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Abstract Background: Remdesivir has been used to treat severe coronavirus 2019 (COVID-
19); however, its safety and effectiveness in patients remain unclear. This study aimed to
investigate the safety and effectiveness of remdesivir in patients with COVID-19 with end-
stage renal disease (ESRD).
Methods: This retrospective study used the Chang Gung Research Database (CGRD) and ex-
tracted data from 21,621 adult patients with COVID-19 diagnosed between April 2021 and
September 2022. The patients were divided into groups based on their remdesivir use and
the presence of ESRD. The adverse effects of remdesivir and their outcomes were analyzed af-
ter propensity score matching.
Results: To compare the adverse effects of remdesivir, propensity scores were used for one-to-
one matching between patients with and without ESRD treated with remdesivir (N Z 110).
There were no statistically significant differences in heart rates, blood glucose levels, varia-
tions in hemoglobin levels before and after remdesivir use, or liver function between the
two groups after remdesivir use. A comparison was made between patients with ESRD using re-
mdesivir and those not using remdesivir after propensity score matching (N Z 44). Although a
shorter length of stay (LOS), lower intensive care unit (ICU) admission rate, and lower intuba-
tion rate were noted in the ESRD group treated with remdesivir, the difference was not statis-
tically significant.
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Conclusion: Remdesivir is safe for use in patients with COVID-19 and ESRD; no increased
adverse effects were noted compared with patients without ESRD. However, the effectiveness
of remdesivir use in patients with COVID-19 and ESRD remains uncertain.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), also referred to as coronavirus 2019 (COVID-19),
rapidly spread worldwide and lead to a global pandemic by
the end of 2019. Most individuals infected with the virus
experience mild-to-moderate respiratory illnesses and
recover without requiring specific treatment.1 However,
older adults and individuals with underlying conditions
such as cardiovascular disease, diabetes, chronic respira-
tory diseases, kidney disease, or cancer are more suscep-
tible to severe illness with COVID-19.2,3 Based on data
from the World Health Organization (WHO), as of June 7,
2023, over 6.9 million individuals have died from COVID-19
worldwide.4

Remdesivir is an RNA-dependent polymerase inhibitor,
and previous studies have demonstrated its effectiveness
in reducing recovery time and lowering respiratory tract
symptoms in patients with COVID-19.5e7 Guidelines
established by the Infectious Diseases Society of America
(IDSA) and the National Institutes of Health (NIH) also
recommend the use of remdesivir in patients with severe
COVID-19.8,9 Although remdesivir has been shown to be
effective in treating COVID-19, it is known to have side
effects, including nausea, vomiting, elevated trans-
aminase levels, anemia, hyperglycemia, and in some
cases, bradycardia.2,5,6

For patients with end-stage renal disease (ESRD), severe
COVID-19 is more common and the mortality rate can be as
high as 25e30 %.10,11 Remdesivir may play a role in the
treatment of patients with COVID-19 and ESRD; however,
there are limited data regarding the effectiveness and
safety of remdesivir use in patients with ESRD. Our study
aimed to investigate the safety of remdesivir use in patients
with COVID-19 and ESRD by determining the occurrence of
side effects. We also aimed to determine the effectiveness
of remdesivir treatment in patients with COVID-19 with
ESRD.

Methods

Study design

This retrospective study used the data from the Chang Gung
Research Database (CGRD). The CGRD is a de-identified
database derived from the medical records of Chang Gung
Memorial Hospital (CGMH). Established in 1976, the CGMH
is currently the largest healthcare system in Taiwan,
comprising seven medical institutions distributed across the
northeastern and southern regions. Collectively, they pro-
vide 10,070 beds and treat more than 280,000 patients
annually.12 The study was approved by the institutional
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review board of the Chang-Gung Memorial Hospital, Taiwan
(IRB no. 202201848B0).

Study setting and population

In Taiwan, due to the reimbursement conditions set by the
National Health Insurance, the use of remdesivir is limited
to patients with severe COVID-19, including those requiring
oxygen therapy or with evidence of pneumonia on chest X-
rays.13 The recommended treatment regimen is a 5-
d course of remdesivir, and it is advised to be used in
combination with dexamethasone.

