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Abstract
Background/Aims: The new severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) causes a wide spectrum 
of effects, including acute kidney injury (AKI) in up to 40% of 
hospitalized patients. Given the established relationship be-
tween AKI and poor prognosis, whether AKI might be a prog-
nostic indicator for patients admitted to the hospital for 
SARS-CoV-2 infection would allow for a straightforward risk 
stratification of these patients. Methods: We analyzed data 
of 623 patients admitted to San Raffaele Hospital (Milan, IT) 
between February 25 and April 19, 2020, for laboratory-con-
firmed SARS-CoV-2 infection. Incidence of AKI at hospital ad-
mission was calculated, with AKI defined according to the 
KDIGO criteria. Multivariable Cox regression models as-

sessed the association between AKI and overall mortality 
and admission to the intensive care unit (ICU). Results: Over-
all, 108 (17%) patients had AKI at hospital admission for 
SARS-CoV-2 infection. After a median follow-up for survivors 
of 14 days (interquartile range: 8, 23), 123 patients died, 
while 84 patients were admitted to the ICU. After adjusting 
for confounders, patients who had AKI at hospital admission 
were at increased risk of overall mortality compared to those 
who did not have AKI (hazards ratio [HR]: 2.00; p = 0.0004), 
whereas we did not find evidence of an association between 
AKI and ICU admission (HR: 0.95; p = 0.9). Conclusions: These 
data suggest that AKI might be an indicator of poor progno-
sis for patients with SARS-CoV-2 infection, and as such, given 
its readily availability, it might be used to improve risk strat-
ification at hospital admission. © 2022 The Author(s).
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Introduction

The new severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) causes a wide spectrum of effects, 
ranging from mild, self-limiting respiratory tract illness 
to severe acute respiratory distress syndrome, multiple 
organ failure, and death [1–3]. Among various organs 
and systems targeted by the infection, kidney involve-
ment is a frequent complication, with up to 20% of pa-
tients experiencing acute kidney injury (AKI) during hos-
pitalization for SARS-CoV-2 infection [4]. Overwhelm-
ing evidence assessed the role of AKI as a marker of 
disease severity and survival [3, 4], suggesting that early 
diagnosis of kidney involvement in patients with SARS-
CoV-2 infection might be crucial to reduce morbidity and 
mortality. Unfortunately, the role of AKI at hospital ad-
mission for SARS-CoV-2 infection has never been inves-
tigated. For this reason, we tested the hypothesis that AKI 
at hospital admission for SARS-CoV-2 infection might be 
predictive of poor prognosis and as such that it might be 
used as a triage test for these patients.

Materials and Methods

We analyzed clinical data of 623 patients admitted to San Raf-
faele Hospital, Milan (Italy), for laboratory-confirmed SARS-
CoV-2 infection between February 25 and April 19, 2020 (exclu-
sion criteria are described in online suppl. Fig. 1; for all online 
suppl. material, see www.karger.com/doi/10.1159/000518271). 
Demographic characteristics (age and sex), clinical data (comor-
bidities and outcomes), and laboratory findings during hospital-
ization were collected from electronic medical records. Patients 
were stratified according to the presence or absence of AKI at hos-
pital admission, with AKI defined according to the KDIGO criteria 
[5]. All patients were managed with lopinavir/ritonavir, hydroxy-
chloroquine, and azithromycin as per local institutional standard 
of care at the time of admission [6]. Supportive therapies with sup-
plemental oxygen and/or noninvasive ventilation with continuous 
positive airway pressure were provided at the discretion of physi-
cians. Data on baseline renal function (within 1 year prior to hos-
pital admission) were available for approximately 25% of patients 
(online suppl. Table 1). For the remaining patients, baseline serum 
creatinine was estimated using coefficients derived from a multi-
variable linear regression model predicting baseline renal function 
for a cohort of 3,319 patients of similar characteristics (online sup-
pl. Table 2). Since controversies exist on the optimal methodology 
for backestimation of baseline function in acute situations [7], our 
approach was chosen to ensure a more individualized calculation 
of baseline serum creatinine.

Our primary goal was to test the hypothesis that AKI at hospi-
tal admission for patients with SARS-CoV-2 infection might be 
predictive of poor prognosis and as such that it might be used as a 
triage test. Our primary outcome was overall mortality (OM). The 
secondary outcome was admission to the intensive care unit (ICU).

We first described the characteristics of our cohort, stratified 
by AKI at hospital admission. Subsequently, the relationship be-
tween AKI and each outcome of interest was assessed using mul-
tivariable Cox proportional hazards regression models. To adjust 
for factors that may affect the relationship between AKI and each 
outcome of interest, our models included the following covariates: 
age, gender, baseline creatinine, chronic obstructive pulmonary 
disease, coronary artery disease, and respiratory domain of the se-
quential organ failure assessment (SOFA) score. When OM was 
the outcome of interest, we also included admission to the ICU as 
a time-varying covariate.

Results

A total of 108 (17%) patients had AKI at hospital ad-
mission for SARS-CoV-2 infection. Demographic char-
acteristics of our cohort are described in online supple-
mentary Table 3, stratified by AKI. Patients who had AKI 
at hospital admission were older and had worse baseline 
creatinine than patients who did not have AKI. Among 
comorbidities, diabetes, hypertension, chronic obstruc-
tive pulmonary disease, and coronary artery disease were 
more frequent in the AKI group (all p ≤ 0.05).

