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Abstract: Background and Objectives: Kidneys are one of the main targets for SARS-CoV-2. Early
recognition and precautionary management are essential in COVID-19 patients due to the multiple
origins of acute kidney injury and the complexity of chronic kidney disease management. The aims
of this research were to investigate the association between COVID-19 infection and renal injury
in a regional hospital. Materials and Methods: The data of 601 patients from the Vilnius regional
university hospital between 1 January 2020 and 31 March 2021 were collected for this cross-sectional
study. Demographic data (gender, age), clinical outcomes (discharge, transfer to another hospital,
death), length of stay, diagnoses (chronic kidney disease, acute kidney injury), and laboratory test
data (creatinine, urea, C-reactive protein, potassium concentrations) were collected and analyzed
statistically. Results: Patients discharged from the hospital were younger (63.18 ± 16.02) than those
from the emergency room (75.35 ± 12.41, p < 0.001), transferred to another hospital (72.89 ± 12.06,
p = 0.002), or who died (70.87 ± 12.83, p < 0.001). Subsequently, patients who died had lower
creatinine levels on the first day than those who survived (185.00 vs. 311.17 µmol/L, p < 0.001), and
their hospital stay was longer (Spearman’s correlation coefficient = −0.304, p < 0.001). Patients with
chronic kidney disease had higher first-day creatinine concentration than patients with acute kidney
injury (365.72 ± 311.93 vs. 137.58 ± 93.75, p < 0.001). Patients with acute kidney injury and chronic
kidney disease complicated by acute kidney injury died 7.81 and 3.66 times (p < 0.001) more often
than patients with chronic kidney disease alone. The mortality rate among patients with acute kidney
injury was 7.79 (p < 0.001) times higher than among patients without these diseases. Conclusions:
COVID-19 patients who developed acute kidney injury and whose chronic kidney disease was
complicated by acute kidney injury had a longer hospital stay and were more likely to die.

Keywords: acute kidney injury; chronic kidney disease; COVID-19; kidney replacement therapy

1. Introduction

On 11 March 2020, the World Health Organization declared the SARS-CoV-2 outbreak
a global pandemic [1]. More than 670,000,000 cases of COVID-19 infection and more
than 6,700,000 deaths caused by this infection have already been reported worldwide. In
Lithuania, more than 1,200,000 cases and 9500 deaths have occurred [2]. COVID-19 has
emerged as one of the most daunting diseases of the 21st century, presenting a grave danger
to the health and wellbeing of humanity [3].

The COVID-19 virus is transmitted by airborne droplets [4]. The clinical spectrum
of SARS-CoV-2 infection is extensive: it includes the asymptomatic carriage of the virus,
mild upper respiratory tract disease to severe acute respiratory distress syndrome (ARDS),
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multiple organ failure, and death [5]. Acute kidney injury (AKI) is one of the most common
complications of COVID-19 infection: proteinuria occurs in more than 40% of hospitalized
patients [6], and according to European and US studies, AKI develops in approximately 50%
of COVID-19 patients treated in the intensive care unit (ICU) [7], which is one-sixth of all
hospitalized COVID-19 patients [8]. Approximately 20% of COVID-19 patients admitted to
ICUs require renal replacement therapy [5]. According to a meta-analysis, the risk of death
in patients who develop AKI is 13 times higher than in patients who do not develop AKI [9].
Recent data have also shown that chronic kidney disease (CKD) and renal replacement
therapy are important risk factors for mortality in patients with COVID-19 [10]. Thus,
kidney damage during COVID-19 infection is a major adverse factor in disease severity
and survival [10]. Furthermore, kidney damage during COVID-19 infection leads to higher
treatment costs [11,12]. The multiple origins of acute kidney injury and complexity of the
management of chronic kidney disease in COVID-19 patients make early recognition and a
more cautious approach essential. In this research we aimed to investigate the association
between COVID-19 infection and renal injury in a regional hospital.

2. Materials and Methods
2.1. Data

We performed a cross-sectional study using the Vilnius regional hospital’s database.
We obtained data for 601 patients treated between 1 January 2020 and 31 March 2021. Pa-
tients were included if they fulfilled the following criteria: at least 18 years of age, infected
with SARS-CoV-2, confirmed by a molecular test, suffering from kidney disease (AKI,
CKD, nephritic syndrome, nephrotic syndrome, glomerulonephritis, other changes due
to impaired function of renal tubules, patients after kidney transplantation). We extracted
demographic data (gender, age), clinical outcomes (hospital discharge to home, discharge
from emergency department, transferred to another hospital for an active inpatient treat-
ment or supportive care, death), duration of treatment, diagnoses (chronic kidney disease,
acute kidney injury), and laboratory tests (creatinine, urea, C-reactive protein, potassium
concentrations) from the electronic medical records. Biochemical parameters—creatinine,
urea, C-reactive protein—were measured in the serum and potassium in the plasma samples
using standard commercially available biochemical kits, following the manufacturer’s in-
structions. Analyses were performed on an automated analyzer in the hospital’s laboratory.
All data used in this study were collected and analyzed in an anonymized manner, ensuring
that the privacy and confidentiality of the participants were maintained throughout the
research process.

2.2. Data Structure

For this cross-sectional study, we collected data based on relational data tables. Each
patient was assigned a unique case identification number. The data were systematized,
grouped, and coded using the Microsoft Excel 365 program.

