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Abstract. Background. Polypharmacy and drug interactions are of particular concern in people living with HIV/AIDS,
especially those who receive antiretroviral therapy (ARVs). Polypharmacy and drug-drug interactions (DDIs) can im-
pact the efficacy and toxicity of HIV treatment. ARVs used in HIV treatment are often prone to drug interactions if
administered with other non-ARYV drugs because many of them are metabolized through the cytochrome P450 system.
The pharmacological management of HIV patients in the intensive care unit (ICU) is usually complex and typically
involves the administration of several classes of drugs. This patient group may be at higher risk for potential DDIs due
to polypharmacy in the ICU. The main objective of this study was to assess the iatrogenic effects of polypharmacy in HIV
patients treated in the ICU and to describe the DDI profile between ARVs and other non-ARV medications prescribed
in the ICU. Methods and materials. Between 2018 and 2020, we conducted a single-center, retrospective study evaluating
the medical records of 59 HIV patients admitted to the ICU for more than 24 hours at the Infectious Disease Clinical
Hospital No. 2, Moscow, Russia. We evaluated the impact of polypharmacy on renal, hepatic and haemopoietic function.
The Liverpool HIV Drug Interaction database was used to identify DDIs in ART-treated HIV patients. Results. All pa-
tients received more than 5 different medications matching the definition of polypharmacy. The average number of con-
current medications prescribed was 15£6.713 (maximum — 40, minimum — 6). All drug interactions recorded were be-
tween ARVs and antibiotics: 30 cases of potential interactions in 65.5% patients who received ARV. Of such patients, 94%
were exposed to at least two potential interactions. Tenofovir (TDF) and the antibiotic vancomycin underlaid the most
common potential interaction (49.2%), followed by lopinavir ritonavir (LPV/RTV) and ciprofloxacin (30.3%). A sig-
nificant difference in average creatinine levels was found in patients with TDF/vancomycin potential interactions (p <
0.05). Conclusion. This study demonstrated that potential DDIs frequently occur in ICU patients in line with previous
investigations. It is necessary to implement collaborations among clinical pharmacologists and infectious disease/HI'V
specialists, as well as frequent clinical and laboratory monitoring, aimed at developing effective and actionable strategies
that could reduce potential DDIs in HIV patients in the ICU.
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OLIEHKA ATPOrEHHbIX 3®®dEKTOB MNOJIMMPArMA3UN U IEKAPCTBEHHbIX
BSAUMOAENACTBWUM Y 5OJIbHbIX BUM-UHOEKLIMEN B OTAENEHUN UHTEHCUBHOW TEPANUM:
OAHOLEHTPOBOE PETPOCINEKTUBHOE UCCJIEAOBAHUE

Emepoae K4.!, Bosuecenckmii C.JI.!, Camoronkuna E.C.2, Koxesuukosa I.M.!, Knumkosa I1.B.2

T®@TAOY BO Poccuiickuii yrusepcumem 0pyxcovt Hapodos, Mockea, Poccus
2I'BY3 Hngpekyuonnan kaunuueckas 6orvnuya Ne 2 lenapmamenma 30pasooxparenus 2opooa Mockeot, Mockea, Poccus

