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ABSTRACT

Introduction. The COVID-19 pandemic has posed the biggest challenge to the global health system. Kidney damage is
common in COVID-19 and ranges from mild proteinuria to severe acute kidney injury.

Objective. The aim of the study was to establish the dynamics of COVID-19 in patients who develop acute kidney injury and
to identify risk factors for developing acute kidney injury associated with COVID-19.

Materials and methods. A retrospective descriptive study was conducted, including 40 patients of both sexes, aged
between 37 and 88 years, who were admitted to the intensive care unit of the Timofei Mosneaga Republican Clinical
Hospital during the period 2020-2022. Statistical analysis was performed using the Student’s t-test.

Results. The most common factors identified as determinants were advanced age, comorbidities, mechanical ventilation,
and nephrotoxic drugs. The presence of proteinuria, hematuria, and leukocyturia was identified. Urea and creatinine levels
were elevated on admission and continued to rise; 10% of patients required renal replacement therapy. It was observed
that the greater the degree of lung damage, the earlier mechanical ventilation was instituted, which could lead to the
development of early acute kidney injury. All patients were mechanically ventilated and developed acute kidney injury,
contributing to a severe course of COVID-19.

Conclusions. Acute kidney injury is one of the most frequent and severe complications encountered among mechanically
ventilated patients with severe forms COVID-19 and is often associated with a fulminant course and a high mortality rate.
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Key messages

What is not yet known about the issue addressed in the sub-
mitted manuscript

Acute kidney injury is one of the most common and severe compli-
cations encountered among mechanically ventilated patients with
severe forms of COVID-19 and is often associated with a fulminant
course and a high mortality rate. There is limited data available on
how to prevent the development of this medical condition.

The research hypothesis

The risk of developing acute kidney disorders in patients with
COVID-19 is influenced by several clinical and paraclinical factors.
The novelty added by manuscript to the already published sci-
entific literature

The manuscript explores, for the first time in the Republic of Mol-
dova, the impact of various risk factors involved in the development
of acute kidney injury in patients with severe forms of COVID-19.
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Introduction

The Coronavirus disease 19 (COVID-19) pandemic re-
mains the biggest challenge facing healthcare systems
around the world. Although the respiratory system is the
primary target of SARS-CoV-2 (Severe Acute Respiratory
Syndrome Coronavirus 2), other systems and organs can
also be affected by the virus via the circulatory system, in-
cluding the renal system. Reports indicate that kidney in-
volvement is common and ranges from mild proteinuria to
severe acute kidney injury (AKI) [1, 2]. The pathogenetic
mechanisms by which SARS-CoV-2 induces the develop-
ment of AKI remain unclear; however, studies suggest that
AKI appears to be closely related to the direct action of the
virus on the kidneys [3].

Even though early in the pandemic, reports from China
suggested low rates of kidney damage (0.5%), studies from
the USA and Europe have reported increasing rates of AKI,
particularly in intensive care settings, where approximately
45% of patients require renal replacement therapy [4, 5]. A
2020 meta-analysis reported that the combined incidence
of AKI among hospitalized COVID-19 patients was 28.6% in
the USA and Europe and 5.5% in China. Worldwide, among
patients admitted to intensive care units, it is estimated
that 29% develop AKI, and this proportion rises to 78% in
those requiring intubation [6]. According to a 2022 study,
AKl s a frequent complication of SARS-CoV-2 infection, with
a cumulative incidence of 19.76% and a mortality rate ex-
ceeding 54.24% [7]. Differences in results may be due to the
population studied and the definitions of AKI used.

Since the beginning of the pandemic, 607,450 cases of
COVID-19 have been registered in the Republic of Moldova.
From the total number of registered cases, 5,145 patients
were admitted to the Timofei Mosneaga Republican Clinical
Hospital, of which 10% (514) developed acute kidney inju-
ry. Of the total number, 80.68% (4,151) of patients had a
favorable evolution, but 19.32% (994) died.

Therefore, the aim of the study was to establish the
dynamics of COVID-19 in patients who develop AKI and
to identify risk factors for developing AKI associated with
COVID-19.