2.3. Statistical Methods

Collected data were analyzed statistically using the R Commander software package.
A Kolmogorov–Smirnov test was used to determine the distribution of quantitative vari-
ables, Spearman, Kendal, and Pearson tests were used for correlation between variables,
Student’s t-test was used to compare the averages of equal variables, and the Mann–
Whitney test was used for unequal ones. The chi-square test was used for the analysis of
qualitative variables (for categorical variables) and ANOVA for multiple estimates for cate-
gorical variables. The difference between indicators was considered statistically significant
when p < α (α = 0.05).
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3. Results
3.1. Patients

Six hundred and one patients met the criteria and participated in the study. Table 1
displays the general characteristics of the study participants.

Table 1. Characteristics of patients.

Characteristics Values

Age, years *, N = 601 68.75 ± 14.66

Gender, N (%)
Male 351 (58.40)

Female 250 (41.60)

Type of case, N (%)

Emergency patients—hospitalized 471 (78.37)

Emergency patients—not hospitalized 64 (10.65)

Inpatient patients 66 (10.98)

Duration of treatment *, days 20.59 ± 22.99

Outcomes, N (%)

Death 259 (43.09)

Discharged from inpatient care home 229 (38.10)

Went home from the emergency room 52 (8.65)

Transferred to another hospital for an
active inpatient treatment 42 (6.99)

Transferred to the supportive
care hospital 19 (3.16)

Patients with CKD, N= 258, N (%)

Stage 1 3 (1.11)

Stage 2 19 (7.09)

Stage 3 84 (31.34)

Stage 4 36 (13.43)

Stage 5 101 (43.69)

Not specified 15 (5.59)

Patients with AKI, N = 346, N (%)

With tubular necrosis 4 (1.16)

With acute cortical necrosis 1 (0.29)

Not specified 341 (98.55)

Patients with CKD complicated by AKI, N (%) 56 (16.18)

Patients with unspecified kidney failure, N (%) 21 (3.49)

Patients undergoing hemodialysis, N (%) 158 (26.30)

Patients after kidney transplantation, N (%) 8 (1.33)
CKD—chronic kidney disease, AKI—acute kidney injury. * Average.

We found that the outcome was different according to the age of the COVID-19 pa-
tients (p < 0.001). Patients discharged from the hospital were younger (63.18 ± 16.02
years) than non-hospitalized emergency patients (75.35 ± 12.41 years, 95% CI (−18.40;
−5.94), p < 0.001), those transferred to another hospital for further active inpatient treat-
ment (72.89 ± 12.06 years, 95% CI (−16.98; −2.44) p = 0.002), those who died in hospital
(70.87 ± 12.83 years, 95% CI (−11.37; −4.01), p < 0.001), or those transferred to a supportive
care hospital (80.42 ± 7.08 years, 95% CI (7.56; 26.92) p < 0.001).
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Patients whose treatment in the regional hospital ended in death had a shorter hospital
stay (17.31 ± 20.38 days) than patients who were discharged (26.43 ± 25.42 days, 95% CI
(3.32; 14.93), p < 0.001) or were transferred to a nursing hospital (33.21 ± 24.96 days, 95% CI
(0.70; 31.11), p = 0.034). We found that the outcome of COVID-19 patients was independent
of gender (p = 0.543).

3.2. Laboratory Findings
3.2.1. Creatinine

Patients had their creatinine levels measured within the first day after admission to the
regional hospital. We found that higher creatinine concentration correlated with older age
(rh Spearman’s correlation coefficient = 0.133, p = 0.028) but shorter duration of treatment
(Spearman’s correlation coefficient = −0.304, p < 0.001) (Table 2). Interestingly, the first-day
creatinine level was higher in patients whose hospitalization outcome was death compared
to discharged patients (185.00 ± 193.74 vs. 311.17 µmol/L, 95% CI (36.65; 215.70), p < 0.001).
This can be explained by the difference in first-day creatinine levels in patients with chronic
kidney disease and acute kidney injury (365.72 ± 311.93 vs. 137.58 ± 93.75 µmol/L, 95%
CI (−303.37; −152.92), p < 0.001). No significant differences in creatinine levels were found
between genders.

Table 2. Correlation between laboratory findings, age, and duration of treatment.

Value Age Duration of Treatment

Creatinine
concentration

Spearman’s correlation coefficient 0.133 −0.304

p-value 0.028 <0.001

Urea concentration
Spearman’s correlation coefficient 0.326 −0.247

p-value <0.001 <0.001

Potassium
concentration

Spearman’s correlation coefficient 0.046 −0.057

p-value 0.267 0.172

CRP concentration
Spearman’s correlation coefficient 0.005 −0.025

p-value 0.899 0.548

3.2.2. Urea

Urea levels were measured within the first 24 h of the patients’ arrival at the re-
gional hospital. Higher urea levels correlated with older age (Spearman’s correlation
coefficient = 0.326, p < 0.001) and shorter duration of treatment (Spearman’s correlation
coefficient = −0.247, p < 0.001) (Table 2). There was no significant difference in urea levels
between patients with different outcomes or gender.

3.2.3. Potassium

Potassium concentrations were also measured in the first 24 h, but no statistically
significant differences or correlations were found (Table 2).

