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Background: The kidney represents a potential target for severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). Clinical data about acute kidney injury (AKI) during SARS-CoV-2
infection are lacking. We aimed to investigate the proportion, risk factors, and prognosis of AKI in
critical patients affected with SARS-CoV-2.

Methods: A case/control study was conducted in two intensive care units of a tertiary teaching
hospital.

Results: Among 109 patients, 75 were male (69%) with median age at 64 years and 48 (44%)
developed AKI within 4 days (interquartile range [IQR], 1-9). Of them, 11 (23%), 9 (19%), and 28
(58%) were classified as stage 1, 2, and 3, respectively. AKI patients were older and presented
more sepsis, acute respiratory distress syndrome, and rhabdomyolysis; higher initial urea and cre-
atinine; more marked inflammatory syndrome and hematological disorders; and required more
mechanical ventilation and vasopressors. An elevated D-dimers level (odds ratio [OR], 12.83; 95%
confidence interval [Cl], 1.9-85) was an independent factor of AKI. Sepsis was near to signifi-
cance (OR, 5.22; 95% Cl, 0.94-28; P=0.058). AKI was independently related to mortality (OR, 6.8;
95% Cl, 1.49-105) and significantly reduced the survival (14.7 days; IQR, 12-17 vs. 19.9 days;
IQR, 17-22.7; P=0.011) in AKI and no AKI group respectively. Hypoxemia with the ratio of the ar-
terial partial pressure of oxygen and the inspiratory concentration of oxygen <70, and vasopres-
sors were identified as mortality factors.

Conclusions: AKI occurred in almost half the studied patients and significantly worsened their
prognosis. A high D-dimers level and sepsis contributed significantly to its development.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) affects multiple organ
systems and imparts significant morbidity and mortality [1]. Approximately 5% to 14% of
patients affected with SARS-CoV-2 will become critically ill [2-4]. While coronavirus disease
2019 (COVID-19) generally begins as a respiratory tract infection, it can damage any organ
system. Thus, to improve outcomes, clinicians should search actively for multi-organ involve-

ment to guide appropriate early management [5].
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Among affected organs, the kidney is particularly susceptible
to COVID-19. Indeed, SARS-CoV-2 has been shown to share
the same functional receptor, angiotensin-converting enzyme
2 (ACE2), with a wide variety of organs (such as lung, heart,
kidney) [6]. SARS-CoV-2 initiates its infection process by bind-
ing to functional receptors on the membrane of a host cell.
Postmortem examination of COVID-19 patients revealed vary-
ing degrees of acute tubular necrosis, lymphocytic infiltration,
and viral RNA, suggesting direct invasion of kidney tubules [7].
In addition to direct kidney damage by the virus, acute kidney
injury (AKI) can occur through several proposed mechanisms
including acute tubular necrosis induced by sepsis, hypoxia,
hypoperfusion, rhabdomyolysis, nephrotoxic drugs, etc.

In critically ill patients, AKI is a common complication of
COVID-19 infection, occurring in 23% to 43% of cases [8-10],
and was correlated with poor clinical outcomes [11]. At pres-
ent, information regarding the epidemiology and the clinical
correlates, prognosis, and determinants of AKI in patients with
COVID-19 remain scarce. In this study, we aimed to evaluate
the frequency, risk factors, and outcomes of AKI in critically ill
patients with confirmed COVID-19.

MATERIALS AND METHODS

Design

This was a retrospective comparative case/control study con-
ducted between September 2020 and December 2020 in two
intensive care units (ICUs) designated for critical COVID-19
cases of the tertiary teaching hospital of La Rabta (Tunis,
Tunisia). Regarding the two participating units, one was an
existing medical ICU of multivalent activity managed by
medical intensivists, and the other was a novel unit created
especially for the COVID-19 outbreak and managed by anes-
thetists. The hospitalization capacity was six beds in both
units. The Ethics Committee of La Rabta University Hospital
approved the study protocol and waived informed consent
because of the retrospective and descriptive nature of the
study. The principles outlined in the Declaration of Helsinki
as revised in 2013 were followed in the study protocol.

