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The aim. To identify polypharmacy cases and develop the ways to optimize pharmacotherapy of patients with COVID-19
hospitalized in infectious disease facilities.

Materials and methods. ATC/DDD analysis with calculation of DDDs/100 bed days and a sample analysis of 500 patients’
prescriptions were performed for presenting drug utilization statistics in the infectious disease facilities of Volgograd region,
which had been reassigned to treat patients with COVID-19 in 2020 and 2021.

Results. Five or more drugs were administered simultaneously in 96.8% of patients. Antibacterial drugs were in 74.3% of the
analyzed prescriptions in 2020 and in 73.5% in 2021. The total consumption of antibiotics was 102.9 DDDs/100 bed-days in
2020 and 95.7 DDDs/100 bed-days in 2021. The cases of multiple administrations of biological disease modifying antirheu-
matic drugs and the use of cyclophosphamide have been identified. In 73.6% of prescriptions in 2020 and 85.4% of 2021,
omeprazole at the dose of 40 mg per day was used (77.3 and 84.6 DDDs/100 bed-days, respectively). In 2021, there were cas-
es of concomitant intravenous prescribing of acetylcysteine under the trade name of Fluimucil® with tableted forms of am-
broxol and acetylcysteine under the name of ACC®. The cumulative consumption of hepatotoxic drugs was 269.2 DDDs/100
bed-days in 2020 and 401.5 DDDs/100 bed-days in 2021.

Conclusion. Lack of drugs with proven effectiveness for treatment of COVID-19, worked-out treatment algorithms, a high
mortality of patients in the hospitals led to polypragmasy, excessive prescribing of drugs in the hospitals. The prescription of
antibacterial drugs, omeprazole, mucolytics, hepatotoxic drugs, immunosuppressors in infectious hospitals should be moni-
tored by clinical pharmacologist.

Keywords: polypharmacy; COVID-19; ATC/DDD analysis; antibiotics; immunosuppressors; mucolytics; omeprazole; drug-in-
duced liver injury

Abbreviations: INN — international nonproprietary name; GEBP — genetically engineered biological; GCS — glucocorticoste-
roid; NSAIDs — nonsteroidal anti-inflammatory drugs; PPIs — Proton Pump Inhibitors; ACE — angeotensin converting enzyme;
ARDS — acute respiratory distress syndrome; MP(s) — medicinal preparations; RF — Russian Federation; WHO — World Health
Organization; SD — standard dose; SCD — standard course dose; DDD — defined daily dose; PDD — prescribed daily dose; NDDDs
— Number of Defined Daily Doses; NPDDs — Number of prescribed Daily Doses; Cl — confidence interval; ICU — intensive care
unit; ADR — adverse drug reactions; DILI- drug-induced liver injury.
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Lienb. BbifiBUTb C/ly4an Noavnparmasmu u paspabortaTb Nyt onTMMM3aLLmMm dapmakoTepanum naumeHTos ¢ COVID-19, rocnu-
TaNN3MPOBAHHbIX B UHDEKLMOHHbIE OTAENEHUS.

Martepuanbl u metoapl. [1na oueHKM 06bEMA M CTPYKTYpbl noTpebneHmns JIC B MHOEKLUMOHHbIX OTaeneHuAx Bonrorpaackoin
obnactu, nepenpoduIMpoBaHHbIX Aasa sedeHns 6oabHbix COVID-19 B 2020 1 2021 rr., 6611 nposeaeH ATC/DDD-aHanus ¢
pacuyétom nokasartesnei DDD/100 KoliKo-aHen 1 BbI6opoUHbIi aHann3 500 ANCTOB Ha3HAYeHWUI.

Pe3ynbtatbl. OgHoBpemeHHO 5 1 6onee JIC npuHumanu 96,8% nauneHtoB. AHTMbaKTepmanbHble J1IC BcTpeyanucs B 74,3%
NpoaHaIM3nPOBaHHbIX BpauyebHbix HazHauyeHui B 2020 r. n B 73,5% B 2021 r., cymmapHbIi 06bEM NOTPe6NEHUSA COCTaBU
102,9 DDD/100 KoWiKko-gHei B 2020 r. n 95,7 DDD/100 KoiKo-aHel B 2021 r. BbiAn BbiABAEHbI C/ly4au MHOXECTBEHHbIX
BBeaeHui TMBI n npumeHeHne uyknopochammnaa. B 73,6% BpayuebHbix HazHaueHnn 2020 r. n 85,4% B 2021 r. npumeHanca
omenpason B go3se 40 mr B cyTku (77,3 1 84,6 PDD/100 KoiKo-AHelN COOTBETCTBEHHO). B 2021 r. 6biAK BbISBAEHbI C/y4Yan
OAHOBPEMEHHOI0 Ha3HAaYeHUA aLeTUILMCTEMHA NOA TOProBbIM HaMMeHoBaHWeM «PayUMyLMA®» BHYTPUBEHHO C TabaeTu-
poBaHHbIMM GOpMammn ambpoKcona M aLeTUNLUCTEMHA Nog, HaumeHoBaHnem «ALILI®». CymmapHoe notpebneHune renato-
TOKcMYHbIX J1C coctasumio 269,2 DDD/100 Kovko-gHen 8 2020 r. 1 401,5DDD/100 Koiko-aHel 8 2021 r.

