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 ۪ 43.4% of the cohort developed acute kidney injury.

 ۪ D-dimer and fibrinogen levels were high in both groups.

 ۪ Rotational thromboelastometry data were similar between 
groups.

 ۪ Serum levels of antithrombin activity and protein C were 
lower in patients who developed acute kidney injury.
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 ❚ ABSTRACT
Objective: The incidence of thrombotic events and acute kidney injury is high in critically ill 
patients with COVID-19. We aimed to evaluate and compare the coagulation profiles of patients 
with COVID-19 developing acute kidney injury versus those who did not, during their intensive 
care unit stay. Methods: Conventional coagulation and platelet function tests, fibrinolysis, 
endogenous inhibitors of coagulation tests, and rotational thromboelastometry were conducted on 
days 0, 1, 3, 7, and 14 following intensive care unit admission. Results: Out of 30 patients 
included, 13 (43.4%) met the criteria for acute kidney injury. Comparing both groups, patients 
with acute kidney injury were older: 73 (60-84) versus 54 (47-64) years, p=0.027, and had 
a lower baseline glomerular filtration rate: 70 (51-81) versus 93 (83-106) mL/min/1.73m², 
p=0.004. On day 1, D-dimer and fibrinogen levels were elevated but similar between groups: 
1780 (1319-5517) versus 1794 (726-2324) ng/mL, p=0.145 and 608 (550-700) versus 642 
(469-722) g/dL, p=0.95, respectively. Rotational thromboelastometry data were also similar 
between groups. However, antithrombin activity and protein C levels were lower in patients 
who developed acute kidney injury: 82 (75-92) versus 98 (90-116), p=0.028 and 70 (52-82) 
versus 88 (78-101) µ/mL, p=0.038, respectively. Mean protein C levels were lower in the group 
with acute kidney injury across multiple time points during their stay in the intensive care unit. 
Conclusion: Critically ill patients experiencing acute kidney injury exhibited lower endogenous 
anticoagulant levels. Further studies are needed to understand the role of natural anticoagulants 
in the pathophysiology of acute kidney injury within this population.

Keywords: Acute kidney injury; COVID-19; SARS-CoV-2; Coronavirus infections; Thrombosis; 
Blood coagulation; Intensive care units

 ❚ INTRODUCTION
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
first identified in Wuhan, China in early December 2019.(1) This novel 
coronavirus has spread globally in a very short period of time, causing an 
international outbreak of severe acute respiratory syndrome known as 
corona virus disease (COVID-19). The first confirmed case of COVID-19 
in Brazil was reported on February 26, 2020, in the city of São Paulo.(2)

Initial reports from China alleged that acute kidney injury (AKI) was not a 
frequent condition in patients with COVID-19.(1,3-7) However, as the pandemic 
spread to Western countries, the incidence of AKI increased substantially,(8-11) 
and the use of renal replacement therapy (RRT) reached up to 31% among 
critically ill patients,(10) which is much higher than previously reported.(12)
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Coagulopathy is a frequent condition in patients 
with COVID-19, and venous or arterial thrombotic 
manifestations have been extensively reported.(13-15) To 
date, some data have shown that thrombus formation 
and vascular congestion might also affect glomerular and 
peritubular capillaries, which might be implicated in the 
pathophysiology of AKI in SARS-CoV-2 infection.(16,17) 
Whether such findings are disease-specific or simply 
a sepsis epiphenomenon is still a matter of debate. 
Theoretically, an increased hypercoagulability state, 
fostering glomerular and tubular lesions, may explain 
the high incidence of AKI in critically ill patients with 
SARS-CoV-2 infection. 

To date, no study has fully addressed coagulation 
abnormalities and the occurrence of AKI in severe 
patients with COVID-19 admitted to the intensive care 
unit (ICU). Conventional coagulation tests (CCT), 
platelet function, fibrinolysis, endogenous inhibitors of 
coagulation (antithrombin, protein C, and protein S) 
tests, and rotational thromboelastometry (ROTEM), 
which provides a real-time evaluation of clot formation 
kinetics, are altogether tests that could provide a more 
comprehensive understanding of the hypercoagulability 
state in COVID-19-associated AKI. 

 ❚ OBJECTIVE

We aimed to evaluate the coagulation profiles of 
critically ill patients with COVID-19 who developed 
acute kidney injury, in comparison to critically ill 
patients who did not develop acute kidney injury during 
their stay in the intensive care unit.

