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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 impact the efficacy and
toxicity of HIV treatment. ARVs used in HIV treatment are often prone to drug
interactions if administered with other non-ARV 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.

Objectives. 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 Ne 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 patients received more than 5 different medications matching the
definition of polypharmacy. The average number of concurrent medications prescribed
was 15 £6.713 (maximum — 40, minimum — 6). All drug interactions recorded were
between 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 significant 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/HIV 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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polypharmacy; medications; drug-drug interactions; intensive care unit.

Pe3rome.

BBenenue. IlonmumparMasus W JIEKAPCTBEHHBIE B3aUMOJICUCTBHS BBI3BIBAIOT
0c00yI003a004eHHOCTD Y JroJIeH, kuByux ¢ BUY, ocobeHHO y TeX, KTO MoJiydaeT
antuperpoBupycHeie Tmpenapatel (APBII). Ilonumparmasuss u  J€KapCTBEHHBIE
B3aMMOJICUCTBUS ~ MOTYT  BIMSATh Ha  A(Q(EKTUBHOCT, U 0OE30MaCHOCTH
antupeTpoBupycHou tepanuu. APBII wacTo BCTynaroT BO B3aUMOJICHCTBHUE C IPYTUMHU
JIEKApPCTBEHHBIMU CPEJICTBAMU, MOCKOJIbKY MHOTHE W3 HUXMETA0OIU3UPYIOTCS Yepe3
cuctemy nuroxpoma P450. dapmakorepanus BUY- unpuiupoBaHHbIX MalMEHTOB B
ornenennn uHTeHCUBHOM Tepanuu (OUT) oObiuHO BKIIIOUAET BBEACHUE HECKOJBKUX
KJIAaCCOB TipenaparoB. Takas rpymnmna naiueHTOB MOXKET MOABEPraTbcs 00Jiee BHICOKOMY
PUCKY IOTEHIIMAJIBHOTO MEXKJIEKAPCTBEHHOTO B3aUMOACHCTBU.

Hean. Ouenuts arporeHHble  3ddextsl  nonunparmMazun y  BUY-
WHOUIIMPOBAHHBIX TAIMEHTOB, Tocnutanu3upoBaHHbix B OUT wuHdexnmonHoro
CTallMoHapa, U onucath Mpoduib JIEKApCTBEHHBIX B3auMojehcTeuil mexay APBII u
IPYTMMHM KJlacCaMM MpenaparoB, Ha3HadyaeMbiMu B OUT.

Metoabl 1 matepuaJbl. [IpoBe1eHO pETPOCIEKTUBHOE UCCIEAOBAHUE UCTOPUI
oone3nu 59 BUY-undumpoBaHHbIX mainueHToB, HaxoauBimxcs B OUT OGonee 24
gacoB B 2018-2020 rr. B I'bY3 HKB Ne2 JI3M. OueHuBaaoch BIHSHUC

[MoJIMIIparMasuu Ha  IIOYCYHYIO, MCUYCHOYHYHO n KpPOBCTBOPHYIO (I)YHKI_[I/II/I



Hcnonp3oBajcs onaiH-cepBuc «JIuBepiynbekas 0aza manasix (Liverpool HIV Drug
Interaction  database)»  miast  BBISBIGHHS ~ Pa3MUYHBIX  MEKJICKapCTBEHHBIX
B3aMMOJEHCTBHI BO3MOXKHBIX pu Tepanun BUY/CIT/a.

Pe3yabTarbl. Bece manueHTsl noiydanu 0ojiee S pa3iMuHbIX MpEenaparoB, 4TO
COOTBETCTBYIOT OIPEAEICHHIO nonunparmMazuu. CpeaHee KOJIMYEeCTBO OJHOBPEMEHHO
Ha3HaA4YaeMbIX IpemnapaToB coctaBwio 15 + 6,713, makcumym 40, munumMym 6. Bce
3aperucTpUPOBAHHBIC JIEKAPCTBEHHBbIE B3auMojencTBus Obutn Mexay APBII u
aHTUOAKTEepUAIbHBIMU MpernapaTaMu: 3adukcupoBaHo 30 ciyyaeB NOTEHIMAIBHBIX
B3auUMOJACHCTBUN Yy 65,5% marnuentoB, nonydaBimiux APBII. 94% u3 3TuUX maiueHToB
MOJIBEPTAIUCh KaK MHHHMYM JIBYM IMOTEHIIMAIBHBIM B3auMmozeicTBusaMm. CoueTanue
teHo(oBupa (TDF) m BaHkoMuIMHA OBLIO HaMOOJIEE YACTHIM 3aPETHUCTPHPOBAHHBIM
NOTCHIMATBHBIM B3auMo iericTBreM (49,2%), 3a HUM Clie10BaJH JIOITMHABUP/PUTOHABUD
(LPV/r) m munpodmokcanmu (30,3%). CpenHue 3HaYCHHE IMOKa3aTels KpeaTHHUHA
OBLJIO BBIIIE y MAIMEHTOB, Y KOTOPHIX HAOII0a710Ch TOTEHIIMAIIBHOE B3aUMOJICHCTBUE
TDF u Bankomununa (345,7+45,2 MMOJb/), 4eM y TEX MaIlUEHTOB, KOTOPhIE HE
nosryqanu TDF u Bankomutia (107,5+33,5 Mmmoms/m), p<0,05.