Pestome. Bsedenue. [lonumnparmasus v JeKapcTBEHHbIC B3aUMOAEMCTBUS BHI3BIBAIOT 0CO0YI0 03a00UEHHOCTD Y JIIOALH,
xuBymux ¢ BUY, ocobeHHO y TeX, KTO TojydaeT aHTUpeTpoBupycHble mnpemnaparsl (APBII). [Monmumparmasus
U JIeKapCTBEHHBIC B3aMMOAEMCTBUS MOTYT BIMATh Ha 3(DGEKTUBHOCTh M 0E30MACHOCTH aHTUPETPOBUPYCHOI
tepanuu. APBII 9acTo BCTymaioT Bo B3aUMOIEUCTBYE C IPYTUMU JIEKAPCTBEHHBIMU CPEICTBAMU, TIOCKOJIBKY MHOTHE
13 HUX MeTab0Iu3upyloTcs uepe3 cuctemy ruroxpoma P450. @apmakorepanust BUY- nHbUIIMPOBAaHHBIX MTAIIIEHTOB
B oTmeieHuu WHTeHcUBHOU Tepanuu (OUT) oObIYHO BKJIIOUAET BBEACHUE HECKOJIBKUX KJIACCOB IPENapaToB.
Takas Tpynma MalreHTOB MOXET IOABEPraThcs 00Jiee BHICOKOMY PHUCKY MOTEHIIMATbHOTO MEXJIeKapCTBEHHOTO
B3aumozeiicTBus. Llenapto ucciaenoBaHus Oblna oUeHKa STPOreHHbIX 3 bekToB noaunparmMasuu y BUU-undpuuu-
POBaHHBIX MAlMEHTOB, rocrmuTanu3upoBaHHbBIX B OUT uHGbEKIMOHHOro cTalMoHapa, M OmMucaHue Tpoduis
JIeKapcTBEHHbIX B3auMopeiicTBuit Mexny APBIT w npyrumum kiaccamu mpenaparoB, HadHayaembiMu B OUT.
Mamepuanst u memoos:. [IpoBeneHO peTPOCIEKTUBHOE UccaenoBaHKe UcTopuii 601e3HM 59 BUY-uHGuLIMpoBaHHBIX
manueHToB, HaxoguBmuxca B OUT 0oxnee 24 wacoB B 2018—2020 rr. B8 'BY3 UKB Ne 2 JI3M. OuenuBanock
BIMSIHUE TOJMIIparMa3uy Ha TOYEYHYI0, MEYEHOUYHYI0 M KPOBETBOPHYIO GyHKUMHU. Mcronb3oBancs oHIAlH-
cepsuc «JIupepmynbckas 6a3a maHHbIX (Liverpool HIV Drug Interaction database)» misi BBISIBICHHS pa3IMIHBIX
MEXJIEKaPCTBEHHBIX B3aMMOIEHCTBUIT BO3MOXHBIX Tpu Tepanmuu BWUY/CIIW[da. Pesyssmame.. Bce mamueHTH
rmoyJyaiau Oojiee S5 pa3IUYHBIX IIpErapaToB, YTO COOTBETCTBYIOT OIpeneieHWIo monumparmasuu. CpemHee
KOJIMYECTBO OJHOBPEMEHHO Ha3HayaeMbIX MpernapaToB cocTtaBuio 15+6,713, makcumym 40, Mmunumym 6. Bce
3apeTUCTpPUPOBAHHbBIE JIeKaPCTBEHHBIE B3aMoiecTBU I Ob1Tr Mex 1y APBIT 1 aHTHOaKTepraibHBIMY ITpeTapaTaMu:
3adukcrpoBaHo 30 c1y4yaeB MOTEHLIMATbHBIX B3aUMOIEHCTBUIL Y 65,5% matimeHToB, noaydasiiux APBII. 94% u3 aTux
MalMeHTOB MOJBEPrajrch KAk MUHUMYM JBYM MMOTEHILIMAIbHBIM B3auMoaeiicTBusIM. Couetanue TeHodosupa (TDF)
1 BAHKOMUIIMHA OBbLIO HanboJIee YaCThIM 3apEerHCTPUPOBAHHBIM TIOTEHITMATBHBIM B3auMozeicTBreM (49,2%), 3a HUM
cienoBaiy JonuHaBup/putoHaBup (LPV/r) u munpodiokcamun (30,3%). CpenHue 3HaueHUe MoKa3aTes KpeaTMHUHA
OblJIO BBbILIE Yy TMALIMEHTOB, Y KOTOPBIX HaOJMI0galoch MOTeHIManabHOe B3aumoneilictBue TDF u BaHKoMMLMHA
(345,7£45,2 MMoIIb/IT), 4eM Y TeX allMeHToB, KoTophle He moiydyaau TDF u Bankomunus (107,5+33,5 mMmonb/m), p <
0,05. Bbviéoodbi. DTO McclenoBaHue MPOAEMOHCTPUPOBAJIO, YTO MOTEHIMAJbHEIE JeKapCTBEHHbIE B3aMMOACHCTBUSA
yacTo BO3HMKAIOT Y BUY-uHGUIIMPOBAaHHBIX MAIMEHTOB B OTACICHUN WHTCHCMBHON Tepamuu, KaK COOO0IIaIoch
B APYrux MccienoBaHusix. HeoOXoauMMo ocylIecTBISATh COTPYIHUYECTBO MEXAY KJIMHUYECKUM (apMaKoJorom
U BpauoM-MHGEKIMOHUCTOM, a TaKXe PeryJIsIpHBIA KIMHHKO-Ta00pPaTOPHBII MOHUTOPHMHT IJIS pa3paboTKu
3G HEKTUBHBIX M AHICTBEHHBIX CTPATET M C LIETbI0 CHIXKEHU S pPUCKOB MEXXJIeKapCTBEHHBIX B3anMopelicTpuit y BUY-
MHOUIMPOBAHHBIX MAIMEHTOB, NModyvyaomux jeueHnue B OUT.

