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Abstract: SARS-CoV-2 (Severe Acute Respiratory Syndrome-related CoronaVirus 2) activates the
immune system, causing thrombin dysregulation and tissue damage and reduces endothelium an-
ticoagulant function, leading to excessive thrombin formation. Hypercoagulability, which causes
multiple organ failure in critically ill COVID-19 (COronaVIrus Disease 2019) patients, can be detected
by viscoelastic tests like thromboelastography and rotational thromboelastometry (ROTEM). We
aimed to assess the coagulation system status and fibrinolytic activity using ROTEM thromboelas-
tometry in patients with COVID-19 and convalescents. The observational prospective study included
141 patients with COVID-19: Group 1—patients with mild (n = 39), Group 2—patients with moderate
(n = 65), and Group 3—patients with severe (n = 37) COVID-19. The coagulation status was assessed
twice—during the disease and in convalescence. The male gender, age > 56 years, overweight, and
obesity were risk factors for developing severe COVID-19. During the disease in patients with
moderate and severe COVID-19, the hemostatic system was characterized by a procoagulant status,
which persists during the period of convalescence. Fibrinolysis shutdown was detected in both
moderate and severe patients with COVID-19. The procoagulant status of the coagulation system
and the shutdown of fibrinolysis are typical for patients with moderate to severe COVID-19. In
convalescents, activation of coagulation remains, which indicates the need to monitor the hemostatic
system after Illness.

Keywords: COVID-19; von Willebrand factor; ADAMTS-13; hypercoagulation; thrombosis

1. Introduction

The COVID-19 (COronaVIrus Disease 2019) pandemic, which lasted from March 2020
to May 2023, was caused by Severe Acute Respiratory Syndrome-related COronaVirus 2
(SARS-CoV-2). To the dismay of all, more than 770 million cases of the disease and almost
7 million deaths have occurred so far [1]. During this period, all the efforts worldwide
were directed at investigating SARS-CoV-2, its ways of penetration into the human body,
and the major pathogenetic mechanisms by which the virus can influence human beings.
SARS-CoV-2 is known to be a non-segmented single-stranded RNA virus, which belongs to
the Coronaviridae family, genus Betacoronavirus [2]. The virus consists of 4 structural proteins
(surface glycoprotein S, envelope protein E, membrane protein M, and nucleocapsid protein
N) [3], 16 nonstructural proteins (NSP 1–16) [4], and accessory proteins of open reading
frames (ORF) [5]. There is supporting evidence indicating that the primary mechanism
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for viral penetration into host cells is through the interaction of the virus’s spike protein
S with angiotensin, converting the enzyme 2 located on the surface of human cells [6].
Furthermore, this process occurs with the participation of transmembrane serine protease
2 [7] or by engaging with the membrane protein basigin [8].

The mortality risk of COVID-19 is 10–15 times higher compared to other diseases
caused by human coronaviruses [9]. There is evidence of the impact of SARS-CoV-2 on all
of the human organ systems [10]. For instance, it is already widely known that SARS-CoV-2
and the virus COVID-19 are able to activate the immune system and platelets and lead
to dysregulation of thrombin formation as a result. It is important to emphasize that
thrombin formation occurs both systemically and locally (e.g., in the lungs). All of the
above leads to fibrin deposition with subsequent tissue damage and microangiopathic
disorders [11,12]. At the same time, endothelium anticoagulant function decreases due
to SARS-CoV-2’s penetration into the endothelial cells and the hyperactivation of the
immune system and platelets; this leads to the excessive formation of thrombin and the
suppression of fibrinolysis [13]. All the circumstances enumerated above are followed by
the development of functional disorders of organs and organ systems [14,15]. According to
the latest data, hypercoagulability is the main cause of multiple organ failure in critically ill
COVID-19 patients [16].

Meanwhile, not all of the existing analyses of the coagulation system allow for an
evaluation of the presence of hypercoagulation. Thus, methodological limitations of clot-
ting methods (activated partial thromboplastin time, prothrombin time/international
normalized ratio—PT/INR) do not allow us to detect hypercoagulation and microvascular
thrombosis [17,18]. At the same time, viscoelastic tests, such as thromboelastography and
rotational thromboelastometry (ROTEM), are more effective than coagulation tests because
whole blood is sampled, providing information about the contribution of all blood cells,
from factor XIII to the clot strength, its elasticity and formation speed, and fibrinolysis
system activity [19].