Data of patients who visited the emergency department
(ED) and were diagnosed with COVID-19 between April 2021
and September 2022 were retrieved from the CGRD. Pa-
tients aged <18 years and those who did not require hos-
pitalization were excluded. Basic demographic data of the
patients, including age, sex, initial vital signs, laboratory
data, and underlying diseases, were collected. Data on
treatment course and prognosis, including length of stay
(LOS), mortality, intubation, and intensive care unit (ICU)
admission, were also retrieved. The severity and risk of the
patients were assessed by using WHO ordinal scale and
inflammation risk categories.14,15 The patients were also
classified as different outbreak periods of virus variants
including alpha, delta, and omicron. The alpha, delta, and
omicron variant outbreak were defined as the time period
before June 30, 2021, the period between July 1, 2021 to
December 31, 2021, and the period after January 1, 2022
separately according to reports of virus sequencing by
Taiwan centers of Disease Control (CDC).

The patients were divided into four groups based on
whether they received renal replacement therapy (RRT) or
were treated with remdesivir.

Outcome assessment

To analyze the safety of remdesivir in patients with ESRD,
we compared common side effects of remdesivir, including
bradycardia, anemia, and elevated liver function.2,5,6

Primary outcomes after remdesivir use, including varia-
tions in heart rate, glucose level, hemoglobin level, and
liver function, were compared between patients with and
without ESRD.

For the analysis of therapeutic effects of remdesivir in
patients with ESRD, the patients with a “do not resuscitate
(DNR)” order were excluded since the prognosis could be
affected if the patient or family did not receive resuscita-
tion including intubation, inotropic agents, or other inva-
sive treatment. According to the treatment guideline and
criteria of using remdesivir in COVID-19 patients, the pro-
portion of oxygen and steroid use could be different
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between patients receiving remdesivir or not, so the
covariates including oxygen and dexamethasone use were
adjusted during the analysis of therapeutic effects of
remdesivir. The outcome was assessed by comparing the
treatment course, intubation rate, ICU admission, and
mortality between patients with ESRD who received
remdesivir and those who did not.

Statistical analysis

Data analysis was performed using IBM SPSS Statistics for
Windows (version 24.0; IBM Corp., Armonk, NY, USA). To
minimize bias caused by individual differences, we con-
ducted one-to-one matching using propensity scores. To
compare the side effects of remdesivir, we matched pa-
tients with and without ESRD who received remdesivir. To
compare the effectiveness of remdesivir in patients with
ESRD, we matched patients with ESRD who received
remdesivir with patients with ESRD who did not receive
remdesivir. The covariates included in the logistic regres-
sion model were age, sex, and the Charlson Comorbidity
Index (CCI). The collected patient data were compared
using the Student’s t-test and Welch’s t-test for continuous
variables and Pearson’s chi-square test for categorical
variables. Statistical significance was set at p < 0.05.

Results

A total of 98,763 patients with COVID-19 confirmed be-
tween April 2021 and September 2022 were included in the
CGRD database (Fig. 1). After excluding patients aged <18
years and those who did not require hospitalization, 21,621
adult patients with COVID-19 were admitted to hospitals.
Patients were categorized into four groups based on the use
of remdesivir, with or without ESRD: (1) patients without
ESRD with remdesivir use (N Z 937), (2) patients without
ESRD without remdesivir use (NZ 18,513), (3) patients with
ESRD with remdesivir use (N Z 110), and (4) patients with
ESRD without remdesivir use (N Z 2061).