Material and methods

This retrospective descriptive study was carried out
based on the clinical observation sheets of a group of 40 pa-
tients, of both sexes, aged between 37 and 88 years (mean
age 64.08 + 10.04 years). The inclusion criterion was the de-
velopment of AKI secondary to COVID-19, and the exclusion
criterion was the absence of signs of kidney damage. The
analysis of the clinical observation sheets of these patients
was carried out using a questionnaire that included the fol-
lowing criteria: age, sex, day of illness at admission, vacci-
nation status, symptoms at admission, comorbidities, lab-
oratory investigations (general urinalysis, complete blood
count, biochemical blood analysis, inflammatory markers,
coagulation tests), instrumental investigations (pulmonary
radiography), treatment, need for mechanical ventilation,
discharge status, and death. For each patient, data were col-
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lected on three different days: the day of admission (first in-
vestigation), during hospitalization (second investigation),
and the last day of hospitalization (third investigation),
which allowed us to identify the development of AKI and its
dynamic evolution. Statistical analysis of the data was per-
formed using the Student’s t-test.

Results

The clinical observation sheets were studied as a whole
to observe the evolution of the patients’ condition over time
and to determine the existence of a correlation between
COVID-19 infection and kidney damage. The patients in-
cluded in the study were admitted to the COVID-19 Inten-
sive Care Unit on the 8.66 + 3.76 day of illness in a serious
condition. According to the epidemiological history, 5%
(n = 2) of the patients were vaccinated: one had received
two doses of the Pfizer/BioNTech vaccine, and one had re-
ceived a single dose of the Jonhson&Jonhson (Janssen) vac-
cine; 15% (n = 6) were not vaccinated, and for 80% (n =
32), vaccination status was not documented. Initially, the
patients’ symptoms at admission were studied. It was de-
termined that all 40 patients presented with typical symp-
toms of SARS-CoV-2 infection: low-grade fever - 27.50% (n
=11), fever - 62.50% (n = 25), wet cough - 15% (n = 6), dry
cough - 62.50% (n = 25), general weakness - 97.50% (n =
39), headache - 52.50% (n = 21), dyspnea - 95% (n = 38),
myalgia - 37.50% (n = 15), chills - 7.50% (n = 3), hypogeu-
sia - 7.50% (n = 3), hyposmia - 7.50% (n = 3). Additionally,
80% (n = 32) did not present with any symptoms of kidney
damage at admission.

The comorbidities identified in the studied patients were
consistent with those described in the specialized literature
and had the following frequencies: chronic cardiovascular
diseases - 95% (n = 38), diabetes - 50% (n = 20), obesity
- 52.50% (n = 21), chronic kidney disease (CKD) - 35% (n
= 14), chronic kidney disease on dialysis - 5% (n = 2), and
other conditions - 57.5% (n = 23). These comorbidities can
be considered decisive factors in the development of AKI.

Analyzing the laboratory investigations, it was found
that from the first day of hospitalization, patients already
presented changes suggestive of kidney damage. In the gen-
eral urinalysis, hematuria, leukocyturia, and proteinuria
were observed, with values worsening over the course of
the disease. As shown in Figure 1, on the day of hospital-
ization (urinalysis I), the following results were record-
ed: erythrocytes - mean 19.75/HPF, 95% CI: 7.27-32.26,
p < 0.001; leukocytes - 10.47/HPF, 95% CI: 2.25-23.19, p
= 0.10; proteins - 0.73 g/L, 95% CI: 0.49-0.97, p < 0.001.
During hospitalization (urinalysis II): erythrocytes - 23.96/
HPF, 95% CI: 12.26-35.69, p < 0.001; leukocytes - 6.21/HPF,
95% CI: 3.62-8.79, p < 0.001; proteins - 0.68 g/L, 95% CI:
0.49-0.87, p < 0.001. On the last day of hospitalization (uri-
nalysis III): erythrocytes - 32.15/HPF, 95% CI: 13.75-50.56,
p < 0.001; leukocytes - 9.83/HPF, 95% CI: 4.42-15.24, p <
0.001; proteins - 0.75 g/L, 95% CI: 0.53-0.97, p < 0.001. The
difference between the values on the first and last day of
hospitalization was statistically significant (p < 0.001).
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Fig. 1 Urinalysis values in dynamics

Note: Urinalysis I - day of admission, Urinalysis Il - during hospitalization,

Urinalysis 111 - last day, HPF - High-Power Field.