Based on the foregoing, the aim of the study was to assess the coagulation system
status and fibrinolytic activity using ROTEM in patients with COVID-19 and convalescents.

2. Materials and Methods

The observational prospective study included 141 patients with COVID-19:

1. Group 1—patients with mild COVID-19 (n = 39);
2. Group 2—patients with moderate COVID-19 (n = 65);
3. Group 3—patients with severe COVID-19 (n = 37).

The severity of COVID-19 was graded according to the interim guidelines of the
Ministry of Health of the Russian Federation: “Prevention, diagnosis and treatment of a
new coronavirus infection (COVID-19)” (Table 1).

Table 1. Criteria for the severity of COVID-19.

Criteria Mild
COVID-19

Moderate
COVID-19

Severe
COVID-19

Complaints and
main symptoms

• Cough
• Weakness
• Sore throat

• Shortness of
breath during
physical activity

• Altered level of
consciousness,
agitation

Body temperature, ◦C <38 >38 -

Respiratory rate,
bits per min - >22 >30

Saturation (SpO2), % - <95 ≤93

CT/X-ray data - Typical for viral
infection -
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Table 1. Cont.

Criteria Mild
COVID-19

Moderate
COVID-19

Severe
COVID-19

serum CRP, mg/L - >10 -

PaO2/FiO2, mmHg - - ≤300

Arterial blood
lactate, mmol/L - - >2

Hemodynamics - -

Unstable (systolic blood
pressure less than

90 mm Hg or diastolic
blood pressure less than
60 mm Hg, diuresis less

than 20 mL/h)

qSOFA, points - - >2
qSOFA—quick Sepsis-Related Organ Failure Assessment.

The study was carried out in the following places:

1. The National Medical Research Center for Obstetrics, Gynecology and Perinatology,
named after academician V.I. Kulakov of the Ministry of Health of the Russian Federa-
tion, Moscow, Russia.

2. F.I. Inozemtsev City Clinical Hospital, Moscow, Russia.
3. A database containing 18 patients with severe COVID-19 was provided by Dr. Fazoil

Ataullakhanov (CTP FHF RAS, research work “Use of the thrombodynamics test in
COVID-19: identification of early predictors of the development of severe pneumo-
nia and development of effective measures for its prevention”, registration number:
AAAA-A20-120111090014-6) [20].

Inclusion criteria:

• age over 18 years;
• signed informed consent.

Non-inclusion criteria:

• pregnancy or lactation;
• hereditary deficiency of blood coagulation factors predisposing to hemorrhagic condi-

tions;
• purpura and other hemorrhagic conditions;
• cancer comorbidity;
• history of organ transplantation;
• HIV infection;
• syphilis;
• other acute infectious diseases;
• continuous use of anticoagulants/antiplatelet agents.

Exclusion criteria:

• the need for surgery during COVID-19;
• patient’s refusal to continue participation in the study.

In patients with mild COVID-19 (Group 1), the assessment was performed twice: on
the 3rd–7th day of illness (point 1) and during the 14–28 days after recovery (point 2). In
patients with moderate (Group 2) and severe (Group 3) COVID-19, the assessment was
performed twice as well: during hospital stay (point 1); –>14 days after point 1 (point 2).
No cases of acute thrombosis occurred during the study. All patients were discharged from
the hospital in a satisfactory condition.

The following tests were carried out: complete blood count (CBC) was performed
with automatic hematological analyzer SYSMEX XT-4000i (Sysmex Corporation, Kobe,
Japan); hemostasis tests (fibrinogen according to Clauss, D-dimer) were performed with
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an automatic coagulometer ACL TOP 750 (Werfen, Bedford, MA, USA) using HemosIL
reagents; ROTEM was performed using a thromboelastometer (ROTEM delta, Munich,
Germany). The tissue factor was added as an activator in the EXTEM test (assessment of the
external coagulation pathway), and ellagic acid was added in the INTEM test (assessment of
the internal coagulation pathway). The FIBTEM test (assessment of the functional activity of
fibrinogen) applied the tissue factor together with cytochalasin D, which prevents changes
in the platelet cytoskeleton; due to this, the clot formation depended only on the functional
activity of fibrinogen [21]. The parameters of ROTEM were as follows: Clotting Time
(CT, s)—the time before the formation of the clot (until the clot density reaches 2 mm);
Clot Formation Time (CFT, s)—the time required to increase the density of the clot from
2 to 20 mm, which characterizes the kinetics of clot formation; A5, A10, A20 (mm)—the
density of the clot measured at 5, 10, 20 min after CT, Maximum Clot Firmness (MCF, mm);
ML (%)—fibrinolysis, characterized by maximum lysis, which is defined as a decrease in
clot density, expressed as a percentage of MCF; the calculated value of TPI (c.u.) is the
thrombotic readiness index (TPI = EMX/K, where EMX = (100 × MCF)/(100 − MCF)).