3.2.4. C-Reactive Protein

CRP concentration during the first day did not correlate with age or duration of
treatment (Table 2). However, CRP levels on the first day were higher in patients who
were discharged home after hospitalization than in those who were transferred to another
hospital (102.70 ± 96.66 vs. 161.41 ± 124.05 mg/L, 95% CI (−115.50; −1.91), p = 0.038) or
died (102.70 ± 96.66 vs. 153.12 ± 109.59 mg/L, 95% CI (−78.37; −22.47), p <0.001).
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3.3. Chronic Kidney Disease
3.3.1. Age

We found that older patients were more likely to have CKD (67.22 ± 14.53 vs.
70.47 ± 10.94 years, p = 0.001). In addition, a higher CKD stage was observed at older age
(CKD 1st stage 52.33 ± 31.53 years vs. CKD 4th stage 75.69 ± 13.67 years, 95% CI (0.48;
46.24), p = 0.042). CKD stage did not differ between the genders.

3.3.2. Duration of Treatment

The duration of hospitalization depends on the stage of CKD (p = 0.023). Patients
with the stage 5 CKD were hospitalized 1.2 times longer than patients with stage 3 CKD
(26.44 ± 28.16 vs. 16.32 ± 14.12 days, 95% CI (0.40; 19.83), p = 0.036) and 2.04 times longer
than patients with unspecified CKD stage (26.44 ± 28.16 vs. 12.95 ± 21.26 days, 95% CI
(1.13; 25.78), p = 0.022).

3.3.3. Outcomes

Patient outcomes depend on the presence of CKD (p < 0.001) and the stage of CKD
(p < 0.001). Non-hospitalized emergency patients were more likely to have unspecified
CKD stage in the medical records (p < 0.001). Patients with stage 3 CKD were more likely
to be discharged home than to die in the hospital (p = 0.037).

3.4. Acute Kidney Injury
3.4.1. Age

We found that the older the patient, the more often CKD was complicated by AKI
during COVID-19 infection (average age of patients with AKI 72.66 ± 11.98 years vs.
patients without AKI 68.35 ± 14.86 years, p = 0.014) (Figure 1).
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Figure 1. Age’s impact on the development of AKI.

3.4.2. Duration of Treatment

Patients who developed AKI during COVID-19 infection had a longer hospital stay
(23.59 ± 25.53 days) than patients who did not develop AKI (16.51 ± 18.27 days, p < 0.001).
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Patients with CKD complicated by AKI had a longer hospital stay than those without AKI
(33.68 ± 29.24 vs. 19.24 ± 32.84 days, p < 0.001) (Figure 2).
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Figure 2. Impact of AKI on the length of hospital stay.

3.4.3. Outcomes

Patients with CKD complicated by AKI had a statistically significant 3.66-fold higher
incidence of death than patients without complications (hospitalization ended in death 3.66
times more (95% CI 1.96; 6.84, p < 0.001)) (Table 3).

Table 3. Impact of AKI and CKD on patient outcomes.

Outcome OR 95% CI

Death Survival

CKD complicated by AKI 25 31
3.66 1.96; 6.84

CKD without AKI 42 186

Only AKI 186 106
7.81 5.18; 11.78

Only CKD 42 187

Only AKI 186 105
7.79 2.87; 21.19

No CKD or AKI 5 22

Patients with AKI were 7.81 times (95% CI 5.18; 11.78, p < 0.001) more likely to die
than patients with CKD alone (Table 3).

Patients with AKI were 7.79 times (95% CI 2.87; 21.19, p < 0.001) more likely to die
than patients with neither CKD nor AKI (Table 3).

3.5. Hemodialysis
3.5.1. Age

There were no significant differences between the different age groups with regard to
HD treatment.
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3.5.2. Duration of Treatment

The length of hospital stay was longer in patients treated with HD than in patients not
treated with HD (30.35 ± 29.05 vs. 17.10 ± 19.27 days, p < 0.001). The length of hospital
stay was longer in patients with AKI treated with HD than in patients with CKD treated
with HD (32.48 ± 28.20 vs. 22.00 ± 24.94 days, p = 0.022) but shorter in patients with
CKD complicated by AKI (32.48 ± 28.20 vs. 50.60 ± 33.53 days, p = 0.010). The duration
of treatment in CKD patients treated with HD was shorter than in patients with CKD
complicated by AKI (22.00 ± 24.94 vs. 50.60 ± 33.53 days, p < 0.001) (Table 4).

Table 4. Difference in duration of treatment between HD-treated and non-HD-treated patients.

Patients Treated with HD p-Value

HD-treated
(N = 158, 26.30%)

Non-HD-treated
(N = 443, 73.71%)

Duration of
treatment *, days

30.35 ± 29.05 17.10 ± 19.27 <0.001

AKI patients treated with HD
(N = 63, 10.48%)

CKD patients treated with HD
(N = 67, 11.15%)

32.48 ± 28.20 22.00 ± 24.94 0.022

AKI patients treated with HD
(N = 63, 10.48%)

CKD patients complicated by
AKI treated with HD

(N = 23, 3.83%)

32.48 ± 28.20 50.60 ± 33.53 0.010

CKD patients treated with HD
(N = 67, 11.15%)

CKD patients complicated by
AKI treated with HD

(N = 23, 3.83%)

22.00 ± 24.94 50.60 ± 33.53 <0.001
* Average.

3.5.3. Outcomes

There was no overall higher rate of deaths among patients treated with HD (OR = 1.07,
95% CI (0.74; 1.54)), although patients with AKI treated with HD were 3.89 times more
likely to die than those with CKD complicated by AKI (OR = 3.89, 95% CI (1.43; 10.57)).
Patients with CKD were 1.54 times (95% CI (1.04; 2.03), p < 0.001) more likely to have HD
than patients with AKI. Patients with CKD complicated by AKI were 2.53 times (95% CI
(1.39; 4.62), p < 0.001) more likely to have HD than patients with AKI alone. We did not
observe any gender differences in the use of HD.