The presence of a severe inflammatory syndrome was
also observed, being associated with an increased severity
of COVID-19. This was demonstrated by the dynamic analy-
sis of inflammatory markers. On the day of admission (uri-
nalysis ), the following values were recorded: ESR - 36.57
mm/h, 95% CI: 31.17-41.97, p < 0.001: CRP - 624.18 mg/d],
95% CI: 435.71-1684.08, p = 0.24; LDH - 447.74 U/], 95%
Cl: 378.3-517.13, p < 0.001. During hospitalization (urinal-
ysis II): ESR - 39.30 mm/h, 95% CI: 34.54-44.05, p < 0.001;
CRP -119.31 mg/dl, 95% CI: 90.06-148.55, p < 0.001; LDH
-606.91 U/1,95% CI: 342.99-871.84, p < 0.001. On the last
day (urinalysis I1I): ESR - 40.72 mm/h, 95% CI: 34.62-46.82,
p < 0.001; CRP - 208.89 mg/dl, 95% CI: 66.19-531.59, p =
0.003; LDH - 550.98 U/1, 95% CI: 369.27-733.70, p < 0.001.
According to these results, the difference in ESR, CRP, and
LDH values between the first, second, and third measure-
ments were statistically significant (p < 0.001), except for
CRP on admission (p = 0.24), which was not statistically sig-
nificant.

Studies report that in severe forms of COVID-19, where
there is a considerable increase in cytokine levels, there is
also a marked increase in ferritin, which is much higher in
patients showing signs of kidney damage. Thus, ferritin can
serve as a marker of severity and prognosis in SARS-CoV-2
infection [8].

The presence of elevated ferritin levels was also attested
in our study from the day of admission and continued to in-
crease dynamically along with the progression of COVID-19,
a fact that confirms the data from the literature. On the first
day (ferritin I) - 787.21 ng/ml, 95% CI: 601.50-972.93, p
< 0.001; during hospitalization (ferritin II) - 943.59 ng/
ml, 95% CI: 749.78-1137.39, p < 0.001; and on the last day
(ferritin I1I) - 1029.00 ng/ml, 95% CI: 833.87-1224.12, p <
0.001. The values were statistically significant for p < 0.001.

To establish the presence of AKI, markers of renal func-
tion - urea and creatinine - were studied. Following Figure
2, we notice that on the day of admission (biochemical I),
the average value of urea was 10.82 mmol/l, 95% CI: 8.29-
13.34, p < 0.001, and of creatinine 145.17 pmol/l, 95% CI:

Fig. 2 Markers of renal function in dynamics

Note: Biochemical 1 - the day of admission, Biochemical Il - during
hospitalization, Biochemical Il - last day.

73.73-216.62, p < 0.001. These data demonstrate that signs
of renal function impairment were present even before the
patients were admitted and showed a negative dynamic
over time, especially after the initiation of mechanical ven-
tilation through orotracheal intubation. During hospitaliza-
tion (biochemical II), the average value of urea was 14.11
mmol/l, 95% CI: 11.83-16.40, p < 0.001, and of creatinine
164.95 umol/l, 95% CI: 110.34-219.62, p < 0.001. On the
last day (biochemical III), the average value of urea was
32.35 mmol/l, 95% CI: 27.3-37.3, p < 0.001, and of creati-
nine 262.80 umol/l, 95% CI: 207.49-318.11, p < 0.001. Of
the total number of 40 patients, 10% (n = 4) required renal
replacement therapy. The values were statistically signifi-
cant for p < 0.001.

