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Abstract

COVID-19 infected patients typically
present with vital organ impairments including
kidney impairment. Therefore, renal function
assessment should be concerned when anti-
COVID-19 drugs are prescribed. This review was
aimed to gather the pharmacokinetic studies,
case reports, clinical studies and physicoche-
mical properties of drug used in the COVID-19
infection and recommend drug dosing regimens
in patients with renal impairment and recei-
ving intermittent and continuous renal replace-
ment therapy. A literature search was per-
formed using PubMed. All selected publications
focused on anti-COVID-19 drugs were ¢athered
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and reviewed, but no standard dosing recom-
mendations for these vulnerable patients exist.
As there are very few studies of these drugs,
all previously published relevant articles were
gathered. Dosing recommendations of 4 anti-
COVID-19 drug, favipiravir, remdesivir, lopinavir/
ritonavir and dexamethasone were then pro-
posed with the objectives that the appropriate
drug dosing and administration would enhance
the efficacy and reduce a chance of occurring

adverse events of anti-COVID-19 drugs.
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ffimvihanuvedlaunnses ufsnsldunsn
naunuladdndn eg1dlsing s1eemun1slden rem-
desivir lufthelsalaidefuarlomeidoundu
faffUnenenidendeiadedlaiisuile uruinen
Und ladwunsifisduvessedu creatinine Tuiden
yiomafnfiusafuogesuuss (A1 ALT s
11nN31 5 W) uenaniu deyanianduan-
ansveanslien remdesivir lugftheildiuns
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Ieuszanafesay 50 vazflen remdesivir gnivasu
anmluidununueladegrasiasineurinisven
Bonsnaniadladfion auflssdveludonsinit 1
wlundudefiadans fuy Ssaunsaaslenans
azanues GS-441524 Tugfthewenidenselaiasle
LﬁEJlIVLG?]/ 25,34,35

faugndeludinisAnvimandvaauaigns
¥9381 remdesivir Tugflhefildunsirtanauny
nagnseiiios utanauautRiMaeTfiEndvesenil
Tumsieil 1 wud Memagnidasenainmstrlin
vaunulnesasoiliosls ey wndnsiusas
nslavesansintunsiidanaunulnegseries
g1afiausndudeafivvuineinusnsinisiva
YN

ognslsfinny  LenansiAveuaz Ty
vsdudsadlsinugaihnsld remdesivir Tugiaedd
nsvinuredlatesni 30 daddnsdeuniise 1.73
s esnflanudnaesnnulasas
InnsazauveaLLuslaguesen remdesivir @9

v a 124,36

gellvoyaludaauludagdu™® wiaindeyanis
Torilunquitasfifinisinuvesaunniess
fufinnsaneudssnnisiadie COVID-19
lenmafinenistufisUszasdannislden remde-
sivir Tugtheifinsiauvedlaanaduynszduuas
Huheildsunswenidenseieiodlaiion Jauuzi
mslden remdesivir Tunsaifidevaldeduvie
COVID-19

dniudUleniinisvinuveddaunnies laguuzid

Tylaunsaenduumaknulunissnw

Tildeluruaund (Judl 1 vesnsSneluwun 200
Jadnsu aviaendene) wagiusoulieluug
100 fadn3a Mevaondens Juay 1 A% warll
Fesufuruneluieiinmsvihanuveslaunmses
wazftaerlonidendeiniedlaiion  Tunsdiinig
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Lopinavir/ritonavir