4. Discussion

Renal impairment is one of the most common consequences of SARS-CoV-2 infec-
tion [13]. A meta-analysis of nearly 90,000 hospitalized patients with COVID-19 infection
worldwide showed a prevalence of AKI ranging from 10.6% to 12.3% [3,13,14]. The highest
incidence of AKI was found in transplanted and ICU patients, 38.9% (95% CI 27.3–51.9%)
and 39.0% (95% CI 23.2–57.6%), respectively [14]. In our study, 57.6% of the included
patients were diagnosed with AKI. The overall prevalence of AKI among hospitalized
patients without COVID-19 is 8% [15].

4.1. Pathogenesis

SARS-CoV-2 is a cytopathic virus that enters the cell via the angiotensin-converting
enzyme 2 (ACE2) membrane protein [16]. ACE2 is abundantly expressed in proximal
renal tubule epithelial cells and podocytes, making these cells a frequent target for the
virus. The transmembrane serine proteases (TMPRSS) of these cells are co-receptors and
activate the spike protein on the surface of the SARS-CoV-2 virus and enable the virus
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to enter the cells [17]. Another study has shown that the SARS-CoV-2 virus enters target
cells via the cell surface receptor CD147, which is also abundantly expressed in kidney
cells [18,19]. The main pathological changes in the kidney cells are the degeneration of
vacuoles, swelling of cells, the accumulation of the SARS-CoV-2 virus inclusion bodies
in renal tubular epithelial cells, and the delamination of these cells [20,21]. In addition,
the virus can cause tubule damage due to the membrane attack complex (MAC) and the
infiltration of the tubule interstitium by CD68+ macrophages [22]. In a study by Wengqing
Yin et al., in renal biopsies from patients with COVID-19, the most common finding was
glomerular capillary disruption accompanied by hyperplasia of glomerular epithelial cells
and abundant eosinophilic aggregates of intracytoplasmic protein [23]. This suggests
that the SARS-CoV-2 virus directly infects and damages nephrons. Viral replication in
target organs, including the kidney, leads to a systemic inflammatory response, viral
sepsis, and multiple cellular lesions. SARS-CoV-2 can trigger a cytokine storm in which
inflammatory factors such as IL-6, IL-1 β, TNF-α, and granulocyte colony-stimulating factor
induce ischemia, hypoxia, fibrosis, rhabdomyolysis, intrarenal inflammation, increased
vascular permeability, and renal damage [24–26]. In addition, hypoxemia, dehydration,
inappropriate use of nonsteroidal anti-inflammatory drugs (NSAIDs), antibiotics, antivirals,
and other potentially nephrotoxic drugs play a role in the pathogenesis of renal injury
in COVID-19 patients [17,27]. In addition, co-morbidities such as diabetes mellitus and
arterial hypertension may contribute to the development and severity of AKI [28]. Patients
with CKD are at increased risk of severe viral infection due to a persistent proinflammatory
state caused by defects in innate and adaptive immunity [6,29]. In a meta-analysis by
Jagmeet Singh et al., CKD patients were almost twice as likely to develop severe COVID-19
infection (OR 1.97, 95% CI (1.61; 2.42)) [13].

4.2. Laboratory Findings

In a study by Li et al., 193 COVID-19 patients had elevated urea and creatinine con-
centration on the first day of hospitalization, in 14% and 10% patients, respectively [30].
Cheng et al. reported that patients with elevated creatinine and urea concentrations on the
first day of hospitalization had a 2.10 (95% CI 1.36; 3.26) and 3.97 (95% CI 2.57; 6.14) times
higher mortality, respectively. In addition, these patients were more frequently admitted
to the ICU, required artificial ventilation, and deteriorated more often than patients with
normal creatinine concentration [6]. Interestingly, in our study, patients who died had a
lower creatinine concentration on the first day after admission to the regional hospital
(185.00 µmol/L) than those who were discharged home (311.17 µmol/L) (95% CI (36.65;
215.70), p < 0.001). In addition, patients with higher creatinine (Spearman’s correlation coef-
ficient = −0.304, p < 0.001) and urea (Spearman’s correlation coefficient = −0.247, p < 0.001)
concentrations on the first day had a statistically significantly shorter hospital stay. This
could be explained be the different creatinine concentrations on the first day in patients with
chronic kidney disease and acute kidney injury (365.72 ± 311.93 vs. 137.58 ± 93.75 µmol/L,
95% CI (−303.37; −152.92), p < 0.001).

4.3. Age

In meta-analysis by Lirong Lin et al., age over 60 years in COVID-19 patients was
an independent risk factor for AKI (OR 3.53, 95% CI (2.92; −4.25)) [3]. In our study, the
mean age of the patients was 68.75 ± 14.66 years. Older age is associated with a weakened
immune system and aging of tissues, which lead to increased susceptibility and sensitivity
to the virus [31,32]. In our study, there was no statistically significant difference in age
between patients with or without AKI (p = 0.502), but we found that CKD was more
frequently complicated by AKI in older patients during COVID-19 infection (72.66 ± 11.98
vs. 68.35 ± 14.86 years, p = 0.014).
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4.4. Outcomes

The literature shows that the mortality rate of patients not infected with SARS-CoV-2
in the case of AKI ranges from 1.0% to 14.4% in non-ICUs and up to 21.8% in ICUs [33]. In
the meta-analysis of Lirong Lin et al., the mortality rate of hospitalized COVID-19 patients
with AKI was 22.1%, which was 11.05 times higher than that of COVID-19 patients without
AKI [3]. AKI was associated with a 5.3-fold increased risk of mortality in COVID-19 patients
according to the study by Zhen Li et al. [30]. As reported by Xiaopeng Yang et al.’s study,
42% of patients who died during hospitalization were also diagnosed with AKI [14]. The
results of our study are in line with these findings: the mortality rate in patients with AKI
reached 34.94% and was 7.79 (95% CI 2.87; 21.19, p < 0.001) times higher than in patients
without AKI.

