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COVID-19-induced acute kidney injury: 
a multicenter cohort study
Sébastien Rubin1,2*, Arthur Orieux3, Mathilde Prezelin‑Reydit4,5, Antoine Garric1, Yoann Picard6, 
Nouchan Mellati6, Lisa Le Gall5, Antoine Dewitte7, Renaud Prevel3,8, Didier Gruson3,8, Guillaume Louis6, 
Alexandre Boyer3,8 and for the Groupe Recherche Rein Réanimation (G3R) 

Abstract 

Background Acute kidney injury (AKI) in intensive care unit (ICU) patients with severe COVID‑19 is common 
(> 50%). A specific inflammatory process has been suggested in the pathogenesis of AKI, which could be improved 
by dexamethasone (DXM). In a small monocenter study (n = 100 patients), we reported a potential protective effect 
of DXM on the risk of AKI. This study aimed to investigate the preventive impact of DXM on AKI in a multicenter study 
of patients with severe COVID‑19.

Methods We conducted a multicenter study in three French ICUs from March 2020 to August 2021. All patients 
admitted to ICU for severe COVID‑19 were included. Individuals with preexistent AKI or DXM administration 
before admission to ICU were excluded. While never used during the first wave, DXM was used subsequently at ICU 
entry, providing two treatment groups. Multivariate Cause‑specific Cox models taking into account changes in ICU 
practices over time, were utilized to determine the association between DXM and occurrence of AKI.

Results Seven hundred and ninety‑eight patients were included. Mean age was 62.6 ± 12.1 years, 402/798 (50%) 
patients had hypertension, and 46/798 (6%) had previous chronic kidney disease. Median SOFA was 4 [3–6] 
and 420/798 (53%) required invasive mechanical ventilation. ICU mortality was 208/798 (26%). AKI was present 
in 598/798 (75%) patients: 266/598 (38%), 163/598 (27%), and 210/598 (35%) had, respectively, AKI KDIGO 1, 2, 3, 
and 61/598 (10%) patients required renal replacement therapy. Patients receiving DXM had a significantly decreased 
hazard of AKI occurrence compared to patients without DXM (HR 0.67; 95CI 0.55–0.81). These results were consistent 
in analyses that (1) excluded patients with DXM administration to AKI onset delay of less than 12 h, (2) incorporating 
the different ‘waves’ of the COVID‑19 pandemic.

Conclusions DXM was associated with a decrease in the risk of AKI in severe COVID‑19 patients admitted to ICU. This 
supports the hypothesis that the inflammatory injury of AKI may be preventable.
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Background
Since December 2019, coronavirus disease 2019 
(COVID-19) has infected more than 570 million people, 
causing an excess of mortality of almost 15 million deaths 
worldwide that far in 2022 [1]. The severe respiratory 
damages requiring prolonged intubation have resulted 
in intensive care unit (ICU) saturation [2]. Acute kidney 
injury (AKI) is one of the most frequent organ damage 
besides pulmonary impairment. It has been observed in 
25–85% of patients according to different ICU admission 
criteria, and an extrarenal replacement therapy (RRT) is 
needed in 10–15% of patients [3–6]. This leads to pres-
sure on RRT device availability in case of ICU saturation 
but also an increase in the long-term burden of AKI. The 
need to decrease AKI incidence in severe COVID-19 is 
therefore critical.

Since the end of 2020, the World Health Organisation 
(WHO) has recommended dexamethasone (DXM) as 
the core treatment of respiratory damage, as its patho-
physiology involves a cytokine storm. Notably, the 
RECOVERY trial (2020) demonstrated that DXM use 
in hospitalized COVID-19 patients led to a decrease in 
RRT need, highlighting its potential benefits in manag-
ing such cases [7]. However, whether DXM specifically 
impacts the incidence of COVID-19-related AKI, beyond 
its effects on respiratory symptoms, remains less clear. 
This question is particularly pertinent given the inflam-
matory processes suggested in COVID-19-associated-
AKI pathogenesis [8]. While Lumlertgul et  al. (2021) 
found that DXM decreased the AKI rate, Hsu et al. (2022) 
exhibited more kidney failure in the steroid group [3, 9]. 
Nevertheless, these studies were conducted during the 
first wave when DXM was not a standard of care and was 
only used in the most severe cases. After the first wave 
in France, DXM was used systematically, regardless of the 
severity of patients admitted to the ICU. In 2021, we con-
ducted a preliminary study within the ICU of the Uni-
versity Hospital of Bordeaux [10]. We showed that DXM 
was independently associated with a decrease in the risk 
of AKI incidence. Still, this study suffered from its single 
centre design and lack of power preventing an adequate 
adjustment, which is critical to avoid confusion bias 
inherent to this kind of design. Therefore, we conducted 
a multicenter and most robust study to examine whether 
early administration of DXM could be associated with 
a decrease of AKI occurrence in severe COVID-19 
patients.

Methods
Study design
This cohort study was carried out in ICUs at the Uni-
versity Hospital of Bordeaux (25 beds) and the Hospital 
of Metz-Thionville (2 units), France, from March 2020 

to August 2021. Patients’ data were routinely collected 
in dedicated electronic health records during their hos-
pital stay. According to French law and the French Data 
Protection Authority, the data handling for research pur-
poses was declared to the Data Protection Officer of the 
University Hospital of Bordeaux. The French Society of 
Intensive Care (SRLF) ethics committee approved the 
study and was assigned CE SRLF 22-013. Patients (or 
their relatives, if any) were notified about the anonymized 
use of their healthcare data via a dedicated department’s 
booklet.

