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Abstract. Acute kidney injury (AKI) is one of the most severe
complications of SARS-CoV-2 infection. In a retrospective
study, we aimed to describe the influence of COVID-19-related
factors on the severity, outcome and timing of AKI in
268 patients admitted in two large COVID-19-designated
university hospitals over a period of 6 months. In the univariate
analysis, there was a significant relationship between KDIGO
stage and the extension of COVID-19 pneumonia on computed
tomography (CT), need for oxygen supplementation, serum
levels of ferritin, interleukin-6, and procalcitonin, but none
of these variables had a value for predicting KDIGO stage in
multinomial regression. The odds of recovery of renal func-
tion were significantly diminished by d-dimer values. Lack
of immunomodulatory treatment was found to be correlated
with increased need for renal replacement therapy (RRT).
Compared with AKI at admission, hospital-acquired AKI was
predicted by the severity of lung damage on CT, evolved more
frequently with incomplete recovery of renal function, and
was significantly associated with antiviral therapy.

Introduction

Endemic SARS-CoV-2 infection has changed the life of both
patients and doctors. Although a primary respiratory disease,
involvement of other organs and systems has been described in
severe cases (1,2). Among these, COVID-19-associated acute
kidney injury (AKI) represents an area of interest due to the
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high lethal potential of AKI and due to the lack of knowledge
on the medium and long-term effects.

The reported incidence of COVID-19-associated AKI
in different studies is very heterogeneous, varying between
2 and 23% (2-4), but most large meta-analyses describe an inci-
dence between 10 and 15% of all COVID-19 patients (1,5,6)
and higher in subgroups of elderly and/or ICU-admitted
patients. Reported consequences of the association between
AKI and SARS-CoV-2 infection also vary in the literature,
as there are studies recording the lack of negative impact on
patient evolution (7) to studies proving increased death rates
with increasing creatinine, KDIGO stage and/or need for renal
replacement therapy (RRT) (8,9).

In the present study, we aimed to describe the relationships
between severity markers of SARS-CoV-2 infection and the
evolutive characteristics of AKI in patients with moderate
and severe forms of COVID-19 admitted to two university
hospitals in Romania over a period of 6 months.

Patients and methods

A retrospective study was performed including adult
patients with AKI and acute-on-chronic kidney disease
(ACKD) admitted to two emergency university hospitals in
Romania, ‘Sf. Ioan’ Emergency Clinical Hospital Bucharest
and ‘Sf. Apostol Andrei’ Emergency Clinical Hospital
Constanta between November 1, 2020 and April 30, 2021
(6 months). Both hospitals were designated for admission
of SARS-CoV-2-infected patients. Moreover, being the only
COVID-dedicated hospitals in the geographical area with
emergency nephrology departments and the possibility to
provide RRT 24/7, patients having both SARS-CoV-2 infec-
tion and renal involvement were preferentially orientated
toward these medical facilities.

Patient data. Information for the study was retrieved from the
electronic databases of the two hospitals. We collected demo-
graphic data (age, sex, comorbidities), laboratory findings
related to SARS-CoV-2 infection [complete blood count, eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP),
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serum interleukin-6 (IL-6), procalcitonin (PCT), d-dimers,
ferritin] or to kidney function [blood urea and creatinine (Cr)].
Peak values of these parameters were used in analysis except
for lymphocyte count for which we used the lowest values
during hospitalization. Severity of COVID-19 pneumonia was
assessed by a radiologist in percentages of affected pulmonary
parenchyma (PAPP) on chest computed tomography (CT).
Need and types of oxygen supplementation were recorded.
Data regarding treatment (antivirals, immunomodulators,
RRT) and outcome (recovery of the renal function or death)
were also analyzed in the study. Blood and urine tests were
performed according to identical techniques and the results
had the same reference range in both reporting hospitals.