In a meta-analysis of 15,000 COVID-19 patients by Jagmeet Singh et al., the prevalence
of CKD was 9.7% [13]. In our study, 42.9% of patients had CKD. In another meta-analysis,
patients with CKD had a 10.26-fold (95% CI (6.78; 15.53)) higher mortality rate than patients
without CKD [34]. In another study involving of more than 4000 COVID-19 patients with
kidney disease, 50% of those with CKD and on dialysis died within 28 days of admission to
the ICU compared to 35% of patients without kidney disease [35]. In our study, the highest
in hospital mortality rate was among patients with AKI alone (30.9%) and was 7.81 times
(95% CI (5.18; 11.78), p < 0.001) higher than in patients with CKD alone. Patients with CKD
complicated by AKI had a mortality rate that was 3.66 (95% CI (1.96; 6.84), p < 0.001) times
higher than that of patients with CKD alone.

4.5. Gender

According to a meta-analysis, as in our study, the incidence of AKI did not differ
between genders in COVID-19 patients (OR 1.36, 95% CI (0.84; 2.20)).

Some studies reported the odds of death were 11.05 times (95% CI (9.13; 13.36) higher
among men with AKI [3]. Another study observed that the number of SARS-CoV-2 virus
particles in the blood of male patients decreases much more slowly than in females, which
may lead to a higher incidence of more severe symptoms and complications in men [36]. In
addition, the higher prevalence of smoking and alcohol consumption, as well as biological
differences in the immune system, such as the expression of androgen response elements
(AREs) of the TMPRSS2 gene, which facilitates the entry of the virus into the epithelial cells,
leads to difference in susceptibility of the two sexes to SARS-CoV-2 virus [37]. However,
in our study, patient outcome and the incidence of AKI were not statistically significantly
related to gender.

4.6. Hemodialysis

According to various studies, 1.5–9.0% (4.8% of non-transplanted and 15.6% of trans-
planted patients) [3,14] of COVID-19 patients require renal replacement therapy in thera-
peutic wards, while 5.6–23.0% require renal replacement therapy in ICUs [5,26,38–40]. In
our study, 26.3% of patients underwent hemodialysis. Their duration of hospitalization was
almost twice as long as patients without HD treatment (30.35 ± 29.05 vs. 17.10 ± 19.27 days,
p < 0.001). In our study, HD was 1.54 times (CI 95% (1.04; 2.03), p < 0.001) more frequent in
patients with CKD than those with AKI. HD was 2.53 times (CI 95% 1.39, 4.62, p < 0.001)
more frequent in patients with CKD complicated by AKI than in those with AKI alone.

Renal replacement therapy is needed for both renal-related (e.g., treatment of acute
renal failure with hemodynamic instability) and non-renal-related (e.g., difficult-to-control
ARDS, hypernatremia, volume overload, diuretic resistance) complications [41]. Moreover,
studies have shown that renal replacement therapy can non-selectively remove inflam-
matory mediators, regulate immune and hemodynamic stability, reduce excess fluid in
the lungs, and achieve acid–base balance [42–44]. Therefore, the timely introduction of
renal replacement therapy can improve the outcome of COVID-19 patients and reduce
hospital costs.
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5. Conclusions

Our study highlights the significant impact of kidney damage during COVID-19
infection on patients’ outcomes and hospitalization times. This study demonstrates the
importance of measuring creatinine concentration on the first day of hospitalization as
it helps to predict the length of hospitalization and higher probability of mortality. This
study proved that older age is a risk factor for AKI as a complication of CKD in COVID-19
patients and a risk factor for longer hospitalization. Patients with AKI and those with CKD
complicated by AKI are at the higher risk of longer hospitalization and death than patients
with uncomplicated CKD or neither CKD nor AKI. Hemodialysis patients with AKI had a
higher rate of hospitalization and death than patients with CKD complicated by AKI. We
did not observe any differences between patients of different genders.

Author Contributions: G.Ž. conducted the analysis and prepared the manuscript, L.R. created the
design of the study and revised the manuscript, M.M., L.J., B.Z. revised the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. The manuscript has been prepared at Vilnius University and Vilnius University Hospital
Santaros Klinikos under the Law on the Ethics of Biomedical Research of the Republic of Lithuania.

Informed Consent Statement: In this study, obtaining written informed consent from participants
was deemed unnecessary, as all data were collected and analyzed with strict adherence to anonymiza-
tion protocols, ensuring confidentiality and privacy throughout the research process.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author if a proper procedure would be carried out. The data are not publicly available
because it might compromise the privacy of the research participants.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Coronavirus Disease (COVID-19)—World Health Organization. Available online: https://www.who.int/emergencies/diseases/

novel-coronavirus-2019 (accessed on 5 March 2023).
2. COVID Live—Coronavirus Statistics—Worldometer. Available online: https://www.worldometers.info/coronavirus/ (accessed

on 22 April 2022).
3. Lin, L.; Wang, X.; Ren, J.; Sun, Y.; Yu, R.; Li, K.; Zheng, L.; Yang, J. Risk factors and prognosis for COVID-19-induced acute kidney

injury: A meta-analysis. BMJ Open 2020, 10, e042573. [CrossRef] [PubMed]
4. Viral Load Kinetics of SARS-CoV-2 Infection in First Two Patients in Korea—PubMed. Available online: https://pubmed.ncbi.

