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ABSTRACT

Background: A high incidence of acute kidney injury (AKI) has been reported in coronavirus disease 2019 (COVID-19) patients
in critical care units and those undergoing invasive mechanical ventilation (IMV). The introduction of dexamethasone (DXM) as
treatment for severe COVID-19 has improved mortality, but its effects in other organs remain under study. Objective: The
objective of this study was to evaluate the association between DXM and AKI in COVID-19. Methods: In this prospective ob-
servational cohort study, we evaluated the incidence of AKl in critically ill COVID-19 patients undergoing mechanical ventilation,
and the association of DXM treatment with the incidence, severity, and outcomes of AKI. The association between DXM treat-
ment and AKI was evaluated by multivariable logistic regression. The association of the combination of DXM treatment and AKI
on mortality was evaluated by Cox-regression analysis. Results: We included 552 patients. AKI was diagnosed in 311 (56%),
of which 196 (63%) corresponded to severe (stage 2 or 3) AKI, and 46 (14.8%) received kidney replacement therapy. Two
hundred and sixty-seven (48%) patients were treated with DXM. This treatment was associated to lower incidence of AKI (Odds
Radio 0.34, 95% Confidence intervals [CI] 0.22-0.52, p < 0.001) after adjusting for age, body mass index, laboratory param-
eters, SOFA score, and vasopressor use. DXM treatment significantly reduced mortality in patients with severe AKI (HR 0.63,
95%Cl 0.41-0.96, p = 0.032). Conclusions: The incidence of AKI is high in COVID-19 patients under IMV. DXM treatment is
associated with a lower incidence of AKI and a lower mortality in the group with severe AKI. (REV INVEST CLIN. 2023;75(2):76-89)
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INTRODUCTION

Acute kidney injury (AKID) is common in severe coro-
navirus disease 2019 (COVID-19). The reported in-
cidence of AKI in subjects hospitalized for COVID-19
varies from 20% to 46%*-3 with variations between
institutions. At our center, we previously reported
that 30% of the population with severe COVID-19
developed AKI during their hospitalization, 19% cor-
responding to community-acquired AKI, and 11% to
hospital-acquired AKI“. In critically ill patients, the
incidence of AKI is higher, reported between 50%
and 90%, with variations in accordance to the pop-
ulation included and the temporality relative to the
pandemic evolution!-3>, In most reports, the criti-
cally ill population is composed of patients who are
managed in the intensive care unit (ICU) with inva-
sive mechanical ventilation (IMV) as well as patients
managed with non-invasive oxygen delivery devices.
When limited to patients under IMV, the incidence
of AKI may reach up to 90%!. Moreover, a decre-
ment in AKl has been reported as the pandemic
evolved and there is better knowledge of the dis-
ease3.

The pathophysiology of AKl in critically ill COVID-19
patients is not fully known. Several mechanisms are
possibly involved, including direct parenchymal inva-
sion by the SARS-CoV-2, microthrombosis, an imbal-
ance in the renin-angiotensin-aldosterone system,
hemodynamic instability, inflammatory cytokines,
and the indirect effects of therapeutic maneuvers
(nephrotoxic drugs and high positive-pressure IMV),
among others®7.

The RECOVERY trial demonstrated that the use of
dexamethasone (DXM) 6 mg per day for 10 days
improved the 28-day mortality and decreased the
need for kidney replacement therapy (KRT) in severe
COVID-19 patients requiring supplementary oxygené.
The previous reports have suggested a potential de-
crease in the incidence and severity of AKI with the
use of glucocorticoids®'2. Most of these reports pre-
ceded the standardized use of glucocorticoids as em-
ployed in the RECOVERY trial.

This study aimed to evaluate the association be-
tween the standardized DXM therapy and the inci-
dence of AKI in severe COVID-19 patients treated
with IMV in the ICU.
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MATERIALS AND METHODS

This is a single-center, prospective, and observational
cohort study performed at a referral center in Mexico
City. The study was approved by the Local Human
Research and Ethics Boards (reference NMM-3325-
20-20-1). Due to the health contingency, on admis-
sion to the hospital, patients signed a generic in-
formed consent to participate in observational studies.
This study is reported in accordance to the STROBE
guidelines.

We included all consecutive adult patients, with a
positive polymerase chain reaction test for SARS-
CoV-2, who were admitted to the ICU and managed
with IMV from March 2020 to January 2021. We ex-
cluded patients who were transferred to another hos-
pital, those with previous history of advanced chronic
kidney disease (eGFR below 30mL/min/1.73m?),
prior kidney transplantation, patients who already had
clinically evident AKI at admission, and patients who
remained hospitalized by January 31, 2021. All data
were obtained from a local COVID-19 database that
included prospectively collected data from the first
COVID-19 patient admission to the date of finalization
of the study. All patients were followed up to their
discharge. Those patients who required KRT during
their hospitalization were contacted to define if they
recovered their kidney function by January 31, 2021.

The collected variables included demographic data,
comorbidities, home medications, clinical findings at
presentation, the laboratory parameters at presenta-
tion and at the start of the IMV in the ICU, chest
CT-scan findings, use of vasopressors, AKI develop-
ment, and medications administered during the ICU
stay, and patient outcomes. DXM administration was
standardized at 6 mg intravenously per day for a total
of 10 days and started from the 15t day of patient
admission. DXM administration was based on the
treating physician decision before August 2020, and
to all hypoxemic subjects thereafter, unless contrain-
dicated.

Variable definitions

AKI was defined and staged according to the Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines by the serum creatinine (SCr) criteria, urine out-
put was not registered!3. Patients were staged
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according to the highest AKI degree attained during
their hospitalization. Severe AKI was defined as AKI
KDIGO stage 2 or 313. AKI of the early development
was defined as AKI diagnosed in the first 48 h of
hospitalization (also known as “community-acquired”
AKD. AKI of late development was defined as AKI di-
agnosed after 48 h of hospitalization (also known as
“hospital-acquired” AKI). Baseline SCr was defined as
the mean SCr value in the 6 months before hospital-
ization, or the minimum SCr value obtained during
hospitalization if the previous values were unavail-
able!#. For the latter, most SCr values corresponded
to SCr at admission. As potential factors contributing
to AKI, we registered the strategy of ventilation in
prone position, the use and dose of vasopressors,
concomitant antibiotic and antifungal therapy, and
exposure to intravenous contrast. The Charlson Co-
morbidity Index was calculated to synthesize comor-
bidities information?>.