AKT. Diagnosis of AKI was established according to
KDIGO 2012 criteria (10): increase in serum Cr =0.3 mg/dl
within 48 h and/or increase of >1.5 times the previous values
in the last 7 days. Although recorded, urine output was not
a diagnostic criterion for inclusion. AKI was classified
according to etiologic criteria (prerenal vs. intrinsic AKI) and
also to timing criteria (AKI at admission vs. hospital-acquired
AKI). Patients with previously diagnosed chronic kidney
disease (CKD) were classified as acute-on-chronic-kidney
disease (ACKD). Recovery of renal function was considered
total when serum Cr levels returned to normal values (in AKI
patients) or when it returned to baseline values before admis-
sion (in ACKD patients).

In order to evaluate the impact of AKI-COVID 19-asso-
ciation on patient outcome, we analyzed relationships between
severity and timing of AKI and different parameters related to
the severity of COVID-19.

Statement of ethical approval. Ethics Committees from
both Hospitals were informed, and approvals for the study
no. 4925/09.03.2021 (‘Sf. Ioan’ Hospital) and respectively
no 30846/7.06.2021 (‘Sf. Apostol Andrei’ Hospital) were
obtained. All patients read and signed written consent for
inclusion in the study.

Statistical analysis. All the data was analyzed using IBM SPSS
Statistics 25 (IBM, Corp.). Quantitative variables were tested
for normal distribution using the Shapiro-Wilk Test and were
expressed as averages with standard deviations or medians
with interquartile ranges. Qualitative variables were expressed
as counts or percentages. Quantitative variables were tested
using Mann-Whitney U/Kruskal-Wallis H/One-way ANOVA
tests, according to their distribution. Qualitative variables
were tested using Pearson Chi-square tests/Fisher's exact
tests. Logistic/Multinomial regression models were used to
calculate odds ratios (OR) for possible risk factors in this study
(significance of the models, goodness of fit, multicollinearity
and linearity for quantitative variables were checked for the
validity of the models).

Results

After excluding obstructive forms of AKI, 268 patients were
included in the study (average age 72.28 years, 169 were men);
157 had AKI and 111 ACKD. Characteristics of the patients
are documented in Table 1. There was a high incidence of

associated comorbidities, especially hypertension (79.1%),
coronary artery disease (58.2%), chronic heart failure (56%),
and diabetes mellitus (42.5%); 217 patients presented with prer-
enal AKI (80.97%) and 51 patients had intrinsic AKI (19.03%).
RRT was necessary in 32 patients (11.94%) (Table I).

According to KDIGO creatinine criteria, there were
81 patients (30.22%) with stage 1, 79 (29.47%) with stage 2
and 108 (40.29%) with stage 3. Analyzing the relation
between KDIGO stages and markers of COVID-19 severity
(Table II), we found in the univariate analysis that CRP, ESR,
fibrinogen and lymphocytes values were not significantly
different between KDIGO stages, but patients with stage 3
had significantly higher PAPP (median, 75%) and ferritin
(median, 1,679 ng/ml) compared to the patients in stage 1
[affected lung (median, 50%), ferritin (median, 1,014 ng/ml)
(P<0.05)]. Patients with stage 1 had significantly lower values
of IL-6 (median, 64 pg/ml) in comparison with patients
in stage 2 (median, 157.4 pg/ml) or patients with stage 3
(median, 310 pg/ml) (P<0.001). Patients with stage 1 were
more frequently without the need of oxygen or needed supple-
mentation on mask (40 or 40.5%, respectively), while patients
with stage 3 needed more frequent continuous positive airway
pressure (CPAP) or invasive mechanical ventilation with
endotracheal intubation (ETI) (51.3 or 54.8%, respectively)
(P<0.001). There was a gradual increase in PCT between
AKI stages, patients with stage 1 having significantly
lower values of PCT (median, 0.235 ng/ml) in comparison
to patients with stage 2 (median, 0.825 ng/ml) or stage 3
(median, 2.39 ng/ml), the differences between stages 2 and 3
being also significant (P<0.001). In addition, patients in
stage 3 KDIGO were more frequently admitted to the ICU
than those in stage 1 (55 vs. 14.4%; P<0.001). Nevertheless, a
multinomial regression model using ferritin, PAPP, IL-6 and
PCT was tested, but the model was not significant (P=0.068),
therefore no variables could be used to predict the KDIGO
stages (Table I11).