Table 1 presents the data of patients with and without
ESRD treated with remdesivir. Patients with ESRD had a
higher rate of underlying diseases, including cardiovascular
disease (17.27 % vs. 5.66 %, p < 0.001), hypertension (90 %
vs. 60.51 %, p < 0.001), congestive heart failure (42.73 % vs.
16.65 %, p < 0.001), chronic liver disease (24.55 % vs.
12.59 %, p Z 0.001), and diabetes (63.64 % vs. 39.49 %,
p < 0.001). Patients with ESRD were younger (71.15 vs.
74.63 years, p Z 0.252) and had lower hemoglobin levels
(10.01 vs. 12.06 g/dL, p < 0.001), higher C-reactive protein
(CRP) levels (93.48 vs. 68.27 mg/L, p Z 0.023), longer LOS
(13.31 vs. 10.2 d, p Z 0.015), and higher mortality rates
(20 % vs. 10.67 %, p Z 0.006). The WHO ordinal scale was
similar in both groups (4 vs. 4, p Z 0.807), but the patients
with ESRD had higher proportion of high inflammation risk
(62.73 % vs. 42.69 %, p < 0.001). Most patients of both
groups were admitted during outbreak of omicron variant.

To compare the side effects of remdesivir, propensity
scores were used for one-to-one matching between pa-
tients with and without ESRD treated with remdesivir
(N Z 110) (Table 2). There were no statistically significant
differences in heart rates (84.39 vs. 85.87, beats/min,
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p Z 0.561) or blood glucose levels (163.86 vs. 88.75 mg/dL,
p Z 0.083) between the two groups after remdesivir use.
Patients with ESRD had lower initial hemoglobin levels
(10.01 vs. 11.58 g/dL, p < 0.001), but no statistically sig-
nificant difference was found in variation of hemoglobin
levels before and after remdesivir use (�0.3 vs. 0.05,
p Z 0.323). For liver function, no significant difference was
observed between the two groups (0.43 vs. 0.86 mg/dL,
0.294); however, lower alanine transaminase (ALT) levels
were noted in patients with ESRD after remdesivir use
(19.08 vs. 51.71 U/L, p Z 0.038).

The effectiveness of remdesivir in patients with ESRD
and COVID-19 was analyzed after excluding patients with a
“do not resuscitate (DNR)” order (Table 3). The ESRD group
treated with remdesivir had a higher proportion of patients
receiving dexamethasone (62 vs. 3.88 %, p < 0.001) and
oxygen therapy (70 vs. 41.29 %, p Z 0.001). Comparisons
were performed between patients with ESRD using remde-
sivir and those not receiving remdesivir after propensity
score matching based on sex, age, vital signs, oxygen use,
and dexamethasone use (N Z 44) (Table 4). Among the
matched patients, shorter LOS (12.49 vs. 15.15 d,
p Z 0.266), lower ICU admission rate (13.64 vs. 29.55 %,
p Z 0.120), and lower intubation rate (15.91 vs. 31.82 %,
p Z 0.134) was observed in the patient group using
remdesivir; however, no significant difference was found.
There was also no significant difference in mortality be-
tween the two groups (p Z 0.5).
Discussion

Although data from randomized trials have not consistently
shown the clinical benefits of remdesivir in patients with
COVID-19, some multinational clinical trials reported ben-
efits in specific subgroups, such as shorter recovery time,
reduced need for mechanical ventilation, and decreased
mortality rates.16 The Adaptive COVID-19 Treatment Trial
(ACTT-1) indicated that patients with severe COVID-19
treated with remdesivir had a shorter recovery time,
leading to emergency-use authorization (EUA) by the U.S.
Food and Drug Administration (FDA) on May 1, 2020.5 In the
subsequent WHO-sponsored multinational SOLIDARITY trial,
there was a minimal and statistically insignificant differ-
ence in the overall 28-d mortality rate. However, remde-
sivir reduced the need for intubation in patients not
receiving mechanical ventilation.17 Similar results were
observed in the DisCoVeRy trial, in which remdesivir
significantly delayed the need for new mechanical venti-
lation or extracorporeal membrane oxygenation (ECMO) in
a subset of randomly assigned participants without me-
chanical ventilation or ECMO support.18 Currently, the
guidelines from the National Institutes of Health (NIH)
recommend the use of remdesivir for treating patients with
severe COVID-19.8,9 Although remdesivir has become an
important therapy for COVID-19, there is insufficient evi-
dence regarding its use in patients with renal insufficiency,
especially those with ESRD. Our study provides real-world
data on the use of remdesivir in patients with ESRD.