 ❚METHODS

Study design 
The present study is a secondary analysis of an original 
study designed to longitudinally address the coagulation, 
fibrinolysis, and endogenous anticoagulation systems of 
patients admitted to the ICU with severe COVID-19. 
The original study has been published elsewhere.(18) This 
single-center, prospective observational longitudinal 
study, was conducted in the ICU of a private tertiary 
care hospital in São Paulo, Brazil, between March 25 
and June 10, 2020. 

The original study and this secondary analysis were 
approved by the Local Ethics Committee of Hospital 
Israelita Albert Einstein and by Comissão Nacional de 
Ética em Pesquisa (CONEP) with a waiver of informed 
consent (CAAE: 30175220.3.0000.0071; #3.937.833).

Study population and group definition
Thirty patients aged ≥18 years old admitted to the ICU 
with a confirmed diagnosis of COVID-19 were included 
in this study. SARS-CoV-2 infection was confirmed by a 
positive reverse transcription-polymerase chain reaction 
(RT-PCR) assay.(19)

Exclusion criteria included chronic kidney disease 
(CKD) with a glomerular filtration rate (GFR) 
<30mL/min/1.73m², pregnancy, known coagulopathy, 
current use of systemic anticoagulants or anti-platelet 
therapy or vitamin K antagonists, moribund patients, 
and patients who experienced cardiac arrest. Acute 
kidney injury was defined according to Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria.(20) 
Patients who developed any stage of AKI (KDIGO I, 
II, or III) were included in the “AKI Group” and the 
remaining patients (those without AKI) were included 
in the “No AKI Group”. Glomerular filtration rate 
(GFR) was estimated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) formula.(21)

Laboratory analysis
Laboratory tests were performed at baseline and on days 
1, 3, 7, and 14 after study enrollment, except if the patient 
died or was discharged from the ICU. 

Conventional coagulation tests
Conventional coagulation tests included platelet count 
(XE 2100, Sysmex, São Paulo, Brazil), plasma fibrinogen 
concentration (Clauss method, Hemosil QFA thrombin, 
bovine), activated partial thromboplastin time (aPTT) 
(Hemosil Synthasil), prothrombin time (PT), and 
international normalized ratio (INR) (Hemosil PT-
Fibrinogen HS Plus, IL Instrumentation Laboratory 
Company, Bedford MA, USA), and ionic calcium (ABL 
800 FLEX, Radiometer Medical ApS, Copenhagen, 
Denmark).

Platelet function test
Platelet function was assessed in whole blood samples 
using impedance aggregometry (The ROTEM®-Platelet- 
TEM Innovations GmbH, Munich Germany).(22) Platelets 
were activated with arachidonic acid (ARATEM test) 
and adenosine diphosphate (ADPTEM).(22)

Fibrinolysis and endogenous anticoagulation system
The following tests were used for assessing both 
fibrinolysis and endogenous anticoagulation system: 
D-dimer (Hemosil D-dimer HS 500 and Hemosil 
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D-dimer HS 500 controls), serum plasminogen, alpha-2 
antiplasmin (Plasmin Inhibitor), antithrombin, protein 
C, and free protein S (IL Instrumentation Laboratory 
Company, Bedford MA, USA). 

Rotational thromboelastometry 
Rotational thromboelastometry analyses were performed 
using EXTEM (extrinsic coagulation pathway assessment), 
INTEM (intrinsic coagulation pathway assessment), and 
FIBTEM (extrinsic coagulation pathway assessment with 
additional platelet inhibition using Cytochalasin D) tests 
according to the manufacturer’s instructions.(23) The 
following parameters were evaluated during ROTEM 
analysis: clotting time [CT- seconds (sec)], representing 
the time from the beginning of the test until clot firmness 
of 2mm; clot formation time (CFT- sec), representing the 
time between the detection of clot firmness of 2 and 20mm; 
and maximum clot firmness (MCF- mm), representing 
the highest amplitude of the thromboelastometric trace 
and indicating clot “strength”.(24,25) ROTEM tests were 
performed by laboratory technicians. Blood samples of 
approximately 3mL were collected by venipuncture into 
a tube with citrate (3.2%- Sarsted1, Wedel, Germany). 
Blood samples were processed within a maximum 
period of two hours for ROTEM analysis. The analyses 
were performed by pipetting 340μL of citrated whole 
blood and 20μL of 0.2M calcium chloride with specific 
activators into a cup. There was no change in methodology 
throughout the study period.(25,26) Hypercoagulability in 
ROTEM was defined as a reduction in clotting time 
(INTEM CT <100 sec or EXTEM CT <38 sec) or clot 
formation time (INTEM CFT <30 sec or EXTEM CFT 
<34 sec), and/or an increase in MCF (MCF INTEM or 
EXTEM MCF >72mm or FIBTEM MCF >25mm).(26, 27)