Participants
Patients were enrolled if they were aged 18 years or older, 
had positive real-time reverse transcriptase–polymer-
ase chain reaction (PCR) assays for COVID-19 or typical 
computed tomography findings in patients with a high 
clinical pretest probability of COVID-19 (for the first 
wave only), and had been admitted to one of the three 
ICUs. To assess a potential preventive effect of DXM on 
AKI, ICU patients with pre-existing AKI-defined Kidney 
Disease: Improving Global Outcomes (KDIGO) criteria 
at ICU admission and receiving DXM before ICU admis-
sion were excluded. All 100 patients included in the pre-
liminary study were also part of the patient population in 
this current study [10].

COVID-19 waves in France were defined according to 
the French National Institute of Statistics and Economic 
Studies (INSEE): the first wave started on 2nd March 
2020 and lasted until 5th July 2020, the second wave from 
6th July 2020 to 4th January 2021, the third wave from 5 
January 2021 to 5th July 2021 and fourth wave from 6th 
July 2021 to 6th September 2021 [11].

Patient management
Patients were treated according to the standard of care. 
Starting from the second wave on July 2020, DXM was 
recommended for all patients admitted to ICU and 
administrated for ten days at 6 mg per day for the major-
ity of them, whereas it was never used before. Patients 
were admitted based on the French Society of Intensive 
Care (SRLF) guideline for patients’ admission in a pan-
demic context [12]. An initial blood test and urine test 
was systematically performed at admission ± 1 h.

Outcomes
The main outcome was the risk of AKI associated with 
DXM. The day of AKI was the first day the patient was 
eligible for AKI using the KDIGO classification. The 
definition of KDIGO has been used to discriminate AKI 
Stages 1, 2, and 3: serum creatinine (SCr) and urine out-
put were taken into account [13]. Stage 1 was defined by 
an SCr 1.5–1.9 times baseline or diuresis < 0.5  mL/kg/h 
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for 6–12 h; Stage 2: SCr 2.0–2.9 times baseline or diure-
sis < 0.5 mL/kg/h for ≥ 12 h; Stage 3: SCr 3 times baseline, 
initiation of RRT, anuria ≥ 12 h or diuresis < 0.3 mL/kg/h 
for ≥ 24  h. AKI stage was classified using the worst SCr 
or diuresis during the ICU stay. Baseline SCr values cor-
responded to SCr values at admission in the case of nor-
mal renal function, SCr values from within six months in 
the case of abnormal SCr at admission or were estimated 
using the Modification of Diet in Renal Disease (MDRD) 
study equation assuming that baseline estimated glo-
merular filtration rate (GFR) is 75 mL/min/1.73m2 [14]. 
Patients were closely monitored for AKI development 
throughout their stay in the ICU, with the follow-up 
period concluding upon their discharge from the ICU.

Since 2017, criteria for RRT initiation have been stand-
ardized in the ICUs participating in the study, according 
to the delayed strategy of the Artificial Kidney Initiation 
in Kidney Injury (AKIKI) trial [15]. Patients were eligi-
ble for RRT whenever AKI Stage 3 occurred with clinical 
indications (anuria > 72  h, serum potassium > 6  mmol/L 
or > 5.5  mmol/L after medical correction, acute pulmo-
nary edema, pH < 7.15 in the absence of other causes, 
or blood urea > 40  mmol/L). Recovery from AKI was 
assessed and defined as a return of SCr to ≤ 125% above 
baseline SCr for alive and non-dependent RRT patients 
[16].

Other outcomes include the ICU length of stay, which 
was only calculated for patients discharged from the 
ICU: and the intubation length which was only calcu-
lated for the subgroup of successfully extubated patients. 
If a patient ever needed to be re-intubated after having 
been weaned from the ventilator, the intubation length 
was calculated as the sum of the different periods during 
which invasive mechanical ventilation was required.

Exposure variables
Information on the date of the first COVID-19 symp-
toms and medical history of hypertension, diabetes, 
chronic ischaemic heart disease, stroke, chronic obstruc-
tive pulmonary disease, asthma, and obstructive sleep 
apnea were collected using prospectively recorded data 
and patient/relative questioning. The SARS-CoV-2 vari-
ant was also collected when available. Unavailable data of 
variants were imputed to the current predominant epi-
demic variant at the time of admission. Pre-admission 
exposure to renin–angiotensin system inhibitors was 
considered if the patient had taken the drug the week 
before admission. Weight and height were measured 
at ICU admission. All other healthcare data were col-
lected using Metavision ICU (iMDsoft) and IntelliSpace 
Critical Care and Anesthesia software (ICCA, Philips). 
Patients chronically exposed to immunosuppressive 
drugs or suffering from hematological malignancies 

were considered immunosuppressed. The worst PaO2/
FiO2 ratio was calculated in the first 24  h post-ICU 
admission. Chronic kidney disease (CKD) was defined 
as an estimated GFR of < 60  mL/min/1.73   m2, using 
the Chronic Kidney Disease–Epidemiology Collabora-
tion (CKD–Epi) corresponding to CKD Stage 3 or more 
according to the KDIGO classification [17]. Minimum 
diuresis was defined by the minimum diuresis/kg/h used 
for the KDIGO classification. All blood or urine biologi-
cal assessments were usually standardized in ICUs par-
ticipating in the study and systematically collected. The 
day of DXM administration was noted on the first day of 
injection.

Statistical analysis
Descriptive statistics incorporated mean ± standard devi-
ation (SD) or median [interquartile range (IQR)] for vari-
ables that did not fit a normal distribution. Quantitative 
variables were compared using a t test, and qualitative 
variables were compared using Fisher’s exact test when 
only two variables were studied; Pearson’s Chi-squared 
test was used for more variables.

The temporal aspect of COVID-19 waves was a signifi-
cant factor that influenced the strategy of DXM admin-
istration. During the initial wave, DXM administration 
was nil (probability = 0), while during subsequent waves, 
DXM was administered to the majority of patients. This 
temporal change precluded the use of propensity score 
matching or adjustment.

