair the absorption of
oral antiretrovirals, while augmented renal clearance, often
seen in the hyperdynamic phase of sepsis, can lead to sub-
therapeutic concentrations of renally cleared drugs [11].
ARDS presents another set of challenges for antiretroviral
management. The use of mechanical ventilation with high
positive end-expiratory pressure can affect hepatic and
renal blood flow, potentially altering drug clearance [39].
Moreover, the profound inflammatory state in ARDS can
exacerbate drug-induced liver injury, a concern with several
antiretroviral agents [40]. The potential for drug-induced
lung injury should also be considered, as some antiretrovi-
rals have been associated with pneumonitis or exacerbation
of underlying lung disease [41]. Neurological emergencies
in people living with HIV, such as cerebral toxoplasmosis
or cryptococcal meningitis, require careful consideration
of antiretroviral penetration into the CNS. Whether the
blood-brain barrier limits the CNS penetration of antiret-
rovirals is still controversial [42, 43]. However, the risk
of immune reconstitution inflammatory syndrome (IRIS)
should be carefully weighed when initiating or modifying
ART in patients with CNS infections [44]. In patients with
acute liver failure, which can be a complication of certain
opportunistic infections or drug toxicity in people living
with HIV, the choice of antiretrovirals becomes particularly
critical. Hepatically metabolized drugs should be used with
caution, and dose adjustments may be necessary [45]. For
people living with HIV requiring extracorporeal membrane
oxygenation (ECMO), the impact of the extracorporeal cir-
cuit on drug concentrations must be considered. The large
volume of distribution and sequestration of lipophilic drugs
in the ECMO circuit can lead to subtherapeutic concentra-
tions of some antiretrovirals [46]. While data on antiretro-
viral pharmacokinetics during ECMO are limited, TDM,
where available, can be valuable in guiding dosing decisions
[47]. In cases of severe acute kidney injury requiring renal
replacement therapy (RRT), the choice and dosing of antiret-
rovirals need to be carefully tailored. The extent of drug
removal by RRT depends on various factors, including the
drug's molecular weight, protein binding, and the specific
RRT modality [48]. For instance, integrase inhibitors and
PIs are generally not significantly removed by hemodialysis
due to their high protein binding, while many NRTIs may
require supplemental dosing after dialysis. The manage-
ment of pregnant women with HIV in critical care settings
presents unique challenges. The physiological changes of
pregnancy, combined with critical illness, can significantly
alter drug pharmacokinetics [49]. Moreover, the potential
impact of antiretrovirals on fetal development and the risk
of maternal-to-child transmission must be carefully balanced
against the need for effective HIV treatment [50]. Lastly,
in patients with multidrug-resistant HIV requiring critical

care, the use of newer antiretroviral agents or investigational
drugs may be necessary. This may include the newest long-
acting capsid inhibitor lenacapavir [51], the gp120 inhibi-
tor fostemsavir [52], and ibalizumab, a CD4-directed post-
attachment HIV-1 inhibitor, which can be particularly useful
in patients with limited treatment options [53]. However, the
use of such agents in critical care settings may be limited by
lack of familiarity and potential unknown interactions with
other critical care interventions. In light of these challenges,
INSTISs offer potential advantages in critical care settings.
INSTISs are characterized by their favorable pharmacokinetic
profiles, lower propensity for DDIs, and minimal impact on
cytochrome P450 enzymes. The stability of their metabolism
under inflammatory conditions makes INSTIs a promising
alternative to PIs and NNRTIs in such patients. This rep-
resents an opportunity to modernize ART regimens, par-
ticularly in scenarios where the altered pharmacokinetics of
traditional agents complicate their use.

5 Therapeutic Drug Monitoring in Critical
Care

TDM plays an important role in optimizing drug exposure
in critical patients, as regards antibiotics in septic patients
[54, 55] and ART for people living with HIV in critical care
settings [56]. The complex pharmacokinetics of antiretrovi-
ral drugs, coupled with the physiological alterations induced
by critical illness, create a scenario where standard dosing
regimens may not achieve optimal drug concentrations [25].
TDM offers a means to personalize drug dosing, potentially
improving efficacy while minimizing toxicity in this vulnera-
ble patient population. The rationale for TDM in critical care
is multifaceted. Firstly, critical illness can significantly alter
drug absorption, distribution, metabolism, and elimination.
Factors such as altered gastric motility, hypoalbuminemia,
fluid shifts, and organ dysfunction can lead to unpredictable
drug concentrations when using standard dosing regimens
[11]. Secondly, many antiretroviral drugs, particularly PIs
and NNRTTIs, have narrow therapeutic indices, making the
balance between efficacy and toxicity particularly delicate
[16]. The implementation of TDM in critical care settings
presents both opportunities and challenges. On one hand,
many ICUs have the capability for rapid turnaround of drug
concentration measurements, allowing for timely dose adjust-
ments. On the other hand, the interpretation of drug concen-
trations in critically ill patients can be complex, requiring
consideration of factors such as protein binding, interacting
medications, and the patient's rapidly changing clinical status
[57]. For PIs, TDM has been shown to be particularly use-
ful. These drugs exhibit significant inter-individual pharma-
cokinetic variability and have well-established relationships
between plasma concentrations and both efficacy and toxicity
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[58]. Moreover, genetic polymorphisms affecting NNRTI
metabolism are common and can significantly impact drug
concentrations, further supporting the use of TDM [59]. The
role of TDM for integrase inhibitors is less well established.
While these drugs generally have more favorable pharma-
cokinetic profiles, TDM may still be valuable in certain sce-
narios, such as in patients with severe organ dysfunction or
those on complex medication regimens with potential for sig-
nificant drug interactions [60]. ICU patients with impaired
renal or hepatic function may experience altered metabolism
of INSTISs, heightening the risk of adverse effects like dolute-
gravir-associated central nervous system toxicity [61].