nlm.nih.gov/32080991/ (accessed on 29 January 2023).
5. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors

for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef] [PubMed]

6. Cheng, Y.; Luo, R.; Wang, K.; Zhang, M.; Wang, Z.; Dong, L.; Li, J.; Yao, Y.; Ge, S.; Xu, G. Kidney disease is associated with
in-hospital death of patients with COVID-19. Kidney Int. 2020, 97, 829–838. [CrossRef]

7. Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; the Northwell COVID-19 Research
Consortium. Presenting Characteristics, Comorbidities, and Outcomes among 5700 Patients Hospitalized with COVID-19 in the
New York City Area. JAMA 2020, 323, 2052–2059. [CrossRef] [PubMed]

8. Oliveira, C.B.; Lima, C.A.D.; Vajgel, G.; Campos Coelho, A.V.; Sandrin-Garcia, P. High burden of acute kidney injury in COVID-19
pandemic: Systematic review and meta-analysis. J. Clin. Pathol. 2021, 74, 796–803. [CrossRef]

9. Pecly, I.M.D.; Azevedo, R.B.; Muxfeldt, E.S.; Botelho, B.G.; Albuquerque, G.G.; Diniz, P.H.P.; Silva, R.; Rodrigues, C.I.S. COVID-19
and chronic kidney disease: A comprehensive review. Braz. J. Nephrol. 2021, 43, 383–399. [CrossRef]

10. Zhou, S.; Mi, S.; Luo, S.; Wang, Y.; Ren, B.; Cai, L.; Wu, M. WuRisk Factors for Mortality in 220 Patients with COVID-19 in Wuhan,
China: A Single-Center, Retrospective Study. 2021. Available online: https://journals.sagepub.com/doi/10.1177/014556132097
2608 (accessed on 28 January 2023).

11. Gabarre, P.; Dumas, G.; Dupont, T.; Darmon, M.; Azoulay, E.; Zafrani, L. Acute kidney injury in critically ill patients with
COVID-19. Intensive Care Med. 2020, 46, 1339–1348. [CrossRef]

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.worldometers.info/coronavirus/
https://doi.org/10.1136/bmjopen-2020-042573
https://www.ncbi.nlm.nih.gov/pubmed/33172950
https://pubmed.ncbi.nlm.nih.gov/32080991/
https://pubmed.ncbi.nlm.nih.gov/32080991/
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1001/jama.2020.6775
https://www.ncbi.nlm.nih.gov/pubmed/32320003
https://doi.org/10.1136/jclinpath-2020-207023
https://doi.org/10.1590/2175-8239-jbn-2020-0203
https://journals.sagepub.com/doi/10.1177/0145561320972608
https://journals.sagepub.com/doi/10.1177/0145561320972608
https://doi.org/10.1007/s00134-020-06153-9


Medicina 2023, 59, 898 11 of 12

12. Nadim, M.K.; Forni, L.G.; Mehta, R.L.; Connor, M.J.; Liu, K.D.; Ostermann, M.; Rimmelé, T.; Zarbock, A.; Bell, S.; Bihorac, A.; et al.
COVID-19-associated acute kidney injury: Consensus report of the 25th Acute Disease Quality Initiative (ADQI) Workgroup. Nat.
Rev. Nephrol. 2020, 16, 747–764. [CrossRef]

13. Singh, J.; Malik, P.; Patel, N.; Pothuru, S.; Israni, A.; Chakinala, R.C.; Hussain, M.R.; Chidharla, A.; Patel, H.; Patel, S.K.; et al.
Kidney disease and COVID-19 disease severity—Systematic review and meta-analysis. Clin. Exp. Med. 2022, 22, 125–135.
[CrossRef]

14. Yang, X.; Tian, S.; Guo, H. Acute kidney injury and renal replacement therapy in COVID-19 patients: A systematic review and
meta-analysis. Int. Immunopharmacol. 2021, 90, 107159. [CrossRef]

15. Yang, L.; Xing, G.; Wang, L.; Wu, Y.; Li, S.; Xu, G.; He, Q.; Chen, J.; Chen, M.; Liu, X.; et al. Acute kidney injury in China: A
cross-sectional survey. Lancet Lond. Engl. 2015, 386, 1465–1471. [CrossRef] [PubMed]

16. Genomic characterisation and epidemiology of 2019 novel coronavirus: Implications for virus origins and receptor binding. Lancet
2020, 395, 565–574. Available online: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30251-8/fulltext
(accessed on 30 January 2023). [CrossRef] [PubMed]

17. Yalameha, B.; Roshan, B.; Bhaskar, L.V.; Mohmoodnia, L. Perspectives on the relationship of renal disease and coronavirus disease
2019. J. Nephropharmacol. 2020, 9, e22. [CrossRef]

18. SARS-CoV-2 Invades Host Cells via a Novel Route: CD147-Spike Protein. bioRxiv. Available online: https://www.biorxiv.org/
content/10.1101/2020.03.14.988345v1 (accessed on 30 January 2023).