Patients

The medical records of all adult patients (>18 years) with lab-
oratory-confirmed COVID-19 who were admitted to the two
ICUs during the study period were examined. The SARS-CoV-2
RNA was detected using reverse transcription-polymerase
chain reaction for laboratory diagnosis of COVID-19. The
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KEY MESSAGES

= Acute kidney injury (AKI) occurred in 44% of critical-
ly ill patients affected with coronavirus disease 2019
(COVID-19).

= A high level of D-dimers and less significance of sepsis
were factors related with the development of AKI.

= AKI increased the death risk by 6 and reduced survival
by an average of 5 days.

= Elevated D-dimers was the most related factor to
COVID-19-induced AKI that should emphasis more the
role of micro thrombi and considers further the curative
anticoagulation and immunomodulatory treatments.

samples consisted of nasal swabs or endotracheal aspirate.
Patients who met the criteria of critical COVID-19 as defined
below were included. The case group included the critical
COVID-19 patients who presented with AKI during their ICU
stay, and the control group was the critical COVID-19 patients
who maintained normal kidney function. Excluded patients
were those who did not meet the critical COVID-19 criteria,
those whose medical records data were missing, and those
with early multi-organ failure (MOF) including AKI.

Therapeutic Management

Standard care was based on oxygen support (invasive or non-
invasive) associated with the prone position, corticosteroids
(dexamethasone 8 mg/day), anticoagulation, and vitamin
supplementation. In our unit, the usual anticoagulation
protocol was based on unfractionated heparins and low mo-
lecular weight heparin; the dose depended on curative or
preventive indication, creatinine clearance, and weight of the
patient. For the preventive protocol and creatinine clearance
>30 ml/min: if body mass index (BMI) <30 kg/m?, enoxaparin
0.4 ml/day; if BMI >30 kg/m?, enoxaparin 0.4 ml x2/day; and
if weight >120 kg, enoxaparin 0.6 ml x2/day. In cases of clear-
ance <30 ml/min: heparin sodium 200 IU/kg/day or calcipa-
rin 150 TU/kg/day was administered in two subcutaneous in-
jections. In the presence of confirmed thrombosis (pulmonary
embolism or phlebitis), the curative protocol was as follows
(patient weight: dose of enoxaparin) 50-59 kg: 0.5 ml x2/day,
60-69 kg: 0.6 ml x2/day, 70-79 kg: 0.7 ml x2/day, 80-89 kg: 0.8
ml x2/day, 90-99 kg 0.9 ml x2/day, and weight 2100 kg: 1 ml
x2/day. If creatinine clearance <30 ml/min, intravenous hep-
arin 3-5 mg/kg/day is administered continuously via electric
syringe pump over 24 hours.
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Assessed Data
For each patient, we recorded demographics, comorbidities,

basic drugs received, clinical features, initial laboratory find-
ings, initial computed tomography (CT) scan data, treatment
(respiratory supports, use of medications, and renal replace-
ment therapy (RRT), and clinical outcomes. The daily values of
urea and creatinine were recorded. All data were entered into
the computerized database for further statistical analysis.

Definitions

A patient affected by COVID-19 was considered critical and
required ICU transfer in the presence of respiratory distress
(respiratory rate >30 times/min plus cyanosis) and the use of
oxygen support to maintain oxygen saturation as measured
by pulse oximetry (SpO,) >92%. The oxygen support could be
noninvasive including noninvasive ventilation (NIV) and high-
flow nasal cannula (HFNC) or invasive with requirement of
ventilator support (mechanical ventilation [MV]). Shock and
MOF were also considered critical criteria. The oxygen support
modality recorded was that used before AKI (either on ICU ad-
mission or during hospitalization before AKT).

Sepsis was defined according to the 3rd international con-
sensus (Sepsis-3); i.e., presence of organ dysfunction (identi-
fied as an acute change in total Sequential Organ Failure As-
sessment [SOFA] score >2 points), consequent to the infection
[12]. To avoid bias, we did not consider sepsis that included
AKI at the time of diagnosis. It was only when sepsis preceded
AKI that it was analyzed as a risk factor.