3akntoueHue. OTCyTCTBME NPEnapaToB C AOKAa3aHHON 3ddeKTUBHOCTbIO A neveHna COVID-19, oTpaboTaHHbIX aNropUTMOB
/IeYeHUs, HannYmne BbICOKOM NeTaNIbHOCTM NALMEHTOB B CTaLMOHape NPUBEN K NOAUNPArMasum, M36bITOYHOMY Ha3HaYeHUIO
N1C B cTaumoHape. HazHaueHWe aHTUbaKTepUabHbIx JIC, oMmenpasona, MyKOIUTUKOB, FeNMaTOTOKCUYHbIX NPenapaTos, UMMY-
HOCYNpeccopoB B MHOEKLMOHHbIX CTALLMOHAPAX AOMKHO 6bITb OrpaHUYEHO U NPOBOAUTLCA MOA, KOHTPOAEM KAUHUYECKOro
dapmakosnora.

KnioueBble cnoBa: noaunparmasus; COVID-19; ATC/DDD aHanus; aHTUBUOTUKM; MMMYHOCYMPECCOopPbl; MyKONUTUKM; OMe-
npasos; 1eKapCTBEHHO-MHAYLMPOBAHHOE NOBPEXAEHNE NeYeHn

Cnucok cokpauieHumii: MHH — mexkayHapoaHoe HenaTeHToBaHHOe HasBaHue; MBI — reHHO-UHXeHepHble bruosormyeckme
npenapatbl; TKC — mitokoKkopTUKocTepouapl; HMBC — HecTeponaHble NPOTMBOBOCNanUTeNbHbIe cpeacTsa; UMM — MHrnburo-
pbl NPOTOHOBOM Nombl; ANP2 —aHIMOTEH3TUH NpeBpaLlatoLLmii depmeHT 2; OPAC — oCTpblii peCnMpPaToOpPHbIA AUCTPECC CUH-
apom; JIC — nekapcTBeHHble cpeacTsa; PO — Poccuiickaa Pepepaums; BO3 — BcemupHan opraHn3auma 34paBoOXpaHeHus;
C[ — ctaHpapTHana ao3sa; CK — ctaHaapTHaA Kypcosasa ao3a; DDD — cpeaHAa nogaeprkmsatoLLan cytouHasa gosa; PDD — cpea-
HAA Ha3HayeHHaA cytovHasa no3a; NDDD — uncno cpeaHux nogaepkusatowmx Ao3; NPDD — yncno cpegHMx HazHaYeHHbIX
CYTOYHbIX 803; AN — noBeputenbHbiii MHTepBan; MNMUT — nanata MHTEHCUMBHOW Tepanuu; H/1IP — HexkenaTesibHble IeKapCTBEH-

Hble peakumnm; JINMI — nekapCTBEHHO-UHAYLMPOBAHHOE NOPAXKEHME MEYEHN.

INTRODUCTION

In the context of the COVID-19 pandemic, there has
been a rapid increase in the use of both new and old
“off-label” drugs, the effectiveness and safety of which
have not been sufficiently studied. High lethality, defi-
ciency of drugs with proven efficacy, a desire to help pa-
tients can lead to the prescription of a great number of
medicinal preparations (MPs) — polypharmacy.

The term “polypragmasia” (from the Greek “poly” —
a lot, “pragmasia” — an object, thing) or, in non-russian
literature, “polypharmacy” (from the Greek poly — a lot
and pharmacy — medicine), first appeared in the medi-
cal literature more than 150 years ago. It was defined as
“mixing together a lot of drugs in one prescription”, “the
use of a lot of drugs to treat one or more diseases.” A
consistent consensus in the concept of “polypharmacy”
has not been reached [1, 2].