19. Kosugi, T.; Maeda, K.; Sato, W.; Maruyama, S.; Kadomatsu, K. CD147 (EMMPRIN/Basigin) in kidney diseases: From an
inflammation and immune system viewpoint. Nephrol. Dial. Transplant. 2015, 30, 1097–1103. [CrossRef]

20. Yao, X.H.; Li, T.Y.; He, Z.C.; Ping, Y.F.; Liu, H.W.; Yu, S.C.; Mou, H.M.; Wang, L.H.; Zhang, H.R.; Fu, W.J.; et al. A pathological
report of three COVID-19 cases by minimal invasive autopsies. Zhonghua Bing Li Xue Za Zhi 2020, 49, 411–417. [CrossRef]

21. Diao, B.; Wang, C.; Wang, R.; Feng, Z.; Zhang, J.; Yang, H.; Tan, Y.; Wang, H.; Wang, C.; Liu, L.; et al. Human kidney is a target for
novel severe acute respiratory syndrome coronavirus 2 infection. Nat. Commun. 2021, 12, 2506. [CrossRef]

22. Benedetti, C.; Waldman, M.; Zaza, G.; Riella, L.V.; Cravedi, P. COVID-19 and the Kidneys: An Update. Front. Med. 2020, 7, 423.
[CrossRef]

23. Yin, W.; Zhang, P.L. Infectious pathways of SARS-CoV-2 in renal tissue. J. Nephropathol. 2020, 9, e37. [CrossRef]
24. Detectable Serum Severe Acute Respiratory Syndrome Coronavirus 2 Viral Load (RNAemia) Is Closely Correlated with Drastically

Elevated Interleukin 6 Level in Critically Ill Patients with Coronavirus Disease 2019|Clinical Infectious Diseases|Oxford
Academic. Available online: https://academic.oup.com/cid/article/71/8/1937/5821311 (accessed on 30 January 2023).

25. Zumla, A.; Hui, D.S.; Azhar, E.I.; Memish, Z.A.; Maeurer, M. Reducing mortality from 2019-nCoV: Host-directed therapies should
be an option. Lancet 2020, 395, e35–e36. [CrossRef]

26. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

27. Aslan, A.; van den Heuvel, M.C.; Stegeman, C.A.; Popa, E.R.; Leliveld, A.M.; Molema, G.; Zijlstra, J.G.; Moser, J.; van Meurs, M.
Kidney histopathology in lethal human sepsis. Crit. Care Lond. Engl. 2018, 22, 359. [CrossRef] [PubMed]

28. Ronco, C.; Reis, T. Kidney involvement in COVID-19 and rationale for extracorporeal therapies. Nat. Rev. Nephrol. 2020,
16, 308–310. [CrossRef] [PubMed]

29. Tu, Y.-F.; Chien, C.-S.; Yarmishyn, A.A.; Lin, Y.-Y.; Luo, Y.-H.; Lin, Y.-T.; Lai, W.-Y.; Yang, D.-M.; Chou, S.-J.; Yang, Y.-P.; et al. A
Review of SARS-CoV-2 and the Ongoing Clinical Trials. Int. J. Mol. Sci. 2020, 21, 2657. [CrossRef] [PubMed]

30. Li, Z.; Wu, M.; Yao, J.; Guo, J.; Liao, X.; Song, S.; Li, J.; Duan, G.; Zhou, Y.; Wu, X.; et al. Caution on Kidney Dysfunctions of COVID-
19 Patients. Available online: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3559601 (accessed on 30 January 2023).

31. Chen, Y.; Feng, F.; Li, M.; Chang, X.; Wei, B.; Dong, C. Development of a risk stratification-based model for prediction of acute
kidney injury in critically ill patients. Medicine 2019, 98, e16867. [CrossRef] [PubMed]

32. Uhler, C.; Shivashankar, G.V. Mechano-genomic regulation of coronaviruses and its interplay with ageing. Nat. Rev. Mol. Cell Biol.
2020, 21, 247–248. [CrossRef] [PubMed]

33. Tang, X.; Chen, D.; Yu, S.; Yang, L.; Mei, C.; on behalf of ISN AKF 0 by 25 China Consortium. Acute kidney injury burden in
different clinical units: Data from nationwide survey in China. PLoS ONE 2017, 12, e0171202. [CrossRef] [PubMed]

34. Chung, E.Y.M.; Palmer, S.C.; Natale, P.; Krishnan, A.; Cooper, T.E.; Saglimbene, V.M.; Ruospo, M.; Au, E.; Jayanti, S.; Liang, A.; et al.
Incidence and Outcomes of COVID-19 in People with CKD: A Systematic Review and Meta-analysis. Am. J. Kidney Dis. 2021,
78, 804–815. [CrossRef] [PubMed]

35. Flythe, J.E.; Assimon, M.M.; Tugman, M.J.; Chang, E.H.; Gupta, S.; Shah, J.; Sosa, M.A.; Renaghan, A.D.; Melamed, M.L.;
Wilson, F.P.; et al. Characteristics and Outcomes of Individuals With Pre-existing Kidney Disease and COVID-19 Admitted to
Intensive Care Units in the United States. Am. J. Kidney Dis. 2021, 77, 190–203.e1. [CrossRef] [PubMed]

36. Delayed clearance of SARS-CoV2 in Male Compared to Female Patients: High ACE2 Expression in Testes Suggests Possible
existence of Gender-Specific Viral Reservoirs|medRxiv. Available online: https://www.medrxiv.org/content/10.1101/2020.04.
16.20060566v1 (accessed on 30 January 2023).