81 lopinavir/ritonavir  Jxaluanavifiu
628.80 Uay 720.95 nfuselua MUAU UMY
aru1salun1sdvlusiuasunnuaznsegatgally
$19018led (115197 1) A1TINUNUeATUYIYN
lopinavir/ritonavir WAntuiidududnilug wuiily
nsfndnen lopinavir tu $osas 83 andueennig
9995 Uazilifieslovay 10 eenvnelaanie lu
Frunuilfosay 3 gnidaeenlusUifnmatiaans
Yzl ritonavir gnitdneennnagnsEosas
86 waznlaaniziosar 11 uazeanltuguiiulu
Jaaneiieafosas 4° anAmsadvaaueans
Y9981 lopinavir k@ ritonavir azuleI1 B1gn
mdneanniulaasuin vinlvnslden lopinavir/
ritonavir  Tugtheifnsihauvedlaunnses Tl
Sududesusvamnelugvasnguilunnszesves
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AMSANYIMIUNFTIAUAIARSUDIYT  lopina-
vir/ritonavir luns¥nwngithelsafiade HIV aun
400/100 fadndy Yuaz 2 A% S1uaw 13 510 AlA
Sumswendensaniadlafion® wuin nszuiu
n1srenidendlindodlafioudsnanon1ndy-
QUPFIENIVOYY  lopinavir/ritonavir  kazA1ITU
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(Pandasannienalsnaneay 24-37)

dNIINIINTBY
HUNARLNDIAE

YUINYINLLULUN

AU8LYR

« 170071 30 Uadans
AaUT

« 48NN 30 Nadans
AUT

JUN 1: 200 HAANTU N9VADALADAR
Jusaun: 100 Uaansy N9viaenLaanm
JUATYAT

TdwugilvldlugUleniinisvine
Ypalnanal warniveulunisigen
d‘ Gl 1 d‘ ¥
dunselianusarenduumaknule
aunsabiluruinung tudndudealsu

AISAAMIUIZAU alanine amino-
transferase (ALT) Tuidonvniu
sewisldend wnmusedu ALT
11007 5 WUDIAUNR AT
WA UUAVDINSINARUDNLEAY
wasUszdfiulselovinasanudes
Usznaunisendulainagldense

YUINYT*
- qihgrleniionsiy
w3oslafien (inter-
mittent hemodialy-
sis, IHD)
YUINY*
- {theiildsunisinga
NALVULADE1RD
{los (continuous
renal replacement

therapy, CRRT) YUINY*

TdwugilvldlugUleniinisvie
Ypalnanal wavnideulunisigen
d‘ Gl 1 d‘ ¥
dunselianusarenduumaknule
aunsabiluruinung tudndudaalsu

TdwugilvldlugUleniinisvineu
Ypalnanal wavnideulunisigen
d‘ Gl 1 d‘ 4
dunselianusarenduumaknule
ausabiluruinung tudndudaalsu

A N ..
WIBDINIDUYNYT remdesivir

B An1SUSINSENRsIiuaInen
@9 (IHD) huzinlAusSuIseras

& @

NONLADALAT

. Lisndudedivuinenasy was
NonwiannieLA3IaalaLiies (IHD)

" ylY effluent flow rate Tunns
¥i1 CRRT 7igetu o1admnud iy
AoaNLTUINe1IAY effluent flow

rate

* srgazidesiuAuluunaI

f\TWLﬁuﬁaqﬂ%’umuwmaﬂuﬁﬂwmmﬁamﬁwLﬂ%ﬂm
Fenfild¥uen lopinavir/ritonavir uagnanidsdnis
Tenifuas 1 a%a Saufuladfirusdugosiuun
gNASUAIENEa1Inn1senEonsasLAIalafioy
pg1alsAmy SaldfinsAnwiniandvaauaians
29481 lopinavir/ritonavir Iuﬁﬂwﬁlﬁ%’umiﬁwﬁ’m
nounulnegenaies
dmsuanutasanulunislden lopinavir/
ritonavir lun15$n¥1n1sAAIEe COVID-19 1S
Anw1999 Binois wavAuefildsIusIunsaAnwnTidl

msldenilunsinwinsende  COVID-19 shuu
8 518 wasiiannglanedeundussey 2-3 A1
MEINISNYINSAATE COVID-19 Feen lopina-
vir/ritonavir kagdlgiediuiy 2 srefidadldsunis
Undanaunulaainnislasunissnwiaig lopinavir/
ritonavir WU11 N30 Llopinavir/ritonavir A3
Fuiusronainnnylanedeundy  deamgns
[ARe19N9NTaNISAaEe COVID-19 waznsiden
lopinavir/ritonavir sauAuUluN1T5AEY Fou A
AnsAnANNNISYIIuYeTlaeg19lnaTarIniiay
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amnudsdlunisinniiglanedsunduresiae
fewsuen Tnglvien lopinavir/ritonavir Tuvwiaun@
Lidndusosuivruaelugtieifinsvhanuvesls
unmsas flhevlenidendeiadeslaiion wagiiae
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Dexamethasone
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Tl ndudaslivuinen
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- fthevenidenseiadasinidion
(intermittent hemodialysis, IHD)
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9g19M8L1a4 (continuous renal

replacement therapy, CRRT)
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Suay 2 A