Cumulative incidences were estimated in each treat-
ment group using the Aalen–Johansen estimator to 
account for competing risks [18, 19]. The two groups 
were compared using the Gray test. To estimate the 
adjusted hazard ratio for AKI occurrence between 
patients who received DXM and those who did not, while 
accounting for the competing risk of death, we employed 
a cause-specific Cox model. This model was adjusted 
for age (in years), sex (male vs female), BMI (in kg/m2), 
CKD (yes vs no), HTN (yes vs no), diabetes (yes vs no), 
immunodepression (yes vs no), SAPS II (in units), inva-
sive mechanical ventilation during the first 24  h (yes vs 
no), intravenous fluid therapy during the first 24  h (per 
L), catecholamine use (yes vs no), and COVID-19 variant 
(variant XX).

The primary exposure variable was the use of DXM. 
Adjustment variables were chosen based on their asso-
ciation with AKI from previous studies and from our 
univariate analysis. These variables were determined to 
be mediators in the relationship between DXM and the 
outcome rather than confounders, as they do not influ-
ence the decision to administer DXM. The starting point 
(T0) was the ICU admission. The time axis was the delay 
from ICU admission. The outcome was the occurrence 
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of AKI, with censoring events being ICU discharge or 
death. The proportional hazards assumption was verified 
using Schoenfeld residuals. Variables for adjustment were 
predefined. We initially chose not to include the ‘center’ 
as an adjustment variable in the primary analysis, deem-
ing it more pertinent to account for a center effect when 
the intervention’s quality (here, the administration of 
DXM) might be influenced by the center itself. Nonethe-
less, due to the distinctive challenges of COVID-19 and 
variations in the pandemic’s progression across centers, 
we included the center as a factor in a sensitivity analy-
sis (Model 2). A separate sensitivity analysis excluded 
patients with a delay of less than 12 h between the admin-
istration of DXM and the onset of AKI, and this did not 
alter the principal findings (Model 3). In addition, in our 
sensitivity analysis, we integrated the ‘waves’ of COVID-
19 as a confounding variable in our cause-specific Cox 
model (Model 4). We also examined if these waves modi-
fied the effect of DXM on AKI occurrence by introducing 
an interaction term between the waves and DXM admin-
istration. This was done to assess whether the observed 
association between DXM and decreased AKI incidence 
could be influenced by the evolving ICU practices over 
the different COVID-19 waves (Model 3). We did not 
adjust on waves in the first models because we preferred 
adjust on variants (adjusting on both would have led to 

over adjustment because of colinearity between both 
criteria).

A p value of less than 0.05 was considered statistically 
significant (double-sided).

Results
Patient characteristics
From March 2020 to August 2021, 1014 COVID-19 
patients met inclusion criteria. Two-hundred and eighty-
four (284/1014, 28%) patients were admitted to the Uni-
versity Hospital of Bordeaux, and 730/1014 (72%) to the 
Regional Hospital of Metz-Thionville for severe COVID-
19. Among them, 107/1014 (11%) patients received DXM 
before ICU admission, and 122/1014 (12%) developed 
AKI before ICU admission and were excluded from the 
study, resulting in a total of 798 patients included (Fig. 1).

The mean age was 62.6 ± 12  years, with most males 
[560/798 (70%)]. The mean body mass index (BMI) was 
30.6 ± 6.6  kg/m2, 402/798 (50%) patients had hyperten-
sion, 46/798 (6%) had previous CKD, and 231/798 (29%) 
had diabetes. Details on all baseline characteristics are 
presented in Table 1.

Intubation was required for 420/798 (53%) patients. 
During the first 24 h, the worst  PaO2/FiO2 was 105 [74–
146] n = 300). Norepinephrine was needed for 372/798 
(47%) patients. The median Sequential Organ Failure 

Fig. 1 Flow chart. AKI acute kidney injury, DXM dexamethasone, ICU intensive care unit
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Assessment (SOFA) was 4 [3–6]). Details on all compari-
son characteristics between Bordeaux and Metz-Thion-
ville Hospitals are presented in Additional file 1: Table S1 
and patients’ characteristics according to the wave in 
Additional file 1: Table S2.

DXM administration after ICU admission
Of the 798 patients, 467/798 (68%) had DXM administra-
tion. Among the 331 patients who did not receive DXM, 
7/331 (2%) patients were administrated hydrocortisone 
hemisuccinate within the first 48  h. The median SOFA 
was 4 [3–5] in DXM users vs. 5 [4–8] in no-DXM group 
(p < 0.01). Invasive mechanical ventilation was needed in 
205/467 (43%) patients in DXM group vs. 215/331 (70%) 
in non-users (p < 0.001). Fewer individuals died in the 
DXM use group with 99/467 (21%) death vs. 109/331 
(33%) in non-DXM-users (p < 0.001). Details on all 

characteristics associated with DXM use are presented in 
Table 1.

Outcomes
Among all included patients, within a median delay 
of 3.2  days (IQR 25–75 1.2–8), 598/798 (75%) sub-
jects developed an AKI, of which 331/598 (85%) in the 
no-DXM group and 467/598 (67%) in the DXM group 
(p < 0.001). AKI-Stage 1, 2 and 3 occurred in 225/798 
(38%), 163/798 (27%) and 210/798 (35%) patients, 
respectively, with difference only in stage 3 AKI between 
the two groups. RRT was needed in 20/467 (6%) vs. 41 
(12%) patients in DXM vs. no-DXM group, respectively 
(p < 0.001). The median length of intubation was 12 
[6–20] days 9 [5–19] days for ICU stay. Two hundred 
eight patients died during their ICU stay (208/798) (26%). 
Details on outcomes are presented in Table 2.