S-Monovette® tubes (Sarstedt, Germany) were used for blood sampling from the
cubital vein following an overnight fast. Tubes with anticoagulant sodium citrate at a
concentration of 109 mM (in a ratio of 1:9) were used to analyze hemostasis. Centrifugation
for 20 min (1500× g) using an SM-6 centrifuge (ELMI, Riga, Latvia) was performed to
obtain platelet-poor plasma (PPP).

Statistical analysis was performed using Microsoft Excel (Excel 2013, Microsoft, Red-
mond, WA, USA), MedCalc®Software (version 20.113, MedCalc Software Ltd., Ostend,
Belgium) and the Statistica V10 statistical software package (version 10.0.1011.0, Statistica,
New York, NY, USA). Risks (%) were calculated to evaluate qualitative data. The χ2 test
was used to compare categorical data in two or more groups. The type of quantitative data
distribution was determined by the Kolmogorov–Smirnov test and visual data analysis.
Mean values with a standard deviation (M ± SD) were calculated for the data with a
normal distribution, and parametric statistics were used (ANOVA in 3 groups and pared
t-test in 2 groups). For nonparametric data, median values (Me) with an interquartile range
(Q1–Q3) were calculated, and the nonparametric statistics were used (Kruskal–Wallis test
in 3 groups and matched-pairs Wilcoxon signed-rank test in 2 groups). The correlation
analysis was performed using the Spearman’s rank correlation test. Differences were
considered statistically significant at p < 0.05.

Ethical approval has been obtained from the local ethics committee of the National
Medical Research Center for Obstetrics, Gynecology and Perinatology, named after aca-
demician V.I. Kulakov of the Ministry of Health of the Russian Federation.

3. Results

We studied the clinical and laboratory data of patients in three groups depending on
the COVID-19 severity (Table 2). Patients with mild and moderate COVID-19 were mostly
women (32 (82.1%) and 41 (63.1%), respectively), and patients with severe COVID-19
were mostly men—22 (59.5%) (p = 0.0009). Patients with moderate and severe COVID-19
were older (Me = 60 (Q1–Q3 = 43–78) and Me = 63 (Q1–Q3 = 53–71) years) than the mild
COVID-19 patients (Me = 38 (Q1–Q3 = 34–54) years (p < 0.0001)). The threshold age
determining the severity of the disease was 56 years: there were 8 (20.5%), 41 (63.1%),
and 25 (67.6%) patients over 56 in the groups with mild, moderate, and severe COVID-19,
respectively, p < 0.0001. An increase in body mass index (BMI) correlated significantly
with the severity of the infection: patients overweight and with obesity (BMI ≥ 25 kg/m2)
prevailed in the group with severe COVID-19 (p = 0.0138). At the same time, the mean
BMI was excessive in all groups of patients: 25.2 ± 4.4 (Group 1), 27.4 ± 6.2 (Group 2), and
29.1 ± 5.3 (Group 3); p = 0.0092. Patients’ height did not differ among the groups.
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Table 2. Clinical characteristics of patients.