Trvunerunid ldsdudesusu
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$hwinishaide COVID-19 itelnnsdnuniluseans-
ngege wazgUieliiineinislufiaUseadainnis
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Tvuseund ldsndudpaususuinen
uUIne1UNR Ao 6 Naansuseiu wazli

Tisndusadlivuinen
LESUNRINBNLEDARN Y
wIoalaiiey (IHD)

Tvueeund ldsndudaaususuinen

WLYUIREIINYUIReNUNE L HuSeuay
110 siaFulutanlasunisindanawnule

288

Charoensareerat T, Chaijamorn W



’Jﬁﬁ’]’imﬁ’sﬂﬂﬁﬂiﬁv\lﬂ’m’la
U7 31 aUu? 3 n.9.-6.A. 2564:278-291

TIN5 UAgULUAINISS NWNAINARDLNEVAUAANS

LONEI591989

1. Horie S, McNicholas B, Rezoagli E, Pham T, Curley G,
McAuley D, et al. Emerging pharmacological thera-
pies for ARDS: COVID-19 and beyond. Intensive Care
Med. 2020;46(12):2265-83.

2. NFUNITHANE NTENTIIAFITUFY. WWINIITUUR
n53ladY Quasnw wazdestunisinidelulsmenuia
nsdlnndelalelsun 2019 (COVID-19) dwSuunng
LAzYAANNTAN51SAEY (ATUUSUUTS Tudl 4 Aama
WA 2564) [3Ra13]. UUNUS: NTENTNATITUAT; 2564.

3. Li X, Ma X. Acute respiratory failure in COVID-19: Is it
“typical” ARDS? Crit Care. 2020;24(1):198.

4. Namendys-Silva SA. ECMO for ARDS due to COVID-19.
Heart Lung. 2020;49(4):348-9.

5. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al.
Clinical characteristics of 138 hospitalized patients
with 2019 novel coronavirus—infected pneumonia in
Wuhan, China. JAMA. 2020;323(11):1061-9.

6. Silver SA, Beaubien-Souligny W, Shah PS, Harel S,
Blum D, Kishibe T, et al. The prevalence of acute
kidney injury in patients hospitalized with COVID-19
infection: A systematic review and meta-analysis.
Kidney Med. 2021;3(1):83-98.e1. doi: 10.1016/j.xkme.
2020.11.008.

7. Yang X, Jin Y, Li R, Zhang Z, Sun R, Chen D. Preva-
lence and impact of acute renal impairment on
COVID-19: A systematic review and meta-analysis.
Crit Care. 2020;24(1):356.

8. Livornese LL, Slavin D, Gilbert B, Robbins P, Santoro
J. Use of antibacterial agents in renal failure. Infect
Dis Clin N Am. 2004;18:551-79.

9. Matzke GR, Frye RF. Drug therapy individualization
for patients with renal insufficiency. In: Dipiro JT, Tal-
bert RL, Yee GC, editors. Pharmacotherapy: A patho-
physiologic approach, 7th ed. New York: McGraw-
Hill; 2008. p. 833-44.

10. Heintz BH, Matzke GR, Dager WE. Antimicrobial do-

sing concepts and recommendations for critically ill

5T WIgedTmd, 33

AsUSUBRIREIS N lsAReLEe COVID-19

Tugdheninshnuvedaunnseuaglisunmsundanauwnule

¥99ele

adult patients receiving continuous renal replace-
ment therapy or intermittent hemodialysis. Pharma-
cotherapy. 2009;29:562-77.