The definition and severity staging of AKI were based on
the Kidney Disease: Improving Global Outcomes (KDIGO)
classification [13] as follows. Stage 1 involves increase in serum
creatinine to 1.5-1.9 times baseline odds ratio (OR) >0.3 mg/
dl (>26.5 pmol/L) and/or urine output <0.5ml/kg/hr for 6-12
hours. Stage 2 is increase in serum creatinine to 2.0-2.9 times
baseline and/or urine output <0.5ml/kg/hr for >12 hours. Stage
3 is defined by increase in serum creatinine to 3.0 times base-
line, increase in serum creatinine to >4.0 mg/dl (>353.6 pmol/
L), initiation of RRT, and/or urine output <0.3 ml/kg/hr for >24
hours, or anuria for >12 hours. For patients without available
baseline serum creatinine (bSCr), we estimated bSCr using the
modification of diet in renal disease equation: back-estimation
formula: serum creatinine=[75/186x(age-0.203)x(0.742 if fe-
male)x(1.21 if black)-0.887] as suggested by KDIGO guidelines
to estimate bSCr in the absence of prior renal disease [14,15].
In patients with suspected chronic kidney disease, the lowest
creatinine measured in the first three days of hospitalization
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was considered bSCr.

The definition of AKI recovery was based on that of the
Acute Disease Quality Initiative 16 workgroup [16]. Rhabdo-
myolysis was retained if the creatine phosphokinase rate was
greater than five times the upper limit of normal. Nephrotoxic
drugs are those toxic to the kidney. In our unit, the most pre-
scribed were colistin, aminoglycosides, vancomycin, and io-
dine contrast agent.

Study Outcomes
We focused mainly on frequency of AKI and its risk factors. We

also assessed outcomes of AKI, RRT requirement, and the im-
pact of AKI on mortality in critical COVID-19 patients.

Statistical Analysis
Continuous variables were expressed as the median and in-

terquartile range (IQR) and compared with a nonparametric
Mann-Whitney test. Categorical variables were expressed as
counts and percentages and compared using a chi-square test
or Fisher’s exact test as appropriate. The risk factors for AKI
and those associated with 28-day mortality were screened with
the univariate logistic regression model. The variables with a
P-value of 0.2 or less were analyzed with multicollinearity tests
to clear interferences and overlaps and were imported into a
logistic regression analysis using the entered method. Survival
analysis was processed by the Kaplan-Meier curves and com-
pared by the Log-rank test. The significance threshold was set
at a two-sided P-value less than 0.05. All statistical analyses
were performed using IBM SPSS ver. 20 (IBM Corp., Armonk,
NY, USA).

RESULTS

Baseline Characteristics and Proportion of AKI
In the included 109 patients, male gender was predominant