BbiBoabl. DTO wHccienoBaHUE MPOJEMOHCTPUPOBAIO, YTO NOTEHUHUAIbHbBIE
JIEKapCTBEHHbIE B3aUMOJEHCTBUA 4YacTO BO3HUKaOT Yy BHWY-unpuumpoBaHHBIX
MAlMeHTOB B OTJEJICHUW WHTCHCUBHOM Tepanuu, Kak CoOOIaJoCh B JAPYTHX
uccienoBanusx. Heo0XoanuMo oCylIecTBISATh COTPYJHUYECTBO MEXKIY KIMHUYECKUM
dapmakomoroM u BpadOM-HH(PEKIIMOHMCTOM, a TaKXKEe PEryIsIpHBbIA KIMHHKO-
71a00paTOPHBIN MOHUTOPUHT JJIs1 pa3paboTKUIPGEKTUBHBIX U JEHCTBEHHBIX CTPATErHil
C LEIbI0 CHWXEHUS PHUCKOB MEXKIEKAPCTBEHHBIX B3aumoxeucrsun y BHU-

MH(UIMPOBAHHBIX MALIMEHTOB, MoTyvatouux jeuenue B OUT.

KirwueBbie  ciaosa: BUY  wunbekuus; CUHIAPOM  MNPUOOPETEHHOTO
UMMYHOAC(PUIINT; TOJMUIpPAarMasusi; JIEKapCTBEHHbIE Mpenaparhbl; JIEKapCTBEHHBIC

B3aUMO/ICMCTBUS;OT/ICJICHNE UHTEHCUBHOM TE€paIliH.



Introduction

Polypharmacy refers to the use of multiple medications in a patient. Numerically
or based on the number of medications prescribed, there is no universally agreed
definition of polypharmacy, however 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 O 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 complication 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 effects. These consequences could lead to
inadequate treatment of the targeted disease, damage to vital organ systems, or death.

Polypharmacy and drug interactions are of particular 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 antiretroviral 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 uncontrolled use of medication, polypharmacy,
and drug-interactions. Polypharmacy and drug-drug interactions (DDIs) can impact the
efficacy and toxicity 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 tubular necrosis, acute

interstitial nephritis, crystal nephropathy, or renal tubular disorders. They can also occur



indirectly via drug interactions. The most well-recognized DDI mechanism is that many
ARVs, especially pharmacologic boosters (ritonavir) frequently 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 supplements, and legal or illegal drugs that inhibit or induce the drug-
metabolizing enzyme system can lead to organ damage and toxicity to the human body
[2].

Persons with end stage HIVV/AIDS are considered critically ill and are frequently
admitted (ICU). The pharmacological management of these patients is usually complex
and typically involves the administration of multiple drugs of different pharmacological
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 distribution and induce drug toxicity
in these patients [3-9]. 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 polypharmacy 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
latrogenic effects of polypharmacy in HIV patients treated in the ICU; to describe the
DDI profile between antiretrovirals (ARVs) and other medications prescribed in the
ICU, while evaluating their prevalence; and to classify DDIs as clinically or potentially
significant [10-13].



Materials and methods

A retrospective study was conducted from 2018 to 2020 at the Infectious Disease
Clinical Hospital Ne 2, Moscow, Russia. We evaluated the medical records of 59 HIV
patients who were admitted to the intensive Care Unit (ICU). HIV patients were included
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, using
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 medications), 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 function
taking the mean values of urea, creatinine, liver enzymes, bilirubin, erythrocytes, along
with WBC and platelet counts during ICU stay into consideration. 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 significant drug—drug interactions
using the Liverpool HIV drug interaction database.