11. Matzke GR, Comstock TJ. Influence of renal function
and dialysis on drug disposition. In: Burton ME, Shaw
LM, Schentag JJ, Evans WE, editors. Applied phar-
macokinetics and pharmacodynamics. Philadelphia:
Lippincott Williams & Wilkins; 2006. p. 187-212.

12.Nolin TD. Altered nonrenal drug clearance in ESRD.
Curr Opin Nephrol Hypertens. 2008;17:555-9.

13.35% lweaws. wdyiidalunzlaialsnd. ngamne:
Useanvuy; 2561.

14. Kidney Disease: Improving Global Outcomes (KDIGO)
Acute Kidney Injury Work Group. KDIGO clinical prac-
tice guideline for acute kidney injury. Kidney inter
Suppl. 2012;2:1-138.

15. Legrand M, Darmon M, Joannidis M, Payen D. Ma-
nagement of renal replacement therapy in ICU
patients: An international survey. Intensive Care
Med. 2013;39(1):101-8.

16. Chaijamorn W, Rungkitwattanakul D, Nuchtavorn N,
Charoensareerat T, Pattharachayakul S, Sirikun W,
et al. Antiviral dosing modification for Coronavirus
disease 2019-infected patients receiving extracorpo-
real therapy. Crit Care Explor. 2020;2(10):e0242. doi:
10.1097/CCE.0000000000000242

17.Marra F, Smolders EJ, El-Sherif O, Boyle A, David-
son K, Sommerville AJ, et al. Recommendations
for dosing of repurposed COVID-19 medications in
patients with renal and hepatic impairment. Drugs R
D. 2021;21(1):9-27.

18. Avigan [internet]. Report on the deliberation results
and Review Report. Pharmaceutical and Medical
devices agency. 2014 [cited 2021 April 20]. Available
from https://www.pmda.go.jp/files/000210319.pdf

19.Nguyen TH, Gued] J, Anglaret X, Laouénan C, Mad-
elain V, Taburet AM, et al. Favipiravir pharmacokine

tics in Ebola-infected patients of the JIKI trial reveals

e lvganus

© 289 °



Drug Dosing Adjustment for COVID-19 in Patients with

Kidney Impairment and Receiving Renal Replacement Therapy

concentrations lower than targeted. PLoS Negl
Trop Dis. 2017;11(2):e0005389. doi: 10.1371/journal.
pntd.0005389.

20.Koshi E, Saito S, Okazaki M, Toyama Y, Ishimoto T,
Kosugi T, et al. Efficacy of favipiravir for an end stage
renal disease patient on maintenance hemodialysis
infected with novel coronavirus disease 2019. CEN
Case Rep. 2021;10(1):126-31.

21. Hirai D, Yamashita D, Seta K. Favipiravir for COVID-19
in a patient on hemodialysis. Am J Kidney Dis. 2021;
77(1):153-4.

22.Favié LM, Murk JL, Meijer A, Nijstad AL, van Maarse-
veen EM, Sikma MA. Pharmacokinetics of favipiravir
during continuous venovenous haemofiltration in
a critically ill patient with influenza. Antivir Ther.
2018;23(5):457-61.

23. ngundunsgauagUaslsale  aunAundnssulsame-
s (Usewalvy). nsusurwnen favipiravir lugUae
AfnsiauveslaunnsosuazUieildsunsinde
Vlﬁ]LWlulG] [ﬁ;af{‘ﬂﬂ. NIWNWUNTUAT: AUAULNFUATIH
Tsanenuna (Usewmdlne); 2564.

24. VEKLURY® (remdesivir) [package insert]. Foster City,
CA: Gilead Sciences, Inc.; 2020.

25.Lé MP, Le Hingrat Q, Jaquet P, Wicky PH, Bunel V,
Massias L, et al. Removal of remdesivir’s metabolite
GS-441524 by hemodialysis in a double lung trans-
plant recipient with COVID-19. Antimicrob Agents
Chemother. 2020;64(11):e01521-20. doi: 10.1128/
AAC.01521-20

26. Lexicomp. (n.d.).
UpToDate. [cited 2021 April 20]. Available from:

https://www.uptodate.com/contents/remde-

Remdesivir:  Drug information.

sivir-drug-information

27.Adamsick ML, Gandhi RG, Bidell MR, Elshaboury
RH, Bhattacharyya RP, Kim AY, et al. Remdesivir in
patients with acute or chronic kidney disease and
COVID-19. J Am Soc Nephrol. 2020;31(7):1384-6.