(75/34; sex ratio, 2.2), and the median age was 64 years (IQR,
57-71 years). Five of the patients had chronic renal failure.
During hospitalization, AKI occurred in 48 patients (44%).
Table 1 shows the evaluated parameters in all populations
and, for each group, according to presence of AKI. Labora-
tory and CT scan findings in the table are those collected at
ICU admission. The AKI patients were older and had more
frequent hypertension, higher severity scores, and more pre-
disposing conditions (such as sepsis, acute respiratory distress
syndrome [ARDS], and rhabdomyolysis) and required more
frequent MV and vasopressors. Notably, prior use of ACE in-
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Table 1. Assessed parameters in all patients according to presence of AKI
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Variable Total population (n=109)  AKI group (n=48) No AKI group (n=61) P-value
Age 64 (57-71) 69 (61-77) 60 (55-66) <0.001
> 60 yr 67 (61.5) 37 (77) 30 (49) 0.003
Sex (male:female) 75:34 33:15 42:19 0.999
BMI 27 (24-31) 27.3 (24.5-30.7) 27 (24-32.5) 0.620
Obesity (BMI >30 kg/mz) 32(29.5) 11(23) 21 (34.5) 0.182
Comorbidity
Hypertension 56 (51.5) 30 (62.5) 26 (42.6) 0.054
Prior use of ACE inhibitor/A2RB 27 (25) 6(33.5) 11 (18) 0.071
Diabetes 44 (40) 23 (48) 21 (34.4) 0.175
Chronic renal failure 5 (4.5) 1(2) 4 (6.5) 0.388
Chronic respiratory failure 20 (18.5) 8 (16.5) 12 (20) 0.804
Cardiomyopathy 18 (16.5) 9(19) 9(15) 0.613
Immunocompromised 6 (5.5 4(8.3) 2(33) 0.489
Severity score
APACHE I 10.5 (7-16) 13 (10-18) 9 (6-11) <0.001
SAPS 1| 30 (22-40) 38 (31-53) 24 (16-30.7) <0.001
SOFA 4(3-9) 7 (4-11) 4(2-7.5) 0.001
Initial laboratory finding
Baseline serum urea (g/L) 0.57 (0.39-1.05) 1(0.71-1.3) 0.45 (0.36-0.56) <0.001
Baseline creatinine (mg/L) 9(7-14) 12.5(9-18.4) 8 (7-10) <0.001
Minimum P/F ratio 66 (48-93) 60 (46-78) 73 (55-126) 0.110
WBC count (x10°/L) 12 (8.5-17) 7 (7-21) 10 (4-15) 0.033
Minimum lymphocyte (x10°/ul) 520 (312-720) 510 (320-760) 550 (302-715) 0.819
Platelet (x10°/L) 141 (48-238) 134 (33-266) 145 (58-229) 0.772
CRP (mg/L) 199 (98-280) 248 (171-326) 151 (74-242) 0.002
Prothrombin time (%) 60 (45-80) 56 (41-69) 75 (52-86) 0.001
Fibrinogen (g/L) 5.1(1.7-6.4) 5(4.2-69) 5(1.5-6.2) 0.179
D-dimer (ug/L) 1,402 (653-3,881) 2,222 (813-5,109) 905 (598-1,757) 0.002
Lactate (mmol/L) 2.1(1.6-6) 2.1(1.7-4) 9(1.6-3.6) 0.448
CT scan lesion extension at admission®, >50% 33/78 (42) 13/31 (42) / (42.5) 0.999
Predisposing condition
Sepsis 49 (45) 35(73) 14 (23) <0.001
ARDS 81(74) 38 (81) 43 (70.5) 0.953
ACP 10/66 (15) 8/29 (27.5) 2/37 (5.4) 0.017
Rhabdomyolysis 21 (19) 14 (29 7 (11.5) 0.086
Vasopressor 60 (55) 40 (84) 20 (33) <0.001
Nephrotoxic drug 29 (27) 20 (42.5) 9(15) 0.014
Respiratory support
Alternation HFNC/NIV 61 (56) 8(37.5) 43 (70.5) -
MV 48 (44) 30 (62.5) 18 (29.5) 0.001

Values are presented as median (interquartile range) or number (%).
AKl: acute kidney injury; BMI: body mass index; ACE: angiotensin-converting enzyme; A2RB: angiotensin Il receptor blockers; APACHE: Acute Physiology and
Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; PJF ratio: ratio of the arterial partial pressure of
oxygen and the inspiratory concentration of oxygen; WBC: white blood cell; CRP: C-reactive protein; CT: computed tomography; ARDS: acute respiratory distress
syndrome; ACP: acute cor pulmonale; HFNC: high-flow nasal cannula; NIV: noninvasive ventilation; MV: mechanical ventilation.
“CT scan performed in 78 patients and echocardiography in 66 patients.
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hibitor or angiotensin I receptor blocker (A2RB) was observed
more frequently in the AKI group with P close to significance.
Several biological differences were found; both initial urea and
creatinine were higher in the AKI group. Moreover, inflamma-
tory and hematological disorders were found more often in the
AKI patients.

AKI Characteristics and Risk Factors

Among 48 patients (44%) who developed AKI during hospital-
ization, 11 (23%), 9 (19%), and 28 (58%) were classified as KDI-
GO stage 1, 2, and 3, respectively. Eight patients (17%) received
RRT (5 in the stage 2 category and 3 in the stage 3 category).
AKI occurred within a median of 4 days [1-9].

Age over 60 years, hypertension, prior use of ACE inhibitor/
A2RB, diabetes, the ratio of the arterial partial pressure of ox-
ygen and the inspiratory concentration of oxygen (P/F ratio)
<70, C-reactive protein (CRP) >200 mg/L, fibrinogen >5 g/L,
D-dimers >1400 pg/L, sepsis, rhabdomyolysis, MV, vasopres-
sors, and nephrotoxic drugs were the factors introduced in
the multivariate analysis. Conditions and factors included in
the analysis were only considered if they preceded AKI. In the
results, elevated D-dimers was an independent factor signifi-
cantly associated with AKI in critical COVID-19 patients, with
OR, 12.83; 95% CI, 1.9-85. Sepsis tended to be a related factor
with OR near significance (OR, 5.22; 95% CI, 0.94-28; P=0.058).
These findings are shown in Table 2.