Data collection
All study data were retrieved from the Epimed 
Monitor System (Epimed Solutions, Rio de Janeiro, 
Brazil), an electronic structured case report form 
where patient data are prospectively entered by trained 
ICU case managers.(28) Collected clinical variables 
included demographics, comorbidities, Simplified Acute 
Physiology score (SAPS 3 Score) at ICU admission,(29) 

Sequential Organ Failure Assessment score (SOFA 
Score)(30) at ICU admission and on days 1, 3, 7, and 
14 after study enrollment (unless the patient died or 
was discharged from the ICU), total maximum SOFA 
Score (from the time of study inclusion (baseline) up 
to 14 days after enrollment (unless the patient died 

or was discharged from the ICU),(31) body mass index, 
treatment measures (e.g., macrolides, corticosteroids, 
interleukin-6 receptor antagonist, convalescent plasma, 
and lopinavir-ritonavir), supportive therapy (use of 
vasopressors, mechanical ventilation, noninvasive 
mechanical ventilation, and RRT during ICU stay), 
hospital length of stay (LOS) prior to ICU admission, 
ICU and hospital LOS, and ICU mortality. The time 
interval between ICU admission and AKI diagnosis 
(tAKI) was recorded in days.

The presence of thrombotic or hemorrhagic events 
and the use of prophylactic or therapeutic doses of low-
molecular-weight heparin (LMWH) or unfractionated 
heparin (UFH) during ICU stay were recorded.

Statistical analysis
Categorical variables were presented as n/n total 
(%). Continuous variables were presented as median 
and 25th-75th percentile. Comparisons were performed 
between AKI and No AKI Groups. Categorical variables 
were compared between groups with Fisher’s exact 
test. Continuous variables were compared using 
independent Student’s t-test or Mann-Whitney U 
test in case of non-normal distribution, tested by the 
Kolmogorov-Smirnov test.

All laboratory tests performed on day 1 after 
enrollment were compared between groups. We have 
chosen this time point for comparisons between groups, 
as the mean time interval between ICU admission and 
AKI diagnosis (tAKI) was 1.7±1.1 days. 

If a statistically significant difference was observed, 
a longitudinal assessment was performed using 
generalized estimating equations (GEE) with Groups 
(AKI and No AKI) and study time points (days 0, 1, 3, 
7, and 14) as predictors. P values for group effect, time 
effect, and time-group interaction were presented. 

Two-tailed tests were used. Statistical significance 
was set at p<0.05. No adjustment was made for missing 
data. SPSS™ version 26.0 was used for statistical 
analyses, and GraphPad Prism version 8.0.0 (GraphPad 
Software, San Diego, California, USA) was used for 
graph plotting.

 ❚ RESULTS
Baseline characteristics 
Thirty patients were included in this analysis. Out of 
those, 43.4% (13/30) were included in the AKI Group 
and 56.6% (17/30) in the No AKI Group (Table 1). 
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Additionally, compared to no AKI patients, AKI 
patients had a lower baseline GFR at ICU admission [60 
(35-77) versus 92 (80-104) mL/min/1.73m², p=0.007] and 
presented a higher maximum SOFA Score during ICU  
stay [13 (12-14) versus 7 (6-10), p<0.001, respectively] 
(Table 1). 

Overall, only four patients (13.3%) received red 
blood cell transfusions. No patient received platelet 
concentrate, FFP, cryoprecipitate, fibrinogen concentrate, 
PCC, or tranexamic acid during the study period.

Administered treatment and organ support during 
ICU stay
Ten patients [10/13 (77%)] from the AKI Group 
received RRT, while no patient in the No AKI Group 
received RRT. The use of vasopressors, mechanical 
ventilation, specific treatments, and prophylactic or 
therapeutic anticoagulation did not differ between 
groups throughout the study duration (Table 1). 