In 2017, Masnoon N. et al. published an analysis of
1156 English-language articles on the problem of de-
fining “polypharmacy/polypragmasia”. 138 definitions
were identified, 111 of which were only quantitative, 15
took into account the duration of the simultaneous use
of drugs and 12 were qualitative definitions. In quanti-
tative definitions, “polypharmacy” was most often un-
derstood as the prescription of 5 or more drugs (45.4%
of the articles included in the analysis). Some authors
distinguished small (simultaneous prescription of 2—4
drugs), large (simultaneous prescription of 5-9 drugs)
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and excessive (simultaneous prescription of 10 or more
drugs) polypharmacy. In a qualitative definition, poly-
pharmacy has been described as “prescription of more
drugs to a patient than it is required by a clinical situ-
ation”; “a simultaneous prescription of several drugs”;
“a simultaneous and prolonged use of different drugs by
the same person.” At the same time, a number of au-
thors distinguished between appropriate (rational) and
inappropriate (unreasonable) kinds of polypharmacy [3].

Currently, in the health care of the Russian Federa-
tion (RF), active work is underway to reduce the incidence
of polypharmacy in medical practice. In Order of Minis-
try of Public Health of the Russian Federation No.575n
dated November 2, 2012 “On approval of the procedure
for the provision of medical care in the profile of “Clinical
pharmacology”?, paragraph 6 states that in the case of a
simultaneous prescription to a patient of 5 or more items
of drugs or more than 10 items in course treatment (poly-
pharmacy), the patient should be referred for a consulta-
tion with a doctor — a clinical pharmacologist.

A reason for a simultaneous prescription of sever-
al drugs may be the presence of concomitant diseases
(multimorbidity), clinical recommendations, guide-
lines of professional medical societies and treatment

* Order of the Ministry of Health of the Russian Federation No. 575n
dated November 2, 2012 "On approval of the Procedure for provid-
ing medical care in the profile "clinical pharmacology". Available from:
http://www.rosminzdrav.ru/documents/5534-prikaz-minzdrava-ros-
siiot-2-noyabrya-2012-g-575n.
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standards, containing in some cases recommendations
for the use of complex therapy for more than 5 drugs
for only one indication, the effectiveness of which cor-
responds to high levels of evidence [4].

In this regard, when analyzing a patient’s therapy,
only a quantitative assessment of polypharmacy is insuf-
ficient and requires a more complete study of the valid-
ity of prescribing drugs, assessing the risk of developing
drugs interactions and adverse drug reactions (ADRs).

THE AIM. To identify polypharmacy cases and de-
velop the ways to optimize pharmacotherapy of patients
with COVID-19 in infectious disease facilities.

MATERIALS AND METHODS

To assess the volume and structure of drug consump-
tion in infectious disease facilities of Volgograd region,
converted for the treatment of patients with COVID-19
in 2020 and 2021, an ATC/DDD analysis was carried out
with the calculation of the Defined Daily Doses per 100
bed-days (DDDs/100 bed-days) indicator and a sampling
analysis of 500 case histories and prescriptions, includ-
ing the prescription in intensive care units (ICUs).

The ATC/DDD methodology is recommended by the
World Health Organization (WHO) as an international
standard for the qualitative characterization of drug pre-
scriptions, the provision of statistical data on drug con-
sumption and comparative analyses at the international
level within one framework [5].

It should be notified that the methodology under
consideration, in contrast to the ABC and VEN analyses,
does not depend on the cost of drugs; the data are easily
comparable over time. However, the deficiency of DDD
values for a number of drugs, including drugs of the do-
mestic origin, causes some difficulties. The DDD (defined
daily dose) is the estimated average maintenance dai-
ly dose of a drug used for its main indication in adults.
The experts emphasized that this unit of measure does
not always coincide with the PDD (a prescribed daily
dose —the average prescribed daily dose, derived from a
sample of prescriptions for the treatment of a particular
disease). However, given the objectives of our study to
identify cases of polypharmacy, as criteria for assessing
the volume of consumption, in most cases, the DDDs
published on the website of the WHO Center for Me-
thodology of Drug Statistics were used?.