In previous studies, the common adverse effects asso-
ciated with remdesivir treatment included fever, anemia,
hyperglycemia, and abnormal liver function.5 Case reports



Figure 1. Flow diagram of patient selection.
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have also reported bradycardia following the use of
remdesivir.2,19 Our study revealed that patients with ESRD
did not experience more adverse effects to remdesivir than
did patients without ESRD after a 5-d treatment course. No
significant differences were observed in heart rate or blood
sugar levels between patients with and without ESRD. Pa-
tients with ESRD are more prone to anemia due to
decreased erythropoietin production in the kidneys and
shortened red blood cell lifespan.20 The initial and 5-
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d hemoglobin levels were lower in the ESRD group, but no
significant difference was noted in the variation in hemo-
globin levels after remdesivir use. Regarding liver function,
patients with ESRD did not exhibit higher ALT or bilirubin
levels than patients without ESRD after 5-d remdesivir use.
The assumed source of drug toxicity is the accumulation of
remdesivir and its excipient sulfobutylether-beta cyclo-
dextrin (SBECD) in the body, which can accumulate in the
blood of patients with impaired renal function.21,22 A study



Table 1 Comparison between ESRD and non-ESRD patients of COVID-19 infection using remdesivir.

Non-ESRD (N Z 937) ESRD (N Z 110) p-value

Age, years, mean (SD) 74.63 (15.6) 71.15 (13.97) 0.025*
Gender, male, N (%) 535 (57.1) 58 (52.73) 0.439
Initial vital signs

BT, �C mean (SD) 37.55 (1.15) 37.2 (1.37) 0.011*
SBP, mmHg, mean (SD) 132.04 (32.33) 139.39 (39.31) 0.078
DBP, mmHg, mean (SD) 73.58 (19.2) 75.05 (24.02) 0.560
RR, breaths per minute, mean (SD) 20.84 (5) 21.15 (4.79) 0.541
HR, bpm, mean (SD) 98.55 (22.47) 98.15 (21.27) 0.862
HR after 5 days, bpm, mean (SD) 85.49 (18.14) 84.39 (18.6) 0.568
SpO2, %, mean (SD) 92.48 (7.21) 91.97 (8.9) 0.576
Initial laboratory data

WBC, 1000/uL, mean (SD) 8.97 (6.27) 9.47 (5.27) 0.382
Hb, g/dL, mean (SD) 12.06 (2.32) 10.01 (2.04) <0.001*
Hb after 5 days, g/dL, mean (SD) 11.77 (2.28) 9.09 (1.52) <0.001*
Creatinine, mg/dL, mean (SD) 1.24 (0.96) 6.55 (3.84) <0.001*
ALT, U/L, mean (SD) 35.76 (103.23) 29.28 (38.97) 0.241
ALT after 5 days, U/L, mean (SD) 51.44 (71.14) 19.08 (21.72) 0.001*
Bilirubin, mg/dL, mean (SD) 1.04 (2.35) 0.98 (2.33) 0.882
Bilirubin after 5 days, mg/dL, mean (SD) 0.6 (0.82) 0.43 (0.23) 0.160
CRP, mg/L, mean (SD) 68.27 (77.5) 93.48 (96.01) 0.023*
Sugar, mg/dL, mean (SD) 147.53 (73.29) 182.75 (139.44) 0.081
Sugar after 5 days, mg/dL, mean (SD) 166.43 (111.1) 163.86 (95.33) 0.954
Na, mEq/L, mean (SD) 134.17 (8.87) 134.32 (4.54) 0.785
K, mEq/L, mean (SD) 3.95 (0.63) 4.38 (0.93) <0.001*
Troponin I, ng/mL, mean (SD) 0.39 (2.83) 0.49 (1.41) 0.768
D-dimer, ng/mL, mean (SD) 2963.74 (3542.22) 3521.18 (3842.97) 0.759
Ferritin, ng/mL, mean (SD) 1251 (866.91) 848.5 (777.11) 0.673
WHO Ordinal Scale and Inflammation Risk Categories