One of the challenges in implementing TDM for antiret-
rovirals in critical care is determining the appropriate timing
of drug concentration measurements. The dynamic nature of
critical illness means that a drug concentration that is ther-
apeutic at one point may become sub- or supra-therapeutic
as the patient's condition changes [5]. Therefore, repeated
measurements and continual reassessment may be necessary.
Interpretation of TDM results in critical care requires care-
ful consideration of several factors. These include the specific
antiretroviral agent, the patient's virological status, the pres-
ence of resistance mutations, concomitant medications, and the
overall clinical context [58]. For instance, a drug concentra-
tion that would be considered adequate in a stable outpatient
might be insufficient in a critically ill patient with augmented
renal clearance or impaired drug absorption. The use of TDM
in critical care may extend beyond simply adjusting doses of
individual drugs. It can also guide decisions about switching
antiretroviral regimens, managing DDIs, and assessing adher-
ence in patients who were taking oral medications prior to ICU
admission [31]. Despite its potential benefits, TDM for antiret-
rovirals in critical care is not without limitations. The lack of
well-defined therapeutic ranges for all antiretroviral drugs in
critically ill populations, the potential for delayed turnaround
times in some settings, and the cost of frequent drug concen-
tration measurements are all potential barriers to widespread
implementation [37]. Furthermore, while plasma drug con-
centrations are typically measured, they may not always reflect
concentrations at the site of action. This is particularly relevant
for drugs targeting HIV in sanctuary sites such as the central
nervous system or genital tract [42]. Looking to the future,
advances in TDM methodologies, such as dried blood spot
analysis or the use of saliva as an alternative matrix, may make
TDM more accessible and less invasive in critical care settings.
Additionally, the integration of pharmacokinetic modeling and
simulation tools with electronic health records could allow for
more sophisticated, real-time dose optimization strategies [62].
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6 Adverse Effects and Toxicities in Critical
Care

The management of adverse effects and toxicities associ-
ated with ART becomes particularly challenging in the
critical care setting. The complex interplay between drug-
related toxicities, underlying HIV pathology, and acute
critical illness can make it difficult to discern the exact
cause of clinical deterioration [40]. Moreover, the altered
pharmacokinetics and pharmacodynamics in critically ill
patients can exacerbate known side effects or precipitate
unexpected toxicities [5]. One of the most significant con-
cerns in critical care is antiretroviral-induced hepatotoxic-
ity. While all classes of antiretrovirals have been associ-
ated with liver injury, PIs and NNRTIs are most commonly
implicated [63, 64]. The risk is particularly high in patients
with pre-existing liver disease or concomitant hepatotoxic
medications. In the ICU setting, where multi-organ dys-
function is common, differentiating between drug-induced
liver injury and other causes of hepatic dysfunction can be
challenging [65]. Close monitoring of liver function tests
and consideration of temporary ART interruption may be
necessary in severe cases. Renal toxicity is another major
concern, particularly with certain NRTIs like tenofovir
disoproxil fumarate. Acute kidney injury is common in
critically ill patients, and the use of nephrotoxic antiret-
rovirals can compound this risk [66]. The situation is fur-
ther complicated by the frequent need for contrast stud-
ies and other potentially nephrotoxic interventions in the
ICU. Regular monitoring of renal function and appropriate
dose adjustments are crucial, with consideration given to
switching to less nephrotoxic alternatives when necessary
[67]. Cardiovascular complications associated with ART,
such as dyslipidemia and increased risk of myocardial
infarction with certain PIs, may be of particular concern
in critically ill patients with pre-existing cardiovascular
disease [68]. While these effects are typically associated
with long-term use, they may influence decision-making
regarding ART continuation or modification in the acute
setting, especially in patients admitted with cardiovascular
events. Metabolic derangements, including lactic acidosis
and electrolyte abnormalities, can be life-threatening in
the ICU setting.

IRIS represents a unique challenge in critically ill HIV
patients initiating or reinitiating ART. While not a direct
toxicity, IRIS can lead to clinical deterioration and may be
difficult to distinguish from other causes of decompensa-
tion in the ICU [69]. In treatment-naive patients, ART is
initiated as soon as possible, thus balancing the risks of
IRIS against the benefits of early viral suppression.

DDIs leading to enhanced toxicities are a significant
concern in the polypharmacy environment of the ICU. For
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instance, the co-administration of ritonavir-boosted PIs
with certain sedatives can lead to prolonged sedation and
respiratory depression [70]. Careful review of all medica-
tions and use of drug interaction databases are essential
to mitigate these risks. Mitochondrial toxicity, a class
effect of NRTIs, can manifest in various ways including
hepatic steatosis, pancreatitis, and peripheral neuropathy
[71]. However, this adverse effect is rarely seen nowadays.
The management of ART toxicities in critical care often
requires a multidisciplinary approach, involving critical
care physicians, infectious disease specialists, clinical
pharmacists, and other relevant specialists [6]. Decisions
about drug discontinuation, dose modification, or switch-
ing to alternative agents must be made on a case-by-case
basis, considering the severity of the toxicity, the patient's
overall clinical status, and the risks associated with chang-
ing the ART regimen.

7 Antiretroviral Resistance in Critical Care

Antiretroviral resistance can develop through various
mechanisms, including poor adherence, inadequate drug
concentrations, and transmission of resistant strains [72].
For patients with multi-drug resistant (MDR) HIV, par-
ticularly those with limited treatment options, PI/b remain
an essential component of therapy due to their high genetic
barrier to resistance and ability to suppress resistant viral
populations. However, these regimens often involve com-
plex dosing requirements and pose a significant risk of
DDlIs, especially in critically ill patients on multiple con-
current medications.

In the critical care setting, pre-existing resistance may
be exacerbated by suboptimal drug concentrations due
to altered absorption, distribution, metabolism, or elimi-
nation of antiretrovirals [5]. The physiological changes
associated with critical illness, such as hypoalbuminemia,
fluid shifts, and organ dysfunction, can all contribute to
unpredictable drug concentrations, potentially fostering
the development or amplification of resistant viral pop-
ulations [16, 73]. The detection and characterization of
antiretroviral resistance in critically ill patients can be
challenging. Guidelines underscore the importance of
initiating ART as soon as possible, even in critically ill
patients, to mitigate the risk of viral replication and the
emergence of new resistance mutations. Early initiation
must balance the challenges posed by critical illness, such
as unpredictable drug concentrations and DDIs, while still
striving for prompt viral suppression [74].