Outcomes

The primary outcome was to evaluate the association
of DXM treatment with the incidence of AKI, and that
of severe AKI'3, Considering a 60% incidence of se-
vere AKI, a study power of 90% and 95% confidence,
we estimated that 231 patients with and without
DXM therapy would be required to detect a 15% dif-
ference in the incidence of severe AKl between groups.
As secondary outcomes, we explored the association
of DXM treatment with patient mortality, length of
hospitalization, and AKI recovery. The length of hos-
pitalization and AKI recovery is reported for surviving
patients. Recovery from AKIl was operationally de-
fined as a reduction in peak AKI stage to a SCr level
below 1.5 times the baseline!®.

Statistical analysis

For continuous variables, their distribution was as-
sessed by the Kolmogorov—Smirnov test. Descriptive
statistics are expressed as number (percentage) and
median (interquartile range) as appropriate. Baseline
patient characteristics between those were or were
not managed with DXM, those with or without AKI,
and among AKI stages, were analyzed using the
U-Mann—-Whitney or Kruskal-Wallis test, as appro-
priate. Chi-square or Fisher’s exact test was used for
categorical variables.
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To determine the factors associated with AKI and se-
vere AKI development, including DXM treatment, all
the collected variables were evaluated by univariate
logistic regression. All variables with p < 0.05 as well
as all factors previously reported to be associated with
AKIY7 were selected for a multivariable analysis. After
detecting variable collinearity and interactions, we de-
termined the best parsimonious model by comparing
each model by the log-likelihood ratio test. As a sub-
group analysis, we performed a stratified analysis in
the groups of the early- and late-development AKI.

The factors associated with patient survival were
evaluated by a univariate and multivariable Cox re-
gression analysis. The date of death were available in
all cases, the rest of patients were censored at the
time of discharge from hospitalization. All variables
with p < 0.05 in the univariate analysis and other fac-
tors with known association with mortality!® were
included in the multivariable Cox regression analysis.
As a sensitivity analysis, we evaluated the effect of
the interaction between DXM treatment and severe
AKI in patient mortality. The best predictive models
were selected using the log-likelihood ratio test.

For all variables, there were <1% missing values, and
for missing data, variables were imputed using mul-
tiple imputations (randomness was verified and im-
puted according to corresponding to mean or medi-
an). All statistical tests were two-sided, and p-value
below 0.05 was considered statistically significant. All
analyses were performed using SPSS 24.0 (IBM, Ar-
monk, NY, USA) and GraphPad Prism 6.0 (GraphPad
Software, San Diego, CA, USA).

RESULTS

From March 1, 2020, to January 31, 2021 a total of
3604 patients were admitted to our institution for
severe COVID-19. Among them, 552 patients were
admitted to the ICU and managed with IMV (Fig. 1).
The baseline characteristics of all the patients includ-
ed in this study are provided in table 1 and supple-
mentary table S1. The median age was 53 years (IQR
44-63), 388 (74%) of the population was male, the
median Charlson index was 1 point (IQR 0-2), and the
median days with COVID-19 symptoms before admis-
sion to hospitalization was 8 (IQR 6-10). The median
SCr at admission to hospitalization was 0.73 mg/dL
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Figure 1. Consort diagram of the studied population.
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(IQR 0.60-0.90). All patients were admitted to the ICU
an initiated on mechanical ventilation at a median of
1 day (IQR 1-39) after admission to hospitalization,
with a median SOFA score of four points (IQR 4-6) and
PaO2/FiO2 (P/F) ratio of 107 (82-147). A total of
371 (71%) were ventilated in prone position, 462
(86%) received vasopressor support, with a peak dose
of norepinephrine >0.1 ug/kg/min in 139 (27%).
Among the 552 patients included in this study, 267
(48%) received treatment with a standardized DXM
regimen, which was started at a median of 0 days (IQR
0-1) after the initiation of IMV. Of those who did not
receive DXM, 121 (42%) were included before the
change in the institutional protocol to include DXM as
therapy for COVID-19. The median follow-up of this
cohort was 20 days (IQR 13-30).

AKl in critical care COVID-19 patients

AKI was diagnosed in 311 (57%) patients. The AKI
stage was Stage 1 AKlin 115 (37%), Stage 2 AKl in
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75 (24%), and Stage 3 AKl in 121 (39%) (Table 2).
Most AKI developed early during the admission to the
ICU and the start of the IMV, with a median 1 day
(IQR 0-4) within IMV initiation. The laboratory studies
at IMV initiation are also shown in tables 1 and 2. The
therapeutic interventions and exposures in the ICU
and the outcomes including mortality are shown in
table 3.

Forty-six (8.3% of all patients, and 15% of those with
AKID) of the 311 patients with AKI received dialytic
support at some point during their ICU stay. KRT was
administered as prolonged intermittent KRT in 22
(47.8%) subjects, as intermittent hemodialysis (IHD)
in 15 (32.6%), and as continuous KRT (CKRT) in 9
(19.6%). The median days from the AKI diagnosis to
dialysis initiation were 2 (IQR 1-4). Of those patients
who developed AKI and survived to hospital discharge,
the median peak SCr was 1.9 mg/dL (IQR 1.4-3.3),
with a median SCr at hospital discharge of 0.7 mg/dL
(IQR 0.6-0.9).
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Table 1. Clinical characteristics of the total cohort and according to dexamethasone exposure