Glucocorticosteroids (GCSs) are the first-choice drugs
for the treatment of patients with cytokine storm. Accord-
ing to the Russian Guidelines®, for the treatment of mod-
erate and severe forms of COVID-19, various schemes for

2 WHO Collaborating Centre for Drug Statistics Methodology. Available
from: http://www.whocc.no/atc_ddd_index/.

3 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of
Health of the Russian Federation.; 2022.
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the administration of corticosteroids can be used using
doses that are several times higher than the DDDs estab-
lished by WHO. Thus, the DDD of dexamethasone was 1.5
mg, while most common (32.6% of medical prescriptions
in 2020 and 74.3% in 2021), dexamethasone was used at
the dose of 20 mg per day for 3 days with a subsequent
dose reduction (the average daily dose when using this
regimen is 14 mg per 1 patient for 12 bed-days). The max-
imum dose of dexamethasone in patients admitted to the
ICU was 80 mg per day, and dexamethasone was also pre-
scribed at the dose of 24 mg, 32 mg, and 48 mg per day.

Prednisolone (DDD/10 mg) and methylpredniso-
lone (DDD/20 mg) have been rarely used at very high
doses (prednisolone — 300-750 mg/day, methylprednis-
olone — 250-1000 mg/day) in short courses of up to 3
days. Thus, the doses of prednisolone and methylpred-
nisolone used in real clinical practice exceeded the DDD
by 12.5-75 times, and when calculating the DDDs/100
bed-days index, high values were obtained that do not
reflect the actual consumption of these drugs.

According to the Russian Guidelines®, the prescrip-
tion of parenteral anticoagulants, at least in prophylactic
doses, is indicated for all hospitalized patients. The WHO
DDDs for heparin, enoxaparin, and nadroparin were
10000 IUs, 2 000 anti-Xa IUs, and 2 850 anti-Xa IUs,
respectively, while the median PDD prescriptions were
consistent with the so-called median prophylactic do-
ses reported in the guidelines (22 500 IU, 800 anti-Xa IUs
and 11 400 anti-Xa IUs, respectively). Omeprazole was
used in most cases at the dose of 40 mg per day (73.6%
of the prescription lists), while the recommended dose
of omeprazole for most indications® and the DDD indi-
cated on the WHO website, is 20 mg per day. The dose
of levofloxacin in most case histories was 1.0 g per day
with a DDD of 0.5 g, and azithromycin was 0.5 g with a
DDD of 0.3 g.

Due to the fact that dexamethasone, parenteral an-
ticoagulants, omeprazole, levofloxacin and azithromycin
were prescribed in the doses exceeding the DDDs rec-
ommended by WHO, PDDs were used to analyze the
consumption volume of these drugs.

The number of the established or prescribed daily
doses — NDDDs (the number of DDDs) or NPDDs (the
number of PDDs) of drugs — was calculated as the ratio
of the number of MPs to DDDs or PDDs. The DDDs/100
or PDDs/100 indicator was determined in relation to the
consumed NDDDs or NPDDs per year, multiplied by 100,
to the total bed-day for the year.

For domestic drugs olokizumab and levilimab that
do not have DDDs on the WHO website, or for other

4 Ibid.
° Russian State Register of Medicines. Available from: https://grls.
rosminzdrav.ru/Default.aspx.
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genetically engineered biological preparations (GEBPs)
either, to assess the volume of consumption, a standard
dose per 100 treated patients was calculated.

A standard dose (SD) is the dose recommended for
the administration in mild and moderate COVID-19.
To assess the volume of the drugs consumption used
in the facilities in the pulse therapy mode (the admi-
nistration of high doses for 3 days), a standard course
dose (SCD — a median of prescribed course doses)
according to the prescription lists and the ratio of the
number of SCs per 100 treated patients, was calcu-
lated.

RESULTS AND DISCUSSION

A sampling analysis of hospitalized patients with
COVID-19 case histories revealed 11 [8; 13] drugs pre-
scriptions per patient during the period of hospitaliza-
tion while taking 8 [6; 11] MPs. At the same time, 5 or
more drugs were taken by 96.8% of patients.

According to the accounting and reporting docu-
mentation for the issuance of drugs to facilities for the
treatment of 3,750 patients (45 315 bed-days) in 2020
and 5 130 patients (58 439 bed-days) in 2021, 117 inter-
national non-proprietary names (INNs) drugs were used
in 2020 and 129 INNs drugs in 2021, a third of which
did not have DDDs on the WHO website. According to
the WHO Center of International Drug Statistics, it was
not possible to establish an average daily maintenance
dose (DDD) for topical preparations, including intrana-
sal forms of interferon, solutions of crystalloids, colloids,
parenteral nutrition, local and general anesthetics, par-
enteral forms of nitroglycerin and acetylcysteine. Do-
mestic drugs olokizumab and levilimab, hepatoprotec-
tors and metabolic drugs used in the studied facilities
were not in the database of the WHO center.

