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Abstract
Introduction: Our study aimed to analyze whether renal pa-
rameters can predict mortality from COVID-19 disease in 
hospitalized patients. Methods: This retrospective cohort in-
cludes all adult patients with confirmed COVID-19 disease 
who were consecutively admitted to the tertiary hospital 
during the 4-month period (September 1 to December 31, 
2020). We analyzed their basic laboratory values, urinalysis, 
comorbidities, length of hospitalization, and survival. The 
RIFLE and KDIGO criteria were used for AKI and CKD grading, 
respectively. To display renal function evolution and the se-
verity of renal damage, we subdivided patients further into 
6 groups as follows: group 1 (normal renal function), group 
2 (CKD grades 2 + 3a), group 3 (AKI-DROP defined as whose 
s-Cr level dropped by >33.3% during the hospitalization), 
group 4 (CKD 3b), group 5 (CKD 4 + 5), and group 6 (AKI-RISE 
defined as whose s-Cr level was elevated by ≥50% within 7 
days or by ≥26.5 μmol/L within 48 h during hospitalization). 

Then, we used eGFR on admission independently of renal 
damage to check whether it can predict mortality. Only 4 
groups were used: group I – normal renal function (eGFR > 
1.5 mL/s), group II – mild renal involvement (eGFR 0.75–1.5), 
group III – moderate (eGFR 0.5–0.75), and group IV – severe 
(GFR <0.5). Results: A total of 680 patients were included in 
our cohort; among them, 244 patients displayed normal re-
nal function, 207 patients fulfilled AKI, and 229 patients suf-
fered from CKD. In total, a significantly higher mortality rate 
was found in the AKI and the CKD groups versus normal renal 
function – 37.2% and 32.3% versus 9.4%, respectively (p < 
0.001). In addition, the groups 1–6 divided by severity of re-
nal damage reported mortality of 9.4%, 21.2%, 24.1%, 48.7%, 
62.8%, and 55.1%, respectively (p < 0.001). The mean hospi-
talization duration of alive patients with normal renal find-
ings was 9.5 days, while it was 12.1 days in patients with any 
renal damage (p < 0.001). When all patients were compared 
according to eGFR on admission, the mortality was as fol-
lows: group I (normal) 9.8%, group II (mild) 22.1%, group III 
(moderate) 40.9%, and group IV (severe) 50.5%, respectively 
(p < 0.001). It was a significantly better mortality predictor 
than CRP on admission (AUC 0.7053 vs. 0.6053). Conclu-
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sions: Mortality in patients with abnormal renal function was 
3 times higher compared to patients with normal renal func-
tion. Also, patients with renal damage had a worse and lon-
ger hospitalization course. Lastly, eGFR on admission, inde-
pendently of renal damage type, was an excellent tool for 
predicting mortality. Further, the change in s-Cr levels dur-
ing hospitalization reflected the mortality prognosis.

© 2022 The Author(s). 
Published by S. Karger AG, Basel

Introduction

In December 2019, a cluster of pneumonia cases in 
Wuhan, China, led to the discovery of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) [1]. After 
SARS and the Middle East respiratory syndrome, it is the 
third coronavirus-caused outbreak in the 21st century. 
From Wuhan, the disease spread quickly to other parts of 
China and other countries. The WHO announced coro-
navirus disease 2019 (COVID-19) a global pandemic, on 
March 11, 2020. As of January 2022, more than 290 mil-
lion people were infected and more than 5 million died 
worldwide [2].

According to large-scale epidemiological evidence, the 
mortality risk of SARS-CoV-2 infection is considerably 
higher for older and comorbid chronic disorders such as 
coronary disease, bronchial asthma, chronic respiratory 
diseases, arterial hypertension, and cancer. In addition, a 
history of kidney dysfunctions (chronic) or new mild to 
severe dysfunctions (acute) was discovered to significant-
ly increase the mortality in COVID-19 patients indepen-
dent of other factors [3, 4].

One striking feature of this disease is its variability in 
clinical outcome, ranging from inapparent infection to 
hospitalization for those individuals with sufficient dis-
ease burden and comorbid conditions, even with a high 
risk of mortality. Different factors predictive of CO-
VID-19 clinical course and outcomes were identified. 
Still, currently it is accepted that findings associated 
with increased disease severity and/or mortality include 
age >55 years, multiple pre-existing comorbidities, hy-
poxia, specific computed tomography findings indica-
tive of extensive lung involvement, diverse laboratory 
test abnormalities, and biomarkers of end-organ dys-
function [5].