While genotypic and phenotypic resistance testing are
standard tools in HIV management, the turnaround time
for these tests may be too long in acute settings where
rapid decision-making is crucial [75]. Moreover, the

interpretation of resistance tests in the context of critical
illness, where drug concentrations may be fluctuating and
the patient's immune status may be compromised, requires
careful consideration [76]. In cases where resistance is sus-
pected or confirmed, the selection of an appropriate antiret-
roviral regimen becomes even more complex in the ICU.
The need to balance the urgency of viral suppression with
the limitations imposed by the patient's critical condition
often necessitates a multidisciplinary approach involving
critical care physicians, infectious disease specialists, and
clinical pharmacists [6]. The presence of MDR HIV in
critically ill patients poses a particular challenge. These
patients may require the use of newer antiretroviral agents
or unconventional combinations of drugs [53]. In ICU set-
tings, the risk of significant DDIs is heightened due to the
use of medications like sedatives, vasopressors, and anti-
microbials, which can alter the pharmacokinetics of ART.
This is particularly relevant for PI/b-based regimens, which
are metabolized by the cytochrome P450 system and may
interact with many drugs commonly used in critical care.
However, the limited experience with these newer agents in
critical care settings, coupled with potential unknown DDIs,
demands careful monitoring and, where possible, TDM [25].
The risk of developing new resistance during ICU admission
is a significant concern, particularly in situations where ART
must be interrupted or modified due to the patient's clinical
condition. Strategies to minimize this risk include maintain-
ing adequate drug concentrations when possible, avoiding
monotherapy or functional monotherapy, and carefully plan-
ning for the resumption of full ART [77]. In patients with
resistant HIV and opportunistic infections, the management
becomes even more complicated. The need to treat both the
HIV infection and the opportunistic infection simultaneously
while managing potential drug interactions and overlapping
toxicities requires a delicate balance [44]. In some cases, the
treatment of the opportunistic infection may take precedence,
with ART being carefully reintroduced once the acute illness is
stabilized [78]. The concept of a genetic barrier to resistance is
particularly relevant in critical care. Antiretroviral drugs with
a high genetic barrier, such as boosted PIs or certain integrase
inhibitors, may be preferred in situations where adherence or
drug absorption is uncertain [79]. However, the potential for
increased toxicities or drug interactions with these agents must
also be considered in the context of critical illness. The impact
of antiretroviral resistance on long-term outcomes for patients
who survive their ICU stay is another important considera-
tion. Decisions made regarding antiretroviral management
during critical illness can have lasting effects on the patient's
future treatment options [80]. Therefore, whenever possible,
resistance management strategies in the ICU should consider
not only the immediate needs of the patient but also the long-
term implications for HIV infection care. Emerging technolo-
gies, such as rapid resistance testing and real-time TDM, hold
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promise for improving the management of antiretroviral resist-
ance in critical care settings [81]. Additionally, the long-term
implications of ART decisions in the ICU must be carefully
considered. The use of regimens with high genetic barriers,
such as PI/b, and timely initiation of ART are critical to pre-
serving future treatment options and improving outcomes for
patients with MDR HIV.

These tools may allow for more timely and informed deci-
sion-making regarding antiretroviral regimens in the face of
suspected or confirmed resistance.

8 Initiating and Modifying ART in Critical
Care

The decision to initiate, continue, modify, or temporar-
ily discontinue ART in critically ill patients presents a
complex clinical challenge. This decision must balance
the potential benefits of viral suppression against the risks
of drug toxicities, DDIs, and IRIS in the context of acute
illness (Table 2) [82]. For ART-naive patients present-
ing with critical illness, the timing of ART initiation is
crucial. While early initiation of ART has been shown to
improve outcomes in many settings, the situation in criti-
cal care is more nuanced [78]. In patients with opportun-
istic infections (Ols), particularly those affecting the CNS,
delayed initiation of ART may be beneficial. The landmark
ACTG A5164 trial demonstrated that, in patients with
acute OIs (excluding tuberculosis), early ART initiation
(within 2 weeks of OI treatment) resulted in less AIDS
progression and death compared to deferred ART [83].
However, in cryptococcal meningitis, early ART was asso-
ciated with increased mortality, likely due to IRIS [44].
The choice of initial ART regimen in critical care must
consider several factors unique to this setting. DDI with
critical care medications, altered pharmacokinetics due to
organ dysfunction, and the potential need for alternative
routes of administration all influence regimen selection
[5]. Integrase inhibitor-based regimens are often preferred
due to their rapid viral suppression, high genetic barrier
to resistance, and generally favorable drug interaction
profile [84]. However, the potential for integrase inhibi-
tors to cause metabolic changes should be considered in
critically ill patients [85]. For patients already on ART
presenting with critical illness, the decision to continue,
modify, or interrupt therapy is equally complex. Continu-
ing ART, when possible, is generally preferred to avoid
viral rebound and the development of resistance [77].
However, factors such as the inability to take oral medica-
tions, the risk of subtherapeutic drug concentrations due to
malabsorption or increased clearance, and the potential for
exacerbation of drug toxicities in the setting of organ dys-
function may necessitate ART modification or temporary
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discontinuation [12]. In fact, when enteral administration
is not possible, several alternative approaches can be con-
sidered. While many antiretrovirals can be crushed and
administered via nasogastric tube, it is crucial to consult
pharmaceutical references, as some formulations (particu-
larly fixed-dose combinations or extended-release prepa-
rations) may have altered bioavailability when crushed.
The emergence of long-acting injectable antiretrovirals
provides new options for critical care patients unable to
take oral medications, though challenges remain in con-
structing complete regimens as not all drug classes have
injectable formulations available. The choice of adminis-
tration route must balance factors such as drug stability,
absorption characteristics, and the potential need for TDM
to ensure adequate drug exposure. When modifying ART
in critical care, several principles should be considered.
Firstly, maintaining a regimen with a high genetic bar-
rier to resistance is crucial, particularly in settings where
adherence or drug absorption may be compromised [86].
Secondly, the potential for DDIs with critical care medi-
cations must be carefully evaluated. For instance, ritona-
vir-boosted PIs can significantly interact with sedatives,
vasopressors, and antiarrhythmic drugs commonly used
in the ICU [87]. Thirdly, the altered pharmacokinetics in
critical illness may necessitate dose adjustments or TDM
where available [58]. In situations where enteral admin-
istration is not possible, alternative routes of administra-
tion must be considered. While many antiretrovirals are
available only in oral formulations, some have parenteral
formulations that may be useful in critical care settings
[88]. For other drugs, strategies such as crushing tablets
or opening capsules for administration via nasogastric tube
may be necessary, although the impact on bioavailability
must be considered. The management of ART in patients
requiring RRT presents additional challenges. The extra-
corporeal removal of antiretrovirals can vary significantly
depending on the drug's physicochemical properties and
the specific RRT modality [48]. For instance, integrase
inhibitors and PIs are generally not significantly removed
by hemodialysis due to their high protein binding, while
many NRTIs may require dose adjustments or post-dialysis
dosing [32]. In patients with severe liver dysfunction, the
choice of ART becomes particularly critical. Hepatically
metabolized drugs should be used with caution, and dose
adjustments may be necessary [40]. Integrase inhibitors,
particularly raltegravir and dolutegravir, may be preferred
in this setting due to their minimal hepatic metabolism
and generally favorable safety profile in liver disease [60].
The risk of IRIS should be carefully considered when ini-
tiating or reinitiating ART in critically ill patients with
severe immunosuppression. While IRIS can occur with
any opportunistic infection, it is particularly concerning
with CNS infections such as cryptococcal meningitis or
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tuberculosis meningitis [69]. Strategies to mitigate IRIS
risk may include delaying ART initiation in certain sce-
narios and considering corticosteroid prophylaxis in high-
risk patients [89]. Finally, the long-term implications of
ART decisions made in the critical care setting should not
be overlooked. Choices made regarding ART during an
acute illness can have lasting effects on a patient's future
treatment options and outcomes [80]. Therefore, whenever
possible, decisions about ART initiation, modification, or
interruption should be made in consultation with HIV spe-
cialists and with consideration of the patient's long-term
HIV management plan.