The calculation of DDDs or PDDs/100 bed-days was
made for 79 drugs in 2020 and 85 drugs in 2021, among
which there were antibacterial drugs; agents affect-
ing hemostasis; GCSs and other immunosuppressants;
bronchodilators; mucolytics; surfactant preparations;
non-steroidal anti-inflammatory drugs (NSAIDs); antihis-
tamines; the drugs that affect the gastrointestinal tract;
insulins; cardiovascular agents; iron preparations and
centrally acting preparations (Fig. 1).

A further detailed analysis was made of the drugs
that are not the basis of COVID-19 therapy or the drugs
that are mandatory for prescribing in all cases of the
disease, the volume of consumption of which, however,
was high in the studied facilities.

Antibacterial drugs
Like any other disease of viral etiology, COVID-19 is
not an indication for the use of antibacterial drugs. Bac-
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terial infections are not often complications of a novel
coronavirus infection course [6, 7], so most patients with
COVID-19, especially in mild and moderate cases, do
not need antibiotic therapy®. However, antibiotics were
present in 74.3% of prescriptions in 2020 and 73.5% in
2021, and in combined antibiotic therapy in 35.6%. In
2020, in facilities, ceftriaxone as monotherapy and in
combination with azithromycin or levofloxacin was most
often prescribed as initial therapy, and in 2021 these
were levofloxacin or ceftriaxone. In all analyzed lists of
intensive care units (ICUs) prescriptions, antibacterial
drugs were prescribed, and the most common of them
were cefoperazone-sulbactam or meropenem as mono-
therapy or in combination with vancomycin or linezolid.

The combination of broad-spectrum antibacterial
drugs, especially 8-lactam antibiotics with macrolides
and fluoroquinolones, has long been considered irratio-
nal, including due to the weakening of an bactericidal
antibiotic action while taking it with a bacteriostatic
drug’. However, even before the COVID-19 pandemic,
the growth of antibiotic-resistant strains and chang-
es in the structure of causative agents of community-
acquired pneumonia had made adjustments to clinical
guidelines. Thus, in 2018, the prescription of ceftriaxone
in combination with azithromycin or levofloxacin was
recommended to hospitalized patients with severe com-
munity-acquired pneumonia of bacterial etiology®.

The doses of antibacterial drugs used in facilities, in
most cases coincided with the DDDs recommended by
WHO (with the exception of azithromycin and levoflox-
acin). However, the total consumption of antibacterial
drugs exceeded 100 DDDs/100 bed-days, which was the
result of the combination antibiotic therapy.

An earlier ABC analysis of drug consumption in
facilities [8] revealed a decrease in the share of the
expenditure on antibiotics in 2021 compared to 2020.
Thus, the purchase of antibacterial drugs in 2020 ac-
counted for 52% of Segment A costs, and in 2021, it
was 13.6%. However, their total consumption in terms
of DDDs/100 bed-days in 2020 was only 7% higher
than in 2021 (102.9 DDDs/100 bed-days in 2020 and
95.7 DDDs/100 bed-days in 2021). A decrease in the
relative share of the expenditure on antibacterial
drugs in 2021, based on the ABC analysis, is associa-

5 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of
Health of the Russian Federation.; 2022.

7 Strachunsky LS, Belousova YuB, Kozlov SN. Obshchie osobennosti
antiinfekcionnyh himiopreparatov [General features of anti-infective
chemotherapy drugs]. A practical guide to anti-infective chemotherapy.
RC “Pharmedinfo”, 2007. — 427 p. Russian

8 Clinical guidelines. Community-acquired pneumonia. Russian
Respiratory Society Interregional Association for Clinical Microbiology
and Antimicrobial Chemotherapy. — 2018. — 97 p. Available from:
https://minzdrav.midural.ru/uploads/clin_recomend%20P®.pdf

Volume X, Issue 3, 2022



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-3-267-277

ted to a greater extent with an increase in the expen-
diture on biological disease modifying antirheumatic
drugs (GEBPs) and anticoagulants. It is also caused by
a restriction in the purchase of expensive antibiotics
in favor of the most affordable ones, rather than a
decrease in the frequency of prescribing antibacterial
drugs. Thus, it was the calculation of the DDDs/100
bed-days indicator, and not the ABC analysis, which
made it possible to evaluate and compare the annual
consumption of antibacterial drugs, regardless of the
dosing regimen, costs, the number of patients treat-
ed, and hospital stays (Fig. 2).