Karueesvie caosa: BUY-unghexyus, cunopom npuobpemennoeo uMmyHodepuyuma, noAunpazmasus, 1eKapcmeerHble npenapamol,
AeKapcmeertble 83aumMo0elicmaus, omoeneHue UHMeHCUBHOI mepanuu.

Introduction

Polypharmacy refers to the use of multiple medi-
cations in a patient. Numerically or based on the
number of medications prescribed, there is no uni-
versally agreed definition of polypharmacy, how-
ever it can be described in three groups: excessive
polypharmacy (use of 10 or more different drugs);
polypharmacy (use of 5 to 9 different drugs); and
no polypharmacy (use of 0 to 4 different drugs).
The use of multiple medications can have a negative
effect of treatment and medication adherence. One
challenge associated with polypharmacy is drug-
drug interaction, which is often a serious compli-
cation of taking multiple medications; it accounts
for 3% to 5% of all in-hospital medication errors [1].
The consequences of drug interactions vary, ranging

from drug toxicities to a reduction in therapeutic ef-
fects. These consequences could lead to inadequate
treatment of the targeted disease, damage to vital or-
gan systems, or death.

Polypharmacy and drug interactions are of par-
ticular concern in people living with HIV/AIDS
(PLWHA), especially those who are receiving
antiretroviral therapy (ARVs), though ARV naive
patients are also at risk for polypharmacy and drug
interactions. PLWHA from regions with low antiret-
roviral therapy coverage due to limited resources may
not achieve sustained viral suppression, putting them
at risk for episodic illnesses, hospitalization, or ICU
admission with severe forms of disease. Such events
would subsequently lead to indiscriminate and un-
controlled use of medication, polypharmacy, and
drug-interactions. Polypharmacy and drug-drug in-
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teractions (DDIs) can impact the efficacy and toxic-
ity of HIV treatment.

ARVs used in the treatment of HIV are often
prone to drug interactions if administered with other
non-antiretroviral drugs because many of them are
metabolized through enzyme-catalyzed processes.
Antiretroviral therapy and other medical therapies
for HIV-related infections have been associated
with toxicities. Antiretroviral therapy can contribute
to renal dysfunction directly by inducing acute tubu-
lar necrosis, acute interstitial nephritis, crystal ne-
phropathy, or renal tubular disorders. They can also
occur indirectly via drug interactions. The most well-
recognized DDI mechanism is that many ARVs, es-
pecially pharmacologic boosters (ritonavir) frequent-
ly lead to significant drug interactions since they
may affect the drug-metabolizing enzyme system
or drug transporters as inhibitors. Medications used
to treat comorbidities or co-infections, various sup-
plements, and legal or illegal drugs that inhibit or in-
duce the drug-metabolizing enzyme system can lead
to organ damage and toxicity to the human body [1].