9 Future Directions

The landscape of ART in critical care is undergoing rapid
evolution, with emerging innovations offering new pos-
sibilities for managing HIV-positive patients in acute set-
tings. Long-acting formulations, such as cabotegravir and
rilpivirine, administered as monthly or bimonthly injec-
tions, could simplify ART delivery by addressing chal-
lenges with oral medication administration or absorption
in critically ill patients [90]. However, further studies are
needed to evaluate their pharmacokinetics and safety in
ICU environments [91]. Advances in TDM are particularly
promising, with rapid point-of-care assays and Al-driven
pharmacokinetic modeling enabling real-time dose adjust-
ments to account for the dynamic physiological changes
of critical illness [37, 92]. Nanotechnology represents
another frontier, with nanoformulations of antiretroviral
drugs potentially improving delivery to viral reservoirs
and reducing toxicity [93]. This approach could be particu-
larly impactful in addressing neurocognitive complications
or ensuring more consistent drug penetration during criti-
cal illness [94]. Pharmacogenomics and immunotherapeu-
tic approaches, such as broadly neutralizing antibodies,
could further personalize HIV treatment, offering alterna-
tive strategies for patients with multidrug-resistant HIV or
contraindications to conventional ART [95, 96]. As organ
support technologies like ECMO and continuous renal
replacement therapy (CRRT) become increasingly com-
mon in ICU settings, understanding the pharmacokinet-
ics of ART in these scenarios will be crucial. Innovations
such as drug-sequestration-minimizing ECMO circuits
or CRRT filters could enhance the predictability of drug
concentrations [39, 46]. Precision medicine approaches,
integrating multi-omics data with clinical parameters,
may also revolutionize the management of critically ill
HIV-positive patients by improving predictive modeling
for treatment outcomes [97]. Finally, the expanding use
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of antiretroviral drugs for non-HIV indications, such as
severe viral infections or inflammatory disorders, under-
scores their potential beyond HIV management. As critical
care continues to intersect with the needs of a growing
population of aging HIV-positive individuals, research into
age-related comorbidities and tailored ICU guidelines will
be essential [10]. These advancements collectively repre-
sent the next phase in optimizing HIV care in critical set-
tings, emphasizing personalized, adaptable, and integrated
therapeutic strategies.

10 Conclusions

ART in critical care represents a complex and evolving field
that demands a nuanced approach to patient management.
The unique challenges presented by altered pharmacokinet-
ics, potential drug interactions, and the interplay between
HIV infection and critical illness necessitate close collabo-
ration between critical care specialists, infectious disease
experts, and clinical pharmacists. As our understanding of
antiretroviral pharmacology in critical illness continues to
grow, so too does our ability to optimize treatment strate-
gies and improve patient outcomes. The future of this field
holds promise, with advancements in long-acting formula-
tions, personalized medicine approaches, and novel moni-
toring techniques poised to further enhance our ability to
provide effective and safe ART in the ICU. Ultimately, the
goal remains to strike a balance between managing acute
critical illness and maintaining optimal control of HIV
infection, thereby improving both short-term survival and
long-term outcomes for people living with HIV requiring
intensive care.

Funding Open access funding provided by Universita degli Studi di
Roma Tor Vergata within the CRUI-CARE Agreement.

Declarations

Funding None.

Conflict of Interest The authors have no conflicts of interest.
Ethics Approval Not applicable.
Consent to Participate Not applicable.

Consent for Publication Not applicable.

Availability of Data and Material Not applicable.
Code Availability Not applicable.

Author Contributions LLV, GC developed the concept and outline for
the review; AM,GN, CZ wrote the first draft of the manuscript; YL,



Critical Care Pharmacology of Antiretroviral Therapy in Adults

115

MT, RP edited the manuscript; CD searched the articles. All authors
read and approved the final version.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References

1. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection
as a chronic disease. Lancet. 2013;382(9903):1525-33.

2. Marino A, Pavone G, Martorana F, Fisicaro V, Motta L, Spam-
pinato S, et al. Navigating the Nexus: HIV and Breast Cancer-A
Critical Review. 2024 Mar 12;25(6).

3. Akgiin KM, Pisani M, Crothers K. The changing epidemiology of
HIV-infected patients in the intensive care unit. Journal of inten-
sive care medicine. 2011 May-Jun;26(3):151-64.

4. Pavone G, Marino A, Fisicaro V, Motta L, Spata A, Martorana
F, et al. Entangled Connections: HIV and HPV Interplay in Cer-
vical Cancer-A Comprehensive Review. International journal of
molecular sciences. 2024 Sep 26;25(19).

5. Boucher BA, Wood GC, Swanson JM. Pharmacokinetic changes
in critical illness. Critical care clinics. 2006 Apr;22(2):255-71, vi.

6. Tseng A, Foisy M, Hughes CA, Kelly D, Chan S, Dayneka N, et al.
Role of the pharmacist in caring for patients with HIV/AIDS: clin-
ical practice guidelines. Can J Hosp Pharm. 2012;65(2):125-45.

7. Venkat A, Piontkowsky DM, Cooney RR, Srivastava AK, Suares
GA, Heidelberger CP. Care of the HIV-positive patient in the
emergency department in the era of highly active antiretroviral
therapy. Ann Emerg Med. 2008;52(3):274-85.

8. Mocroft A, Ledergerber B, Katlama C, Kirk O, Reiss P,
d’Arminio Monforte A, et al. Decline in the AIDS and death
rates in the EuroSIDA study: an observational study. Lancet.
2003;362(9377):22-9.