The prescription of antibacterial drugs for the
COVID-19 treatment is a problem not only for the
healthcare of the Russian Federation, but also for the
whole world. Langford B.J. et al. [9] analyzed the data
from 154 studies on COVID-19 antibiotic therapy (30 623
patients). The frequency of antibiotic therapy prescrip-
tion was 74.6% (95% Cl 68.3—-80.0%), which is consis-
tent with the authors’ data. However, only 8.6% (95%
Cl in 4.7-15.2%) of patients in 31 studies had a labora-
tory-confirmed bacterial co-infection. Thus, more than
half of the prescriptions of antibacterial drugs can be
characterized as the prescription of more drugs than the
clinical situation requires.

One of the most likely reasons for the excessive pre-
scription of antibacterial drugs at the beginning of the
COVID-19 pandemic, in the authors’ opinion, may be the
adherence of practitioners to previously recommended
empirical therapy regimens for community-acquired
pneumonia of bacterial etiology. It should be notified
that in 2021, against the background of the widespread
use of immunosuppressants for the treatment of cy-
tokine storm, the risk of infectious complications, the
blurring of the clinical picture of a bacterial infection
and changes in the general blood test while taking GCSs,
a high lethality of patients in hospitals, could serve as
a reason for prescribing antibacterial drugs to patients
with severe COVID-19 without a proven bacterial infec-
tion.

Glucocorticosteroids, GEBPs, janus kinase

inhibitors and cytostatics

The discovery of a hyperimmune response role, or
cytokine storm as the basis for the pathogenesis of an
acute respiratory distress syndrome and a multiorgan
dysfunction in COVID-19 prompted the widely used in
rheumatology anti-inflammatory drugs.

Dexamethasone was notified in 37.5% of physicians’
prescriptions to patients with COVID-19 in 2020 and
91.3% in 2021. Fewer than 5% of prescriptions includ-
ed prednisolone, methylprednisolone, baricitinib, and
cyclophosphamide. GEBPs were prescribed in 3.9% of
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cases in 2020 (tocilizumab, olokizumab, levilimab) and
in 11.6% in 2021 (tocilizumab, olokizumab, levilimab, sa-
rilumab and secukinumab).

Prednisolone, secukinumab, and cyclophosphamide
were not included in the standard COVID-19 treatment
regimens recommended by the Ministry of Health of the
Russian Federation and in force at the time, these drugs
were prescribed?®.

According to the recommendations, janus kinase in-
hibitors (baricitinib) and GEBPs are indicated to patients
with COVID-19 in combination with corticosteroids and
were used in the studied facilities together with dexa-
methasone. In most prescription lists, GEBPs were ad-
ministered to patients with COVID-19 in a single dose,
however, in case of insufficient effectiveness, according
to the recommendations, it was possible to re-adminis-
ter the drug after 12-24 hours.

Despite a low frequency of GEBPs use (Table 1),
the cases of multiple injections, as well as the intro-
duction of cyclophosphamide in patients hospitalized
in the ICUs after GEBPs injections have been identified.
In the case history of one patient, 10 injections of 3
GEBPs were recorded. This fact is considered as poly-
pharmacy.

The active tactics of using immunosuppressive
drugs to treat patients with COVID-19 is triggered by
the paradigm of “cytokine storm”, a condition in which
an overly strong immune response, mediated by over-
produced pro-inflammatory cytokines, causes extensive
lungs damage and a state of thrombosis propensity. Ac-
cordingly, it is assumed that death occurs primarily due
to the inflammatory lungs disease, impaired micro- and
macrocirculation and an eventually respiratory failure or
vascular coagulopathy [10].

In this regard, in real clinical practice, in patients
with a progressive respiratory failure in the absence
of the standard therapy effect, multiple administra-
tions of GEBPs, pulse therapy with corticosteroids,
and cyclophosphamide were used as a kind of “de-
spair” therapy.

However, there are also conflicting views, asso-
ciated with a violation of the immunological defense
mechanism, leading to an uncontrolled virus spread
and organs damage [11]. Despite extensive research
around the world, the pathophysiological proces-
ses that play a critical role in morbidity and mortali-
ty among patients, remain unknown and require fur-
ther clinical studies, including retrospective ones, to
assess the benefit/risk of immunosuppression in pa-
tients with COVID-19.

° Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.
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Omeprazole and antisecretory therapy

According to Rambhade S. et al. [12], one of the
common causes of polypharmacy is a cascade of pre-
scriptions (prescribing cascade), when drugs are pre-
scribed for the treatment or prevention of adverse drug
reactions (ADRs) caused by other drugs. Omeprazole 40
mg daily was used in 73.6% of prescriptions in 2020 and
85.4% in 2021. A high frequency of prescribing antise-
cretory therapy for patients with COVID-19 against the
background of the widespread use of corticosteroids,

anticoagulants, NSAIDs and a high risk of gastrointesti-
nal bleeding was most likely carried out for prophylactic
rather than therapeutic purposes.

Even before the COVID-19 pandemic, retrospec-
tive cohort studies had identified an increased risk of
developing community-acquired and nosocomial kinds
of pneumonia with the use of proton pump inhibitors
(PPIs) [13-15]. Currently, the PPIs intake is considered
by many authors as an independent risk factor for more
severe outcomes in patients with COVID-19 [16-22].

DDDs or PDDs/100 bed-days

Antibacterial drugs
Anticoagulants*
Dexamethasone*
Omeprazole*
Hypotensive drugs
Nsaids
Atorvastatin
Antiplatelet drugs
Mucolytics ME————— 16.6

I 16.3
17.3

Insulins
Antiviral drugs 72

Antihistamines m 26

80.0 100.0 120.0

39.0

47.9

2020 W 2021

Figure 1 — Structure and volume of consumption of the most commonly used drugs and groups of drugs in
patients with COVID-19

Note: * — PDDs were used for calculation
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Figure 2 — Structure and volume of antibacterial drugs consumption in patients with COVID-19
Note: * — PDDs were used for calculation.
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Figure 3 — Structure and volume of hepatotoxic drugs consumption in patients with COVID-19
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Table 1 — Structure and volume of immunosuppressants consumption by patients with COVID-19

Volume of consumption

Doses
INN used for Calculated indicator 2020, 2021,
calculation 3 750 patients 5 130 patients
(45 315 bed-days) (58 439 bed-days)
Dexamethasone 14 mg PDD/100 bed-days 46.5 89.9
Baricitinib 4mg DDD/100 bed-days 0.31 1.1
(PDD coincides with DDD)
Tocilizumab 320 mg SD /100 patients 2.1 0.44
20 mg DDD for RA treatment /100 bed-days 2.8 0.62
Olokizumab 64 mg SD /100 patients 2.1 8.1
Levilimab 324 mg SD /100 patients 0.3 3.8
Sarilumab 200 mg SD /100 patients 14
14.3 mg DDD for RA treatment /100 bed-days 1.7
Secukinumab 300 mg SD /100 patients 0.1
10 mg DDD for RA treatment /100 bed-days 0.26
Prednisolone 1800 mg CK/100 patients 4.4 13.3
Methylprednisolone 2250 mg CK/100 patients 2.6 2.5
Cyclophosphamide 800 mg CK/100 patients 3.9

Note: PDD — prescribed daily dose; DDD — defined daily dose; SD — standard dose per 1 injection for mild and moderate COVID-19; SCD — standard

course dose per 1 patient; RA — rheumatoid arthritis.

H,-histamine blockers may be an alternative to
omeprazole and other PPIs if antisecretory therapy is
required. In small clinical trials early in the pandemic, a
famotidine use was associated with improved COVID-19,
reduced risks of intubation and death [23-26]. Two in
silico studies suggested a direct antiviral effect of famoti-
dine and proposed one of the two SARS-CoV-2 proteas-
es as potential molecular targets [27, 28], but a subse-
quent in vitro study did not confirm this effect [29], and
a meta-analysis did not reveal a significant reduction in
mortality from COVID-19 against the background of fa-
motidine use [30]. Despite the fact that famotidine was
not purchased in infectious disease facilities under study
in 2020 and 2021, the analysis of history cases revealed
the experience of prescribing this drug to the patients
who had started taking it before the admission to hospi-
tal, and a high frequency of recommendations for taking
famotidine when the patient was discharged from hos-
pital.

Mucolytics

The Russian Guidelines on the COVID-19 case
management in the “symptomatic treatment” section
only indicate the possibility of prescribing mucolytics
to patients with bronchitis against the background of
COVID-19, without listing drugs and algorithms.