However, a simple and easy-to-use model predicting 
mortality and based on data easily available to clinicians 
in admission to the hospital is lacking, although it 
would help direct limited medical and personnel re-
sources toward those patients at greater risk of dying 

[6]. Thus, our goal was to check whether renal predic-
tors of mortality are useful in order to be able to evalu-
ate correctly the prognosis of the patient warranting 
hospitalization.

Methods

Participants and Documentations
This retrospective cohort study reviewed all patients admitted 

to the tertiary university hospital (University Hospital Královské 
Vinohrady, FNKV) with a catchment area of about 350 thousand 
inhabitants of the city of Prague due to suspected or confirmed 
COVID-19 disease. All such consecutive patients who required 
hospitalization between September 1, 2020, and December 31, 
2020, were included. This period represented the second “wave” of 
COVID-19 disease in the Czech Republic.

Using the patients’ electronic database of the FNKV, we in-
cluded all patients who displayed SARS-CoV-2 reverse transcrip-
tase polymerase chain reaction (PCR) test positivity on admission 
taken by standard throat swab and who were clinically suspected 
or symptomatic due to the COVID-19 disease what actually was 
the reason for hospitalization. Further, patients admitted to the 
hospital for other reasons than COVID-19 disease and who be-
came PCR positive during the hospitalization were included in the 
cohort as well. All the patients were adults (more than 18 years 
old). Patients who had a negative PCR test for COVID-19, all as-
ymptomatic patients (admitted for any reason other than CO-
VID-19), and 3 patients who had no data at all (no history and no 
present lab tests) were excluded.

Further, we rechecked all our data using the National Informa-
tion System of Infectious Diseases (ISIN) system. This is a country-
wide centralized system managed by the Ministry of Health. All 
physicians in the Czech Republic are obliged to document the CO-
VID-19 disease for all patients treated in their units or depart-
ments. The ISIN system gets updated each day. Thus, all hospital-
ized patients with proven PCR tests are reported, including their 
oxygen treatment, hospitalization length, and their outcome 
(alive/death). These national data helped us confirm our data re-
garding the number of COVID-19 symptomatic patients, their 
therapy, and their length of hospitalization.

Using the electronic medical record (EMR), the following data 
were extracted:
1. The patients’ comorbidities: obesity (defined by BMI >30), ar-

terial hypertension (patients who underwent antihypertensive 
treatment), coronary artery diseases (patients who underwent 
any procedure associated with their coronary arteries), diabetes 
mellitus (DM) (patients who were undergoing any kind of 
medical treatment for DM), dyslipidemia (documented in their 
charts), bronchial asthma (recorded in their charts), and chron-
ic obstructive pulmonary disease (recorded in their charts);

2. The basic lab values and the urinalysis: i.e., serum creatinine 
(s-Cr) levels and CRP on admission, estimated glomerular fil-
tration rate (eGFR) on admission using the CKD-EPI equation 
(Chronic Kidney Disease Epidemiology Collaboration) [7], 
and maximal levels of strip proteinuria and strip hematuria 
during hospitalization. The proteinuria and hematuria groups 
were divided into four subgroups according to the amount of 
protein and red blood cells in the urine. In each subgroup, the 
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mortality was documented in the patients with normal renal 
function, AKI, or CKD;

3. Further data concerning the course of hospitalization: i.e., the 
length of the hospitalization (in days), the survival (dead or 
alive), and the type of oxygen therapy (no therapy needed, nasal 
oxygen, high-flow nasal oxygen/HFNO/mechanical ventila-
tion);

4. Patients with AKI or CKD (see definition below).

Definitions and Grouping
Patients were divided into three groups: normal renal findings, 

AKI (acute kidney injury), and CKD (chronic kidney disease). 
However, to display better the renal function evolution and the 
severity of renal damage, we subdivided patients further according 
to the following criteria:
1. The order for AKI definition based on standard RIFLE criteria 

[8] was used: first, if the s-Cr level rose by ≥50% within 7 days 
during hospitalization, they were classified as “AKI-RISE.” 
Then, a drop of s-Cr level during hospitalization by >33.3% (as 
a reflection of undetected previous rise by >50%) was classified 
as “AKI-DROP.” Lastly, a raise of s-Cr level during hospitaliza-
tion by ≥26.5 (μmol/L) within 48 h was added to the “AKI-
RISE” group.