Outcomes

Renal function improved in only three patients (6.25%), who
were classified as KDIGO stage 1. Ventilation days and ICU
stay were similar between the two groups (6 [3-8] vs. 4 [2-8],
P=0.12 and 7 [5-10] vs. 8 [4-15], P=0.59) in patients with AKI
and those without, respectively. Of 109 patients, 65 showed
deceased mortality within 28 days of ICU admission (ICU 28-
day mortality, 59; 6%), which was significantly higher in AKI
patients (41/48 [85%)] vs. 24/61 [39.4%), P<0.001). All patients
classified as KDIGO 3 died (Table 3).

In non-survivor patients, AKI, hypoxemia, sepsis, vasopres-
sors, and MV requirements were more frequent than in sur-
vivors. Contrary to common findings, there were fewer obese
subjects among deceased patients (Table 3). In multivariate
analysis, AKI, severe hypoxemia (P/F ratio <70), and vasopres-
sors were associated with mortality (Table 3).

Survival Analysis
When AKI occurred in critical COVID-19 patients, it decreased
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Table 2. Factors associated with AKI in multivariate analysis

Variable Odds ratio P-value
Age > 60 yr 1.35 0.320
Hypertension 1.58 0.612
Prior use of ACE inhibitor/A2RB 1.25 0.124
Diabetes 1.65 0.402
P/F ratio <70 2.54 0.154
CRP >200 mg/L 2.21 0.140
Fibrinogen >5 g/L 3.03 0.115
D-dimers >1,400 ug/L 12.83 (1.9-85)° 0.008
Sepsis 5.22 (0.94-28)° 0.058
Rhabdomyolysis 6.53 0.072
MV 4.30 0.124
Vasopressor 1.82 0.466
Nephrotoxic drug 4.26 0.080

AKI: acute kidney injury; ACE: angiotensin-Converting enzyme; A2RB:
angiotensin Il receptor blockers; P[F ratio: the ratio of the arterial partial
pressure of oxygen and the inspiratory concentration of oxygen; CRP:
C-reactive protein; MV: mechanical ventilation.

*950% confidence interval.

the survival delay time by an average of 5 days (14.7 days; IQR,
12-17 vs. 19.9 days; IQR, 17-22.7; P=0.011) in AKI group and no
AKI group respectively, as shown in Figure 1.

DISCUSSION

We showed that, among 109 critical COVID-19 patients, 48
(44%) developed AKI that was mostly classified as KDIGO 3. At
baseline, multiple clinical and biological differences between
the AKI group and no AKI group were observed. Concerning
the association with AKI, elevated D-dimers was the most
significant independent factor. Sepsis was related closely to
AKI. Overall, the 28-day mortality was poor at 59.6% and was
higher in AKI patients (85%). This complication was related to
mortality (OR, 6.8; 95% CI, 1.49-105) and significantly reduced

survival.

Descriptive Epidemiology

Compared to other reported figures, our proportion of patients
with AKI was high at 44%. Indeed, AKI occurred in 0.5%-15%
of hospitalized patients affected with SARS-CoV-2 [17] and
in up to 23% of COVID ICU patients [8,9]. Before emergence
of COVID, Panitchote et al. [18] reported an incidence rate of
68.3% for AKI after onset of ARDS. In 2009 influenza A (H1N1)
viral pneumonia, the incidence of AKI reached 51% [19]. An-
other multicenter study showed that AKI occurred in 31.3% of
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Table 3. Impact of AKI and risk factors of mortality
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Variable Survivor (n=44) Non-survivor (n=65) Multivariate analysis, OR (95% Cl) P-value
AKI 7 (16) 41 (63) 6.8 (1.49-105) <0.001
KDIGO 1 3(43) 8(19.5) 0.322
KDIGO 2 4(57) 5(12) 0.017
KDIGO 3 0 28 (68.5) 0.001
Age (yr) 60.5 (56-70) 66 (58-72) NS 0.048
Obesity 19 (43) 13 (20) NS 0.007
SOFA score 3(2-4) 6 (4-11) NS 0.035
Minimal P[F ratio 93 (65-166) 59 (45-74) 20 (1.73-236) <0.001
Sepsis 4(9) 45 (69) NS <0.001
Vasopressor 4(9) 56 (86) 15.29 (1.23-189) <0.001
MV 5(11.3) 43 (66) NS <0.001