9. Gulick RM. Antiretroviral treatment 2010: progress and contro-
versies. Journal of acquired immune deficiency syndromes (1999).
2010;55 Suppl 1(Suppl 1):S43-8.

10. Greene M, Covinsky KE, Valcour V, Miao Y, Madamba J, Lam-
piris H, et al. Geriatric Syndromes in Older HIV-Infected Adults.
Journal of acquired immune deficiency syndromes (1999). 2015
Jun 1;69(2):161-7.

11. Roberts JA, Lipman J. Pharmacokinetic issues for antibiotics in the
critically ill patient. Critical care medicine. 2009 Mar;37(3):840-
51; quiz 59.

12. Walker CK, Shaw CM, Moss Perry MV, Claborn MK. Antiret-
roviral Therapy Management in Adults With HIV During ICU
Admission. J Pharm Pract. 2022;35(6):952-62.

13. SongIH, Zong J, Borland J, Jerva F, Wynne B, Zamek-Gliszczyn-
ski MJ, et al. The Effect of Dolutegravir on the Pharmacokinetics
of Metformin in Healthy Subjects. Journal of acquired immune
deficiency syndromes (1999). 2016;72(4):400-7.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Lautenbach E, Larosa LA, Kasbekar N, Peng HP, Maniglia
RJ, Fishman NO. Fluoroquinolone utilization in the emer-
gency departments of academic medical centers: prevalence
of, and risk factors for, inappropriate use. Arch Intern Med.
2003;163(5):601-5.

Roberts JA, Abdul-Aziz MH, Lipman J, Mouton JW, Vinks AA,
Felton TW, et al. Individualised antibiotic dosing for patients who
are critically ill: challenges and potential solutions. Lancet Infect
Dis. 2014;14(6):498-509.

Boffito M, Back DJ, Blaschke TF, Rowland M, Bertz RJ, Gerber
JG, et al. Protein binding in antiretroviral therapies. AIDS Res
Hum Retroviruses. 2003;19(9):825-35.

Pea F, Viale P, Furlanut M. Antimicrobial therapy in critically ill
patients: a review of pathophysiological conditions responsible for
altered disposition and pharmacokinetic variability. Clin Pharma-
cokinet. 2005;44(10):1009-34.

Morgan ET. Impact of infectious and inflammatory disease on
cytochrome P450-mediated drug metabolism and pharmacokinet-
ics. Clin Pharmacol Ther. 2009;85(4):434-8.

De Sousa Mendes M, Chetty M. Are Standard Doses of Renally-
Excreted Antiretrovirals in Older Patients Appropriate: A PBPK
Study Comparing Exposures in the Elderly Population With Those
in Renal Impairment. 2019 Dec;19(4):339-50

Pilkington V, Hughes SL, Pepperrell T, McCann K, Gotham D,
Pozniak AL, et al. Tenofovir alafenamide vs. tenofovir disoproxil
fumarate: an updated meta-analysis of 14894 patients across 14
trials. AIDS (London, England). 2020 Dec 1;34(15):2259-68.
Paternd Raddusa MS, Marino A, Celesia BM, Spampinato S,
Giarratana C, Venanzi Rullo E, et al. Atherosclerosis and cardio-
vascular complications in people living with HIV. A Focused Rev.
2024;16(5):846-63.

Hill A. Editorial: does TAF have a better or worse safety pro-
file than TDF, to treat hepatitis B? Aliment Pharmacol Ther.
2022;55(8):1042-3.

Udy AA, Roberts JA, Boots RJ, Paterson DL, Lipman J. Aug-
mented renal clearance: implications for antibacterial dosing in
the critically ill. Drugs R&D. 2010;49(1):1-16.

Choi G, Gomersall CD, Tian Q, Joynt GM, Freebairn R, Lipman J.
Principles of antibacterial dosing in continuous renal replacement
therapy. Crit Care Med. 2009;37(7):2268-82.

Pretorius E, Klinker H, Rosenkranz B. The role of therapeutic drug
monitoring in the management of patients with human immuno-
deficiency virus infection. Ther Drug Monit. 2011;33(3):265-74.
Wen H, Yin L, Wang J, Zhang L, Sun T, Xu F, et al. Population
pharmacokinetics and model-informed precision dosing of lami-
vudine in Chinese HIV-infected patients with mild and moderate
impaired renal function. 2022;15(5):647-55

Archin NM, Margolis DM. Emerging strategies to deplete the HIV
reservoir. Curr Opin Infect Dis. 2014;27(1):29-35.

Boomer JS, Green JM, Hotchkiss RS. The changing immune sys-
tem in sepsis: is individualized immuno-modulatory therapy the
answer? Virulence. 2014;5(1):45-56.

Barreto-de-Souza V, Arakelyan A, Margolis L, Vanpouille C.
HIV-1 vaginal transmission: cell-free or cell-associated virus?
American journal of reproductive immunology (New York, NY :
1989). 2014;71(6):589-99.

Lavalle S, Masiello E, Iannella G, Magliulo G, Pace A, Lechien J,
et al. Unraveling the Complexities of Oxidative Stress and Inflam-
mation Biomarkers in Obstructive Sleep Apnea Syndrome: A
Comprehensive Review. 2024;14(4).

Slish JC, Catanzaro LM, Ma Q, Okusanya OO, Demeter L, Albre-
cht M, et al. Update on the pharmacokinetic aspects of antiretro-
viral agents: implications in therapeutic drug monitoring. Curr
Pharm Des. 2006;12(9):1129-45.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/

116

L.LaViaetal.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Izzedine H, Harris M, Perazella MA. The nephrotoxic effects of
HAART. Nat Rev Nephrol. 2009;5(10):563-73.

Hsu A, Granneman GR, Bertz RJ. Ritonavir. Clinical pharma-
cokinetics and interactions with other anti-HIV agents. Clinical
pharmacokinetics. 1998;35(4):275-91.

Marino A, Zafarana G, Ceccarelli M, Cosentino F, Moscatt V,
Bruno G, et al. Immunological and Clinical Impact of DAA-
Mediated HCV Eradication in a Cohort of HIV/HCV Coinfected
Patients: Monocentric Italian Experience. 2021;11(12).

Theron AJ, Anderson R, Rossouw TM, Steel HC. The role of
transforming growth factor beta-1 in the progression of HIV/AIDS
and development of non-AIDS-defining fibrotic disorders. Front
Immunol. 2017;8:1461.