 We divided the AKI groups into “AKI-RISE” and “AKI-DROP” 
because we hypothesized that the mortality might differ be-
tween these groups. Moreover, using the AKI RIFLE definition 
solely may lead to miss patients with AKI. Patients admitted 
with already s-Cr level at its highest peak may be missed since 
their s-Cr level rise will not be documented in the EMR (since 
it occurred outside the hospital).

2. Then, we checked patients who were not part of the AKI group. 
We measured their eGFR, and those who had abnormal eGFR of 
<1.5 (mL/s/1.73 m2) during their whole period of hospitalization 
were classified as part of the CKD group. Patients who had at least 
one documented normal eGFR ≥1.5 (mL/s/1.73 m2) were re-

moved from this group. Furthermore, this group was divided into 
CKD grades using standard grading according to the KDIGO 
eGFR definition [9] (groups CKDG1–CKDG5). For the CKD 
grouping, we preferred to use the eGFR solely and not the charts 
to avoid missing patients who do not have any documentation 
about their kidney status. In addition, some patients are not part 
of the CKD group by the medical charts, even though they have 
a low eGFR due to their age and gender. Therefore, our definition 
helped us to include all the patients with abnormal renal function 
without missing any single patient.

3. Patients who did not meet any of the criteria above (not AKI or 
CKD) were classified as those with normal renal function.
Thus, finally, to investigate the patient’s mortality, according to 

the severity and type of renal damage, we formed 6 groups: group 
1 (normal renal function), group 2 (CKD 2 and CKD 3a), group 3 
(AKI-DROP), group 4 (CKD 3b), group 5 (CKD 4 and CKD 5), and 
group 6 (AKI-RISE), i.e., the groups 2–3 represented mild renal 
damage, while the groups 4–6 represented severe renal impair-
ment (shown in Fig. 1).

Moreover, independently of the type of renal damage, we test-
ed if only eGFR value (CKD-EPI formula) on admission can pre-
dict mortality. For this reason, only four groups were formed: 
group I – normal renal function (eGFR > 1.5 [mL/s/1.73 m2]), 
group II – mild renal involvement (eGFR 0.75–1.5 [mL/s/1.73 
m2]), group III – moderate (eGFR 0.5–0.75 [mL/s/1.73 m2]), and 
group IV – severe (eGFR<0.5 [mL/s/1.73 m2]). To better under-
stand the importance of eGFR as a predictor of mortality, we com-
pared our results to the correlation of the CRP (on admission as 
well) to mortality.

COVID-19 Therapy – General Rules
During the entire period of this study, we used the WHO guide-

lines for the therapy of COVID-19 disease in our hospital [10]. All 
patients with the indication of any oxygen supplementation (= pa-
tients suffering from hypoxia) received corticosteroids. It was shown 

Fig. 1. Patients’ flowchart. A total of 1,017 suspected patients for COVID-19 were analyzed, and 680 symptom-
atic confirmed PCR-positive COVID-19 patients were included in our cohort. This group was further divided 
into AKI, CKD, and normal renal function groups. The AKI and the CKD groups were subdivided further into 
“AKI-RISE,” “AKI-DROP,” and into CDK grades 2, 3a, 3b, 4, and 5. These groups were done in order to form 
the final useful classification. A total of 6 groups were formed according to the severity of renal damage.
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to decrease mortality [11]. The other common part of therapy was 
the use of antiviral therapy represented by remdesivir for patients 
with COVID-pneumonia requiring oxygen therapy but not on me-
chanical ventilation. Some but few patients got COVID-19 convales-
cent plasma during their first 72 h of hospitalization. Concerning O2 
supportive therapy, simple nasal O2 and HFNO therapy were avail-
able for all patients within their needs. However, concerning me-
chanical ventilation, the limitations of therapy (using Ethics Com-
mittee-approved rules) were applied. The other medications and 
drugs (i.e., diuretics and antibiotics) were used according to usual 
therapeutical standards in our hospital.