The comprehensive University of Liverpool HIV drug interactions database,
which accumulates published findings mainly from various studies, was used to
determine drug-drug interaction (DDI) among HIV patients on ART. Two levels of
interaction between ARVs and non-ARVs were considered in our study: (1) clinically

significant drug-drug interactions revealing contraindicated 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 minimize 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 median duration of HIV infection was 8.4 years (IQR 3.5-10.2 years). Their
median CD4 count and viral load was 100 cellssmm?® (IQR: 10-250) and 100,000
copies/ml (IQR: 50,000-500,000), 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 and
C were the prevailing comorbidities, identified in 35% and 32% of patients respectively,
but all patients were considered inactive carriers.

The total number of prescription drugs in the 59 records studied was 723 drugs.
Out of 723 prescription drugs, 340 were injectable drugs. The first group had 38 patients
with < 9 medications (7.1 £1.292). The remaining 21 patients received >9 medications
(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 outcome
(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, quinolones were



most commonly used (79.13%), followed by nitroimidazole (61.25%). The University
of Liverpool HIV drug interactions database indicated 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. 1) 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/VVancomycin
interactions, we found no statistically significant relationship between changes in

average creatinine levels and demographic/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 [14]. This study was intended to investigate the impact of drug
interactions and polypharmacy in HIV patients admitted to the ICU. Previous studies on
the subject have demonstrated not only a prevalence of drug-drug interactions with
antiretrovirals in HIV outpatients, but also in HIV patients in the intensive care unit [15-
19]. 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 antiretrovirals. 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.

Our study also did not reveal any significant relationship between the number
medications prescribed 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 antibiotic vancomycin,
followed by lopinavir ritonavir 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 predominantly via glomerular filtration, and there is little
potential for interaction with tenofovir-DF via competition 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 monitored 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, although there
was a significant difference in average creatinine levels among patients who had
tenofovir/vancomycin interactions. Coadministration of lopinavir/ritonavir and
ciprofloxacin was the second most common potential DDI recorded. The database
(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 creatinine



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.

Conclusion

This study demonstrated that potential DDIs frequently occur in ICU patients, as
reported in other investigations. This study also shows the importance of considering the
use of an HIV drug interaction 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 laboratory monitoring, with the aim of developing effective and

actionable strategies that could reduce potential DDIs in HIV* ICU patients.
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clinical data (n = 59).

TABLES

Table 1. Comparison between polypharmacy status and demographic and patient

Variable <9 medications >9 medications P value
(n=38) (n=21)

Male 31 13 0.31
Female 7 8 0.7
Age 48+11.7 44+10.2 0.65
Length of ICU 8+8.4 6+9.7 0.88
stay

Deaths 33 14 0.70

Table 2: Comparison between polypharmacy and indicators of liver, renal, and

haemopoietic function.

<9 medications > 9 medications P value
(n=38) (n=21)
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 pmol/L 13.25+6.61pmol/L 0.76
Urea 16.7+7.2 pmol/L 13.45+5.5 pmol/L 0.343




Creatinine 221.5+31 pmol/L 207.5+17.7 0.358
umol/L
RBC count 3.15+0.76 3.1£0.75 0.94
cells/mcL cells/mcL
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+21pumol/L 105.5+17 pmol/L 0.871

Table 3: Effect of potential TDF/VVancomycin interaction on creatinine levels.

TDF/VVancomycin
interaction
(n=14)

Without
'TDF/Vancomycin
interaction

(n=45)

P value

Creatinine

345.7445.2 pmol/L

107.5+33.5 pmol/L

p=0.035




FIGURES

Potential interactions between ARVs and antibiotics
(number of cases=30)

b\

B TDF + Vancomycin M LPV/RTV + Ciprofloxacin

DRV/RTV + Metronidazole LPV/RTV + Metronidazole
" TDF+ Amikacin ® LPV/RTV + Azithromycin
" " ATV + Ciprofloxacin

Figure 1: Potential antiretroviral/antibiotic interactions recorded in HIV-infected
patients admitted to the ICU. Key: ATV — Atazanavir; ZDV — Zidovudine;
DRV/RTV — Darunavir/Ritonavir; LPV/RTV — Lopinavir/Ritonavir; TDF —

Tenofovir.
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