Zapata-Cardona MI, Florez-Alvarez L, Guerra-Sandoval AL,
Chvatal-Medina M, Guerra-Almonacid CM, Hincapie-Garcia J,
et al. In vitro and in silico evaluation of antiretrovirals against
SARS-CoV-2: a drug repurposing approach. AIMS microbiology.
2023;9(1):20-40.

Aarnoutse RE, Schapiro JM, Boucher CA, Hekster YA, Burger
DM. Therapeutic drug monitoring: an aid to optimising response
to antiretroviral drugs? Drugs. 2003;63(8):741-53.

Celesia BM, Marino A, Borracino S, Arcadipane AF, Panto G,
Gussio M, et al. Successful extracorporeal membrane oxygenation
treatment in an acquired immune deficiency syndrome (AIDS)
patient with acute respiratory distress syndrome (ARDS) com-
plicating Pneumocystis jirovecii pneumonia: a challenging case.
The American journal of case reports. 2020;26(21): €919570.
Romenskaya T, Longhitano Y, Mahajan A, Savioli G, Voza A,
Tesauro M, Zanza C. Extra-corporeal membrane oxygenation in
pregnancy. J Clin Med. 2024;13(6):1634. https://doi.org/10.3390/
jem13061634.PMID:38541861;PMCID:PMC10971170.

Nuiiez M. Clinical syndromes and consequences of antiret-
roviral-related hepatotoxicity. Hepatology (Baltimore, MD).
2010;52(3):1143-55.

Crothers K, Huang L, Goulet JL, Goetz MB, Brown ST, Rod-
riguez-Barradas MC, et al. HIV infection and risk for incident
pulmonary diseases in the combination antiretroviral therapy era.
Am J Respir Crit Care Med. 2011;183(3):388-95.

Letendre S, Marquie-Beck J, Capparelli E, Best B, Clifford D,
Collier AC, et al. Validation of the CNS Penetration-Effectiveness
rank for quantifying antiretroviral penetration into the central
nervous system. Arch Neurol. 2008;65(1):65-70.

Caniglia EC, Cain LE, Justice A, Tate J, Logan R, Sabin C, et al.
Antiretroviral penetration into the CNS and incidence of AIDS-
defining neurologic conditions. Neurology. 2014;83(2):134—41.
Boulware DR, Meya DB, Muzoora C, Rolfes MA, Huppler
Hullsiek K, Musubire A, et al. Timing of antiretroviral ther-
apy after diagnosis of cryptococcal meningitis. N Engl J Med.
2014;370(26):2487-98.

Acharya C, Dharel N, Sterling RK. Chronic liver disease in
the human immunodeficiency virus patient. Clin Liver Dis.
2015;19(1):1-22.

Ha MA, Sieg AC. Evaluation of altered drug pharmacokinetics in
critically Il adults receiving extracorporeal membrane oxygena-
tion. Pharmacotherapy. 2017;37(2):221-35.

Mousavi S, Levcovich B, Mojtahedzadeh M. A systematic review
on pharmacokinetic changes in critically ill patients: role of extra-
corporeal membrane oxygenation. Daru. 2011;19(5):312-21.
Kiser TH, Fish DN, Aquilante CL, Rower JE, Wempe MF,
MacLaren R, et al. Evaluation of sulfobutylether-f-cyclodextrin
(SBECD) accumulation and voriconazole pharmacokinetics in
critically ill patients undergoing continuous renal replacement
therapy. Critical care (London, England). 2015;19(1):32.
Costantine MM. Physiologic and pharmacokinetic changes in
pregnancy. Front Pharmacol. 2014;5:65.

A\ Adis

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Zash R, Makhema J, Shapiro RL. Neural-Tube Defects with
Dolutegravir Treatment from the Time of Conception. N Engl J
Med. 2018;379(10):979-81.

Hitchcock AM, Kufel WD, Dwyer KAM, Sidman EF. Lenacapa-
vir: A novel injectable HIV-1 capsid inhibitor. Int J Antimicrob
Agents. 2024;63(1): 107009.

Grant PM, Kozal MJ. Fostemsavir: a first-in-class HIV-1 attach-
ment inhibitor. Curr Opin HIV AIDS. 2022;17(1):32-5.

Emu B, Fessel J, Schrader S, Kumar P, Richmond G, Win S, et al.
Phase 3 study of ibalizumab for multidrug-resistant HIV-1. N Engl
J Med. 2018;379(7):645-54.

La Via L, Sangiorgio G, Stefani S, Marino A, Nunnari G,
Cocuzza S, et al. The Global Burden of Sepsis and Septic Shock.
2024;5(3):456-78.

Ferrari F, Milla P, Sartori M, Zanza C, Tesauro M, Longhitano
Y, De Silvestri A, Abbruzzese C, De Rosa S, Lassola S, Samoni
S, Brendolan A, Zanella M, Scaravilli V, Grasselli G, Arpicco
S, Ronco C. Antibiotics Removal during Continuous Renal
Replacement Therapy in Septic Shock Patients: Mixed Modal-
ity Versus “Expanded Haemodialysis.” Clin Pharmacokinet.
2024,63(8):1167-76. https://doi.org/10.1007/s40262-024-01397-
w. (Epub 2024 Aug 5 PMID: 39102092).

Punyawudho B, Singkham N, Thammajaruk N, Dalodom T, Kerr
SJ, Burger DM, et al. Therapeutic drug monitoring of antiretro-
viral drugs in HIV-infected patients. Expert Rev Clin Pharmacol.
2016;9(12):1583-95.

Burkhardt O, Thon S, Burhenne J, Welte T, Kielstein JT. Sul-
phobutylether-beta-cyclodextrin accumulation in critically ill
patients with acute kidney injury treated with intravenous vori-
conazole under extended daily dialysis. Int J Antimicrob Agents.
2010;36(1):93-4.

Back D, Gatti G, Fletcher C, Garaffo R, Haubrich R, Hoe-
telmans R, et al. Therapeutic drug monitoring in HIV infection:
current status and future directions. AIDS (London, England).
2002;16(Suppl 1):S5-37.

Haas DW, Ribaudo HJ, Kim RB, Tierney C, Wilkinson GR,
Gulick RM, et al. Pharmacogenetics of efavirenz and central nerv-
ous system side effects: an Adult AIDS Clinical Trials Group
study. AIDS (London, England). 2004;18(18):2391-400.
Cattaneo D, Gervasoni C, Meraviglia P, Landonio S, Fucile S,
Cozzi V, et al. Inter- and intra-patient variability of raltegravir
pharmacokinetics in HIV-1-infected subjects. J Antimicrob Chem-
other. 2012;67(2):460-4.