Variable Total Dexamethasone No dexamethasone
(n=522) (n=267) (n = 285)
Demographics
Age, years 53 55 52
(44-63) (46-64) (43-61)
Male, n (%) 388 187 201
(74) 70) (71)
Previous medical history
Diabetes, n (%) 151 71 80
27) 27) (28)
Hypertension, n (%) 152 76 76
(28) 29 27)
Obesity, n (%) 252 120 132
(48) (45) (46)
Chronic kidney disease, n (%) 13 4 9
) (2) (3)
Charlson index, points 1 1 1
(0-2) (0-2) (0-2)
Use of RAAS inhibitors, n (%) 115 58 57
QD (22) (20)
Baseline serum creatinine, mg/dL 0.73 0.71 0.77
(0.60-0.90) (0.60-0.85) (0.60-0.95)
Admission to emergency room
Days with symptoms 8 8 8
(6-10) (5-10) (6-10)
Mean arterial pressure, mmHg 90 90 91
(82-100) (82-99) (82-100)
Respiratory rate, bpm 32 32 32
(26-40) (25-38) (26-40)
Oxygen saturation, % 74 74 74
(60-85) (60-84) (58-85)
NEWS score, points 8 8 8
(7-9) 7-9) (7-10)
Initiation of mechanical ventilation
Days admission to IMV 1 1 2
(1-3) (1-3) (1-3)
SOFA score at IMV initiation 4 4 4
(4-6) (4-6) (3-7)
Leukocytes, x1000/mm3 10.9 10.9 10.9
(8.4-14.4) (8.4-15.1) (8.5-13.9)
Lymphocytes, x 1000/mm?3 6.3 53 7.0
(3.7-9.3) (3.2-8.1) (4.3-10.3)
N/L ratio 13.9 16.6 125
(8.9-24.4) (10.5-28.5) (8.0-21.4)
Hemoglobin, g/dL 14.6 14.8 14.5
(13.2-15.8) (13.3-16.0) (13.1-15.7)
Platelets, x100/mm?3 265 273 256
(205-343) (208-359) (205-332)
Serum glucose, mg/dL 142 154 133
(113-194) (122-203) (102-185)
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Table 1. Clinical characteristics of the total cohort and according to dexamethasone exposure (continued)

Variable Total Dexamethasone No dexamethasone
(n=522) (n=267) (n = 285)
Initiation of mechanical ventilation
Serum creatinine, mg/dL 0.87 0.86 0.89
(0.70-1.22) (0.68-1.10) (0.76-1.20)
Serum albumin, g/dL 3.0 3.0 3.0
(2.7-3.3) (2.7-3.4) (2.8-3.2)
Total bilirubin, pmol/L 0.70 0.69 0.70
(0.54-0.92) (0.54-0.93) (0.54-0.89)
ALT, Ul/dL 34 33 35
(24-56) (23-53) (26-58)
AST, Ul/dL 39 36 44
(28-59) (26-52) (32-66)
Sodium, mEq/L 138 138 138
(135-141) (135-140) (135-141)
Potassium, mEq/L 4.3 4.4 4.2
(3.9-4.6) (4.0-4.7) (3.9-4.5)
C-reactive protein, mg/dL 17.8 17.6 18.0
(10.9-26.9) (10.8-26.4) (11.4-27.9)
Creatine kinase, U/L 98 89 102
(50-215) (46-204) (59-257)
Lactate dehydrogenase, U/L 429 426 431
(343-580) (341-564) (344-591)
Ferritin, ng/mL 794 716 861
(458-1300) (434-1285) (500-1300)
D-dimer, pg/L 1513 1520 1506
(841-4340) (756-4772) (874-3642)
Troponin |, pg/mL 10.7 10.6 10.8
(5.4-40.4) (4.8-38.7) (6.4-41.7)
Abnormal Tnl, n (%) 154 78 76
(28) 29 Q7
Blood pH 7.36 7.38 7.35
(7.29-7.44) (7.30-7.45) (7.27-7.42)
Pa0,/FiO, ratio 107 103 109
(82-147) (78-135) (75-145)
Interventions in the ICU
Mechanical ventilation 522 267 285
(100) (100) (100)
Prone position 371 187 184
71D 70) (65)
Vasopressor 462 221 241
(89) (83) (85)
Norepinephrine >0.1 u g/kg/min 139 67 72
27 (25) (25)
Days to dexamethasone initiation - 0 -
(0-1)
Antibiotics 267 126 141
(51) 47) (50)
Antifungal therapy 52 28 24
(10) (11 (8)
Intravenous contrast 50 35 15
(10 13 (€))

RAAS: renin angiotensin aldosterone system; IMV: invasive mechanical ventilation; N/L: neutrophil-to-lymphocyte ratio; ALT: alanine

aminotransferase; AST: aspartate transferase.
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Table 2. Clinical characteristics of the patients included in this study by AKI development and AKI staging

Variable No AKI AKI p-Value Stage 1 Stage 2 Stage 3 p-value
(n = 241) (n =311) (AKI AKI AKI AKI (among
Vs. (n =115) (n=75) (n=121) AKI
no AKI) stages)
Age, years 53 54 0.069 54 52 55 0.667
(41-62) (45-68) (47-62) (40-66) (46-64)
Male, n (%) 167 230 0.227 92 51 87 0.148
(69) 74) (80) (68) (72)
Body mass index, 29.4 30.5 0.017 30.2 30.9 31.2 0.348
kg/m? (26.6-33.2) (27.6-34.6) (27.9-33.2) (27.6-35.1) (27.3-36.5)
Charlson index, n (%) 1 1 0.012 1 1 1 0.233
(0-2) (0-2) (0-2) (0-2) (0-3)
Comorbidities, n (%) 181 256 0.039 92 58 106 0.134
(75) (82) (80) a7 (88)
Diabetes, n (%) 58 93 0.127 35 17 41 0.246
24) (30) (30) (23) (34)
Hypertension, n (%) 58 94 0.108 32 20 42 0.383
(24) (30) (28) 27) (35)
Chronic kidney disease, 3 10 0.130 1 4 5 0.179
n (%) (@D 3) (@D (5) 4
SOFA score at ICU 4 5 0.024 4 5 6 0.002
admission (4-6) (4-6) (4-5) (4-6) 4-7)
Kidney function
Baseline SCr, mg/dL 0.70 0.80 < 0.001 0.73 0.78 0.89 < 0.001
(0.60-0.84) (0.60-0.95) (0.60-0.89) (0.60-0.93) (0.66-1.12)
SCr at IMV initiation, 0.75 1.03 < 0.001 1.01 1.13 1.22 < 0.001
mg/dL (0.65-0.88) (0.86-1.45) (0.77-1-25) (0.82-1.48) (0.97-1.87)
Peak SCr, mg/dL 0.88 1.92 < 0.001 1.34 1.80 3.95 < 0.001
(0.75-1.06) (1.38-3.25) (1.18-1.54) (1.42-2.36) (2.82-5.77)
Laboratory at ICU admission
Leukocytes, 10.5 11.4 0.049 11.4 11.3 11.4 0.864
x1000/mm3 (8.4-13.5) (8.5-15.2) (8.5-14.7) (8.9-15.9) (8.6-15.4)
C-reactive protein, 17.6 20.4 0.001 19.4 18.9 22.9 0.010
mg/dL (10.8-25.6) (13.9-29.9) (13.2-28.8) (9.8-28.8) (17.1-31.2)
Creatine kinase, U/L 88 107 0.002 128 91 99 0.869
(46-160) (55-283) (49-303) (50-276) (67-243)
Lactate dehydrogenase, 416 488 < 0.001 430 497 542 0.008
U/L (313-557) (383-650) (344-615) (411-660) (421-682)
Ferritin, ng/mL 669 850 0.020 912 761 866 0.564
(411-1169) (503-1343) (535-1381) (463-1293) (481-1408)
PaO,/FiO, ratio 103 107 0.812 109 107 107 0.309
(82-145) (81-147) (89-150) (77-146) (74-145)