In total, 135 patients (50.37%) died during hospitalization.
In the survivors, full recovery of renal function after AKI
episode was registered in 73 patients, and partial recovery in
52 patients; 8 patients became hemodialysis (HD)-dependent
during hospitalization. Analyzing the relation between
recovery of renal function and markers of COVID-19 severity
(Table III), we found that PCT, d-dimer levels and AKI timing
were significantly different between renal function recovery
groups (P<0.05); as such, patients with no recovery of renal
function (HD-dependence) had significantly higher values
of PCT (median, 7.43 ng/ml) and d-dimer levels (median,
7.98 pg/ml) in comparison to patients with total recovery
[PCT (median, 0.26 ng/ml), d-dimer (median, 1.99 ug/ml)]
or patients with partial recovery [PCT (median, 0.33 ng/ml),
d-dimer (median, 2.03 pg/ml) (P<0.05)]. Patients with partial
renal function recovery were significantly associated with
hospital-acquired AKI (53.8% vs. 35.5%; P=0.023) (Table III).
In a multinomial regression model (with total recovery as a
reference) (Table IV), only d-dimer levels had a significant
prediction (P=0.011), showing that an increase in d-dimer
levels with 1 unit raises the odds of having no recovery of renal
function by 1.128 times (95% CI, 1.028-1.237).

Antiviral therapy including remdesivir, favipiravir,
remdesivir + favipiravir or lopinavir/ritonavir was
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Table I. Characteristics of the patients (N=268) included in the study.

Peak values

Variables n (%) Laboratory tests (n) (average)
Male sex 169 (63.1) Urea (mg/dl) (268) 164.5
Prerenal AKI 217 (80.9) Creatinine (mg/dl) (268) 341
Intrinsic AKI 51 (19.0)

AKI 157 (58.6) Procalcitonin (ng/ml) (217) 10.13
ACKD 111 (41.4)

Diabetes mellitus 114 (42.5) CRP (mg/l) (264) 1342
Neoplastic disease 47 (17.5) IL-6 (pg/ml) (199) 5,154.76
Chronic liver disease 57 (21.3) ESR (mm/h) (199) 69.43
Heart failure 150 (56) Ferritin (ng/ml) (234) 3,292.97
Atherosclerosis 123 (45.9) Fibrinogen (mg/dl) (258) 637.29
Hypertension 212 (79.1) D-dimer (¢ g/ml) (239) 5.26
Coronary artery disease 156 (58.2) Lymphocyte count (/mmc) (268) 997.94
Oxygen therapy Evolution during hospitalization n (%)
Mask 149 (55.5) Sepsis 150 (56.0)
CPAP 63 (23.5) RRT 32 (11.9)
ETI 73 (26.2) Death 135 (50.3)
Chest CT

Quantified lesions 140 (52.3)

No valid data 128 (47.7)

Antivirals

Remdesivir 105 (39.2)

Favipiravir 42 (15.7)

Remdesivir + favipiravir 4(1.5)

Lopinavir/ritonavir 9@3.3)

Immunomodulators

Tocilizumab 22 (8.2)

Anakinra 90 (33.6)

Tocilizumab + anakinra 13 (4.8)

AKI, acute kidney injury; ACKD, acute-on-chronic kidney disease; CPAP, continuous positive airway pressure; ETI, endotracheal intubation;
CT, computer tomography; CRP, C-reactive protein; IL-6, interleukin 6; ESR, erythrocyte sedimentation rate; RRT, renal replacement therapy.

recommended in 171 patients, and immunomodulators
(anakinra, tocilizumab or both) in 136 patients (Table I).
Statistical analysis (Table V) showed that patients treated
with antivirals developed AKI during hospitalization
significantly more frequently than those without antivirals
(73.5% vs. 59.5%; P=0.027), but no significant relationship
was found between the presence of antiviral therapy and
KDIGO stages or dialysis requirement (P>0.05). Patients
without immunomodulatory treatment had a significantly
higher need for RRT in comparison with those receiving this
treatment (53% vs. 34.4%; P=0.048) (Table V).