Statistics
The statistical analysis was done using the software STATIS-

TICA 12. Continuous variables were reported as means with stan-
dard deviation, and the 2 sample t test was used to compare groups. 
Categorical variables were reported as proportions, and Pearson’s 
χ2 test was used to compare groups. Multivariate logistic regression 
was used to determine an adjusted influence of variables on out-
come. The results of multivariate analyses were expressed as odds 
ratios with 95% confidence interval, the area under curve (AUC), 
and p value. All tests were performed at the 5% level of significance.

Results

Patients’ Characteristics and Grouping
We analyzed altogether 1,017 patients who were sus-

pected for or positive to COVID-19. After excluding pa-
tients using the criteria mentioned earlier, we ended up 
with 680 symptomatic confirmed PCR-positive CO-
VID-19 patients included in our cohort.

The AKI group contained 207 patients, the CKD group 
contained 229 patients, and 244 patients had a normal 
renal function. The “AKI-RISE” group included 87 pa-

tients, and the “AKI-DROP” group contained 120 pa-
tients. The composition of the CKD group sorted by 
eGFR was as follows: CKD-G2 (grade 2) contained 105 
patients, G3a contained 50 patients, G3b contained 39 pa-
tients, G4 contained 25 patients, and G5 contained 10 pa-
tients (shown in Fig. 1).

The median age of all the patients was 75 years, while 
in the normal renal function group, AKI group, and the 
CKD groups, the median age was 64.5, 77.3, and 81.1 
years, respectively. 53.3% of all the patients were males, 
while 55.3%, 54.5%, and 50.2% were males in the normal 
renal function, AKI, and CKD group, respectively. The 
patients’ comorbidities were distributed in the following 
manner: 66.7% had hypertension, 31.9% had dyslipid-
emia, 31.6% had DM, 19.7% had coronary artery diseases, 
12.0% had obesity, 8.1% had chronic obstructive pulmo-
nary disease, and 7.9% had bronchial asthma. All patients’ 

Total Normal 
renal function

Acute 
kidney injury

Chronic 
kidney disease

Demographics and profile
Patients, n 680 244 207 229
Mean age, years 72.5 67.4 76.4 79.7
Male sex, n (%) 363 (53.3) 135 (55.3) 113 (54.6) 115 (50.2)
Female sex, n (%) 317 (46.7) 109 (44.7) 94 (45.4) 114 (49.8)

Comorbidities, n (%)
Diabetes mellitus 215 (31.6) 46 (18.8) 86 (41.5) 83 (36.2)
Obesity 82 (12.6) 26 (10.6) 36 (17.3) 20 (8.7)
Coronary artery 
disease

134 (19.7) 21 (8.6) 49 (23.6) 64 (27.9)

Hypertension 454 (66.7) 121 (49.5) 150 (72.4) 183 (79.9)
Dyslipidemias 217 (31.9) 65 (26.6) 68 (32.8) 84 (36.6)
COPD 55 (8) 15 (6.1) 18 (8.7) 22 (9.6)
Asthma 54 (7.9) 29 (11.8) 14 (6.7) 11 (4.8)

COPD, chronic obstructive pulmonary disease.

Table 2. Mortality by the severity of the renal damage (p < 0.001)

Total Mortality, %

Absent renal damage
Group 1 – normal renal function 244 9.4

Mild renal damage
Group 2 – CKD grades 2 and 3a 155 21.2
Group 3 – AKI-DROP 120 24.1

Moderate renal damage
Group 4 – CKD 3b 39 48.7

Severe renal damage
Group 5 – CKD grades 4 and 5 35 62.8
Group 6 – AKI-RISE 87 55.1

Table 1. Demographics and comorbidities
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characteristics and comorbidities are given in detail in 
Table 1.

In the AKI and the CKD groups, respectively, a higher 
percentile of DM (41.5% and 36.2%), obesity (17.3% and 
8.7%), coronary artery diseases (23.6% and 27.9%), dys-
lipidemia (32.8% and 36.6%), and hypertension (72.4% 
and 79.9%) was observed. Nevertheless, bronchial asthma 
was more prominent in the normal renal function group 
(11.9%).

Hospitalization Course and Mortality by Severity of 
the Renal Disease
After analyzing all collected data, we found that the 

mortality was higher in the AKI and in the CKD groups 
than those with normal kidney function – 37.2% and 
32.3% versus 9.4%, respectively (p < 0.001). When evalu-
ating the mortality using the 6 group distribution which 
indicates on the severity of the renal damage, we found an 
increase in mortality in groups with more severe renal 
damage – groups 4, 5, and 6 (see Table 2). Mortality risk 
was in concordance with the severity of kidney damage 
given in groups 1–6 (p < 0.001).