All continuous variables are expressed as median (interquartile range).
AKI: acute kidney injury; ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment score; SCr: serum creatinine.
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Table 3. Management in the ICU and patient outcomes by AKI development and AKI staging

Variable

No AKI AKI p-value Stage 1 Stage 2 Stage 3 p-value
(n = 241) (n=311) (AKI vs. AKI AKI AKI (among
no AKD (n =115) (n=75) (n=121) AKI
stages)
Mechanical ventilation 241 311 1.000 115 75 121 1.000
(100) (100) (100) (100) (100)
Prone position 165 206 0.580 70 48 88 0.140
(69) (66) (61) (64) (73)
Vasopressor 205 267 0.794 91 /79) 64 112 0.012
(85) (86) (85) (93)
Norepinephrine 83 93 0.257 24 20 49 0.003
>0.1 pg/kg/min (34) (30) Q1 27) 41)
Dexamethasone 149 118 < 0.001 52 26 40 0.128
(62) (38) (45) (35) (33)
Days admission to start 0 0 0.974 0 0 0 0.212
(0-1) (0-1) (0-1) (0-1 (0-1)
Antibiotics 136 131 0.001 51 24 57 0.083
(56) (42) 44) (32) “47)
Antifungal therapy 28 24 0.120 10 6 8 0.831
(12) (8) (€] (8) )
Intravenous contrast 28 22 0.065 8 5 9 0.977
(12) 7 @) 7 7
Outcomes
Length of ICU stay 13 15 0.042 12 12 20 < 0.001
(days) (9-19) (11-21) (10-18) (10-20) (15-27)
Length of 22 25 0.003 23 22 34 < 0.001
hospitalization* (days)  (16-31) (19-36) (17-32) (18-31) (24-43)
Creatinine at discharge, 0.6 0.7 < 0.001 0.7 0.7 0.7 0.466
mg/dL (0.5-0.7) (0.6-0.9) (0.5-0.8) (0.6-0.9) (0.5-1.6)
Mortality 67 148 < 0.001 40 40 68 0.002
(28) (48) (35) (53) (56)

*In patients who were discharged alive after improvement, categorical variables are expressed as number of patients (percentage). Continuous

variables are expressed as median (interquartile range).

Factors associated with AKI in critical
care COVID-19 patients

The factors associated with AKI development (any
stage) were evaluated by logistic regression (Table 4).
Age, body mass index (BMI), blood glucose and lac-
tate dehydrogenase at the start of IMV, the SOFA
score at IMV initiation, and treatment with DXM were
associated with AKI development in the univariate
analysis (Supplementary Table 2). In the multivariate
analysis, age (Odds Radio [OR] 1.03, 95% Confidence
interval [CI] 1.02-1.05), BMI (OR 1.07, 95%CI
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1.03-1.10), glucose (OR 1.57, 95%Cl 1.21-2.05) and
lactate dehydrogenase (OR 1.31, 95%Cl 1.17-1.46)
at IMV initiation, the SOFA score at IMV initiation (OR
1.10, 95%Cl 1.00-1.22), and DXM treatment (OR
0.29, 95%Cl 0.20-0.43) were associated with AKI
development. We performed a subgroup analysis to
evaluate the effect of DXM therapy on AKI of the
early development (<48 h from admission, also known
as “community-acquired” AKI) and AKI of late devel-
opment (>48 h from admission, also known as “hos-
pital-acquired” AKI). As shown in supplementary table
3, the effect of DXM was observed in both types of
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Table 4. Univariate and multivariable logistic regression analysis for AKI and KDIGO stage 2-3 (severe AKI) AKI development

Variable Univariate Multivariable
OR 95% Cl p-value OR 95% Cl p-value

AKI (All stages)

Age, per year 1.021 1.007-1.034 0.002 1.033 1.018-1.050 < 0.001

Male versus female 0.795 0.547-1.154 0.795 0.848 0.557-1.292 0.442

BMI, per kg/m? 1.056 1.025-1.089 < 0.001 1.066 1.030-1.103 < 0.001

Glucose at ICU admission, 1.480 1.179-1.858 0.001 1.574 1.211-2.048 0.001
per 100mg/dL

LDH at ICU admission, 1.251 1.132-1.382 < 0.001 1.308 1.174-1.458 < 0.001
er 100 UI/dL

SOFA at ICU admission, 1.132 1.036-1.236 0.006 1.101 1.003-1.215 0.049
per point

Dexamethasone, versus not 0.378 0.267-0.534 < 0.001 0.292 0.196-0.433 < 0.001

AKI KDIGO stage 2 or 3 (severe)

Age, per year 1.019 1.005-1.033 0.007 1.026 1.003-1.049 0.029

Male, vs female 0.891 0.606-1.310 0.558 0.834 0.530-1.311 0.431

BMI, per kg/m2 1.065 1.033-1.097 < 0.001 1.078 1.040-1.116 < 0.001

Charlson index, per point 1.228 1.086-1.388 0.001 1.107 0.907-1.350 0.318

History of CKD, versus not 4.235 1.287-13.93 0.018 3.260 0.843-12.60 0.087

Glucose at ICU admission, 1.309 1.081-1.586 0.006 1.324 1.050-1.669 0.019
per mg/dL