Analyzing the dynamic coagulation tests of the patients,
a deviation in their values was observed, indicating a state
of hypocoagulation, in contrast to data reported in the lit-
erature, where it is stated that patients with severe forms
of COVID-19 typically develop a hypercoagulable state. This
discrepancy may be attributed to the high doses of anticoag-
ulants used in the treatment of COVID-19. On the day of hos-
pitalization (coagulation tests I), the mean value of PT was
74.64%, 95% CI: 68.56-80.72, p < 0.001; INR - 1.44, 95%
Cl: 1.39-1.49, p < 0.001; fibrinogen - 4.30 g/1, 95% CI: 3.85-
4.75, p < 0.001; aPTTT - 36.69 sec, 95% CI: 32.01-41.37,
p < 0.001. During hospitalization (coagulation tests II), PT
-70.93%, 95% CI: 67.60-74.27, p < 0.001; INR - 1.68, 95%
Cl: 1.08-2.27, p < 0.001; fibrinogen - 5.20 g/1, 95% CI: 2.84-
7.55,p <0.001; aPTT - 44.14 sec, 95% Cl: 39.49-48.78, p <
0.001. On the last day (coagulation tests III), PT - 67.62%,
95% CI: 63.19-72.05, p < 0.001; INR - 1.51, 95% CI: 1.30-
1.60, p < 0.001; fibrinogen - 4.12 g/1, 95% Cl: 3.70-4.53,p <
0.001, aPTT - 43.87 sec, 95% CI: 38.65-49.09, p < 0.001. All
values were statistically significant (p < 0.001).

Analyzing the treatment regimens of the patients includ-
ed in the study, the use of several drugs with nephrotoxic
effects was identified, which could be considered additional
potential factors in the development of AKI in patients with
COVID-19. The identified drugs were as follows: vancomy-



Murea M. et. al.

cin - 22.5% (n = 9), colistin - 40% (n = 16), gentamicin -
20% (n = 8), amikacin - 10% (n = 4), lopinavir/ritonavir
(Aluvia) - 10% (n = 4), ascorbic acid - 90% (n = 36), hy-
droxychloroquine - 10% (n = 4), and others - 92.5% (n =
37), including ciprofloxacin, meropenem, pospenem, imipe-
nem with cilastatin, ampicillin, amoxicillin with clavulanic
acid, piperacillin with tazobactam, cefoperazone with sul-
bactam, and cefazolin. All patients (100%, n = 40) received
combinations of two or more of the above-mentioned drugs
as part of their treatment regimens. The development of
AKI in patients with COVID-19 may also be explained by
the lung-kidney interaction. Respiratory failure can trigger
AKI through systemic hypoxia, which develops in patients
with severe forms of COVID-19, as well as through hyper-
capnia and even mechanical ventilation [9]. Therefore, we
can conclude that the degree of lung damage is correlated
with kidney injury and the development of AKI. The great-
er the degree of pulmonary damage, the earlier mechanical
ventilation is instituted, which may lead to the development
of early AKI. Evaluating the results of chest radiographs, it
was determined that on the day of admission (radiograph
I), the degree of lung damage had an average of 66.90% *
13.82, 95% CI: 62.48-71.32, p < 0.001. During hospitaliza-
tion (radiograph II), the degree of lung damage was 68.38%
+ 11.78, 95% CI: 64.60-72.15, p < 0.001. On the last day
(radiograph III), it reached 69.00% * 10.20, 95% CI: 65.74-
71.26, p < 0.001. The differences between the radiographic
values were statistically significant (p < 0.001).

All patients (100%, n = 40) were mechanically ventilat-
ed via orotracheal intubation for a mean duration of 7.73
5.09 days. The average length of hospitalization was 15.43 +
7.63 days. The clinical course in all patients (100%, n = 40)
was fulminant and ended in death.

Discussions

Being a pathology with predominant damage to the re-
spiratory system, COVID-19 can also affect other systems
and organs, including the kidneys, which are particularly
susceptible to infection with the SARS-CoV-2 virus, with AKI
being the most common manifestation of kidney damage.

The consequences of the COVID-19 pandemic are dras-
tic. Evidence shows that patients with CKD or those with
risk factors for developing kidney disease are significantly
affected. Patients with CKD undergoing renal replacement
therapy and those with a kidney transplant are at higher
risk of complications from COVID-19, while patients with
severe forms of SARS-CoV-2 infection are at increased risk
of developing AKI, with devastating consequences both in
the short and long term [10].