In the multivariable analysis, we evaluated the same 
groups as well as the age, sex, and any comorbidity (see 
Table 3). The worse prognosis was significantly connect-

ed to age, male gender, and severe renal damage (CKD ≥ 
G3b, AKI-RISE). However, we did not find a significant 
connection with any of the listed comorbidities.

To check the disease course, we also examined the 
mean hospitalization duration in alive patients who had 
a normal renal function and in alive patients who have 
any kind of kidney damage (independent of AKI or CKD 
status). We found that the hospitalization duration was 
9.5 days versus 12.1 days, respectively (p < 0.001).

Table 3. Multivariable analysis

OR 95% CI p value

Age, years 1.05 1.03–1.08 <0.001
Gender (male) 1.62 1.07–2.43 0.02
Renal groups

Group 1 – normal renal function Ref Ref Ref
Group 2 – CKD grades 2 and 3a 1.26 0.66–2.40 0.46
Group 3 – AKI-DROP 1.61 0.83–3.12 0.15
Group 4 – CKD 3b 3.68 1.57–8.62 0.002
Group 5 – CKD grades 4 and 5 7.64 3.20–18.20 <0.001
Group 6 – AKI-RISE 6.29 3.28–12.05 <0.001

Comorbidities
Coronary artery disease 0.90 0.56–1.45 0.63
Diabetes mellitus 1.18 0.77–1.80 0.43
Obesity 1.40 0.75–2.63 0.28
Hypertension 0.94 0.59–1.50 0.80
Dyslipidemia 0.84 0.55–1.30 0.44
COPD 1.83 0.95–3.53 0.06
Asthma 0.78 0.32–1.91 0.59

OR, odds ratio; CI, confidential interval, Ref, reference values; 
CKD, chronic kidney disease; AKI, acute kidney injury; COPD, chronic 
obstructive pulmonary disease. Significant p values (<0.05) are 
given in bold.

Table 4. Hematuria and proteinuria

N Mortality, %

Proteinuria
Normal renal function

+0 41 4.8
+1 91 9.8
+2 23 8.7
≥+3 3 33.3

AKI
+0 11 45.4
+1 72 22.2
+2 48 41.6
≥+3 11 45.4

CKD
+0 14 14.2
+1 99 29.2
+2 38 42.1
≥+3 8 37.5

Total
+0 66 13.64
+1 262 20.6
+2 109 34.8
≥+3 22 40.9

Hematuria
Normal renal function

+0 109 9.1
+1 10 0
+2 14 7.1
≥+3 25 12

AKI
+0 43 25.5
+1 15 40
+2 28 28.5
≥+3 56 37.5

CKD
+0 64 18.7
+1 23 39.1
+2 33 39.3
≥+3 39 41

Total
+0 216 15.2
+1 48 31.2
+2 75 29.3
≥+3 120 33.3
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Additionally, using a strip test, we recorded the levels 
of proteinuria and hematuria, in 459 patients during hos-
pitalization. The detailed mortality rate distribution in 
each group is shown in Table 4. A correlation was found 
between the severity of proteinuria and mortality. It is of 
interest that this was truly independent of renal function. 
Nevertheless, for hematuria, only the CKD group dis-
played the same.

Renal Parameters as Predictors of Mortality
We measured the eGFR on admission for all patients 

in the cohort. In the logistic regression model, eGFR on 
admission was a significant predictor of mortality (AUC 
0.7053, p < 0.01). Then, as explained above, we divided 
patients into 4 groups: group I (grade 1), group II (grade 
2 + 3a), group III (grade 3b), and group IV (grade 4 + 5). 
We found that independent of their renal status, the mor-
tality was 9.8%, 22.1%, 40.9%, and 50.5%, respectively  
(p < 0.001). In other words, the eGFR calculator can work 
as a great predictor of mortality.

After using eGFR and finding the initial mortality risk 
of each group, we found that the prognosis may be 
changed according to the fluctuation of s-Cr level during 
the hospitalization. Therefore, we formed 3 groups: “AKI-
RISE,” “AKI-DROP,” and “NO AKI” (normal renal func-
tion and CKD) (shown in Fig. 2).