Values are presented as number (%) or median (interquartile range) unless otherwise indicated.
AKI: acute kidney injury; OR: odds ratio; Cl: confidence interval; KDIGO: Kidney Disease: Improving Global Outcomes; NS: not significant; SOFA: Sequential Organ
Failure Assessment; P/F ratio: the ratio of the arterial partial pressure of oxygen and the inspiratory concentration of oxygen; MV: mechanical ventilation.
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Figure 1. Survival analysis according to presence of acute kidney
injury (AKI). ddI: degre de liberte; Sig: significance.

patients and was more common in patients with ARDS (44.3%
vs. 27.4%, P<0.001) [20].

In patients with severe COVID-19, the progression to ARDS
is almost constant, which partly can explain our elevated num-
ber of affected patients. All our patients were deeply hypoxic
and required a high flow of oxygen either noninvasively (NIV
or/and HENC in 56%) or invasively (MV in 44%). This partly al-
lows arguing this considerable proportion of AKI. In a Chinese
series, the incidence was very close to ours at 43.8% [10]. In
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our distribution, AKI severity was similar to that in the Chinese
study (for stage 3: 58% and 69.6%, respectively) [10]. The high
proportion of stage 3 is explained by the serious profile of the
patients studied. The median onset of AKI from hospitalization
ranges from 7 [11] to 15 days [17], but our delay was shorter at
4 days [1-9]. Before the era of COVID, we conducted a correla-
tion study and we found that the most significant correlation
was detected at 48 hours from hypoxemia. This is supported
by the present results in the era of COVID-19. Herein, major
hypoxemia (judged by a threshold P/F ratio <70) was not an
independent factor of AKI (OR, 2.54; P=0.15). Factors other
than hypoxemia highly negatively affect the kidney during
SARS-CoV-2 invasion.

Analytical Results
We showed that a high level of D-dimers increased the risk

of AKI by 13 times. This is an original result and has not been
reported previously. What is known is that the significant in-
flammatory response to the virus causes damage to organs in-
cluding the kidney. However, neither elevated CRP nor elevat-
ed fibrinogens were factors of renal injury (Table 2). D-dimers
appear to be the most highly associated factor. Unfortunately,
renal histological data were not available in our series to sup-
port this finding.

This strong relation suggests the important role of micro-
thrombi in the genesis of AKI. Thrombo-embolic complica-
tions during COVID-19 infection have become common, but
their extensive involvement in the pathogenesis of AKI is un-
clear. Based on current evidence, the injured sites and the cor-
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responding mechanisms in COVID-19-induced AKI are acute
tubular necrosis (due to tubular lumen dilatation with cellular
debris and changes in the brush border membranes of proxi-
mal tubules), acute interstitial nephritis (due to mononuclear
cell infiltration within the interstitium), podocytopathy (due
to podocyte foot process effacement, collapsing glomerulus
pseudo crescent formation), and thrombotic microangiopathy
(due to microthrombi within the glomeruli) [21]. Our results
emphasize the significance of the 4th mechanism. A kidney
biopsy revealed severe acute thrombotic microangiopathy
with cortical necrosis [22]. This disorder cannot be included
in the disseminated intravascular coagulation (DIC) entity. In
our series, for example, two key diagnostic items of DIC were
missing: fibrinogen was rather high (as often is in COVID-19
infection) and platelet count was normal. Clearly, the potential
pathological kidney changes in patients with COVID-19 re-
quire further study.

Otherwise, we demonstrated that sepsis was close to be-
ing a significant factor of COVID-19-induced AKI (OR, 5.22;
P=0.058). Sepsis is a condition predisposing the patient to
AKI [10,18,23], and AKI is a possible factor in the definition of
sepsis according to the last Sepsis-3 consensus [12]. To remove
the cause/effect confusion bias (COVID/AKI or sepsis/AKI),
we considered sepsis only when it occurred before AKI. The
pathogenic mechanisms of sepsis-induced AKI are different
from those seen in other causes of AKI.