LDH at ICU admission, 1.239 1.128-1.361 < 0.001 1.335 1.202-1.481 < 0.001
per 100 Ul/dL

SOFA at ICU admission, 1.220 1.115-1.335 < 0.001 1.198 1.083-1.326 < 0.001
per point

Vasopressor, versus not 1.784 1.040-3.059 0.035 1.762 1.014-3.201 0.043

Dexamethasone, versus not 0.392 0.272-0.563 < 0.001 0.341 0.224-0.522 < 0.001

OR: ods ratio; 95%Cl: confidence interval at 95%; BMI: Body Mass Index; CKD: chronic kidney disease; ICU: intensive care unit; LDH: lactate

dehydrogenase; SOFA: Sequential organ failure assessment score.

AKI, with a numerically lower OR in AKI of late devel-
opment (HR 0.35, 95%Cl 0.16-0.75 versus HR 0.42,
95%Cl 0.25-0.73). The number necessary to treat
(NNT) with DXM to prevent one episode of AKI was
4 (95%Cl 3-6).

As severe AKI (stage 2 or 3) has been largely associ-
ated with an increased mortality, this outcome was
also explored by logistic regression (Table 4). Age,
BMI, the Charlson comorbidity index, a previous his-
tory of chronic kidney disease, blood glucose and lac-
tate dehydrogenase at the start of IMV, the SOFA
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score at IMV initiation, and the need for vasopressor
support were associated with the occurrence of severe
AKlin the univariate analysis (Supplementary Table 4).
In the multivariate analysis, age (OR 1.03, 95% CI
1.00-1.05), BMI (OR 1.08, 95%Cl 1.04-1.12), glucose
at IMV initiation (OR 1.32, 1.05-1.67), SOFA score at
IMV initiation (OR 1.20, 95%CIl 1.08-1.33), use of any
vasopressor (OR 1.76, 1.01-3.20), and DXM treat-
ment (OR 0.34, 0.22-0.52) were associated with the
occurrence of severe AKI. The incidence of severe
AKl was 34% in patients treated with DXM and 66%
in those without DXM. Treatment with DXM was
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associated with a reduced risk of severe AKI develop-
ment. The NNT with DXM to prevent one episode of
severe AKI was 5 (95%CI 3-7). As shown in figure 2,
DXM treatment significantly decreased the risk for
each stage of AKI. The incidence of stage 1, 2, or 3
AKIwas 55%, 65%, and 67% in patients without DXM
treatment; and 45%, 35%, and 33% in those who
received DXM, respectively. There was no association
between the days from admission to the start of
DXM treatment and AKI or severe AKI development.
As observed for AKI of any stage, the OR for DXM
treatment was numerically lower for severe AKI of
late development (“hospital-acquired” AKI) than for
severe AKI of the early development (OR 0.15, 95%
Cl 0.07-0.35 versus OR 0.37, 95%ClI 0.23-0.39)
(Supplementary Table 3).

Factors associated with survival
in critically-ill COVID-19 patients

A total of 215 (39%) patients died during the study
(Table 3). Of them, 148 (69%) developed AKI during
their hospitalization (40 [27%] Stage 1 AKI, 40
[27%] Stage 2 AKI, and 68 [46%] Stage 3 AKI).
Among the 46 patients who were managed with KRT,
21 (46%) patients died.

The factors associated with mortality were evaluated
by Cox regression analysis. Age, male gender, labora-
tory parameters at IMV initiation (including serum
glucose, albumin, lactate dehydrogenase, and C-reac-
tive protein), the PaO2/FiO2 ratio at IMV initiation,
AKI development, use of vasopressor medications,
and treatment with DXM were significantly associ-
ated with mortality in the univariate analysis (Supple-
mentary Table 5). After adjustment in the multivari-
ate analysis, the occurrence of severe AKI was
associated with increased mortality (HR 1.52, 95%Cl
1.14-2.02, p = 0.004), while treatment with DXM was
associated with lower mortality (HR 0.63, 95%Cl
0.48-0.83, p = 0.008). As shown in figure 3A, Stage
1 AKI was not associated with mortality, while severe
AKI (Stages 2 and 3) were associated with mortality
after adjustment for other covariates.

The effects of severe AKI development and no DXM
treatment in patient mortality were independent and
additive in the adjusted survival analysis (Figure 3B).
The highest mortality was observed in patients with
severe AKlI and no DXM treatment. In patients
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with severe AKI treated with DXM, mortality was
significantly reduced (HR 0.63, 95%Cl 0.43-0.91)
and equivalent to the group without severe AKI and
no DXM treatment (HR 0.62, 95%Cl 0.41-0.93).
The lowest mortality was observed in patients with-
out severe AKI treated with DXM (HR 0.45, 95%Cl
0.31-0.64).

Length of hospitalization and recovery
of kidney function

In survivor patients, the total days of hospitalization
and ICU stay were significantly greater (p < 0.001) in
those who developed severe AKI (median 28 days
[IQR 20-41] and 16 days [IQR 11-25], respectively)
than in those without AKI (median 22 days [IQR 16-
31]and 13 days [IQR 9-19], respectively). There was
no difference (p = 0.265) in the length of hospitaliza-
tion between those survivors treated with DXM (23
days, IQR 17-32) and those without DXM (25 days,
IQR 18-35).

Among 46 patients who were managed with KRT, 21
(45.7%) died. From the 25 patients who survived, 24
recovered their kidney function by 28 days and 1 by
90 days after hospital discharge. Recovery was ob-
served in patients with and without DXM treatment.