We can see that patients who had an initial severe risk 
(group IV, i.e., grade 4 and grade 5) with a mortality rate 
of 50.5%, whose s-Cr level dropped during hospitaliza-
tion, had a new prognosis of 31% mortality. However, on 
the contrary, if their s-Cr level was stable (“NO AKI” 
group) or it went up (“AKI-RISE” group), the mortality 
did not change significantly – 63% and 59%, respectively.

Patients with moderate risk (group III, i.e., grade 3b) 
had a similar trend. In the “AKI-DROP” group, the mor-
tality dropped to 19%, while in the “NO AKI” group and 
the “AKI-RISE” group, the mortality reached 49% and 
63%, respectively.

On the contrary, if the initial risk was mild, an increase 
in s-Cr (“AKI-RISE”) level increases the mortality from 
22.1% to 54%. Furthermore, if the s-Cr level stays stable 

Fig. 2. Mortality prediction diagram. After using the eGFR calculator for assessing the mortality risks, we found 
that the prognosis may change depending on 3 groups: “AKI-RISE” (s-Cr rise), “AKI-DROP” (s-Cr drop), and 
patients without AKI (no change in s-Cr – normal renal function and CKD). The figure shows how the initial risk 
of mortality changes depending on these groups according to the change in s-Cr level (rise/drop/no change). The 
AKI-RISE group has only 9 patients in the low-risk group, so the risk of 33% is not significant. The AKI-DROP 
group has only 5 patients in the low-risk group, so the risk of 40% is not significant.
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(“NO AKI”) or even it dropped down (“AKI-DROP”), the 
mortality does not significantly change – 18% and 22%, 
respectively.

Multiple studies have already shown that s-CRP may 
be a good predictor of mortality from COVID-19 [12]. 
Therefore, we decided to collect the CRP level on admis-
sion (it was available in all patients in the interval from 

−1 to +3 days from admission) and evaluate its possible 
correlation with eGFR and, further, its ability to predict 
mortality. The correlation coefficient between eGFR and 
CRP reaches the value r = −0.1112 (p = 0.0037), i.e., this 
is a very weak indirect correlation between these two pa-
rameters (shown in Fig. 3). Furthermore, we evaluated 
the ability of CRP to predict mortality versus eGFR by 

Fig. 3. The correlation between eGFR and 
CRP values on admission.

Fig. 4. Prediction of patient’s death risk 
during hospitalization, which is assessed by 
the eGFR value on admission.



Zolotov/Sigal/Havrda/Jeřábková/Krátká/
Uzlová/Rychlík

Kidney Blood Press Res8
DOI: 10.1159/000522100

using the AUC method in the logistic regression model. 
We confirmed that the predictive power of the eGFR pa-
rameter is significantly higher (AUC = 0.7053) than the 
CRP parameter (AUC = 0.6053) (shown in Fig.  4 and 
Fig. 5).

Discussion

Our study is the first retrospective cohort study con-
ducted in the Czech Republic that evaluates the renal 
damage’s impact on mortality from SARS-CoV-2 infec-
tion. We proved that if the disease conditions require hos-
pitalization, patients suffering from any kind of renal 
damage (AKI or CKD) bear a more than three times high-
er risk for mortality than those with normal renal func-
tion. Even though some studies show that mortality and 
worse COVID-19 course depends on the renal damage 
[13], on CKD stages [4], and on lab values, we believe that 
we bring some new knowledge in this matter, particu-
larly from the “real-life” point of view.

One important feature of our study was that all con-
secutive patients requiring hospitalization were enrolled 
in the study. The ISIN system’s use made the collected 
information much more accurate than solely relying on 
the EMR. No patients were missed, and even more, all the 
oxygen therapies could be evaluated, too. Besides, being 

a large tertiary hospital allowed us to handle a bigger sam-
ple size and include a larger scale of various patients’ co-
morbidities. This fact allowed us to evaluate the complex-
ity of the comorbidities and their influence on the CO-
VID-19 prognosis in greater detail than other studies [3].

However, since we aimed to analyze the situation in 
“real-life” conditions in the Emergency department, we 
had to quantify kidney damage when limited patient’s 
history and lab data were available. While most other 
studies [14] used two groups – AKI or CKD, and they re-
ferred them as two distinct entities, we decided to formu-
late a slightly different grouping system. It helped us re-
flect on the current severity of renal damage rather than 
its acute/chronic origin. Furthermore, we tried to use a 
simple classification, which would be more beneficial for 
the physician to predict the life prognosis of the patients 
at the time of hospital admission.