Table 1 Patient characteristics

BMI body mass index, DXM dexamethasone, FiO2 inspired fraction of oxygen, ICU intensive care unit, IQR interquartile range, PaO2 arterial partial pressure of oxygen, 
SAPS II simplified acute physiology score, Scr serum creatinine, SD standard deviation, SOFA sequential organ failure assessment score

Among all descriptive variables in Table 1, only basal SCr variable had missing values. SCr missing values were estimated using the Modification of Diet in Renal 
Disease (MDRD) study equation assuming that baseline eGFR is 75 mL/min/1.73  m2

Characteristics of patients All patients (n = 798) No DXM (n = 331) DXM (n = 467) p value

Baseline characteristics

 Bordeaux, n (%) 162 (20%) 53 (16%) 109 (23%) 0.012

 Metz‑Thionville, n (%) 636 (80%) 278 (84%) 358 (77%) 0.011

SARS‑CoV‑2 variant

 Wuhan, n (%) 516 (65%) 295 (89%) 221 (47%) < 0.001

 Alpha, n (%) 154 (19%) 21 (6%) 133 (28%)

 Beta, n (%) 104 (13%) 15 (4%) 89 (19%)

 Gamma, n (%) 2 (0.3%) 0 (0%) 2 (0.4%)

 Delta, n (%) 22 (3%) 0 (0%) 22 (5%)

Males, n (%) 560 (70%) 248 (78%) 318 (68%) 0.127

Age (years), mean ± SD 63 ± 12 64 ± 12 62 ± 12 0.037

BMI (kg/m2), mean ± SD 30.6 ± 6.6 30.7 ± 6.4 30.6 ± 6.7 0.88

Chronic kidney disease, n (%) 46 (6%) 22 (7%) 24 (5%) 0.368

Basal SCr (µmol/L), median [IQR] (missing values, n = 470) 71 [59–88] 75 [63–92] 70 [58–84] 0.48

Hypertension, n (%) 402 (50%) 170 (51%) 232 (50%) 0.64

Diabetes, n (%) 231 (29%) 91 (27%) 140 (30%) 0.445

Immunosuppression, n (%) 39 (5%) 15 (4%) 24 (5%) 0.695

SAPS II, median [IQR] 35 [29–45] 40 [29–52] 33 [28–41] < 0.01

SOFA, median [IQR] 4 [3–6] 5 [4–8] 4 [3–5] < 0.01

Non‑renal SOFA, median [IQR] 4 [3–5] 3 [4–7] 4 [3–5] 0.05

Time between ICU admission and DXM administration NA NA 1 [1–1]

ICU management

 Crystalloid infusion during the first 24 h (L) 1.7 ± 1.2 2.2 ± 1.4 1.7 ± 1.2 < 0.001

 Catecholamine use during the first 24 h, n (%) 156 (19%) 96 (29%) 60 (12%) < 0.001

 Catecholamine use during ICU hospitalization, n (%) 372 (47%) 210 (63%) 162 (35%) < 0.001

 Invasive mechanical ventilation, n (%) 420 (53%) 215 (70%) 205 (43%) < 0.001

 Worst  PaO2/FiO2, median [IQR] 105 [74–146] 106 [77–155] 103 [72–138] 0.11

 Prone position, n (%) 470 (59%) 169 (51%) 301 (64%) < 0.001
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Figure 2 presents the cumulative incidence of AKI from 
ICU admission taking into account the competing risk of 
death.

Risk of AKI associated with DXM
In comparison with non-AKI patients, AKI patients 
were older (63 ± 11  years vs. 60 ± 13  years; p = 0.013), 
had a higher BMI (31 ± 6.9  kg/m2 vs. 29.7 ± 5.7  kg/
m2; p = 0.022) a more frequent hypertension (314/598 
(52%) cases vs. 88/200 (44%); p = 0.041), a higher SOFA 
(5 [4–7] vs. 3 [3–4]; p < 0.01), a more frequent norepi-
nephrine use at admission (138/598 (23%) vs. 18/200 
(9%); p < 0.001) and need for invasive mechanical 

ventilation (369/598 (61%) vs. 51/200 (25%); p < 0.001). 
Mortality in ICU was also higher, 186/598 (31%) vs. 
22/200 (11%) deceased patients in AKI versus non-AKI 
group (p < 0.001). Comparaison of AKI and non-AKI 
patients is presented in Additional file 1: Table S3.

At any time after entry into the ICU, patients receiv-
ing DXM had a significantly decreased hazard of AKI 
occurrence compared to those not receiving DXM: HR 
0.67; 95% CI (0.55–0.81) (Model 1, Table  3). This HR 
remained significant after adjustment for the center: 
HR 0.76; 95% CI (0.62–0.92). When excluding patients 
with a delay of less than 12 h between DXM adminis-
tration and AKI onset, the hazard ratio was similar to 

Table 2 Outcomes

AKI acute kidney injury, DXM dexamethasone, IQR interquartile range, SCr serum creatinine

*According to KDIGO classification, only one criterion (serum creatinine rise or urine output decline) must be fulfilled

All patients (n = 798) Non DXM (n = 331) DXM (n = 467) p value

Acute kidney injury*, n (%) 598 (75%) 282 (85%) 316 (67%) < 0.001

 Defined using SCr, n (%) 345 (58%) 198 (70%) 147 (47%) < 0.001

 Defined using diuresis criterion, n (%) 552 (92%) 249 (88%) 303 (96%) 0.030

 AKI Stage 1, n (%) 225 (38%) 100 (35%) 125 (40%) 0.287

 AKI Stage 2, n (%) 163 (27%) 73 (26%) 90 (28%) 0.337

 AKI Stage 3, n (%) 210 (35%) 109 (39%) 101 (32%) 0.001

 Renal replacement therapy, n (%) 61 (10%) 41 (15%) 20 (6%) < 0.001

SCr at admission (µmol/L), median [IQR] (missing 
values, n = 94)

73 [58–95] 79 [63–110] 69 [56–86] < 0.01

Length of intubation (days), median [IQR] 12 [6–20] 13 [6–22] 13 [7–21] 0.6

Length of sedation (days), median [IQR] 10 [3–18] 10 [3–19] 8 [3–17] 0.13

ICU length of stay (days), median [IQR] 9 [5–19] 11 [5–24] 8 [4–17] < 0.01

ICU death, n (%) 208 (26%) 109 (33%) 99 (21%) < 0.001

Fig. 2 Cumulative incidence of AKI. The cumulative incidence of AKI is computed considering death as a competing event. This means 
that the time to AKI is censored if death occurs prior to AKI. (p value for Gray’ test)
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that in Model 1, with an HR of 0.62; 95% CI (0.49–0.77) 
(Model 3).