28. Background review for cyclodextrins used as excipi-
ents [internet]. London: European Medicines Agency;
2014 [cited 2021 April 20]. Available from https://

www.ema.europa.eu/en/documents/report/back-

Thai Journal of Hospital Pharmacy
Vol 31 No 3 Sep-Dec 2021:278-291

ground-review-cyclodextrins-used-excipients-con-
text-revision-guideline-excipients-label-package
en.pdf

29. Fact sheet for healthcare providers emergency use
authorization (EUA) of remdesivir [internet]. USA:
The U.S. Food and Drug Administration (FDA); 2020
[cited 2021 April 20]. Available from https://www.
nursingworld.org/~49e5d3/globalassets/covid19/
remdessivir-fact-sheet-health-care-providers.pdf

30. Ackley TW, McManus D, Topal JE, Cicali B, Shah SA. A
valid warning or clinical lore: An evaluation of safety
outcomes of remdesivir in patients with impaired
renal function from a multicenter matched cohort.
Antimicrob Agents Chemother. 2021;65(2):e02290-
20. doi: 10.1128/AAC.02290-20.

31. Estiverne C, Strohbehn IA, Mithani Z, Hirsch JS, Wan-
choo R, Goyal PG, et al. Remdesivir in patients with
estimated GFR <30 mU/min per 1.73 m” or on renal
replacement therapy. Kidney Int Rep. 2021;6(3):835-
8.

32.Pettit NN, Pisano J, Neuyen CT, Lew AK, Hazra A,
Sherer R, et al. Remdesivir use in the setting of
severe renal impairment: A theoretical concern or
real risk? Clin Infect Dis. 2021;73(11):23990-e3995.
doi: 10.1093/cid/ciaa1851.

33.Thakare S, Gandhi C, Modi T, Bose S, Deb S, Saxena
N, et al. Safety of remdesivir in patients with acute
kidney injury or CKD. Kidney Int Rep. 2021;6(1):206-
10.

34.Davis MR, Pham CU, Cies JJ.

GS-441524 plasma concentrations in patients with

Remdesivir and

end-stage renal disease on haemodialysis. J Antimi-
crob Chemother. 2021;76:822-5.

35.S6rgel F, Malin JJ, Hagmann H, Kinzig M, Bilal M,
Eichenauer DA, et al. Pharmacokinetics of remdesivir
in a COVID-19 patient with end-stage renal disease
on intermittent haemodialysis. J Antimicrob Chemo-
ther. 2021;76(3):825-7.

36. Gevers S, Welink J, van Nieuwkoop C. Remdesivir in
COVID-19 patients with impaired renal function. J
Am Soc Nephrol. 2021;32:518-9.

290 Charoensareerat T, Chaijamorn W



’Jﬁﬁ’]’imﬁ’sﬂﬂﬁﬂiﬁv\lﬂ’m’la
U7 31 aUu? 3 n.9.-6.A. 2564:278-291

37.

38.

39.

40.

naundnsauadtielsale  autpundynssulsamen-
s (Uszwmelng). n1suSurune remdesivir lugiae
ﬁﬁﬂ’liﬁ’]ﬂ’]u%aﬂlWUﬂwﬁadLLa%W:Jﬂ’JEJﬁIéJ%’Uﬂ’]iﬂ’]ﬂJG]
VIWLLVIUIGI. [ﬁ!ﬁﬁ’]ﬁ]. ﬂ?ﬂW]WNV’]uﬂi: AUNAULNFUATIH
Tsanenuna (Usewmalne); 2564.

Lexicomp. (n.d.). Lopinavir/ritonavir: Drug infor-
mation. UpToDate. [cited 2021 April 20]. Available
from: https://www.uptodate.com/contents/lopina-
vir-and-ritonavir-drug-information

Gupta SK, Rosenkranz SL, Cramer YS, Koletar SL,
Szczech LA, Amorosa V, et al. The pharmacokinetics
and pharmacogenomics of efavirenz and lopinavir/
ritonavir in HIV-infected persons requiring hemodial-
ysis. AIDS. 2008;22(15):1919-27.