It is well known that in severe forms of infection with
the SARS-CoV-2 virus, a cytokine storm occurs, causing a
considerable elevation of inflammatory markers and the
release of a large number of cytokines into the circulation.
Subsequently, a state of shock, hypoxia, and rhabdomyoly-
sis can develop, which may eventually lead to the onset of
AKI [11]. In kidney damage, an important role is played
by the drug treatment administered to patients with
COVID-19. The administration of drugs with nephrotoxic
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potential, such as aminoglycosides, vancomycin, and colis-
tin, has been reported as a major risk factor in the devel-
opment of AKI in patients infected with SARS-CoV-2. Even
though beneficial effects of antiviral treatment with Rem-
desivir have been reported, it can also exert nephrotoxic ef-
fects through mitochondrial damage in renal tubular cells,
especially when used in high doses. Cases of AKI associ-
ated with Lopinavir and low-dose Ritonavir therapy have
also been reported during the management of COVID-19
[12]. Another drug commonly used in the treatment of
COVID-19 is ascorbic acid. In addition to its antioxidant
properties, it can lead to hyperoxaluria with severe and
irreversible AKI, especially in patients with pre-existing
CKD. Therefore, it is necessary to take renal function into
account before using high doses of vitamin C [13]. During
the first phase of the pandemic, hydroxychloroquine was
used in the standard treatment protocols for COVID-19
patients. In addition to its antimalarial activity, it also
possesses anti-inflammatory properties. As the pandemic
evolved, it was found that hydroxychloroquine could con-
tribute to AKI by increasing lysosomal pH and inhibiting
autophagy. However, the results remain controversial, as
other studies show that hydroxychloroquine does not have
direct nephrotoxic activity, with toxicity likely potentiated
by the drug combinations [11, 14].

Studies show that mechanical ventilation alters system-
ic hemodynamics and neurohormonal status. It can lead to
changes in renal perfusion due to increased intrathoracic
pressure, elevated pulmonary vascular resistance, and in-
creased central venous pressure, which together reduce ve-
nous return and contribute to right ventricular dysfunction
[15, 16].

In this study, the most common factors identified as
decisive in the development of AKI in COVID-19 patients
were advanced age, the presence of multiple comorbidi-
ties such as chronic cardiovascular diseases, diabetes mel-
litus, obesity, chronic kidney disease, mechanical ventila-
tion via orotracheal intubation, and the use of drugs with
nephrotoxic potential. Hospitalized at 8.66 + 3.76 days
after symptom onset, the patients were in serious condi-
tion, with evident signs of kidney damage that continued
to worsen over time. Urinalysis revealed proteinuria, he-
maturia, and leukocyturia from the day of admission. Urea
and creatinine levels were elevated on admission and con-
tinued to rise, with urea increasing from 10.82 mmol/] to
32.35 mmol/l and creatinine from 145.17 pmol/1to 262.80
umol/l; 10% of patients required renal replacement ther-
apy. These changes were associated with considerable
increases in inflammatory markers: ESR rose from 36.57
mm/h to 40.72 mm/h, CRP from 624.18 mg/dl to 208.89
mg/dl, LDH from 447.74 U/1 to 550.98 U/], and ferritin
from 787.21 ng/ml to 1029.00 ng/ml-values that were
directly proportional to the severity of the patients’ condi-
tion. Based on these results, we cannot accurately specify
the etiology and mechanisms underlying AKI in COVID-19
patients, but it is clear that once AKI develops, the disease
progression is fulminant.
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Conclusions

1. Acute kidney injury is a frequent and severe compli-
cation among mechanically ventilated intensive care
unit patients with COVID-19, often associated with
rapid deterioration and high mortality.

2. This study highlights the significant contribution of
comorbidities and nephrotoxic drugs to AKI develop-
ment in this population.

3. Our findings underscore the need for increased vigi-
lance and early monitoring of the renal status to im-
prove outcomes in critically ill COVID-19 patients.
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