Clinical outcomes
The incidence of bleeding, thrombosis, and ICU 
mortality did not differ between groups (Table 1). 
Intensive care unit length of stay was significantly higher 
in the AKI Group compared to the No AKI Group [21 
(16-42) versus 7 (6-16) days, p=0.002] (Table 1). 

Laboratory and Conventional coagulation tests
While arterial pH was lower in the AKI Group 
compared to the No AKI Group [7.32 (7.25-7.39) versus 
7.40 (7.39-7.43), respectively, p=0.010], ionized calcium 
and CCT (platelet count, PT, INR, aPTT, and plasma 
fibrinogen concentration) did not differ between 
groups (Table 2).

According to rotational thromboelastometry, 
hypercoagulability was observed in 29 patients, and 
no differences were observed between the AKI and 
No AKI Groups 13/13 (100%) versus 16/17 (94%) 
patients, p=1.000 (Table 3). Additionally, rotational 
thromboelastometry and platelet function tests 
were similar between the AKI and No AKI Groups. 
Maximum clot firmness in FIBTEM was high in both 
groups (Table 3).

Maximum lysis levels in both INTEM and EXTEM 
were within the reference range in both AKI and No 
AKI Groups (Table 3). D-dimer levels were 3- to 4-fold 
higher than the upper reference range limit in both 
groups (Table 2). Plasminogen and alpha-2 antiplasmin 
levels did not differ between groups (Table 2).

Table 1. Characteristics of study participants, administered treatments and 
clinical outcomes

Characteristics
AKI 

Group
(n=13)

No AKI 
Group

(n=17)
p value

Age, years (median, 25th-75th) 73 (60-84) 54 (47-64) 0.027†

Men, n (%) 7 (53.8) 8 (47.1) 0.71‡

BMI, kg/m² (median, 25th-75th) 31 (25-35) 27 (24-31) 0.19†

Number of coexisting conditions, 
(median, 25th-75th)

3 (2-3) 1 (0-2) <0.001§

Coexisting conditions, n (%)    

 Hypertension 8 (61.5) 4 (23.5) 0.035†

 Diabetes mellitus 9 (69.2) 2 (11.8) 0.002£

 Obesity 7 (53.8) 5 (31.3) 0.21‡

 Malignancy 1 (7.7) 3 (17.6) 0.61£

 Heart failure 2 (15.4) 1 (5.9) 0.56£

 COPD / Asthma 1 (7.7) 2 (11.8) >0.99£

 Chronic kidney disease 3 (23.1) 1 (5.9) 0.29£

 Coronary artery disease 2 (15.4) 0 (0.0) 0.18£

SAPS III Score, points (median, 25th-75th) 48 (41-55) 49 (44-61) 0.69†

SOFA Score D0, points (median, 25th-75th) 7 (4-9) 5 (4-6) 0.19†

Maximum SOFA Score, points (median, 25th-75th) 13 (12-14) 7 (6-10) <0.001†

Red blood cells transfusion (%) 30 0 0.01‡

Glomerular filtration rate, mL/min/1.73m² (median, 25th-75th)

 Baseline 70 (51-81) 93 (85-106) 0.004†

 At ICU admission 60 (35-77) 92 (80-104) 0.007†

COVID-19 therapy, n (%)

 Macrolides 11 (84.6) 17 (100.0) 0.18£

 Glucocorticoids 11 (84.6) 14 (82.4) 0.86£

 Convalescent plasma 4 (30.8) 6 (35.3) >0.99£

 Interleukin-6 receptor antagonist 0 (0.0) 3 (17.6) 0.23£

 Lopinavir-ritonavir 1 (7.7) 1 (5.9) >0.99£

Support during ICU stay, n (%)

 Renal replacement therapy 10 (76.9) 0 <0.001£

 Vasopressors 13 (100.0) 14 (82.4) 0.23£

 Mechanical ventilation 13 (100.0) 14 (82.4) 0.23£

Anticoagulants, n (%)   0.5‡

 DVT prophylaxis 9 (69.2) 13 (76.5) 0.041§

 Systemic anticoagulation 4 (30.8) 3 (17.6)