Binois Y, Hachad H, Salem JE, Charpentier J, Leb-
run-Vignes B, Péne F, et al. Acute kidney injury

5T WIgedTmd, 33

AsUSUBRIREIS N lsAReLEe COVID-19

Tugdheninshnuvedaunnseuaglisunmsundanauwnule

associated with lopinavir/ritonavir combined ther-
apy in patients with COVID-19. Kidney Int Rep.
2020;5(10):1787-90.

41. Lexicomp. (n.d.). Dexamethasone: Drug information.

UpToDate. [cited 2021 April 20]. Available from:
https://www.uptodate.com/contents/dexametha-

sone-systemic-drug-information

42. Krieter DH, Devine E, Wanner C, Storr M, Krause B,

Lemke HD. Clearance of drugs for multiple myeloma
therapy during in vitro high-cutoff hemodialysis. Artif
Organs. 2014;38(10):888-93.

43.Honoré PM, Jacobs R, De Waele E, De Regt J, Rose

T, Van Gorp V, et al. What do we know about ste-
roids metabolism and ‘PK/PD approach’ in AKI and
CKD especially while on RRT-current status in 2014.
Blood Purif. 2014;38(2):154-7.

e lvganus

© 291 ¢



Thai Journal of Hospital Pharmacy
Vol 31 No 3 Sep - Dec 2021

o &
ATYLLAY
msl,ﬁuazawmi'aaﬁmmsﬁn‘msiaLﬁaemnuwmm%'\mﬂm'ﬁmimé'ﬁmssuiiaw&nma

1. MussaduanidnvesdanAundunssulsmenuia (UiBLVIﬂI‘Vl?J)

anunsnatnsaunInla: https://www.thaihp.org

2. viuanusan luwuunegauLiie L AuAL aNNUI8ANNITAN IR 8L 09U IUNANNIVIN1TTTat LA 7l

Auledves  gudnisfineselles  anundsnssy  www.ccpe.pharmacycouncilorg  ngseuiauiily

Usgnauindn uag siasunlasuatnanindunssy mnvimdrsian il Weasedwiivesrud
nsAnwraloamandymans annd¥nssw)

fugmsAnudaidainuindusmans )
Center for Continuing Pharmaceutical Education & cal conter cepe@pharmacycouncil.org

ndsn s:uumsAnudoltoinindggmans

REELTEY . P
nsondoyalboidgs:uu

JoUiAuliazus:nAyal

- Lauvituilsznaun
Aug

sWeriTu
nisUszgudains
© ndunsiLifsiasiuannsaasmadaunasusfarnuldafiivladanindunss

unA2IW3TINS
11§s:uu
1Jds:uu

dadoisa

ntulmdldluiide  “unenudvnis’  wazdendeanivunanidy  “auaundunssulsanenuna
Uszwdlne)” vsanundaEesunanylutasmaum

Haisn unAMUIYINIS

INEAUIS) anamadnnssuisenanna (Usame’ v | ddun sitdauuna ANSIHEUNSINAIY - m

gaulAuia:Us:MAua) HounaAnu HU2sAn Junsusa) JuikuoaTy

Aug

[ PSRV R S S P b e LR L T A = B w ~ nErE
!
=

Wenuvunauivinudents idillluseazdeavesunanng Fuiussnudy “Suviwuunagay” ¥
dawamhiuled Wnadudanaiterdngnisiuuunegeusiely

& ondisanunAdIy ISunMIUuUNO&aY

3. yihuazdesmaudanildgniasiesay 70 July FeaeldTumheinnsAnuidaidomesunany edaya
fanamilaggnandgsruugudeyavesanindunssy  vhuannsonsdeUazuLUBRARNIAnY e
Jodldiudt mnmeufanuldliinsunsinmst vhuasnsodisvhuuumageuvesunauEldBnaundy
NN

© 292 ¢