A review by Zarbock et al. [24] emphasizes the important
role of inadequate responses to sepsis. The adaptive responses
of tubular epithelial cells to injurious signals are responsible
for renal dysfunction. Simultaneously, renal inflammation and
microcirculatory dysfunction further amplify these mecha-
nisms [24]. The cytokine storm and micro thrombotic distur-
bances triggered by SARS-CoV-2 predispose patients with sep-
sis to AKI compared to those who have not developed sepsis.

In addition to the indirect effects of the immune-inflam-
matory response to the virus, the direct effects of the viral in-
fection should be considered. These effects largely reflect the
ability of the virus to use the ACE2 receptors to gain entry into
endothelial cells [25,26]. Since these receptors are widespread
in the kidney, they are considered as a potential target for
SARS-CoV-2. In our series, AKI did not occur less frequently
in patients receiving test drugs, and multivariate analysis did
not reveal any protective effect. However, this study was an in-
direct and not precise assessment of the effects of the virus on
the kidney.

Other factors are presumed to be harmful to the kidney and
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their presence with severe affection caused by SARS-CoV-2
could contribute to the occurrence of AKI. From these factors,
we were interested in old age, metabolic morbidities (diabetes
and hypertension), MV, vasopressors, rhabdomyolysis, and
nephrotoxic drugs. None of these factors were independently
associated with AKI. This negative result can be explained by
the small size of the studied sample and deserves to be reex-
amined in a larger population. Different from our findings,
Sang et al. [10] showed that MV increased significantly the
risk of AKI (OR, 9.72; 95% ClI, 2.93-32.24; P=0.0002). This rela-
tionship can be explained by the mechanisms of lung-kidney
cross-talk [27,28], regardless of the cause of ARDS. Animal
models suggest a causal relationship between MV and AKI via
areduction in renal blood flow due to a drop in cardiac output
secondary to the changes in intrathoracic pressure; mainly
caused by extrinsic positive end-expiratory pressure (PEEP)
[29]. Some parameters used for the lung protective ventilation
strategy (such as low tidal volume, limited plateau pressure,
and suitable level of PEEP) were shown to be protective for
AKI [28].

Outcomes
Both our results and other reports [10,11] agree that the oc-

currence of AKI during COVID-19 worsened morbidity and
mortality. Patients of the KDIGO 3 category died more often
(OR, 5.33; 95% CI, 1.15-24.65) in a Chinese study [10], and all
the patients of our series in this category died. Given the very
small number of survivors among the AKI patients (7/48), we
did not perform a multivariate analysis to determine the mor-
tality factors in the AKI group with COVID-19. Cheng et al. [11]
revealed that patients with initial kidney abnormalities (elevat-
ed serum creatinine, proteinuria, hematuria, and AKI) have a
significantly higher in-hospital death rate. Beyond AKI, severe
hypoxemia with min P/F ratio <150 was independently related
to mortality in the study by Sang et al. [10], which was in accor-
dance with our results.

Despite their statistical significance and even if previous
studies show supporting findings (i.e., mortality was associat-
ed with AKI, other organ failure, or use of vital assistance such
as vasopressors or MV), these findings represent a source of
confusion. More reasonably, they are consequences of deteri-
oration rather than predictors of deterioration. As an example,
many patients with sepsis eventually die with MOF syndrome,
and the MOF usually includes AKI. In addition, the largest
deterioration was observed in patients who required vital
support from MV or vasopressors. Similarly, these factors are
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outcomes rather than factors of excess mortality in the present
study.

On the other hand, we showed a result (more survivors in
the obese subgroup; 43% vs. 20%, P=0.007) that we believe is
inconsistent with the most commonly reported findings. Most
probably, this was a coincidence without a real association.

We concluded that the proportion of AKI in critically ill pa-
tients with COVID-19 was considerable. High levels of D-di-
mers and, less significantly, sepsis were the most concerning
factors. Once they occurred, the prognosis was significantly
worse. Early detection and careful monitoring of renal func-
tion and D-dimers can help to reduce the deaths of patients
with COVID-19. Our findings should place more emphasis on
active anticoagulation and further investigation to detect an
eventual acute thrombotic microangiopathy caused by SARS-
CoV-2.
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