Clinical outcomes

 Thrombosis, n (%) 4 (30.8) 2 (11.8) 0.36£

 Bleeding, n (%) 0 (0.0) 3 (17.6) 0.23£

 Died in ICU, n (%) 4 (30.8) 1 (5.9) 0.14£

 ICU LOS, days (median, 25th-75th) 21 (16-42) 7 (6-16) 0.002§

 Hospital LOS, days (median, 25th-75th) 32 (22-53) 17 (13-32) 0.066§

Values represent median (25th-75th percentile) or n (%). 
† P values were calculated with the use of Independent Student’s t-test; ‡ χ2 test; § Mann-Whitney U test; £ Fisher’s exact test.
AKI: acute kidney injury; BMI: body mass index; COPD: chronic obstructive pulmonary disease; SAPSIII: Simplified Acute 
Physiology Score III; SOFA: Sequential Organ Failure Assessment Score; ICU: intensive care unit; COVID-19: coronavirus 
disease 2019; LOS: length of stay; DVT: deep vein thrombosis; LOS: length of stay. 

Patients in the AKI Group were older [73 (60-84) 
versus 54 (47-64) years, p=0.027, respectively for AKI 
and No AKI Groups], and hypertension (61.5 versus 
23.5%, p=0.035, respectively) and diabetes mellitus (69.2 
versus 11.8%, p=0.002, respectively) were more common 
among them. 
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Endogenous anticoagulants, represented by 
antithrombin activity [82 (75-92) versus 98 (90-
116), p=0.028, respectively], and protein C levels 
[70 (52-82) versus 88 (78-101) μ/mL, p=0.038, 

respectively] were lower in patients who developed  
AKI compared to those in the No AKI Group (Table 2 
and Figure 1). Protein S concentration was similar 
between groups.

Table 2. Laboratorial, conventional coagulation, fibrinolysis and endogenous inhibitors of coagulation tests, performed at day 1 after enrollment

Parameters Reference range All Patients (n=30) AKI Group (n=13) No AKI Group (n=17) p value

Laboratory tests

 Arterial pH 7.35-7.45 7.38 (7.31-7.40) 7.32 (7.25-7.39) 7.40 (7.39-7.43) 0.010†

 Ionized calcium (mmol/L) 1.14-1.31 1.15 (1.11-1.20) 1.18 (1.10-1.22) 1.15 (1.12-1.19) 0.9†

 Hemoglobin (g/dL) 13.5-17.5 11.4 (10.2-12.2) 11.2 (10.1-13.3) 11.5 (10.7-12.1) 0.99†

Conventional coagulation tests

 Platelets (x109/L) 150-450 236 (182-268) 264 (178-268) 225 (208-258) 0.74§

 Prothrombin time (sec) 70-100 81 (69-89) 87 (69-99) 79 (75-85) 0.96†

 INR 0.96-1.30 1.14 (1.07-1.25) 1.08 (1.01-1.26) 1.15 (1.10-1.19) 0.71§

 aPTT (sec) 25.6-35.5 28.3 (25.6-32.2) 28.3 (25.6-32.8) 27.3 (25.6-32.8) 0.59†

 Fibrinogen (g/dL) 200-400 642 (470-722) 608 (550-700) 642 (469-722) 0.95†

Fibrinolysis

 D-dimer (ng/mL) <500 1787 (762-4048) 1780 (1319-5517) 1794 (726-2324) 0.145§

 Plasminogen (%) 80-132 86 (74-96) 78 (70-89) 90 (77-107) 0.22†

 Alpha-2 antiplasmin (%) 98-122 127 (112-139) 121 (105-129) 132 (122-143) 0.071†

Endogenous anticoagulation

 Antithrombin (%) 75-110 92 (79-109) 82 (75-92) 98 (90-116) 0.028†

 Protein C (u/mL) 60-130 81 (66-92) 70 (52-82) 88 (78-101) 0.038†

 Protein S (u/mL) 55-140 28 (20-48) 32 (18-35) 26 (21-51) 0.45§

Values represent median (25th-75th percentile). 
† P values were calculated with the use of independent Student’s t-test; § Mann-Whitney U test.
INR: international normalized ratio; aPTT: activated partial thromboplastin time; AKI: acute kidney injury.