Overall, 123 patients died after a median follow-up for 
survivors of 14 days (interquartile range [IQR]: 8, 23). At 
hospital admission, patients with AKI had a probability 
of survival at 14 days of 62% (95% confidence interval 
[CI]: 51%, 71%), whereas the predicted overall survival at 
14 days for patients without AKI at hospital admission 
was 90% (95% CI: 86%, 93%; Fig. 1). A total of 84 patients 
were admitted to the ICU. Median (IQR) follow-up for 
patients who were not admitted to the ICU was 12 (7, 19) 
days. The predicted 7-day probability of freedom from 
ICU admission for patients with and without AKI when 
admitted to the hospital was 88% (95% CI: 79%, 93%) and 
90% (95% CI: 86%, 92%), respectively (online suppl. Fig. 
2).

After adjusting for confounders, patients who had AKI 
at hospital admission were at increased risk of OM com-
pared to those who did not have AKI (hazards ratio [HR]: 
2.00; 95% CI: 1.36, 2.93; p = 0.0004; Table 1). Although 
above conventional level of statistical significance, these 
results were consistent with sensitivity analyses in a sub-
group of 146 patients with available data on baseline se-
rum creatinine (HR: 1.94, 95% CI: 0.98, 3.85; p = 0.059; 
online suppl. Table 4). By contrast, we did not find evi-
dence of an association between AKI at hospital admis-
sion and the probability of admission to the ICU (HR: 
0.95; 95% CI: 0.51, 1.77; p = 0.9).



Improving Risk Stratification of Patients 
Hospitalized for SARS-CoV-2 Infection

3Kidney Blood Press Res
DOI: 10.1159/000518271

Discussion/Conclusions

We provided key evidence on clinical implications of 
AKI at hospital admission for SARS-CoV-2 infection, 
suggesting that given the poor prognosis associated with 

such construct, AKI might be used as a triage test being a 
straightforward, easy-to-calculate parameter to stratify 
patients. This is supported by evidence that although 
SARS-CoV-2 infection is primarily a respiratory illness, 
other organs including the kidneys are often affected [2, 
8]. Accordingly, it is plausible that patients experiencing 
a more aggressive, multiorgan onset of SARS-CoV-2 in-
fection might be at higher risk of poor prognosis, as sug-
gested by a recent meta-analysis [9]. Moreover, this is 
consistent with the relationship between AKI and respi-
ratory failure [10] and cardiovascular events [11], as well 
as with the detrimental effect of AKI on subsequent re-
covery of renal function [12, 13].

Our study is not devoid of limitations. Data on urine 
output, a component of the current classification criteria 
for AKI, were not available for the analyses. Still, we are 
confident that the definition of AKI using other clinical 
parameters included in the KDIGO criteria remains 
sound. Moreover, although our statistical models were 
adjusted for case mix, we cannot exclude residual con-
founding from known and unknown variables that may 
affect the relationship between AKI and outcomes of in-
terest. For instance, data on diuretics or antihypertensive 
drugs were not available for the analyses. In addition, the 
exact duration of SARS-CoV-2 infection before hospital 
admission was unknown. We also have to acknowledge 
that we analyzed data from the early phase of SARS-
CoV-2 pandemic, when hospitals experienced a shortage 
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Fig. 1. Overall survival of patients admitted 
to the hospital for SARS-CoV-2 infection, 
stratified for AKI at hospital admission. 
AKI, acute kidney injury.

Table 1. Multivariable Cox regressions assessing the relationship 
between AKI at hospital admission and overall mortality and 
admission to the ICU for 623 patients with SARS-CoV-2 infection

Outcome of interest Hazard 
ratio

95% 
confidence 
interval

p value

Overall mortality
AKI at hospital admission

No Ref. –
Yes 2.00 1.36, 2.93 0.0004

ICU admission
AKI at hospital admission

No Ref. –
Yes 0.95 0.51, 1.77 0.9

Models were adjusted for age, gender, baseline creatinine, 
COPD (no vs. yes), CAD (no vs. yes), active neoplasia (no vs. yes), and 
respiratory domain of the SOFA score (categorized as 0–1 vs. 2 vs. 
3–4). When overall mortality was the outcome of interest, the model 
also included admission to the ICU as a time-varying covariate. AKI, 
acute kidney injury; COPD, chronic obstructive pulmonary disease; 
CAD, coronary artery disease; ICU, intensive care unit.
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of available beds, especially in ICU. This might explain 
the fact that we did not find evidence of an association 
between AKI at hospital admission and ICU admission. 
Finally, patients with available data on baseline creatinine 
had slightly worse health status than that of patients 
whose baseline function was estimated. However, the rate 
of AKI did not differ between the groups (online suppl. 
Table 4). Moreover, our models were adjusted for both 
patient characteristics and SARS-CoV-2 respiratory se-
verity, and as such we are confident that this did not affect 
our results. Despite these limitations, our study repre-
sents the first study assessing clinical implications of AKI 
at hospital admission for SARS-CoV-2 infection, provid-
ing relevant insight on the natural history of this disease 
and thus potentially improving the management of these 
patients.

In conclusion, we found an association between AKI 
at hospital admission for SARS-CoV-2 infection and sur-
vival. Therefore, our data suggest that such construct 
might be informative for triage purposes during SARS-
CoV-2 outbreak.
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