Evolving ICU management practices during the differ-
ent COVID-19 waves are presented in Additional file 1: 
Table S2. Incorporating the ’waves’ of COVID-19 in our 
sensitivity analysis (Model 4), we found that the trends of 
reduced AKI incidence with DXM use remained favora-
ble: HR 0.75; 95% CI (0.57, 1.00). Moreover, the effect 
of DXM on AKI incidence was not modified by the dif-
ferent ‘waves’ (p for the interaction between waves and 
DXM = 0.51).

In a sensitivity analysis conducted to ensure the robust-
ness of our findings, we considered the 79 patients 
who did not initially receive DXM, although they were 
included after the first wave (Additional file 1: Table S1), 
as DXM recipients. This analysis, detailed in Additional 
file  1: Table  S4, aimed to assess the potential impact of 
treatment classification on our results. We found a con-
sistent association between DXM use and a decreased 
risk of AKI with an HR of 0.63; 95% CI (0.51–0.79). In a 
second sensitivity analysis, which included only patients 
with baseline serum creatinine data (not estimated 
baseline creatinine data), (n = 328), we found that early 
administration of DXM within 24 h significantly reduced 
the risk of acute kidney injury [adjusted HR 0.648, 95% 
CI (0.45–0.94)] (Additional file 1: Table S5).

Discussion
In this multicentre ICU study, the incidence of COVID-
19-associated-AKI was 75%. AKI was severe, with 35% 
of AKI stage 3. Our analysis revealed that the use of 
DXM was significantly and independently associated 
with a decrease in the risk of AKI development. This 
was shown in the primary model, as well as consistently 
upheld across various sensitivity analyses. As for other 

factors, intravenous fluid therapy within the first 24  h 
post ICU admission had a protective impact, reducing 
AKI incidence.

The pathogenesis of AKI in COVID-19 ICU patients 
involves several factors. Direct viral toxicity on renal 
cells remains controversial since renal tropism by SARS-
CoV-2 is still arguable. Furthermore, ICU patients may 
present nonspecific factors like absolute or relative 
hypovolemia, nephrotoxicity of some drugs, and venous 
congestion due to mechanical ventilation [20, 21]. More-
over, systemic inflammation due to cytokine storm is 
associated with endothelial damage and complement 
activation, leading to acute tubular necrosis, collaps-
ing glomerulopathy, or thrombotic microangiopathy [8]. 
By its anti-inflammatory effect, DXM might attenuate 
this cytokine storm and decrease the renal damage of 
COVID-19 [22]. This effect was studied in a preventive 
context, since the patients included in the analysis did 
not have AKI before DXM administration or admission 
to ICU.

The rate of AKI (75%) is consistent with our first 
assessment during the first wave, and recent other stud-
ies (AKI incidence of 50–80%) (6,9,21–23). AKI was 
characterised by the clear predominance of the diuresis 
criterion collected exhaustively, representing about 90% 
of cases, compared with 50% for the creatinine criterion. 
Indeed, Lumlertgul et al. described an AKI incidence of 
76% among 313 severe COVID-19 patients [3]. In a more 
recent large multicenter Belgian study, Schauebroek et al. 
(2022) observed that 85% of COVID-19 patients admit-
ted to ICU developed AKI, with the same RRT incidence 
(10%) [23]. These two studies used combined SCr and 
diuresis criteria.

The role of steroids on COVID-19-associated AKI has 
already been assessed in several studies with different 

Table 3 Cause‑specific Cox model

Model 3: Results of a cause-specific Cox model excluding patients with a delay of less than 12 h from the administration of DXM and the AKI

Model 4: Results of a cause-specific Cox model adjusted for wave rather than COVID variant

*Adjusted for age (in years), sex (male/female), BMI (in kg/m2), CKD before ICU admission (yes vs no), hypertension before ICU admission (yes vs no), history of diabetes 
before ICU admission (yes vs no), immunodepression before ICU admission (yes vs no), invasive mechanical ventilation in the first 24 h (yes vs no), intravenous fluid 
therapy in the first 24 h (per L), Catecholamine use in the first 24 h (yes vs no), SAPS II (per unit), the COVID variant (Wuhan/Alpha/Beta/Gamma/Delta) or wave 
(1/2/3/4) (only for model 4) and center (model 2)

BMI body mass index, CKD chronic kidney disease, SAPS II simplified acute physiology score

Association between dexamethasone use and occurrence of AKI in patients admitted in an ICU for severe COVID-19 infection. Results of 
cause-specific Cox models

HR* 95 CI

Dexamethasone use (vs no use): Model 1 0.67 0.55–0.81

Model 2 (Model 1 adjusted for center) 0.76 0.62–0.92

Model 3 (Excluding patients with a delay of less than 12 h from the administration of DXM 
and the AKI)

0.62 0.49–0.77

Model 4 (Model 1 adjusted for wave rather than COVID variant) 0.75 0.57–1.00
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outcomes. While Lumlertgul et  al. (2021) found that 
DXM improved AKI rate, Hsu et  al. (2022) exhibited 
more kidney failure in the steroid group [9]. Moreover, 
regarding RRT outcomes, while Horby et  al. in Recov-
ery Study brought out an improvement in the need for 
hemodialysis, Sullivan et  al. (2021) exhibited a higher 
RRT incidence in the steroid group [5]. Nevertheless, 
those studies were conducted during the first wave when 
DXM was not a standard of care and steroids were only 
reserved for the most critical cases among ICU patients. 
The observed trend in Model 4—which included the 
‘waves’ of COVID-19—suggests that the effect of DXM is 
consistent across the different periods of the pandemic. 
This finding reinforces the beneficial role of DXM use in 
reducing AKI incidence, even when taking into account 
the potential impact of evolving practices. This finding 
strongly implies a direct protective effect of DXM on the 
kidneys, though we cannot exclude that part of this ben-
efit may be due to a reduced need for mechanical venti-
lation. Future studies exploring the intricate mechanisms 
underlying these observations would be both intriguing 
and illuminating.