In 185 patients (69.02%), AKI was diagnosed at admis-
sion; 83 patients (30.97%) developed AKI episode during
hospitalization. There was no significant difference between
the two groups regarding age, comorbidities frequencies,
levels of PCT, IL-6, ferritin and d-dimers, nor regarding
etiology of AKI or period between COVID-19 onset symp-
toms and hospital admission (P>0.05). Instead, we found that
patients with AKI at admission had more frequently history of

previous CKD (79.3% vs. 20.7%; P=0.003) and also a signifi-
cant higher need for RRT (90.6% vs. 66.1%; P=0.004). Patients
with hospital-acquired AKI had significantly higher PAPP on
CT-scan (median, 75% vs. 50%) (P<0.001) (Table VI). Using
a logistic regression model, it was shown that the values of
PAPP on CT-scan had a significant prediction value (P<0.001)
(Table VI); each increase of a percentage unit in affected lung
increased the odds of having AKI during hospitalization by
1.027 times (95% CI, 1.012-1.041).

Discussion

General data. In this retrospective analysis, we aimed to iden-
tify the influence of COVID-19-related factors on the severity,
timing and outcome of AKI. Out cohort consisted of 268 adult
SARS-CoV-2-infected patients with AKI, either present from
the moment of admission or developed during hospitalization.
The literature discusses the possible risk of more severe forms
of the disease if the virus is inoculated after vaccination, but
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Parameters KDIGO 1 KDIGO 2 KDIGO 3 P-value
No. of patients (%) 81 (30.22%) 79 (29.47%) 108 (40.29%)
PAPP-CT (%) 50 (25-75) 50 (30-75) 75 (40-80) 0.044*
Ferritin (ng/ml) 1,014 (505.8-1937.5) 1,317 (711-2,716) 1,679 (1,152-4 355) <0.001°
IL-6 (pg/ml) 64 (13.55-298.45) 157.4 (50.3-1120.8) 310 (67.7-1,673) <0.001°
CRP (mg/1) 105.5 (59.8-154.4) 124.9 (68.2-225.9) 102.1 (27.5-215.2) 0.192*
ESR (mm/1 h) 58.5 (42.2-80) 70 (52-100) 77 (51-101) 0.077*
Fibrinogen (mg/dl) 635.38+173.27 626.68+194.06 646.51+£212.54 0.796°
Lymphocytes (/mmc) 630 (380-945) 610 (400-960) 520 (352.5-765) 0.180*
PCT (ng/ml) 0.235 (0.122-0.6) 0.825 (0.26-3.07) 2.39 (0.47-11.25) <0.001°
Oxygen therapy

Absent 18 (40%) 9 (20%) 18 (40%) <0.001°¢

Mask 45 (40.5%) 36 (32.4%) 30 (27%)

CPAP 10 (25.6%) 9 (23.1%) 20 (51.3%)

ETI 8 (11%) 25 (34.2%) 40 (54.8%)
ICU admission

Absent 65 (41.4%) 45 (28.7%) 47 (29.9%) <0.001°¢

Present 16 (14.4%) 34 (30.6%) 61 (55%)

Data are expressed as average + SD, median (IQR) or n (%). *Kruskal Wallis-H test, "One-way ANOVA test, “Fisher's exact test. Significant
P-values are indicated in bold print. AKI, acute kidney injury; PAPP-CT, pulmonary parenchyma on chest computer tomography; IL-6,
interleukin 6; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; CPAP, continuous positive airway pressure;

ETI, endotracheal intubation; RRT, renal replacement therapy.

Table III. Comparison between COVID-19 severity markers and recovery of renal function.