WHO Ordinal Scale
Median (IQR) 4 (4e4) 4 (3e4) 0.807
Inflammation Risk Categories <0.001*
High, N (%) 400 (42.69) 69 (62.73)
Intermediate, N (%) 257 (27.43) 15 (13.64)
Low, N (%) 280 (29.88) 26 (23.64)
Outbreak period 0.051
Alpha variant, N (%) 75 (8) 4 (3.64)
Delta variant, N (%) <3 <3
Omicron variant, N (%) 861 (91.89) 105 (95.45)
Prognosis

LOS, days, mean (SD) 10.2 (8.01) 13.31 (12.66) 0.015*
Intubation, N (%) 45 (4.8) 10 (9.09) 0.093
ICU admission, N (%) 112 (11.95) 20 (18.118) 0.087
ICU LOS, days, mean (SD) 7.17 (8) 9.26 (12.61) 0.096
Mortality, N (%) 100 (10.67) 22 (20) 0.006*
Underlying diseases

Cardiovascular disease, N (%) 53 (5.66) 19 (17.27) <0.001*
Hypertension, N (%) 567 (60.51) 99 (90) <0.001*
Congestive heart failure, N (%) 156 (16.65) 47 (42.73) <0.001*
Cerebrovascular disease, N (%) 249 (26.57) 28 (25.45) 0.891
Chronic pulmonary disease, N (%) 271 (28.92) 23 (20.91) 0.098
Chronic liver disease, N (%) 118 (12.59) 27 (24.55) 0.001*
Diabetes mellitus, N (%) 370 (39.49) 70 (63.64) <0.001*
Malignancy, N (%) 198 (1.13) 25 (22.73) 0.792

*p < 0.05.
ESRD: end stage renal disease; BT: body temperature; SBP: systolic blood pressure; DBP: diastolic blood pressure; RR: respiratory rate;
HR: heart rate; bpm: beats per minute; WBC white blood cell; Hb: hemoglobin; ALT: alanine transaminase; WHO: World Health Orga-
nization; IQR: interquartile range; LOS: length of stay; ICU: intensive care unit.
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Table 2 Comparison of adverse effects of remdesivir between COVID-19 patients with ESRD and non-ESRD after propensity
score matching.

Non-ESRD (N Z 110) ESRD (N Z 110) p-value

Adverse effects of remdesivir

Bradycardia

HR, bpm, mean (SD) 99.9 (22.24) 98.15 (21.27) 0.563
HR after 5 days, bpm, mean (SD) 85.87 (18.08) 84.39 (18.6) 0.561
Anemia

Hb, g/dL, mean (SD) 11.58 (2.5) 10.01 (2.04) <0.001*
Hb after 5 days, g/dL, mean (SD) 10.99 (2.2) 9.09 (1.52) <0.001*
Hb variation, mean (SD) 0.05 (1.66) �0.3 (1.79) 0.323
Elevated liver function

ALT, U/L, mean (SD) 28.89 (25.46) 29.28 (38.97) 0.937
ALT after 5 days, U/L, mean (SD) 51.71 (62.29) 19.08 (21.72) 0.038*
Bilirubin, mg/dL, mean (SD) 1.49 (4.24) 0.98 (2.33) 0.541
Bilirubin after 5 days, mg/dL, mean (SD) 0.86 (1.48) 0.43 (0.23) 0.294
Increase glucose level

Sugar, mg/dL, mean (SD) 159.08 (81.6) 182.75 (139.44) 0.288
Sugar after 5 days, mg/dL, mean (SD) 88.75 (11.32) 163.86 (95.33) 0.083
Sugar variation, mean (SD) �29.75 (39.79) 42.5 (57.27) 0.084

*p < 0.05.
ESRD: end stage renal disease; HR: heart rate; bpm: beats per minute; Hb: hemoglobin; ALT: alanine transaminase.

Table 3 Comparison between usage and non-usage of remdesivir in COVID-19 patients with ESRD.