In September 2020, Olaleye O.A. et al. described the
possibility of using ambroxol, an active metabolite of
bromhexedine, as a blocker of the interaction between
the spike protein of the SARS-CoV-2 virus and the ACE2
receptor and, thus, disrupt the penetration of the virus
into the cell [31], which was subsequently confirmed in
in vitro study [32]. The concentrations of ambroxol sig-
nificantly exceeded the concentrations of drugs in the
blood plasma of patients when it was used in standard
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doses, which does not allow transferring these data to
the clinic. The anti-inflammatory and antioxidant activi-
ties inherent in the mucolytic acetylcysteine, also made
it a good candidate for preventing the development of a
cytokine storm in COVID-19 patients [33]. However, the
results of a large cohort study published in early 2022,
did not prove the ability of acetylcysteine to reduce the
risk of developing ARDS and a severe COVID-19 course
[34].

In 2020, more than a half of medical prescriptions
contained ambroxol, and in 2021, acetylcysteine was
added to ambroxol and used in combination with it.
Moreover, cases of a simultaneous administration of
acetylcysteine under the trade name Fluimucil® (intra-
venously) with tablet forms of ambroxol and acetylcys-
teine under the trade name of ACC® have been iden-
tified. Currently, there are no data in the literature on
the advisability of prescribing combination therapy with
mucolytics to bronchitis patients. Moreover, a number
of authors believe that this may lead to an excessive spu-
tum production [35]. A simultaneous use of parenteral
and oral forms of drugs containing one active substance
is also considered irrational [36].

Hepatotoxic drugs

In the published studies, an impaired liver function
has been reported in 37.2-76.3% of hospitalized patients
with COVID-19. This is a result of many factors, such as
a drug-induced liver injury (DILI), an acute inflammatory
response, and hypoxia associated with a severe respira-
tory distress and ARDS, as well as a possible coronavirus
liver replication [37-40].

A simultaneous intake of several drugs with a poten-
tial hepatotoxicity more often causes a liver damage as a
result of a pharmacodynamic interaction. In internation-
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al'® and Russian databases''? a search was conducted
on the incidence of DILI for all the drugs used in infec-
tious in-patient hospitals in 2020 and 2021.

Among the drugs used in 2020, only 4 (cefopera-
zone/sulbactam, interferon beta, fluconazole, and oloki-
zumab) are the drugs that cause DILI in 10% or more of
patients. In 2021, the drugs with a severe hepatotoxicity
(DILI = 10%) were also joined by remdesevir and sarilum-
ab. The volume of drugs consumption with a severe hep-
atotoxicity was relatively small. However, the total con-
sumption of drugs that cause DILI in 1-10% of patients
(23 drugs in 2020 and 22 drugs in 2021) and 0.1-10%
of patients (12 drugs in 2020, 13 drugs in 2021) were
several times higher than 100 DDDs/100 bed-days. That
was the result of the combined prescription of 2 or more
drugs that can cause a liver dysfunction (Fig. 3). The most
commonly prescribed groups of drugs with hepatotoxic
effects were PPIs, antibacterials, and anticoagulants.
The volume of hepatotoxic antiviral drugs consumption
was 3.8 DDDs/100 bed-days (lopinavir/ritonavir and fa-
vipiravir) in 2020 and 1.8 DDDs/100 bed-days (favipiravir
and remdesavir) in 2021.

CONCLUSION

In 2020, the healthcare system of the Russian Fed-
eration and the world faced a pandemic of a new rapidly
spreading infection. The deficiency of drugs with proven
efficacy, proven treatment algorithms, high mortality of pa-

tients in the hospital forced practitioners to use all available
means to save patients’ lives, which inevitably led to poly-
pharmacy. It should be remembered that the prescription
of a great number of drugs can lead not so much to the
desired increase in the effectiveness of therapy, as to the
development of ADRs and an increase in the economic bur-
den. The prescription of antibacterial drugs, omeprazole,
mucolytics, hepatotoxic drugs, immunosuppressants in the
infectious disease facilities of hospitals should be limited
and carried out under the supervision of a clinical phar-
macologist. The Russian Guidelines on the COVID-19 case
management in the “symptomatic treatment” section.
The latest versions of the Russian Guidelines of
the Ministry of Health of the Russian Federation on the
COVID-19 case management contain clear criteria for
prescribing antibiotic therapy, compliance with which
will reduce the unreasonable prescription of this group
of drugs. If antisecretory therapy is needed, considering
famotidine, a drug that does not adversely affect the
course of COVID-19, unlike omeprazole, and causes DILI
with a lower incidence (<0.1%), is recommended. The
routine use of mucolytics in patients with COVID-19, es-
pecially combined ones, should be used only in case of
sputum that is difficult to separate. The prescription of
combined immunosuppressive therapy with the use of
multiple GEBPs injections, pulse therapy with corticoste-
roids, cyclophosphamide is currently unreasonable, and
further retrospective clinical studies are required.
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