37. Vahed, S.Z.; Ghiyasvand, S.; Tolouian, R.; Noshad, H.; Tolouian, A.; Shoja, M.M.; Ardalan, M. The footprint of androgen sensitive
serine protease (TMPRSS2) in gender mortality with COVID-19. Immunopathol. Persa 2020, 6, e27. [CrossRef]

https://doi.org/10.1038/s41581-020-00356-5
https://doi.org/10.1007/s10238-021-00715-x
https://doi.org/10.1016/j.intimp.2020.107159
https://doi.org/10.1016/S0140-6736(15)00344-X
https://www.ncbi.nlm.nih.gov/pubmed/26466051
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30251-8/fulltext
https://doi.org/10.1016/S0140-6736(20)30251-8
https://www.ncbi.nlm.nih.gov/pubmed/32007145
https://doi.org/10.34172/npj.2020.22
https://www.biorxiv.org/content/10.1101/2020.03.14.988345v1
https://www.biorxiv.org/content/10.1101/2020.03.14.988345v1
https://doi.org/10.1093/ndt/gfu302
https://doi.org/10.3760/cma.j.cn112151-20200312-00193
https://doi.org/10.1038/s41467-021-22781-1
https://doi.org/10.3389/fmed.2020.00423
https://doi.org/10.34172/jnp.2020.37
https://academic.oup.com/cid/article/71/8/1937/5821311
https://doi.org/10.1016/S0140-6736(20)30305-6
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1186/s13054-018-2287-3
https://www.ncbi.nlm.nih.gov/pubmed/30591070
https://doi.org/10.1038/s41581-020-0284-7
https://www.ncbi.nlm.nih.gov/pubmed/32273593
https://doi.org/10.3390/ijms21072657
https://www.ncbi.nlm.nih.gov/pubmed/32290293
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3559601
https://doi.org/10.1097/MD.0000000000016867
https://www.ncbi.nlm.nih.gov/pubmed/31415421
https://doi.org/10.1038/s41580-020-0242-z
https://www.ncbi.nlm.nih.gov/pubmed/32242128
https://doi.org/10.1371/journal.pone.0171202
https://www.ncbi.nlm.nih.gov/pubmed/28152018
https://doi.org/10.1053/j.ajkd.2021.07.003
https://www.ncbi.nlm.nih.gov/pubmed/34364906
https://doi.org/10.1053/j.ajkd.2020.09.003
https://www.ncbi.nlm.nih.gov/pubmed/32961244
https://www.medrxiv.org/content/10.1101/2020.04.16.20060566v1
https://www.medrxiv.org/content/10.1101/2020.04.16.20060566v1
https://doi.org/10.34172/ipp.2020.27


Medicina 2023, 59, 898 12 of 12

38. Guan, W.; Ni, Z.; Hu, Y.; Liang, W.; Ou, C.; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.S.C.; et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [CrossRef]

39. Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y.; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet Respir.
Med. 2020, 8, 475–481. [CrossRef]

40. Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet Lond. Engl. 2020,
395, 507–513. [CrossRef] [PubMed]

41. Shang, Y.; Pan, C.; Yang, X.; Zhong, M.; Shang, X.; Wu, Z.; Yu, Z.; Zhang, W.; Zhong, Q.; Zheng, X.; et al. Management of critically
ill patients with COVID-19 in ICU: Statement from front-line intensive care experts in Wuhan, China. Ann. Intensive Care 2020,
10, 73. [CrossRef] [PubMed]

42. Han, F.; Sun, R.; Ni, Y.; Hu, X.; Chen, X.; Jiang, L.; Wu, A.; Ma, L.; Chen, M.; Xv, Y.; et al. Early initiation of continuous renal
replacement therapy improves clinical outcomes in patients with acute respiratory distress syndrome. Am. J. Med. Sci. 2015,
349, 199–205. [CrossRef]

43. Ankawi, G.; Neri, M.; Zhang, J.; Breglia, A.; Ricci, Z.; Ronco, C. Extracorporeal techniques for the treatment of critically ill patients
with sepsis beyond conventional blood purification therapy: The promises and the pitfalls. Crit. Care Lond. Engl. 2018, 22, 262.
[CrossRef] [PubMed]

44. Raina, R.; Chakraborty, R.; Sethi, S.K.; Bunchman, T. Kidney Replacement Therapy in COVID-19 Induced Kidney Failure and
Septic Shock: A Pediatric Continuous Renal Replacement Therapy [PCRRT] Position on Emergency Preparedness with Resource
Allocation. Front. Pediatr. 2020, 8, 413. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://www.ncbi.nlm.nih.gov/pubmed/32007143
https://doi.org/10.1186/s13613-020-00689-1
https://www.ncbi.nlm.nih.gov/pubmed/32506258
https://doi.org/10.1097/MAJ.0000000000000379
https://doi.org/10.1186/s13054-018-2181-z
https://www.ncbi.nlm.nih.gov/pubmed/30360755
https://doi.org/10.3389/fped.2020.00413
https://www.ncbi.nlm.nih.gov/pubmed/32719758

	Introduction 
	Materials and Methods 
	Data 
	Data Structure 
	Statistical Methods 

	Results 
	Patients 
	Laboratory Findings 
	Creatinine 
	Urea 
	Potassium 
	C-Reactive Protein 

	Chronic Kidney Disease 
	Age 
	Duration of Treatment 
	Outcomes 

	Acute Kidney Injury 
	Age 
	Duration of Treatment 
	Outcomes 

	Hemodialysis 
	Age 
	Duration of Treatment 
	Outcomes 


	Discussion 
	Pathogenesis 
	Laboratory Findings 
	Age 
	Outcomes 
	Gender 
	Hemodialysis 

	Conclusions 
	References