Cattaneo D, Baldelli S, Cozzi V, Clementi E, Marriott DJE, Ger-
vasoni C. impact of therapeutic drug monitoring of antiretroviral
drugs in routine clinical management of people living with HIV:
a narrative review. Ther Drug Monit. 2020;42(1):64-74.

Gerber JG, Acosta EP. Therapeutic drug monitoring in the treat-
ment of HIV-infection. J Clin. 2003;27(2):117-28.

Sulkowski MS, Thomas DL, Chaisson RE, Moore RD. Hepato-
toxicity associated with antiretroviral therapy in adults infected
with human immunodeficiency virus and the role of hepatitis C
or B virus infection. JAMA. 2000;283(1):74-80.

D’Andrea F. VRE, Marino A., Moscatt V., Celesia B. M.,
Cacopardo B., Condorelli F., La Rocca G., Di Rosa M., Pellicano
G. F,, Nunnari G., Ceccarelli M. Hepatitis B virus infection and
hepatocellular carcinoma in PLWH: epidemiology, pathogenesis
and treatment. World Cancer Research Journal. 2020(7).
Chalasani N, Bonkovsky HL, Fontana R, Lee W, Stolz A, Tal-
walkar J, et al. Features and outcomes of 899 patients with drug-
induced liver injury: the DILIN prospective study. Gastroenterol-
ogy. 2015;148(7):1340-52.e7.

Cooper RD, Wiebe N, Smith N, Keiser P, Naicker S, Tonelli M.
Systematic review and meta-analysis: renal safety of tenofovir
disoproxil fumarate in HIV-infected patients. Clin Infect Dis.
2010;51(5):496-505.


https://doi.org/10.3390/jcm13061634.PMID:38541861;PMCID:PMC10971170
https://doi.org/10.3390/jcm13061634.PMID:38541861;PMCID:PMC10971170
https://doi.org/10.1007/s40262-024-01397-w
https://doi.org/10.1007/s40262-024-01397-w

Critical Care Pharmacology of Antiretroviral Therapy in Adults

17

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

Mocroft A, Kirk O, Reiss P, De Wit S, Sedlacek D, Beniowski M,
et al. Estimated glomerular filtration rate, chronic kidney disease
and antiretroviral drug use in HIV-positive patients. AIDS (Lon-
don, England). 2010;24(11):1667-78.

Friis-Mgller N, Sabin CA, Weber R, d’Arminio Monforte
A, El-Sadr WM, Reiss P, et al. Combination antiretroviral
therapy and the risk of myocardial infarction. N Engl J Med.
2003;349(21):1993-2003.

Zanza C, Caputo G, Tornatore G, Romenskaya T, Piccioni A,
Franceschi F, Artico M, Taurone S, Savioli G, Longhitano Y.
Cellular immuno-profile in septic human host: a scoping review.
Biology (Basel). 2022;11(11):1626. https://doi.org/10.3390/biolo
gy11111626.PMID:36358327;PMCID:PMC9687154.
Greenblatt DJ, von Moltke LL, Harmatz JS, Fogelman SM, Chen
G, Graf JA, et al. Short-term exposure to low-dose ritonavir
impairs clearance and enhances adverse effects of trazodone. J
Clin Pharmacol. 2003;43(4):414-22.

Brinkman K, ter Hofstede HJ, Burger DM, Smeitink JA, Koop-
mans PP. Adverse effects of reverse transcriptase inhibitors: mito-
chondrial toxicity as common pathway. AIDS (London, England).
1998;12(14):1735-44.

Clutter DS, Jordan MR, Bertagnolio S, Shafer RW. HIV-1
drug resistance and resistance testing. Infect Genet Evol.
2016;46:292-307.

Longhitano Y, Zanza C, Thangathurai D, Taurone S, Kozel D,
Racca F, Audo A, Ravera E, Migneco A, Piccioni A, Franceschi F.
Gut alterations in septic patients: a biochemical literature review.
Rev Recent Clin Trials. 2020;15(4):289-97. https://doi.org/10.
2174/1574887115666200811105251. (PMID: 32781963).
Ambrosioni J, Levi L, Alagaratnam J. Major revision version
12.0 of the European AIDS Clinical Society guidelines 2023.
2023;24(11):1126-36.

Paredes R, Clotet B. Clinical management of HIV-1 resistance.
Antiviral Res. 2010;85(1):245-65.

Rhee SY, Gonzales MJ, Kantor R, Betts BJ, Ravela J, Shafer RW.
Human immunodeficiency virus reverse transcriptase and protease
sequence database. Nucleic Acids Res. 2003;31(1):298-303.
El-Sadr WM, Lundgren J, Neaton JD, Gordin F, Abrams D,
Arduino RC, et al. CD4+ count-guided interruption of antiret-
roviral treatment. N Engl J Med. 2006;355(22):2283-96.
Zolopa A, Andersen J, Powderly W, Sanchez A, Sanne I,
Suckow C, et al. Early antiretroviral therapy reduces AIDS
progression/death in individuals with acute opportunistic
infections: a multicenter randomized strategy trial. PLoS ONE.
2009;4(5): e5575.

Wensing AM, Calvez V, Giinthard HF, Johnson VA, Paredes R,
Pillay D, et al. 2017 update of the drug resistance mutations in
HIV-1. Top Antiviral Med. 2016;24(4):132-3.

Wittkop L, Giinthard HF, de Wolf F, Dunn D, Cozzi-Lepri
A, de Luca A, et al. Effect of transmitted drug resistance on
virological and immunological response to initial combina-
tion antiretroviral therapy for HIV (EuroCoord-CHAIN joint
project): a European multicohort study. Lancet Infect Dis.
2011;11(5):363-71.

Bélec L, Bonn JP. Challenges in implementing HIV laboratory
monitoring in resource-constrained settings: how to do more with
less. Future Microbiol. 2011;6(11):1251-60.

Masur H, Brooks JT, Benson CA, Holmes KK, Pau AK, Kaplan
JE. Prevention and treatment of opportunistic infections in HIV-
infected adults and adolescents: updated guidelines from the cent-
ers for disease control and prevention, national institutes of health,
and hiv medicine association of the infectious diseases society of
America. Clinical Infect Dis. 2014;58(9):1308-11.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Grant PM, Komarow L, Andersen J, Sereti I, Pahwa S, Leder-
man MM, et al. Risk factor analyses for immune reconstitu-
tion inflammatory syndrome in a randomized study of early vs.
deferred ART during an opportunistic infection. PloS one. 2010
Jul 1;5(7):el11416.