Parameter Total recovery Partial recovery Dependence of HD P-value
No. of patients 73 52 8
PAPP-CT (%) 47.5 (25-62.5) 30 (15-67.5) 45 (15-60) 0.646
Ferritin (ng/ml) 1,133.5(610.1-2,015.7) 9352 (557.2-1,549.2) 1,517.5 (1,042-3,704) 0.225*
IL-6 (pg/ml) 62.4 (20.47-186.4) 78 (25.47-233.15) 237.2 (46.45-881.8) 0.352*
CRP (mg/1) 97.3(58.4-144.26) 78.48 (15.05-164.24) 61.36 (16.1-140.43) 0.344*
ESR (mm/1 h) 63 (42.75-89.25) 69 (48.75-94.5) 88 (66.25-106.5) 0.096*
Fibrinogen (mg/dl) 638.82+181.43 624+149.36 664.14+213.87 0.714°
Lymphocytes (/mmc) 695 (477.5-972.5) 600 (420-990) 695 (352.5-1,087.5) 0.738*
D-dimer (¢ g/ml) 1.99 (0.93-3.495) 2.03(1.16-7.18) 798 (3.57-11.31) 0.002*
PCT (ng/ml) 0.26 (0.1-0.835) 0.33 (0.14-1.42) 7.43 (0.84-15.66) 0.003*
AKI timing
At admission 61 (57%) 38 (35.5%) 8 (7.5%) 0.023¢
Hospital acquired 12 (46.2%) 14 (53.8%) 0 (0%)
Antiviral therapy
Absent 27 (55.1%) 20 (40.8%) 2 (4.1%) 0.758¢
Present 46 (54.8%) 32 (38.1%) 6 (7.1%)
Immunomodulators
Absent 34 (41.5%) 38 (46.3%) 10 (12.2%) 0.137¢
Present 44 (57.1%) 27 (35.1%) 6 (7.8%)

Data are expressed as average + SD, median (IQR) or n (%). *Kruskal Wallis-H test, "One-way ANOVA test, “Fisher's exact test. Significant
P-values are indicated in bold print. AKI, acute kidney injury; PAPP-CT, pulmonary parenchyma on chest computer tomography;
IL-6, interleukin 6; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin.
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Table IV. Multinomial regression for renal function recovery
of possible risk factors.

Parameter Prediction OR (95% CI) (P-value)
D-dimer Partial vs. total 1.047 (0.974-1.127) (P=0.214)
None vs. total  1.128 (1.028-1.237) (P=0.011)
PCT Partial vs. total 0.975 (0.937-1.015) (P=0.224)
None vs. total  1.006 (0.976-1.038) (P=0.680)
AKI timing Partial vs. total 2.728 (0.921-8.081) (P=0.070)

None vs. total  2.976 (0.595-14.898) (P=0.184)

PCT, procalcitonin; AKI, acute kidney injury; OR, odds ratio;
CI, confidence interval. Significant P-values are indicated in
bold print.

none of the patients enrolled in the study had been vaccinated
prior to hospitalization (11).

Most of our patients were elderly (average 72.28 years),
male sex and carried a significant burden of comorbidities,
data similar with other reports (6,12,13). A total of 69.77%
had AKI in KDIGO stage 2 and 3; AKI in the context of
COVID-19 has been shown to be more severe compared to
other etiologies (14).

Severity of COVID-19 and KDIGO stages. We found in the
univariate analysis a direct relationship between KDIGO stage
and severity of some of the markers of COVID-19 including
serum values of interleukin (IL)-6, procalcitonin (PCT),
ferritin, d-dimers, pulmonary parenchyma (PAPP) on chest
computer tomography (CT). However, in the logistic multino-
mial regression, the KDIGO stage could not be predicted by
any of the listed markers.