DISCUSSION

COVID-19-associated AKl is a sepsis-induced AKI with
high prevalence and treatment is directed to sepsis
with no specific protective measures for the kidneys.
In this study, we found an AKI prevalence of 56% in
COVID-19 patients undergoing IMV, with 36% corre-
sponding to severe AKI. Importantly, DXM treatment
was associated with 71% and 66% reduced incidence
of AKI and severe AKI, respectively. As previously de-
scribed, the development of AKI is associated with
increased mortality. We found that DXM therapy was
associated with a reduction of patient mortality, with
mortality rates equivalent to the group of patients
without severe AKI and no DXM therapy. The lowest
mortality rates corresponded to the group of patients
without severe AKI who received DXM consistent with
previous studies. This is one of the first large cohorts
of COVID-19 patients on IMV to show this significant
reduction in AKI episodes and their severity with the
use of DXM.
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Figure 2. Incidence of acute kidney injury in subjects treated with and without dexamethasone.
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Several studies from multiple centers have reported
an elevated incidence of AKI in COVID-19 patients
admitted to the ICU, ranging from 30 to 75% for
AKI of any stage, 21 to 56% for severe AKI (Stages
2 or 3), and 6 to 39% for AKI requiring KRT1%-24. |n
this study, AKI incidence was well between these
ranges: 56% AKI of any stage, 36% severe AKI, and
8% for AKI requiring KRT. An important factor that
has been associated with AKI development is the
use of IMV?2225.26 For example, in the previous re-
ports from critically ill COVID-19 patients were all
patients received IMV>21, the incidence of AKI was
52-75% and 18-20% for AKI with the need for KRT.
AKlin COVID-19 has been associated with the use of
high positive pressure ventilation??, although it is not
known if this observation is explained by a direct ef-
fect of positive pressure ventilation (which can re-
duce kidney perfusion and glomerular filtration??), or
the fact that high-pressure ventilation may be a
marker for sicker patients. The high variability in
these numbers is explained by the well-reported vari-
ation between hospitals?3, the different criteria for
ICU admission, the timing of the study relative to the
pandemic waves>'%, and characteristics of the popu-
lation admitted to the ICU, among other factors. Sev-
eral risk factors are associated with AKl in COVID-19,
including age, laboratory parameters, interventions

Stage 2 AKI
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Stage 3 AKI

such as vasopressors and IMV, and severity scores
(SOFA, APACHE-I1)22:23.25.29-31 " Consistent with the
previous reports, we observed an association between
increasing age and BMI, laboratory parameters as glu-
cose and LDH, and vasopressor use with the develop-
ment of AKI and severe AKI.

Noteworthy, we observed that a protocolized DXM
regimen was associated with lower development of
AKl in mechanically ventilated COVID-19 patients af-
ter adjustment for the risk factors described above.
Although glucocorticoids are recommended for use in
sepsis and septic shock3?, their effect in mortality is
not consistent among major clinical trials and has not
shown an effect in the incidence of AKI33-3>_In animal
models, administration of hydrocortisone or DXM at-
tenuates kidney damage3¢-38. Glucocorticoids may
improve kidney function through improving cardiovas-
cular function, attenuation of inflammation, and low-
ering cytokine production, among others3%:40,

The timing of administration of glucocorticoids may
be critical. A study of sepsis-induced AKI in rodents
showed that the effect was better when adminis-
tered early in the development of sepsis3®. In the
RECOVERY trial®, DXM was started during the 2
week of the clinical course of COVID-19, a stage
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Figure 3. (A) Adjusted Cox regression plots showing the association between different AKI stages and mortality, and (B) the
combined effect of severe AKI and dexamethasone treatment in mortality. Cox regression analysis adjusted for age, sex, serum
glucose, albumin, and lactate dehydrogenase levels; PaO,/FiO, ratio, SOFA at IMV initiation, and use of vasopressors.
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where inflammation plays a determinant role and
where the SARS-CoV-2 viral replication may be less
relevant. Several cytokines have been associated with
AKl in COVID-19, including interleukins (IL) 1 and 6,
interferon-gamma, tumor necrosis factor-alpha, and
inflammatory pathways such as the complement
pathway have been linked to kidney damage*!. There-
fore, a direct effect of glucocorticoids on inflamma-
tion and the consequent improvement in kidney mi-
crocirculatory function may aid prevent the
development and progression of AKI in COVID-19.

The previous small reports suggested an effect of
glucocorticoid treatment on AKI in COVID-19. Lowe
et al.,® described a lower incidence of AKl in a cohort
of 81 critically ill COVID-19 patients treated with glu-
cocorticoids. Moreover, Lumlertgul et al.1° observed
less AKI progression in subjects treated with gluco-
corticoids in adjusted analyses. Pifieiro et al.!! report-
ed less AKI with KRT requirement in those treated
with glucocorticoids. These initial reports suggested
a potential beneficial effect of glucocorticoid treat-
ment in AKI development; however, they were limited
by the small number of patients included and the
non-protocolized use of glucocorticoids. In the RE-
COVERY trial®, the number of patients who received
KRT was lower in those treated with a protocolized
DXM regimen. A recent report from France!? included
100 critically ill COVID-19 patients and where DXM
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was administered to all patients during the second
COVID-19 wave, DXM use was associated with less
AKl in the adjusted analysis (OR = 0.31, 95%Cl 0.09-
0.99). Here, in a larger population and a protocolized
DXM regimen, we ascertained that DXM treatment is
associated with a 66% (95% Cl 48-88%) lower inci-
dence of severe AKI.

AKl is a well-recognized factor associated with mor-
tality in critically ill COVID-19 patients>232942; there-
fore, any intervention that decreases AKI incidence
would be expected to also decrease patient mortality.
As previously demonstrated in the RECOVERY trial
and verified in subsequent studies®4344, DXM treat-
ment reduces mortality in COVID-19 patients with
oxygen requirement, including those undergoing IMV.
In this study, we showed that DXM treatment is as-
sociated with a reduced mortality in patients with
severe AKI, as well as in the group of patients without
severe AKI, after adjustment for other risk factors.

Finally, it has also been reported that DXM treatment
reduces the length of days under IMV and the length
of hospitalization!120.21.45 \We also observed a reduc-
tion in these parameters consistent with these stud-
ies, although they were not affected by DXM treat-
ment. Kidney recovery was observed in most surviving
patients after KRT, with or without DXM treatment.
This high percentage is higher than that observed in
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other series23454¢ and possibly influenced by the ex-
clusion of patients with advanced previous kidney
damage. Still, the SCr-based definition for recovery of
kidney function does not account for the loss of the
kidney reserve and should be taken cautiously as it
has been reported that COVID-19 survivors have a
higher risk of eGFR decline, end-stage kidney disease,
and major adverse kidney events#’.