Persons with end stage HIV/AIDS are consid-
ered critically ill and are frequently admitted (ICU).
The pharmacological management of these patients
is usually complex and typically involves the admin-
istration of multiple drugs of different pharmacologi-
cal classes due to life threatening illnesses which may
be fatal. HIV patients treated at the ICU may also be
at higher risk for DDIs due to polypharmacy. In the
ICU, most patients with end stage HIV/AIDS present
with HIV-related cachexia. Altered body composition
and plasma protein concentration may affect drug dis-
tribution and induce drug toxicity in these patients [2,
3,4, 9, 11, 17]. Other factors like prolonged intensive
care unit length of stay, age, and death outcome are
associated with increased medication administration.
Studying the prescription patterns of ICU patients
can clarify drug usage patterns in this setting; this
is essential for creating favorable conditions for wide
scale improvements in therapeutic practices.

To our knowledge, a study that evaluates polyp-
harmacy and drug interactions in people living with
HIV/AIDS and the impact on organ functions has
never been conducted in Russia. Therefore, the main
objectives of this study were: to assess the iatrogen-
ic effects of polypharmacy in HIV patients treated
in the ICU; to describe the DDI profile between
antiretrovirals (ARVs) and other medications pre-
scribed in the ICU, while evaluating their prevalence;
and to classify DDIs as clinically or potentially sig-
nificant [6, 14, 15, 16].

Materials and methods

A retrospective study was conducted from 2018
to 2020 at the Infectious Disease Clinical Hospital
No. 2, Moscow, Russia. We evaluated the medical
records of 59 HIV patients who were admitted to the

intensive Care Unit (ICU). HIV patients were in-
cluded in this study: of either sex; older than 18 years;
admitted to the ICU for more than 24 hours; and with
patients (or their relatives) willing to give informed
consent. All patients in the study group received more
than 5 medications during ICU stay. Therefore, us-
ing the definition of polypharmacy presented in the
introduction, patients were divided into two groups
according to the number of drugs received. The first
group included patients who received five to nine
medication (£ 9 medications), which was considered
“polypharmacy”. The second group included patients
who received ten or more medications (> 9 medica-
tions), which was considered “excess polypharmacy”.

This design was implemented to assess the impact
of the number of drugs prescribed on organ function.
We evaluated renal, hepatic, and haemopoietic func-
tion taking the mean values of urea, creatinine, liver
enzymes, bilirubin, erythrocytes, along with WBC
and platelet counts during ICU stay into considera-
tion. Qualitative and quantitative data are expressed
with meantstandard deviation (SD). The two-tailed
Fisher’s exact chi-square test was used to evaluate
differences between groups, and results with p <0.05
were considered statistically significant.

Identification of potential and clinically signifi-
cant drug—drug interactions using the Liverpool
HIV drug interaction database. The comprehensive
University of Liverpool HIV drug interactions data-
base, which accumulates published findings mainly
from various studies, was used to determine drug-
druginteraction (DDI) among HIV patients on ART.
Two levels of interaction between ARVs and non-
ARVs were considered in our study: 1) clinically sig-
nificant drug-drug interactions revealing contraindi-
cated combinations which could potentially leading
to serious adverse events or impaired efficacy; and
2) potential drug-drug interactions wherein patients
might require dosage adjustment, close monitoring,
or timing-of-administration modification to mini-
mize possible clinical consequences.