Specific treatments for Acute Respiratory Distress 
Syndrome (ARDS), such as inhaled Nitric Oxide (iNO), 
might influence the risk of AKI. However, in our cohort, 
only a small proportion of patients (approximately 11%) 
received iNO. Regarding PEEP, while elevated intratho-
racic pressures associated with higher PEEP levels might 
impair venous return and contribute to kidney conges-
tion, we chose not to focus on specific PEEP values in 
our analysis. Instead, our study looked at the broader 
factor of whether patients were intubated and mechani-
cally ventilated. We based this decision on the rationale 
that the overall condition of being mechanically venti-
lated could have a more significant impact on patients’ 
hemodynamic and renal risk than variations in PEEP 
levels. This approach was designed to provide a clearer 
understanding of respiratory support’s influence on renal 
function without the complexity and potential confusion 
of interpreting specific PEEP values, which could change 
frequently during a patient’s ICU stay. Future studies with 
detailed, prospective data collection on PEEP levels, tidal 
volumes, and pulmonary compliance might offer deeper 
insights into these specific aspects of mechanical venti-
lation and their effects on renal function in critically ill 
patients. Invasive ventilation in COVID-19 was also asso-
ciated with AKI incidence in those assessments [3, 5, 24]. 
Our results do not apply to all forms of ICU–AKI. Renal 
damage associated with COVID-19 is characterized by 
severe systemic inflammation.

Moreover, the protective impact of DXM can-
not apply to non-ICU patients who have no indica-
tion for DXM, according to the recommendations [7]. 

Furthermore, the preventive effect of DXM does not 
apply to other COVID-19 nephropathies, like focal 
segmental glomerulosclerosis or thrombotic micro-
angiopathy, which have distinct pathogenesis [25–27]. 
Whether DXM could prevent AKI in other sepsis needs 
to be assessed in specific controlled studies [28].

In our main analysis, we opted to adjust for the dif-
ferent COVID-19 variants rather than the waves of the 
pandemic, given the documented variations in patho-
genicity amongst the variants which continuously 
evolved throughout our study period. We acknowledge 
that not adjusting for the pandemic waves might be 
a limitation; however, it was not feasible to adjust for 
both since these variables are highly collinear. Never-
theless, in a sensitivity analysis (Model 4), where we 
adjusted for the waves, we observed a similar protective 
effect of DXM.

The study’s strengths include a large number of 
patients. This results in a significant power-providing 
adjustment with 13 different variables and decreas-
ing albeit not eliminating confusion bias. By excluding 
patients who already had DXM or AKI before admis-
sion, we limited selection bias and focused on the pre-
ventive impact of DXM before AKI. This study also has 
some limitations. First, since DXM became a standard of 
care at the end of the first wave, most of our unexposed 
patients were from the first wave of COVID-19 when the 
ICU saturation was critical. Second, more severe patients 
in Metz-Thionville hospitals marked a centre effect due to 
the larger first wave in Eastern France. Yet, the standard 
of care was applied in both hospitals, so the differences 
are due to the subjects’ severity, as demonstrated by the 
higher SOFA. Third, accurate baseline SCr results were 
available in only 40% (328 cases). In the remaining cases, 
basal SCr was estimated using the Modification of Diet 
in Renal Disease (MDRD) study equation, assuming that 
baseline eGFR was 75  mL/min/1.73   m2. This approach 
may introduce classification bias. However, it is a con-
ventionally employed method. Importantly, this method 
might underestimate the incidence of AKI (a threshold of 
75 mL/min might lead to a 50% underestimation of AKI 
incidence as the mean/median GFR in relevant popula-
tions approximates 100  mL/min). This could result in 
the exclusion of CKD patients incorrectly considered as 
prior AKI [29]. Lastly, in considering our findings, it is 
essential to acknowledge the potential residual confound-
ing due to differences in treatment practices and hospital 
conditions across COVID-19 waves. Despite our efforts 
to adjust for these variables, factors such as the evolution 
of intubation practices may not be entirely accounted 
for by traditional severity scores, possibly impacting our 
interpretation of severity markers and outcomes across 
different patient cohorts.
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Conclusion
In this multicenter cohort study, our findings indicate a 
potential association between DXM use and a decreased 
risk of developing severe COVID-19-associated AKI. 
These results lend support to the idea that the inflamma-
tory injury of AKI in the context of COVID-19 might be 
partially mitigable through DXM administration. How-
ever, considering the complex and evolving nature of 
COVID-19 treatment practices, these conclusions should 
be interpreted with an awareness of potential confound-
ing factors.