The strengths of this study include the prospective
collection of variables, including the development of
AKI and the use of a standardized DXM regimen,
which allowed us to isolate a potential role of DXM in
modifying AKI severity. There are limitations to this
study. As an observational study, some confounding
factors associated with AKI development may have
not been registered. Therefore, the association be-
tween DXM treatment and AKI prevention may be
overestimated and it is not possible to establish a
causal role. The study did not account for differences
in AKI incidence and mortality according to the CO-
VID-19 pandemic waves at our center and the time
from the start of the pandemic. We did not register
adverse events of DXM therapy to balance the ben-
efit to risk ratio of this therapy. The results from this
study should be considered hypothesis-generating
and need to be tested in future studies.

SUPPLEMENTARY MATERIAL

Supplementary data are available at Revista de Inves-
tigacion Clinicaonline (DOI: 10.24875/RIC.23000034).
These data are provided by the corresponding author
and published online for the benefit of the reader. The
contents of supplementary data are the sole respon-
sibility of the authors.

REFERENCES

1. Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL, et
al. Acute kidney injury in patients hospitalized with COVID-19.
Kidney Int. 2020;98:209-18.

2. Chan L, Chaudhary K, Saha A, Chauhan K, Vaid A, Zhao S, et al.
AKI in hospitalized patients with COVID-19. ] Am Soc Nephrol.
2021;32:151-60.

3. Charytan DM, Parnia S, Khatri M, Petrilli CM, Jones S, Benstein
J, et al. Decreasing incidence of acute kidney injury in patients
with COVID-19 critical illness in New York City. Kidney Int Rep.
2021;6:916-27. ;

4. Martinez-Rueda AJ, Alvarez RD, Méndez-Pérez RA, Fernandez-
Camargo DA, Gaytan-Arocha JE, Berman-Parks N, et al. Com-
munity-and hospital-acquired acute kidney injury in COVID-19:
different phenotypes and dismal prognosis. Blood Purif. 2021;
50:931-41.

88

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Estenssoro E, Loudet Cl, Rios FG, Edul VS, Plotnikow G, Andrian

M, et al. Clinical characteristics and outcomes of invasively ven-
tilated patients with COVID-19 in Argentina (SATICOVID): a
prospective, multicentre cohort study. Lancet Respir Med.
2021;9:989-98.

. Legrand M, Bell S, Forni L, Joannidis M, Koyner JL, Liu K, et al.

Pathophysiology of COVID-19-associated acute kidney injury.
Nat Rev Nephrol. 2021;17:751-64.

. Kellum JA, van Till JWO, Mulligan G. Targeting acute kidney

injury in COVID-19. Nephrol Dial Transplant. 2020;35:1652-62.

. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR,

Mafham M, Bell JL, et al. Dexamethasone in hospitalized pa-
tients with Covid-19. N Engl J Med. 2021;384:693-704.

. Lowe R, Ferrari M, Nasim-Mohi M, Jackson A, Beecham R,

Veighey K, et al. Clinical characteristics and outcome of criti-
cally ill COVID-19 patients with acute kidney injury: a single
centre cohort study. BMC Nephrol. 2021;22:92.

Lumlertgul N, Pirondini L, Cooney E, Kok W, Gregson J, Campo-
rota L, et al. Acute kidney injury prevalence, progression and
long-term outcomes in critically ill patients with COVID-19: a
cohort study. Ann Intensive Care. 2021;11:123.

Pifieiro GJ, Molina-Andujar A, Hermida E, Blasco M, Quintana LF,
Rojas GM, et al. Severe acute kidney injury in critically ill COV-
ID-19 patients. J Nephrol. 2021;34:285-93.

Orieux A, Khan P, Prevel R, Gruson D, Rubin S, Boyer A. Impact
of dexamethasone use to prevent from severe COVID-19-in-
duced acute kidney injury. Crit Care. 2021;25:249.

Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Gold-
stein SL, et al. Kidney disease: improving global outcomes (KDI-
GO) acute kidney injury work group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Int Suppl. 2012;2:1-138.
Siew ED, Matheny ME. Choice of reference serum creatinine in
defining acute kidney injury. Nephron. 2015;131:107-12.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis. 1987;40:373-83.
Chawla LS, Bellomo R, Bihorac A, Goldstein SL, Siew ED, Bagshaw
SM, et al. Acute kidney disease and renal recovery: consensus
report of the Acute Disease Quality Initiative (ADQI) 16 Work-
group. Nat Rev Nephrol. 2017;13:241-57.

Pacheco ICR, Costa DMD, Sousa DS, Filho NS, Silva GEB, Neves
PDM. Kidney injury associated with COVID-19 infection and
vaccine: a narrative review. Front Med (Lausanne). 2022;9:
956158.

Wingert A, Pillay ], Gates M, Guitard S, Rahman S, Beck A, et
al. Risk factors for severity of COVID-19: a rapid review to
inform vaccine prioritisation in Canada. BMJ Open. 2021;
11:e044684.

Cheng Y, Zhang N, Luo R, Zhang M, Wang Z, Dong L, et al. Risk
factors and outcomes of acute kidney injury in critically ill pa-
tients with Coronavirus disease 2019. Kidney Dis (Basel). 2021;
7:111-19.

Doher MP, de Carvalho FRT, Scherer PF, Matsui TN, Ammirati
AL, da Silva BC, et al. Acute kidney injury and renal replacement
therapy in critically ill COVID-19 patients: risk factors and out-
comes: a single-center experience in Brazil. Blood Purif. 2021;
50:520-30.

Fominskiy EV, Scandroglio AM, Monti G, Calabro MG, Landoni G,
DellAcqua A, et al. Prevalence, characteristics, risk factors, and
outcomes of invasively ventilated COVID-19 patients with acute
kidney injury and renal replacement therapy. Blood Purif. 2021;
50:102-9.

Geri G, Darmon M, Zafrani L, Fartoukh M, Voiriot G, Le Marec J,
et al. Acute kidney injury in SARS-CoV2-related pneumonia ICU
patients: a retrospective multicenter study. Ann Intensive Care.
2021;11:86.