Table 3. Rotational thromboelastometry and platelet function test, performed on day 1 after enrollment

Parameters Reference range All Patients (n=30) AKI Group (n=13) No AKI Group (n=17) p value

ROTEM-INTEM

Clotting time (sec) 100-240 160 (156-191) 160 (151-185) 159 (156-191) 0.93§

Clot formation time (sec) 30-110 47 (42-57) 46 (43-55) 52 (41-57) 0.93§

Maximum clot firmness (mm) 50-72 71 (69-73) 72 (70-73) 70 (69-73) 0.27†

Maximum lysis (%) <5 8 (5-10) 7 (6-10) 8 (4-10) 0.71†

ROTEM-EXTEM 

Clotting time (sec) 38-79 73 (66-88) 72 (67-77) 73 (66-88) 0.64†

Clot formation time (sec) 34-159 56 (45-64) 55 (45-60) 56 (45-64) 0.9§

Maximum clot firmness (mm) 50-72 73 (70-75) 73 (70-75) 73 (68-74) 0.5†

Maximum lysis (%) <15 9 (6-13) 10 (7-13) 9 (6-11) 0.46†

ROTEM-FIBTEM

Maximum clot firmness (mm) 9-25 37 (30-40) 38 (31-40) 36 (29-40) 0.35†

Patients with hypercoagulability state in 
ROTEM analysis

29/30 13/13 16/17 >0.99£

PLATELET function test

ARATEM test (sec) 70-153 87 (58-113) 87 (58-113) 87 (60-110) 0.64†

ADPTEM test (sec) 56-139 105 (72-128) 111 (71-141) 102 (78-118) 0.47†

Values represent median (25th-75th percentile). 
† P values were calculated with the use of (a) Independent Student’s t-test, § Mann-Whitney U test; £ Fisher’s exact test. 
AKI: acute kidney injury.
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 ❚ DISCUSSION
In this study, we found that a hypercoagulability 
state was frequently observed in critically ill patients 
with COVID-19, regardless of AKI development. 
Furthermore, we observed a lower antithrombin activity 
and reduced plasma protein C levels (endogenous 
inhibitors of coagulation) in critically ill COVID-19 
patients who developed AKI during their ICU stay 
compared to patients without an AKI diagnosis.

Acute kidney injury in critically ill patients with 
COVID-19 exhibits distinct clinical features compared 
to those previously reported in epidemiological 
studies.(32,33) Acute kidney injury is more prevalent in this 
population,(8-10) and its onset is closely associated with 
the worsening of respiratory failure.(8) Moreover, severe 
circulatory shock is not common in these patients.(34) 
Kidney injury caused by COVID-19 is mediated locally 
by direct viral interaction with angiotensin-converting 
enzyme receptors in kidney tissue and systemically 
by inflammatory cell recruitment, released from lung 
injury. Pulmonary damage-associated and pathogen-
associated molecular patterns lead to increased cytokine 
release, which is associated with systemic inflammation 
and kidney injury.(35-37) Histopathological studies of 
kidney tissues have revealed specific findings, such as 
diffuse acute tubular injury with cytoplasmic vacuoles in 
proximal tubules,(16) erythrocyte aggregation, and fibrin 
thrombi, resulting in vascular congestion/obstruction of 
glomerular tufts and peritubular capillaries, as well as 
glomerular ischemia.(16,17) These latter findings suggest 
that SARS-CoV-2 infection may predispose individuals 
to thrombotic microangiopathy in the kidneys. 
Collectively, these factors may indicate a distinct AKI 
pathophysiology.(38) 

 SARS-CoV-2 infection has been linked to a high 
incidence of thrombotic events. Recently, Klok et 
al. demonstrated that symptomatic acute pulmonary 

embolism, deep vein thrombosis, ischemic stroke, 
myocardial infarction, or systemic arterial embolism 
were observed in 31% of patients in the ICU.(13) It 
remains unknown whether similar manifestations could 
affect the kidneys, leading to disease-specific AKI.

The AKI incidence in the present study was 
relatively high (41% of the study population), aligning 
with other studies from Brazil,(39,40) and the United 
States.(8,41,42) Additionally, 20% of the overall cohort 
experienced thrombotic events, and hypercoagulability 
in ROTEM analysis was found in nearly all patients 
(97% of the overall cohort). Furthermore, D-dimer 
and fibrinogen levels were extremely high. However, 
the most interesting finding was the lower levels of 
antithrombin activity and protein C at AKI diagnosis. 
Moreover, protein C levels exhibited a significant 
time-group interaction, as they were lower across 
multiple time points in the AKI Group compared to 
the No AKI Group.