Abbreviations
AKI  Acute kidney injury
AKIKI  Artificial kidney initiation in kidney injury
BMI  Body mass index
CKD‑Epi  Chronic Kidney Disease Epidemiology Collaboration
CKD  Chronic kidney disease
COVID‑19  Coronavirus disease 2019
DXM  Dexamethasone
FiO2  Inspired fraction of oxygen
GFR  Glomerular filtration rate
ICU  Intensive care unit
INSEE  Institute of Statistics and Economic Studies
IQR  Interquartile range
KDIGO  Kidney disease: improving global outcomes
MDRD  Modification of diet in renal disease
PaO2  Arterial partial pressure of oxygen
PaO2/FiO2  Partial pressure of oxygen/fraction of inspired oxygen ratio
PCR  Polymerase chain reaction
RRT   Renal replacement therapy
SAPS II  Simplified acute physiology score
SCr  Serum creatinine
SD  Standard deviation
SOFA  Sequential organ failure assessment score
SRLF  Société de Réanimation de Langue Française (French Society of 

Intensive Care)
WHO  World Health Organisation

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13613‑ 024‑ 01258‑6.

Additional file 1. Table S1: Bordeaux and Metz‑Thionville Hospitals 
comparison. Table S2: Patient’s characteristics according to the wave. 
Table S3: Comparison of AKI and non AKI patients. Table S4: Association 
between dexamethasone use and occurrence of AKI in patients admitted 
in an ICU for severe COVID‑19 infection. Sensitivity analysis: results of a 
cause‑specific Cox model assuming that all patients admitted after 5th 
July 2020 received DXM. Table S5: Association between dexamethasone 
use and occurrence of AKI in patients admitted in an ICU for severe 
COVID‑19 infection: sensitivity analysis, which included only patients with 
baseline serum creatinine data (not estimated baseline creatinine data), 
(n=328).

Acknowledgements
We thank all doctors and residents who took care of the patients.

Author contributions
SR, AO, GL, AG, and AB conceived and designed the study, analyzed the data, 
and drafted the manuscript. AO, GL, AG, YP, and NM were responsible for 
data acquisition. MPR and LLG conducted the statistical analysis. AD, RP, and 
DG helped to conduct the study. All authors read and approved the final 
manuscript.

Funding
No funding.

Availability of data and materials
The data set used and analyzed for the current study is available from the cor‑
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Patient data were routinely collected in dedicated electronic health records 
during their hospital stay. According to French law and the French Data 
Protection Authority, the handling of these data for research purposes was 
declared to the Data Protection Officer of the University Hospital of Bordeaux. 
Patients (or their relatives, if any) were notified about the anonymized use of 
their health care data via the department’s booklet in respective ICUs.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Service de Néphrologie, Transplantation, Dialyse, Aphérèses, CHU de 
Bordeaux, Place Amélie Raba Léon, 33000 Bordeaux, France. 2 Univ. Bordeaux, 
INSERM, BMC, U1034, F‑33600, Pessac, France. 3 Service de Médecine Intensive 
Réanimation, Hôpital Pellegrin, CHU de Bordeaux, Place Amélie Raba Léon, 
33000 Bordeaux, France. 4 Maison du REIN‑AURAD Aquitaine, Gradignan, 
France. 5 Univ. Bordeaux, INSERM, BPH, U1219, F‑33000, Univ. Bordeaux, 
Bordeaux, France. 6 Service de Réanimation Polyvalente, CHR Metz, Thionville, 
Hôpital de Mercy, Ars‑Laquenexy, France. 7 Service d’Anesthésie‑Réanimation 
Sud, Centre Médico‑Chirurgical Magellan, CHU de Bordeaux, Pessac, France. 
8 Univ. Bordeaux, INSERM, CRCTB, U 1045, F‑33000, Bordeaux, France. 

Received: 11 August 2023   Accepted: 30 January 2024

References
 1. COVID‑19 Map. Johns Hopkins Coronavirus Resource Center. Available on 

https:// coron avirus. jhu. edu/ map. html.
 2. 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 pneumo‑
nia in Wuhan, China. JAMA. 2020;323:1061–9.

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

 4. Bayrakci N, Özkan G, Şakaci M, Sedef S, Erdem İ, Tuna N, et al. The inci‑
dence of acute kidney injury and its association with mortality in patients 
diagnosed with COVID‑19 followed up in intensive care unit. Ther Apher 
Dial. 2022;26:889–96.

 5. Sullivan MK, Lees JS, Drake TM, Docherty AB, Oates G, Hardwick HE, et al. 
Acute kidney injury in patients hospitalized with COVID‑19 from the 
ISARIC WHO CCP‑UK Study: a prospective, multicentre cohort study. 
Nephrol Dial Transplant. 2021;37:271–84.

 6. Rubin S, Orieux A, Prevel R, Garric A, Bats M‑L, Dabernat S, et al. Char‑
acterization of acute kidney injury in critically ill patients with severe 
coronavirus disease 2019. Clin Kidney J. 2020;13:354–61.

 7. Group RC, Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, et al. 
Dexamethasone in hospitalized patients with COVID‑19. N Engl J Med. 
2020;384:693–704.

 8. Legrand M, Bell S, Forni L, Joannidis M, Koyner JL, Liu K, et al. Pathophysi‑
ology of COVID‑19‑associated acute kidney injury. Nat Rev Nephrol. 
2021;17:751–64.

 9. Hsu CM, Gupta S, Tighiouart H, Goyal N, Faugno AJ, Tariq A, et al. Kidney 
recovery and death in critically ill patients with COVID‑19–associated 

https://doi.org/10.1186/s13613-024-01258-6
https://doi.org/10.1186/s13613-024-01258-6
https://coronavirus.jhu.edu/map.html


Page 10 of 10Rubin et al. Annals of Intensive Care           (2024) 14:26 

acute kidney injury treated with dialysis: the STOP‑COVID cohort study. 
Am J Kidney Dis. 2022;79:404‑416.e1.

 10. Orieux A, Khan P, Prevel R, Gruson D, Rubin S, Boyer A. Impact of dexa‑
methasone use to prevent from severe COVID‑19‑induced acute kidney 
injury. Crit Care. 2021;25:249.