Results

We retrospectively reviewed the case records of 59
HIV patients admitted to the ICU. Of them, 74.5%
(44) were male, and 25.42% were female (15), with
a mean age of 47 (SD=*10.7) years. Most patients
(81.5%) were diagnosed at HIV stage 4B according
to V.I. Pokrovsky’s clinical classification of HIV
infection (equivalent to CDC category C). The me-
dian duration of HIV infection was 8.4 years (IQR
3.5—10.2 years). Their median CD4 count and viral
load was 100 cells/mm? (IQR: 10—250) and 100 000
copies/ml (IQR: 50000—500 000), respectively.
Thirty patients (51%) were ART treatment naive
without valid reasons. Most patients were admitted
for Staphylococcus aureus bacteremia (44.70%) or
infective endocarditis (23.42%). Chronic hepatitis B
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Table 1. Comparison between polypharmacy status

and demographic and patient clinical data (n = 59)

Variable <9 n(i:glggt)lons >9 T:g'g?;'ons P value
Male 31 13 0.31
Female 7 8 0.7
Age 48+11.7 44+10.2 0.65
:;f:‘gf,hst ay 8+8.4 6+9.7 0.88
Deaths 33 14 0.70

and C were the prevailing comorbidities, identified
in 35% and 32% of patients respectively, but all pa-
tients were considered inactive carriers.

The total number of prescription drugs in the 59
records studied was 723 drugs. Out of 723 prescrip-
tion drugs, 340 were injectable drugs. The first group
had 38 patients with < 9 medications (7.1+1.292).
The remaining 21 patients received > 9 medica-
tions (17.58+9.343) and were in the second group.
The maximum number of prescribed drugs was 40
(minimum 6). There was no statistically significant
relationship between the number of drugs prescribed
and gender, age, the length of ICU stay, or death out-
come (Table 1). Our study also revealed no significant
statistical difference between mean values of renal,
hepatic or haemopoietic function, and the number
of drugs prescribed (Table 2).

The most common non-ARV drugs used in the
ICU were antibiotics (100%), antipyretics (99.21%),
and antimycotics (88.71%). Among antibiotics, qui-
nolones were most commonly used (79.13%), fol-
lowed by nitroimidazole (61.25%). The University
of Liverpool HIV drug interactions database indi-
cated no cases of clinically significant interaction,
but revealed cases of potential interactions among
patients who received ARVs (all drug interactions
recorded where between ARVs and antibiotics). We
recorded 30 cases of potential interactions (Fig.)
in 65.5% (19 out of 29) patients who received ARVs.

Of these patients, 94% (18) were exposed to at least
two potential interactions. The ARV Tenofovir
(TDF) most frequently interacted with the antibiotic
vancomycin (49.2%), followed by lopinavir/ritonavir
(LPV/RTV) and ciprofloxacin (30.3%).

In addition, we investigated the impact of these
potential interactions on organ function, revealing
a significant difference in average creatinine levels
in patients who had TDF/Vancomycin interactions
and patients without such interactions during ICU
stay (Table 3). After further investigation of the group
of patients with TDF/Vancomycin interactions, we
found no statistically significant relationship between
changes in average creatinine levels and demograph-
ic/clinical information including comorbidities.

Discussion

The intensive care unit is considered one of the
most neglected departments with respect to drug
utilization studies, yet polypharmacy and drug-drug
interactions are more common in the ICU [5]. This
study was intended to investigate the impact of drug
interactions and polypharmacy in HIV patients ad-
mitted to the ICU. Previous studies on the subject
have demonstrated not only a prevalence of drug-
drug interactions with antiretrovirals in HIV outpa-
tients, but also in HIV patients in the intensive care
unit [7, 10, 12, 13, 18]. Most studies have revealed that
analgesics were the most common ICU medications
with ART-related potential DDIs. Our study revealed
that antibiotics frequently interacted with antiretro-
virals. The basis for a high prevalence of antibiotics
in our study was due to a high incidence of bacterial
infections in the HIV patients admitted to the ICU.
In this study, there was no significant relationship
between the number medications prescribed in the
ICU and demographic and clinical information.
This was probably due to a small sample size which
we consider a limitation of the study.