Several studies have reported that inflammatory markers in
COVID-19 are predictive both for the occurrence and severity
of AKI (15-18). Severe lung injury is associated with the over-
production of pro-inflammatory cytokines which can increase
the risk of AKI (19), as was documented, at least experimen-
tally, even before the COVID-19 pandemic (20). Nevertheless,
in COVID-19, literature findings during this period also
provide reports concluding that markers of inflammation
are rather predictive for the severity of lung damage than for
the severity of AKI (21) and reports finding no relationship
between these markers and severity of kidney injury exist (22).
We can speculate that some factors did influence our results.
One factor may be the assessment of the extent of COVID-19
pneumonia on CT. Quantification of lesions was performed in
140 patients; a degree of inter-observer variability may have
been present in interpreting the results; chest CT-scan was
not always repeated during hospitalization if patient treatment
was not changed (i.e. if the patient had maximum available
treatment, no benefits would have been obtained with a new
CT). A similar situation was noted regarding serum inflam-
matory markers; these variables were not analyzed in all
patients for reason of availability (Table I). In addition, we
used in the statistical analysis the maximum values which
could have been influenced by the treatment with immuno-
modulators; inflammatory markers may be elevated also in
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the presence of CKD or different comorbidities (23-25). Yet,
the most valid explanation for the lack of correlation between
inflammatory markers and KDIGO stages in multivariate
analysis, although highly significant in the univariate analysis,
was that peak levels of these markers were not simultaneously
noted in the same individual during hospitalization (i.e. PCT
increases later when sepsis is superimposed; IL-6 increases at
a maximum level after IL-6-antagonists).

Severity of COVID-19 and recovery of renal function. In
the multivariate analysis we found that, among markers
of COVID-19 severity, only d-dimers were predictive for
permanent loss of kidney function after COVID-19-associated
AKI. This result, in line with other reports (26), suggests that
intrarenal microthrombosis may be an important factor in
COVID-19-associated kidney injury. Moreover, patients with
hospital-acquired AKI, although most having previous normal
kidney function, were discharged with lower recovery of
kidney function in comparison with AKI-at-onset cases which
included many ACKD cases. Nevertheless, our explanation
is just speculative because the occurrence of renal capillary
thrombosis seems to be more complex involving also markers
of inflammation which were not found to influence renal
recovery (27,28).

Impact of COVID-19-specific treatment and severity of AKI.
We revealed a significant association between antiviral therapy
and the risk for developing AKI during hospitalization; we can
only suspect nephrotoxicity of the antivirals and there are few
reports in this regard (29-31) although the vast majority of data
pleads for their safety.

Regarding our finding that patients without immunomodu-
latory treatment had significantly higher need for RRT, other
reports pointed out favorable clinical response after anakinra
administration in the cytokine storm state (32) and that early
use of immunomodulatory drugs may protect from severe
complications (33). It is difficult in a retrospective analysis to
define the exact timing of immunomodulator initiation.

AKI timing. Almost two thirds of our patients presented with
AKTI at the moment of admission, most of them being known
with a history of CKD. Numerous studies report that AKI at
admission is frequent in COVID-19 (34-36), but, regarding
prevalence of previous CKD, some authors found it higher in
AKTI at admission (34,37) similar to our study, whereas others
in hospital-developed AKI (38). This difference was probably
due to the modality of admission in the hospital, availability
and extension of ICU departments in different hospitals,
type of treatment available and recommended by evolving
guidelines in the last year of the pandemic.

We found no differences between AKI at admission and
hospital-acquired AKI regarding age or comorbid burden. Most
authors report age and multiple comorbidities as predictive
factors for AKI at admission (34,37) and few found advanced
age to be associated with hospital-acquired AKI (38).

Regarding the influence of COVID-19 severity markers on
the timing of AKI, we found in multinomial regression a signif-
icant relationship only between PAPP and hospital-acquired
AKI. While several studies report an association between
inflammatory markers in COVID-19 and severity of AKI,
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Table V. Parameters influenced by COVID-19-specific therapy.