No remdesivir use (N Z 1056) remdesivir use (N Z 50) p-value

Age, years, mean (SD) 65.99 (14.49) 67.34 (14.95) 0.520
Gender, male, N (%) 576 (54.55) 25 (50) 0.628
Dexamethasone use, N (%) 41 (3.88) 31 (62) <0.001*
Oxygen use, N (%) 436 (41.29) 35 (70) <0.001*
Initial vital signs

BT, �C mean (SD) 36.52 (1.05) 37.21 (1.23) <0.001*
SBP, mmHg, mean (SD) 150.62 (37.93) 149.78 (40.16) 0.884
DBP, mmHg, mean (SD) 78.32 (19.46) 79.22 (22.45) 0.762
RR, breaths per minute, mean (SD) 18.17 (4.06) 20.85 (5.27) 0.001*
HR, bpm, mean (SD) 90.04 (19.96) 98.83 (18.86) 0.003*
HR after 5 days, bpm, mean (SD) 82.48 (15.86) 83.82 (16.8) 0.584
SpO2, %, mean (SD) 95.23 (6.82) 92.9 (7.13) 0.021*
Initial laboratory data

WBC, 1000/uL, mean (SD) 9.62 (5.24) 8.45 (4.74) 0.147
Hb, g/dL, mean (SD) 9.77 (1.96) 9.68 (1.67) 0.738
Hb after 5 days, g/dL, mean (SD) 9.16 (1.35) 8.77 (1.11) 0.187
ALT, U/L, mean (SD) 42.04 (140.99) 31.17 (31.75) 0.118
ALT after 5 days, U/L, mean (SD) 98.4 (418.08) 28.25 (20.89) 0.021*
Bilirubin, mg/dL mean (SD) 1.01 (1.76) 0.55 (0.6) 0.012*
Bilirubin after 5 days, mg/dL, mean (SD) 0.87 (3.02) 0.58 (0.83) 0.253
CRP, mg/L, mean (SD) 64.77 (77.84) 69.69 (84.87) 0.705
Sugar, mg/dL, mean (SD) 181.26 (136.67) 218.25 (181.31) 0.245
Sugar after 5 days, mean (SD) 155.23 (114.49) 116.5 (13.44) 0.637
Na, mEq/L, mean (SD) 133.72 (7.74) 133.6 (4.17) 0.872
K, mEq/L, mean (SD) 4.36 (1.08) 4.54 (1.09) 0.274
Troponin I, ng/mL, mean (SD) 0.94 (4.46) 0.2 (0.32) 0.002*
D-dimer, ng/mL, mean (SD) 2877.08 (3268.94) 3495.47 (4436.98) 0.726
Ferritin, ng/mL, mean (SD) 927.17 (991.08) 848.5 (777.11) 0.923

(continued on next page)
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Table 3 (continued )

No remdesivir use (N Z 1056) remdesivir use (N Z 50) p-value

WHO Ordinal Scale and Inflammation Risk Categories

WHO Ordinal Scale
Median (IQR) 3 (3e4) 4 (3e4) <0.001*
Inflammation Risk Categories 0.039*
High, N (%) 441 (41.76) 30 (60)
Intermediate, N (%) 268 (25.38) 9 (18)
Low, N (%) 347 (32.86) 11 (22)
Outbreak period <0.001*
Alpha variant, N (%) 11 (1.04) <3
Delta variant, N (%) 561 (53.13) <3
Omicron variant, N (%) 484 (45.83) 48 (96)
Prognosis

LOS, days, mean (SD) 11.31 (11.16) 12.02 (7.6) 0.538
Intubation, N (%) 105 (9.94) 8 (16) 0.253
ICU admission, N (%) 125 (11.84) 7 (14) 0.812
ICU LOS, days, mean (SD) 7.79 (10.29) 7.43 (6.68) 0.723
Mortality, N (%) 13 (1.23) 4 (8) 0.006*
Underlying diseases

Cardiovascular disease, N (%) 170 (16.1) 6 (12) 0.564
Hypertension, N (%) 942 (89.2) 43 (86) 0.633
Congestive heart failure, N (%) 351 (33.24) 20 (40) 0.403
Cerebrovascular disease, N (%) 265 (25.09) 12 (24) 0.994
Chronic pulmonary disease, N (%) 192 (18.18) 13 (26) 0.229
Chronic liver disease, N (%) 271 (25.66) 9 (18) 0.293
Diabetes mellitus, N (%) 649 (61.46) 34 (68) 0.435
Malignancy, N (%) 214 (20.27) 11 (22) 0.906

*p < 0.05.
ESRD: end stage renal disease; BT: body temperature; SBP: systolic blood pressure; DBP: diastolic blood pressure; RR: respiratory rate;
HR: heart rate; bpm: beats per minute; WBC white blood cell; Hb: hemoglobin; ALT: alanine transaminase; WHO: World Health Orga-
nization; IQR: interquartile range; LOS: length of stay; ICU: intensive care unit.