 11. Insee (Institut National de Statistiques et des Études Économoiques). 
Fichier global Insee: En quatre vagues, l’épidémie de Covid‑19 a causé 
plus de 116 000 décès et lourdement affecté le système de soins. 2021. 
Available on: https:// www. insee. fr/ fr/ stati stiqu es/ 54325 09? somma ire= 
54354 21# onglet‑1.

 12. Position of the Ethics Commission of the French Intensive Care Society: 
Criteria for Admission Management in Intensive Care in the Context of a 
Pandemic. https:// www. srlf. org/ wp‑ conte nt/ uploa ds/ 2020/ 04/ 20200 410‑ 
Reco‑ Ethiq ue‑ SRLF. pdf.

 13. Khwaja A. KDIGO Clinical Practice Guidelines for Acute Kidney Injury. 
2012.

 14. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a 
new prediction equation. Ann Intern Med. 1999;130:461.

 15. Gaudry S, Hajage D, Schortgen F, Martin‑Lefevre L, Pons B, Boulet E, et al. 
Initiation strategies for renal‑replacement therapy in the intensive care 
unit. N Engl J Med. 2016;375:122–33. https:// doi. org/ 10. 1056/ NEJMo 
a1603 017.

 16. Pannu N, James M, Hemmelgarn B, Klarenbach S, Network for the AKD. 
Association between AKI, recovery of renal function, and long‑term out‑
comes after hospital discharge. Clin J Am Soc Nephrol. 2013;8:194–202. 
Available from: https:// cjasn. asnjo urnals. org/ conte nt/ clinj asn/8/ 2/ 194. full. 
pdf.

 17. Kidney Disease: Improving Global Outcomes (KDIGO) CKD‑MBD Update 
Work Group. KDIGO 2017 Clinical practice guideline update for the diag‑
nosis, evaluation, prevention, and treatment of chronic kidney disease–
mineral and bone disorder (CKD‑MBD). Kidney Int Suppl. 2017;7:1–59.

 18. Andersen PK, Geskus RB, de Witte T, Putter H. Competing risks in epidemi‑
ology: possibilities and pitfalls. Int J Epidemiol. 2012;41:861–70.

 19. Gray RJ. A class of $K$‑sample tests for comparing the cumulative inci‑
dence of a competing risk. Ann Stat. 1988;16.

 20. Annat G, Viale JP, Xuan BB, Aissa OH, Benzoni D, Vincent M, et al. Effect 
of PEEP ventilation on renal function, plasma renin, aldosterone, 
neurophysins and urinary ADH, and prostaglandins. Anesthesiology. 
1983;58:136–41.

 21. Wargo KA, Edwards JD. Aminoglycoside‑induced nephrotoxicity. J Pharm 
Pr. 2014;27:573–7.

 22. Noreen S, Maqbool I, Madni A. Dexamethasone: therapeutic potential, 
risks, and future projection during COVID‑19 pandemic. Eur J Pharmacol. 
2021;894: 173854.

 23. Schaubroeck H, Vandenberghe W, Boer W, Boonen E, Dewulf B, Bourgeois 
C, et al. Acute kidney injury in critical COVID‑19: a multicenter cohort 
analysis in seven large hospitals in Belgium. Crit Care. 2022;26:225.

 24. Geri G, Darmon M, Zafrani L, Fartoukh M, Voiriot G, Marec JL, et al. Acute 
kidney injury in SARS‑CoV2‑related pneumonia ICU patients: a retrospec‑
tive multicenter study. Ann Intensiv Care. 2021;11:86.

 25. Leisman DE, Ronner L, Pinotti R, Taylor MD, Sinha P, Calfee CS, et al. 
Cytokine elevation in severe and critical COVID‑19: a rapid systematic 
review, meta‑analysis, and comparison with other inflammatory syn‑
dromes. Lancet Respir Med. 2020;8:1233–44.

 26. Velez JCQ, Caza T, Larsen CP. COVAN is the new HIVAN: the re‑emer‑
gence of collapsing glomerulopathy with COVID‑19. Nat Rev Nephrol. 
2020;16:565–7.

 27. Jhaveri KD, Meir LR, Chang BSF, Parikh R, Wanchoo R, Barilla‑LaBarca ML, 
et al. Thrombotic microangiopathy in a patient with COVID‑19. Kidney Int. 
2020;98:509–12.

 28. Fani F, Regolisti G, Delsante M, Cantaluppi V, Castellano G, Gesualdo L, 
et al. Recent advances in the pathogenetic mechanisms of sepsis‑associ‑
ated acute kidney injury. J Nephrol. 2018;31:351–9.

 29. Cooper DJ, Plewes K, Grigg MJ, Patel A, Rajahram GS, William T, et al. An 
evaluation of commonly used surrogate baseline creatinine values to 
classify AKI during acute infection. Kidney Int Rep. 2021;6:645–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.insee.fr/fr/statistiques/5432509?sommaire=5435421#onglet-1
https://www.insee.fr/fr/statistiques/5432509?sommaire=5435421#onglet-1
https://www.srlf.org/wp-content/uploads/2020/04/20200410-Reco-Ethique-SRLF.pdf
https://www.srlf.org/wp-content/uploads/2020/04/20200410-Reco-Ethique-SRLF.pdf
https://doi.org/10.1056/NEJMoa1603017
https://doi.org/10.1056/NEJMoa1603017
https://cjasn.asnjournals.org/content/clinjasn/8/2/194.full.pdf
https://cjasn.asnjournals.org/content/clinjasn/8/2/194.full.pdf

	Impact of dexamethasone in severe COVID-19-induced acute kidney injury: a multicenter cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Participants
	Patient management
	Outcomes
	Exposure variables
	Statistical analysis

	Results
	Patient characteristics
	DXM administration after ICU admission
	Outcomes
	Risk of AKI associated with DXM

	Discussion
	Conclusion
	Acknowledgements
	References