Table 2. Comparison between polypharmacy and indicators of liver, renal, and haemopoietic function

< — N —
9 r?:glggt)lons 9 I‘T(l:(:l;?;:lons P value
ALT 41£2.3 U/L 30£9.1 U/L 0.474
AST 56£7.1 U/L 49.5+8.3 U/L 0.443
Bilirubin 15+2.1 umol/L 13.25+6.61 umol/L 0.76
Urea 16.7£7.2 umol/L 13.45+5.5 umol/L 0.343
Creatinine 221.5£31 umol/L 207.5+17.7 ymol/L 0.358
RBC count 3.15£0.76 cells/mcL 3.1+0.75 cells/mcL 0.94
WBC count 13+1.77 cells/mcL 9+2.1 cells/mcL 0.0372
Hemoglobin count 97+13 g/L 88+20.1 g/L 0.61
Platelet count 118+21 umol/L 105.5£17 umol/L 0.871
Table 3. Effect of potential TDF/Vancomycin interaction on creatinine levels
TDF/Vancomycin interaction Without TDF/Vancomycin interaction P value
(n=14) (n =45)
Creatinine 345.7+45.2 ymol/L 107.5£33.5 umol/L p=0.035
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Our study also did not reveal any significant re-
lationship between the number medications pre-
scribed and organ function assays (liver, kidney and
haemopoietic functions). The Liverpool HIV drug
interactions database indicated that more than half
of the patients (62%) on ARV were exposed to at
least two potential interactions. Data revealed that
tenofovir most frequently interacted with the an-
tibiotic vancomycin, followed by lopinavir ritona-
vir and ciprofloxacin. The following is a summary
of the potential tenofovir/vancomycin interaction
according to the Liverpool HIV drug interactions
database: “Coadministration has not been studied.
Vancomycin is eliminated unchanged predominant-
ly via glomerular filtration, and there is little poten-
tial for interaction with tenofovir-DF via competi-
tion for active renal transport mechanisms. However,
both vancomycin and tenofovir-DF are potentially
nephrotoxic and tenofovir-DF should be avoided
with concurrent or recent use of a nephrotoxic agent.
If concomitant use of tenofovir-DF and nephrotoxic
agents is unavoidable, renal function should be mon-
itored closely. A case study described renal failure
in 2 patients taking tenofovir-DF and a prolonged
course of vancomycin”.

The course of vancomycin prescription in these
patients was not considered prolonged, therefore
renal failure as a complication was not observed, al-
though there was a significant difference in average
creatinine levels among patients who had tenofovir/
vancomycin interactions. Coadministration of lopi-
navir/ritonavir and ciprofloxacin was the second
most common potential DDI recorded. The data-
base (Liverpool HIV drug interaction) indicates
that caution should be exercised when prescribing
this combination as both drugs have risks of QT
prolongation. However, we did not find significant
changes from the ECG assessment of patients. We
also did not observe any statistically significant
relationship between changes in average creati-
nine levels and demographic/clinical information
of patients with tenofovir/vancomycin interactions.
These events were probably as a result of a small
sample size, which we consider a limitation
to the study.
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Figure. Potential antiretroviral/antibiotic
interactions recorded in HIV-infected patients
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Note: ATV — Atazanavir; ZDV — Zidovudine;

DRV/RTV — Darunavir/Ritonavir; LPV/RTV — Lopinavir/Ritonavir;
TDF — Tenofovir.

Conclusion

This study demonstrated that potential DDIs fre-
quently occur in ICU patients, as reported in other
investigations. This study also shows the impor-
tance of considering the use of an HIV drug inter-
action database as HIV+ ICU patients are at a high
risk for polypharmacy and drug-drug interaction.
It is necessary to implement collaborations among
clinical pharmacologists and infectious disease/HIV
specialists, as well as frequent clinical and labora-
tory monitoring, with the aim of developing effective
and actionable strategies that could reduce potential
DDIs in HIV+ ICU patients.
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