Antithrombin is an endogenous inhibitor of 
coagulation that neutralizes several coagulation 
enzymes, such as thrombin, plasmin, and coagulation 
factors IXa, Xa, XIa, XIIa.(43) Thrombin cleaves 
antithrombin, which subsequently traps the thrombin 
molecule, generating an enzyme-inhibitor complex 
that is eventually removed from the bloodstream.(44) 
In addition to its antithrombotic effect, antithrombin 
possesses anti-inflammatory properties, as it blocks 
thrombin-induced inflammatory pathways and inhibits 
Xa-induced production of interleukins 6, 8, E-selectin, 
and other molecules involved in monocyte recruitment 
and adhesion to endothelial cells.(44) 

Lower levels of antithrombin activity in patients 
who developed AKI may suggest higher antithrombin 
consumption to remove thrombin from circulation. 
There are several possible explanations for these 
findings in patients with AKI: first, lower antithrombin 
activity levels could reflect more severe systemic 
disease. However, the SAPSIII Score and the lowest 
PO2/FiO2 ratio were similar between groups, indicating 
comparable organic and pulmonary dysfunction. A 
second possibility is that lower antithrombin activity 
could simply be a marker of poor clinical conditions, 
as lower antithrombin levels are associated with older 
age,(45,46) particularly in male patients,(45) and with 
diabetes mellitus.(47) Patients who developed AKI were 
older and more frequently diagnosed with diabetes 
mellitus, pathophysiological states characterized by 
substantial endothelial changes. A third possibility 
is that viral infection in some patients increases 
thrombin generation, leading to higher antithrombin 
consumption. In this case, kidney injury could be a 

* Comparison significant at the 0.05 level Acute Kidney Injury Group versus No Acute Kidney Injury Group.
Values represent median interquartile range. P values represent time-group interaction calculated with the use of gener-
alized estimating equations.

Figure 1. Red lines denote Acute Kidney Injury Group and black lines No Acute 
Kidney Injury Group 
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consequence of higher thrombin levels (potentially 
causing the previously mentiones thrombotic lesions in 
glomerular and peritubular capillaries). In summary, 
lower antithrombin levels have been associated with 
AKI, particularly in systemic inflammatory conditions 
such as sepsis-associated AKI,(48,49) preeclampsia(50) and 
solid organ transplantation.(51)

The potential link between lower antithrombin 
activity and AKI remains unclear, but growing evidence 
from clinical and experimental data suggests such 
an association, as lower antithrombin activity levels 
have been recently linked with AKI in elderly septic 
patients and after cardiac surgery.(49,52) Additionally, 
heterozygous knockout rats for the SerpinC1 gene 
(which encodes antithrombin) developed AKI following 
a renal ischemia/reperfusion injury model.(52) Moreover, 
in sepsis, reduced activity of endogenous coagulation 
inhibitors such as antithrombin, protein C, and S leads 
to a procoagulant condition.(53) Decreased levels of 
these inhibitors could contribute to prothrombotic and 
inflammatory conditions, potentially setting the stage for 
AKI development. Indeed, lower protein C levels have 
been associated with AKI in critically ill patients.(54)

Interestingly, ROTEM analysis did reflect lower 
endogenous anticoagulant levels, as hypercoagulability 
state was detected in 29 patients. Maximum clot firmness 
in the FIBTEM test was high in virtually all patients but 
failed to predict AKI in this population.

It is essential to note that other factors might play 
a role in COVID-19-associated AKI: severe pulmonary 
injury itself could lead to hypoxemia and inflammation, 
which are associated with AKI.(38) Additionally, increased 
thoracic pressure and venous congestion induced by 
mechanical ventilation may also contribute to AKI.(55)

This study has some limitations: it was a single-center 
study with a relatively small sample size. Furthermore, 
an observational study cannot establish a causal link 
between AKI and lower levels of endogenous coagulation 
inhibitors. However, a fully comprehensive coagulation 
profile analysis, performed at multiple time points in 
a specific population, is undoubtedly a strength of this 
study. The consistent finding of lower protein C levels in 
the AKI Group across time points (and not just a single 
one) reduces the possibility of bias in this observation.

 ❚ CONCLUSION
In conclusion, endogenous anticoagulants, particularly 
antithrombin activity and protein C levels, were lower 
in critically ill COVID-19 patients who developed acute 
kidney injury. The pathophysiological causes of acute 
kidney injury in COVID-19 patients are multifaceted 
and complex, and coagulation disorders, such as a 

diminished antifibrinolytic profile, may increase the risk 
of acute kidney injury development in this population. 
Further studies are needed to fully establish a causal link 
for this finding.
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