Gupta S, Coca SG, Chan L, Melamed ML, Brenner SK, Hayek SS,
et al. AKI treated with renal replacement therapy in critically ill
patients with COVID-19. J Am Soc Nephrol. 2021;32:161-76.
Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia
in Wuhan, China: a single-centered, retrospective, observational
study. Lancet Respir Med. 2020;8:475-81.

Bezerra R, Teles F, Mendonca PB, Damte T, Likaka A, Ferrer-
Miranda E, et al. Outcomes of critically ill patients with acute
kidney injury in COVID-19 infection: an observational study. Ren
Fail. 2021;43:911-8.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,
Davidson KW, et al. Presenting characteristics, comorbidities,
and outcomes among 5700 patients hospitalized with COV-
ID-19 in the New York City area. JAMA. 2020;323:2052-9.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

J.M. MEJIA-VILET ET AL. STEROIDS IN COVID-19 ACUTE KIDNEY INJURY

Ottolina D, Zazzeron L, Trevisi L, Agarossi A, Colombo R, Fossali T,
et al. Acute kidney injury (AKI) in patients with Covid-19 infection
is associated with ventilatory management with elevated positive
end-expiratory pressure (PEEP). J Nephrol. 2022;35:99-111.
Fogagnolo A, Grasso S, Dres M, Gesualdo L, Murgolo F, Morelli
E, et al. Focus on renal blood flow in mechanically ventilated
patients with SARS-CoV-2: a prospective pilot study. J Clin
Monit Comput. 2022;36:161-7.

Xia P, Wen Y, Duan Y, Su H, Cao W, Xiao M, et al. Clinicopatho-
logical features and outcomes of acute kidney injury in criti-
cally ill COVID-19 with prolonged disease course: a retrospective
cohort. J Am Soc Nephrol. 2020;31:2205-21.

Xu J, Yang X, Yang L, Zou X, Wang Y, Wu Y, et al. Clinical course
and predictors of 60-day mortality in 239 critically ill patients
with COVID-19: a multicenter retrospective study from Wuhan,
China. Crit Care. 2020;24:394.

Hamilton P, Hanumapura P, Castelino L, Henney R, Parker K,
Kumar M, et al. Characteristics and outcomes of hospitalised
patients with acute kidney injury and COVID-19. PLoS One.
2020;15:0241544.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Surviving sepsis campaign: international guide-
lines for management of sepsis and septic shock 2021. Crit
Care Med. 2021;49:e1063-143.

Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K,
et al. Hydrocortisone therapy for patients with septic shock. N
Engl J Med. 2008;358:111-24.

Venkatesh B, Finfer S, Cohen J, Rajbhandari D, Arabi Y, Bellomo
R, et al. Adjunctive glucocorticoid therapy in patients with sep-
tic shock. N Engl J Med. 2018;378:797-808.

Annane D, Renault A, Brun-Buisson C, Megarbane B, Quenot JP,
Siami S, et al. Hydrocortisone plus fludrocortisone for adults
with septic shock. N Engl J Med. 2018;378:809-18.

Choi HM, Jo SK, Kim SH, Lee JW, Cho E, Hyun YY, et al. Gluco-
corticoids attenuate septic acute kidney injury. Biochem Biophys
Res Commun. 2013;435:678-84.

Jin L, Liao W, Zhou X, Wang Y, Qian J. Hydrocortisone alleviates
sepsis-induced acute kidney injury through HSF-1-mediated
transcriptional suppression of XPO1. Tissue Cell. 2022;789:
101915.

89

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Park Y], Lee MJ, Bae J, Lee JH, Lee HAR, Mun S, et al. Effects of
glucocorticoid therapy on sepsis depend both on the dose of
steroids and on the severity and phase of the animal sepsis
model. Life (Basel). 2022;12:421.

Goodwin JE, Feng Y, Velazquez H, Sessa WC. Endothelial gluco-
corticoid receptor is required for protection against sepsis. Proc
Natl Acad SciU S A. 2013;110:306-11.

Meduri GU, Muthiah MP, Carratu P, Eltorky M, Chrousos GP.
Nuclear factor-kappaB-and glucocorticoid receptor alpha-me-
diated mechanisms in the regulation of systemic and pulmo-
nary inflammation during sepsis and acute respiratory distress
syndrome. Evidence for inflammation-induced target tissue
resistance to glucocorticoids. Neuroimmunomodulation. 2005;
12:321-38.

Jamaly S, Tsokos MG, Bhargava R, Brook OR, Hecht JL, Abdi R,
et al. Complement activation and increased expression of Syk,
mucin-1 and CaMK4 in kidneys of patients with COVID-19. Clin
Immunol. 2021;229:108795.

De Menezes Neves PDM, Sato VAH, Mohrbacher S, Ferreira BMC,
Oliveira ES, Pereira LVB, et al. Acute kidney injury due to COV-
ID-19 in intensive care unit: an analysis from a Latin-American
center. Front Med (Lausanne). 2021;8:620050.

Pulakurthi YS, Pederson JM, Saravu K, Gupta N, Balasubrama-
nian P, Kamrowski S, et al. Corticosteroid therapy for COVID-19:
a systematic review and meta-analysis of randomized con-
trolled trials. Medicine (Baltimore). 2021;100:e25719.

Hasan SS, Kow CS, Mustafa ZU, Merchant HA. Does methyl-
prednisolone reduce the mortality risk in hospitalized COVID-19
patients? A meta-analysis of randomized control trials. Expert
Rev Respir Med. 2021;15:1049-55.

Ghosn M, Attallah N, Badr M, Abdallah K, De Oliveira B, Nadeem
A, et al. Severe acute kidney injury in critically ill patients with
COVID-19 admitted to ICU: incidence, risk factors, and out-
comes. J Clin Med. 2021;10:1217.

Rubin S, Orieux A, Prevel R, Garric A, Bats ML, Dabernat S, et
al. Characterization of acute kidney injury in critically ill pa-
tients with severe Coronavirus disease 2019. Clin Kidney J.
2020;13:354-61.

Bowe B, Xie Y, Xu E, Al-Aly Z. Kidney outcomes in long COVID.
J Am Soc Nephrol. 2021;32:2851-62.