Table 4 Comparison between usage and non-usage of remdesivir in COVID-19 patients with ESRD after propensity score
matching.

No remdesivir use (N Z 44) remdesivir use (N Z 44) p-value

LOS, days, mean (SD) 15.15 (13.13) 12.49 (7.79) 0.266
Intubation, N (%) 14 (31.82) 7 (15.91) 0.134
ICU admission, N (%) 13 (29.55) 6 (13.64) 0.120
ICU LOS, days, mean (SD) 11.51 (12.98) 8.16 (6.72) 0.146
Mortality, N (%) <3 (<6.82)a 3 (6.82) 0.500

a The number less than 3 cannot be showed for avoiding identification according to the rules of the dataset.
ESRD: end stage renal disease; LOS: length of stay; ICU: intensive care unit.
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by Luke et al. demonstrated that the half-life of SBECD in
patients with impaired renal function was higher, and
dialysis can shorten this half-life.23 A case report by Lê
et al. indicated that a single 4-h session of hemodialysis can
reduce the concentration of remdesivir metabolites by
59 %.24 This may explain why patients with ESRD treated
with remdesivir do not experience more liver function
abnormalities.

Patients with ESRD are highly susceptible to COVID-19
because of repeated exposure to healthcare facilities for
dialysis, compromised immune systems, and the presence
of various comorbidities. Although the mortality rate of
82
COVID-19 in the general population is approximately 2e3%,
it can be as high as 25e30 % in patients with chronic kidney
disease.10,11,25 Therefore, the effective treatment of
COVID-19 is important for patients with COVID-19 and ESRD.
In a small prospective observational study conducted in
India, administering remdesivir to patients with ESRD
within 48 h of hospitalization reduced oxygen requirements
and shortened recovery time.26 Another study conducted in
Pakistan involving 83 patients with COVID-19 and ESRD
suggested that the use of remdesivir may reduce recovery
time.27 Our study showed that patients with ESRD and
COVID-19 receiving remdesivir had a lower intubation rate,
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fewer ICU admissions, and shorter LOS; however, no sta-
tistically significant difference was noted. This may be
attributed to the inadequate number of cases in our study,
because several patients with ESRD with DNR orders were
excluded from the analysis of outcome measures. Although
the benefits of remdesivir have been shown in previous
reports, its effectiveness in treating patients with COVID-19
with ESRD requires further study.

Limitations

Our study had some limitations. First, it was a single-
country, multicenter study, which may introduce a selec-
tion bias and limit the generalizability of the results to
other regions or countries. Second, data on the blood
concentration of remdesivir and the timing of its adminis-
tration relative to dialysis was lacking, making it difficult to
determine the effect of dialysis on the concentration of
remdesivir in the blood and its association with outcomes
and adverse effects. Third, some data related to severity or
outcome evaluation including clinical symptoms, image
data of lung, and cycle threshold value (CT value) of po-
lymerase chain reaction (PCR) were not available from our
database. This could impact the thoroughness of our
outcome evaluation. Lastly, some patients with ESRD were
excluded because of DNR; therefore, the number of cases
in the analysis of the effectiveness of remdesivir
decreased, which may have affected the results.

Conclusions

Our study demonstrates the safety of remdesivir in patients
with ESRD and COVID-19. Common adverse effects of
remdesivir, including anemia, hyperglycemia, abnormal
liver function, and bradycardia, were not higher in patients
with ESRD than in patients without ESRD. Although
remdesivir use in patients with COVID-19 and ESRD appears
to improve some clinical conditions, its effectiveness re-
mains uncertain and could not be proved in our study.
Further studies are required to explore the effects of
remdesivir in the treatment of patients with COVID-19 and
ESRD.
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