Cahn P, Madero JS, Arribas JR, Antinori A, Ortiz R, Clarke AE,
et al. Dolutegravir plus lamivudine versus dolutegravir plus teno-
fovir disoproxil fumarate and emtricitabine in antiretroviral-naive
adults with HIV-1 infection (GEMINI-1 and GEMINI-2): week
48 results from two multicentre, double-blind, randomised, non-
inferiority, phase 3 trials. Lancet. 2019;393(10167):143-55.

Sax PE, Erlandson KM, Lake JE, McComsey GA, Orkin C, Esser
S, et al. Weight gain following initiation of antiretroviral therapy:
risk factors in randomized comparative clinical trials. Clin Infect
Dis. 2020;71(6):1379-89.

Wensing AM, Calvez V, Ceccherini-Silberstein F, Charpentier C,
Giinthard HF, Paredes R, et al. 2019 update of the drug resistance
mutations in HIV-1. Top Antiviral Med. 2019;27(3):111-21.
Jiang J, Xu X, Guo W, Su J, Huang J, Liang B, et al.
Dolutegravir(DTG, S/GSK1349572) combined with other ARTs
is superior to RAL- or EFV-based regimens for treatment of
HIV-1 infection: a meta-analysis of randomized controlled trials.
AIDS Res Ther. 2016;13(1):30.

Calmy A, Hirschel B, Cooper DA, Carr A. Clinical update: adverse
effects of antiretroviral therapy. Lancet. 2007;370(9581):12—4.
Meintjes G, Stek C, Blumenthal L, Thienemann F, Schutz C,
Buyze J, et al. Prednisone for the prevention of paradoxical tuber-
culosis-associated IRIS. N Engl J Med. 2018;379(20):1915-25.
Welch S, Koval A, Mendao L, Rockstroh JK, Swindells S,
Andrade-Villanueva JF, et al. Long-acting cabotegravir and
rilpivirine for maintenance of HIV-1 suppression. HIV Med.
2020;382(12):1112-23.

Cattaneo D, Gervasoni C, Meraviglia P, Landonio S, Fucile S,
Cozzi V, et al. Inter- and intra-patient variability of raltegravir
pharmacokinetics in HIV-1-infected subjects. N Engl J Med.
2012;67(2):460-4.

Darwich AS, Ogungbenro K, Vinks AA, Powell JR, Reny JL,
Marsousi N, et al. Why has model-informed precision dos-
ing not yet become common clinical reality? lessons from
the past and a roadmap for the future. Clin Pharmacol Ther.
2017;101(5):646-56.

Edagwa B, McMillan J, Sillman B, Gendelman HE. Long-acting
slow effective release antiretroviral therapy. Expert Opin Drug
Deliv. 2017;14(11):1281-91.

Siciliano V, Rosa T, Del Vecchio P, D’Angelillo A, Brigida M,
Longhitano Y, Zanza C, Santoro MC, Candelli M, Franceschi F,
Piccioni A. Viral encephalitis in adults: a narrative review. Rev
Recent Clin Trials. 2022;17(4):259-67. https://doi.org/10.2174/
1574887116666211118141117. (PMID: 34792015).

Caskey M, Klein F, Lorenzi JC, Seaman MS, West AP Jr,
Buckley N, et al. Viraemia suppressed in HIV-1-infected
humans by broadly neutralizing antibody 3BNC117. Nature.
2015;522(7557):487-91.

Bar KJ, Sneller MC, Harrison LJ, Justement JS, Overton
ET, Petrone ME, et al. Effect of HIV antibody VRCO1 on
viral rebound after treatment interruption. N Engl J Med.
2016;375(21):2037-50.

Zanza C, Romenskaya T, Thangathurai D, Ojetti V, Saviano A,
Abenavoli L, et al. Microbiome in critical care: an unconventional
and unknown ally. Curr Med Chem. 2022;29(18):3179-88.

A\ Adis


https://doi.org/10.3390/biology11111626.PMID:36358327;PMCID:PMC9687154
https://doi.org/10.3390/biology11111626.PMID:36358327;PMCID:PMC9687154
https://doi.org/10.2174/1574887115666200811105251
https://doi.org/10.2174/1574887115666200811105251
https://doi.org/10.2174/1574887116666211118141117
https://doi.org/10.2174/1574887116666211118141117

118

L.LaViaetal.

Authors and Affiliations

Luigi La Via' - Andrea Marino? - Giuseppe Cuttone? - Giuseppe Nunnari? - Cristian Deana* - Manfredi Tesauro>® -
Antonio Voza’® - Raymond Planinsic® - Yaroslava Longhitano® - Christian Zanza®

< Christian Zanza
christian.zanza @live.it

Department of Anaesthesia and Intensive Care, University
Hospital Policlinico *®G. Rodolico-San Marco®?,
95123 Catania, Italy

Department of Clinical and Experimental Medicine,
Infectious Diseases Unit, ARNAS Garibaldi, University
of Catania, 95123 Catania, Italy

*  U.0.8.D. Trauma Center, Azienda Ospedaliera ‘Ospedali
Riuniti Villa Sofia-Cervello’, Palermo, Italy

Department of Anesthesia and Critical Care, Health
Integrated Agency of Central Friuli, Udine, Italy

A\ Adis

Department of Systems Medicine, University of Rome *®Tor
Vergata®®, 00133 Rome, Italy

Geriatric Medicine Residency Program, University of Rome
®Tor Vergata®®, 00133 Rome, Italy

Department of Emergency Medicine-Emergency Medicine
Residency Program, Humanitas University-Research
Hospital, 20089 Rozzano, Italy

Department of Biomedical Sciences, Humanitas University,
Via Rita Levi Montalcini 4, Pieve Emanuele, 20072 Milan,
Italy

Department of Anesthesiology and Perioperative Medicine,
University of Pittsburgh, Pittsburgh, PA 15261, USA


http://orcid.org/0000-0001-5764-6118

	Critical Care Pharmacology of Antiretroviral Therapy in Adults
	Abstract
	1 Introduction
	2 Pharmacokinetics of Antiretrovirals in Critical Illness
	3 Pharmacodynamics of Antiretrovirals in Critical Care
	4 ART in Special Critical Care Populations
	5 Therapeutic Drug Monitoring in Critical Care
	6 Adverse Effects and Toxicities in Critical Care
	7 Antiretroviral Resistance in Critical Care
	8 Initiating and Modifying ART in Critical Care
	9 Future Directions
	10 Conclusions
	References