Parameter Antiviral - Antiviral + P-value®
AKI KDIGO stage
KDIGO 1 29 (35.8%) 52 (64.2%) 0.515
KDIGO 2 25 (31.6%) 54 (68.4%)
KDIGO 3 43 (39.8%) 65 (60.2%)
AKI timing
At admission 75 (40.5%) 110 (59.5%) 0.027
Hospital acquired 22 (26.5%) 61 (73.5%)
RRT need
Absent 84 (35.6%) 152 (64.4%) 0.578
Present 13 (40.6%) 19 (59.4%)
RRT need Immunomodulatory - Immunomodulatory +
Absent 111 (47%) 125 (53%) 0.048
Present 21 (65.6%) 11 (34.4%)

All data are expressed as n (%). “Pearson Chi-square test. Significant P-values are indicated in bold print. AKI, acute kidney injury; RRT, renal

replacement therapy.

Table VI. Parameters with statistical power regarding AKI timing.

Parameter At admission During hospitalization P-value
Total no (%) of patients 185 (69.02%) 83 (30.97%)
AKI type
ACKD 88 (79.3%) 23 (20.7%) 0.003"
AKI 97 (61.8%) 60 (38.2%)
RRT need 156 (66.1%) -/29 (90.6%) + 80 (33.9%) -/3 (9.4%) + 0.004"
PAPP-CT (%) 50 (25-75) 75 (47.5-80) <0.001*

Data are expressed as median (IQR) or n (%). *Mann-Whitney U test, ®Fisher's exact test. Significant P-values are indicated in bold print. AKI,
acute kidney injury; ACKD, acute-on-chronic kidney disease; RRT, renal replacement therapy; PAPP-CT, pulmonary parenchyma on chest

computer tomography.

few authors have addressed the subject of timing and they
also found no differences between the two types of AKI (34).
Nevertheless, and this is one of the limits of our present study,
we did not correlate COVID-19 severity markers with pres-
ence, type and timing of treatment applied as the treatment
may modify levels of different variables; also, in the analysis,
we used the peak values of inflammatory markers and these
levels may be modified by both treatment or other complica-
tions. The significance of our finding, that PAPP could predict
onset of AKI during hospitalization, may partially be related
to the increased need of invasive supplementation of oxygen in
patients with severe COVID-19 pneumonia, as it is known that
mechanical ventilation increases the risk of AKI secondary to
selective renal vasoconstriction (39). Moreover, in the light of
this finding, we can also speculate that prophylactic approach
in this matter in our hospitals-ETI and invasive ventilation
before occurrence of severe respiratory failure with hemo-
dynamic instability-had both advantages and disadvantages

and may also explain the increased number of prerenal AKI
among hospital-acquired AKI.

The last observation is that cases with hospital-acquired
AKI had in the same time, in comparison with AKI at
admission, both a lower need for RRT, but surprisingly less
complete recovery of renal function, although there were more
AKI than ACKD cases in this subgroup. These data may be
explained by the fact that a lot of AKI cases at admission were
most likely due to prerenal rapidly reversible causes (fever,
vomiting, diarrhea), and also by the fact that patients with
previously CKD needed prompt RRT which allowed, in the
majority of cases, full recovery of renal function (ie reversal
to the same creatinine level as before COVID-19). In the same
time, patients who developed AKI during hospitalization
were those in who COVID-19 aggravated progressively with
superimposed both prerenal and intrarenal insults. Prerenal
injury acquired/developed during hospitalization was in the
context of hemodynamic renal alteration secondary to causes
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less responsive to treatment (sepsis, mechanical ventilation,
aggravation of previous cardiac failure).

In conclusion, the present study brings additional informa-
tion in the field of COVID-19-associated AKI. Retrospectively
analyzing patients hospitalized with COVID-19 and AKI, we
did not find a correlation, in the multinomial analysis, between
the severity markers of COVID-19 and AKI KDIGO stage.
Decreased odds for recovery of kidney function were associ-
ated with peak levels of d-dimers. Lack of immunomodulatory
treatment was found to be correlated with increased need for
RRT. Compared with AKI at admission, hospital-acquired
AKI was better predicted by severity of lung damage on CT,
evolved more frequently with incomplete recovery of renal
function, and was significantly associated with antiviral
therapy.
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