First, however, we had to formulate a relatively new 
distribution of kidney damage. One was to define CKD 
solely by using the period of the hospitalization, i.e., with-
out checking the history of CKD for the last 3 months. 
Thus, on the one hand, we did not miss any CKD patients, 
so all of them were included in the cohort, but on the 
other hand, patients without CKD might be included. 
Nevertheless, the high mortality of the CKD group was 
significantly higher than in the normal renal function 
group.

Fig. 5. Prediction of patient’s death risk 
during hospitalization, which is assessed by 
the CRP value on admission.
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Secondly, we used a classification of “AKI-RISE” and 
“AKI-DROP.” We believed that these two groups must be 
separated because they might behave differently. For ex-
ample, patients admitted to the hospital with a very high 
s-Cr level might have a better prognosis than those al-
ready treated in the hospital, and with the s-Cr rise during 
hospitalization. Eventually, the difference in the mortal-
ity rate and different prognoses between the two groups 
was found. Moreover, we used a known RIFLE definition 
for AKI [8] – an elevation of s-Cr level ≥26.5 (μmol/L) 
indicates an AKI. However, we doubted some CKD pa-
tients, who had an extremely high s-Cr (≥300 [μmol/L]) 
level, and whether this 26.5 rise would have been suffi-
cient to reclassify them to the AKI group. Since this defi-
nition was used for all patients, we allocated the 8 CKD 
patients with extremely high s-Cr (300+) level into the 
AKI group. Nevertheless, we believe that this question 
should be faced and discussed in the future.

While performing the multivariate analysis on the co-
morbidities, it was rather surprising that the comorbidi-
ties were not significant for mortality risk. This finding is 
in controversy to other studies [12, 15–17]. We assume 
that this finding is because we worked with a population 
of COVID-19 patients who came exclusively from the 
catchment area of our hospital, which is mainly inhabited 
by the senior population. It is supported by our results, 
too: the median age of all the patients in our study was 75 
years. Therefore, we believe that due to the dominant el-
derly population and their multiple comorbidities, the in-
fluence of one single comorbidity on mortality was sig-
nificantly reduced. This idea was supported by a recent 
article, which proved that the association between hyper-
tension, diabetes, CVD, and COVID-19 indeed declined 
by an increase of age [18]. An additional explanation is 
that renal damage can serve as a marker (end-organ in-
volvement) of other diseases’ severity (diabetes, hyper-
tension, or other comorbidities). It may explain why renal 
damage may be a better prognostic marker than the diag-
nosis of either of these comorbidities per se, which in-
cludes patients with mild condition.

On the contrary, we found gender, age, and renal dam-
age as significant parameters for mortality of COVID-19 
disease. This finding brought us to test the hypothesis of 
whether the eGFR value could be used to predict mortal-
ity from COVID-19 independently of the type of current 
renal damage and any other clinical parameter. The ratio-
nale behind it is that the eGFR formula is composed of 
s-Cr, age, gender, and ethnicity. Using eGFR values at 
admission, we classified the patients into 4 groups for 
mortality risk. The increased risk of mortality was in ac-

cordance with decreased eGFR in the groups. Also, con-
trary to the formation of 2 groups of mortality prediction 
used by other authors [19], the eGFR values distributed 
into 4 groups may predict the patients’ prognosis more 
precisely on the first day of admission. However, we 
wanted to ensure that eGFR is the best predictive tool 
compared to other factors such as inflammatory markers. 
For this purpose, we used CRP and compared it to eGFR. 
Even though there are multiple other inflammatory 
markers, we decided to use CRP in particular because it 
was routinely available (no missing data were present), 
and it was measured mostly on the same day as the eGFR. 
Additionally, even though COVID is a viral infection, 
CRP was still proven as an inflammatory marker in pa-
tients suffering from COVID-19 [12]. Our findings 
helped us understand that eGFR is a better predictor than 
an inflammatory marker such as CRP.

Based on our results, we believe that eGFR on admis-
sion can indicate the survival prognosis, and it can be 
used as a simple and easily accessible parameter. It is par-
ticularly important when poor knowledge about patients’ 
history and comorbidities is frequently a matter of truth 
at hospital admission.

The issue of COVID-19 prognostic scoring was al-
ready evaluated in several studies. Most of the authors 
analyzed different pneumonia severity markers [20–22], 
different laboratory markers, including inflammation 
ones [23–25], some renal parameters such as s-Cr levels 
development, albuminuria, or AKI course [24, 26], and 
some clinical parameters [21]. However, the results are 
somewhat difficult to summarize for an easy recommen-
dation. Furthermore, no attention in a single study was 
given to how to evaluate the mortality risk at the time of 
hospital admission. To have such a marker available cer-
tainly can modify the treatment effort in these patients. 
Thus, we believe that our results concerning the eGFR 
mentioned above bring a real novelty in this matter.

Moreover, s-Cr level fluctuation during hospitaliza-
tion may help to further reclassify patients according to 
their mortality risk. If a patient has an initial moderate 
and severe risk for mortality (grades 3b, 4, and 5), a drop 
in s-Cr level during hospitalization is associated with im-
proved prognosis. However, for a patient at a mild risk 
group (grades 2 and 3a) and s-Cr level rises, the patient’s 
chance for mortality doubles. If the s-Cr level in the same 
group drops during the hospitalization or stays stable, 
there is no significant change in the mortality. The im-
portance of s-Cr monitoring, particularly in the presence 
of renal damage, was already stressed by others [21, 27, 
28].



Zolotov/Sigal/Havrda/Jeřábková/Krátká/
Uzlová/Rychlík

Kidney Blood Press Res10
DOI: 10.1159/000522100

We also evaluated the relation between proteinuria 
and/or hematuria and mortality. These results are of in-
terest since we did not find that these items were studied 
extensively in the literature. Nevertheless, the relation be-
tween COVID-19 and proteinuria has already been dis-
cussed, which may be caused by disruptions of glomeru-
lar capillaries and by tubular alterations [29]. Some stud-
ies used a strip test to show an association between 
proteinuria and mortality [30], but they did not distin-
guish it according to groups. Our study used a more ex-
tensive group, confirmed this correlation, and showed 
that it was independent of renal function. For receiving 
those results, we had to use the semiquantitative method 
(strip test) on admission and not a quantitative one (g/24 
h), due to several reasons. Firstly, the strip test was rou-
tinely available and could be easily performed. Secondly, 
it would be challenging to collect urine for 24 h due to 
some patients’ poor health conditions. The only reason-
able option to do it was by placing a urinary catheter, 
which, in our study, was inserted only into patients di-
rectly admitted to the ICU. Therefore, studies used uri-
nary protein-creatinine ratio and other semiquantitative 
analyses as the only appropriate option for hematuria and 
proteinuria analysis [22, 31, 32]. In contrast to our pro-
teinuria results, only the CKD group displayed a correla-
tion with the mortality for hematuria. Our findings inten-
sify the understanding that COVID-19 can damage the 
kidneys, form proteinuria, and increase mortality risk.

Although we are aware of some limitations of our 
study, we believe that the core results would not be 
changed. First, we were not able to include ethnicity as an 
additional factor in the eGFR calculator. All the patients 
admitted to the hospital during the COVID-19 were Cau-
casian but not African American or Asian origin since 
their percentile in the population in Prague is very low. 
Thus, our result should be limited only to the Caucasian 
population. Second, we did not enter laboratory param-
eters, such as white blood cell count and serum albumin 
levels. The main reason for that, as explained above, was 
our will to concentrate on simple and readily available lab 
testing. Third, the strip data on proteinuria/hematuria 
were available only for two-thirds of enrolled patients. 
Furthermore, we could not correlate strip values with 
quantitative values (e.g., urinalysis or urinary albumin/
creatinine ratio).

In conclusion, the most important novelty, useful for 
common practice, is that we proved that calculating the 
eGFR on admission can be an excellent tool for predicting 
mortality, independently of any present renal damage. 
Besides that, the change in s-Cr levels during hospitaliza-

tion reflects and further enhances the mortality progno-
sis. Additionally, as has already been discussed in the past, 
we confirmed that any kind of renal damage (AKI or 
CKD) significantly increases mortality risk in patients re-
quiring hospitalization due to COVID-19. However, we 
proved it on a much more detailed scale and reflected 
“real-life conditions” in an emergency setting.
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