Characteristics Group 1 Group 2 Group 3 p-Value

Gender male 7 (17.9%) 24 (36.9%) 22 (59.5%)
0.0009 ***Gender female 32 (82.1%) 41 (63.1%) 15 (40.5%)

Age, years 38 (34–54) 60 (43–78) 63 (53–71) 0.0001 **

Age ≥ 56 years 8 (20.5%) 41 (63.1%) 25 (67.6%) <0.0001 ***

Height, m 1.67 ± 0.09 1.68 ± 0.08 1.69 ± 0.07 0.5664 *

Body weight, kg 71.3 ± 15.4 78.5 ± 20.3 83.3 ± 12.5 0.0094 *

BMI, kg/m2 25.2 ± 4.4 27.4 ± 6.2 29.1 ± 5.3 0.0092 *

Patients with BMI ≥ 25 kg/m2 19 (48.7%) 34 (52.3%) 29 (78.4%) 0.0138 ***

Smoking 4 (10.3%) 10 (15.4%) 1 (2.7%) 0.1355 ***

Blood group 0(I) 18 (46.1%) 9 (13.9%) 10 (27.0%)

0.0017 ***
Blood group A(II) 12 (30.8%) 42 (64.6%) 18 (48.7%)

Blood group B(III) 3 (7.7%) 11 (16.9%) 7 (18.9%)

Blood group AB(IV) 6 (15.4%) 3 (4.6%) 2 (5.4%)

Alcohol consumption 13 (33.3%) 12 (18.5%) 9 (24.3%) 0.229 ***

Duration of treatment, days 7.4 ± 5.1 12.1 ± 10.4 30.0 ± 7.4 0.0026 ***

* M ± Sd, ANOVA; ** Me (Q1–Q3), Kruskal–Wallis test; *** n (%), χ2-test.

According to ROTEM thromboelastometry, the clotting time of CT EXTEM was pro-
longed in Groups 2 and 3 at point 1. The clot formation time (CFT EXTEM) in Group 3
tended to be shorter at both points (Table 3).

Table 3. EXTEM parameters in COVID-19 patients and convalescents.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

CT EXTEM, s,
(38–79)

1 67
(62.3–72.8)

79.9
(67–106)

81
(70.5–106.8) <0.0001 *

2 72.5
(70–98)

79
(67–106)

77
(74.3–85.8) 0.7174 *

p < 0.0001 ** p = 0.6608 ** p = 0.2946 **

CFT EXTEM, s,
(34–159)

1 77
(67.5–91.8)

70
(62–86.5)

57
(50.5–72) 0.0043 *

2 80
(65–95)

68.5
(57–88)

58
(44–64.5) 0.0010 *

p = 0.9531 ** p = 0.8044 ** p = 0.3328 **

α-angle EXTEM, %,
(64–79)

1 75
(72–77)

76
(73–78)

78
(75.8–80) 0.0043 *

2 74
(71–77)

76.5
(73–79)

78
(78–81.5) 0.0006 *

p = 0.7566 ** p = 0.7809 ** p = 0.4855 **

A10 EXTEM, mm,
(43–65)

1 59
(53.3–60.8)

60.5
(56–66)

64
(58.5–70.5) 0.0074 *

2 58.5
(53–64)

60
(55–66)

64
(58.5–70.5) 0.0054 *

p = 0.9491 ** p = 0.8167 ** p = 0.5141 **
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Table 3. Cont.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

A20 EXTEM, mm,
(55–72)

1 64
(59.3–66)

66
(62–71)

70
(62.8–73.3) 0.0131 *

2 64
(60–68)

66
(62–71)

69
(65–74.8) 0.0065 *

p = 0.7683 ** p = 0.9249 ** p = 0.5398 **

MCF EXTEM, mm,
(50–72)

1 65
(60–67)

66
(62–72)

70
(66.3–73.3) 0.0162 *

2 64.5
(60–69)

67.5
(64–71)

70
(66.3–74.7) 0.0031 *

p = 0.8328 ** p = 0.5319 ** p = 0.4883 **

TPI EXTEM, c.u.,
(19–131)

1 74.5
(52–86)

87
(59.8–135)

126
(75–154) 0.0084 *

2 71.5
(46–104)

86
(61.5–135.3)

122
(92–182.8) 0.0007 *

p = 0.9204 ** p = 0.7217 ** p = 0.4291 **

ML EXTEM, %,
<15

1 6
(3.3–9)

6
(4–11)

7
(2.8–9.3) 0.8242 *

2 5
(3–9)

4
(2–6)

3
(2–4) 0.0256 *

p = 0.4852 ** p = 0.0004 ** p = 0.0484 **
EXTEM—assessment of the external coagulation pathway; CT—clotting time; CFT—clot formation time; A10,
A20—density of the clot measured at 5, 10, 20 min after CT; MCF—maximum clot firmness; TPI—thrombotic
readiness index; ML—fibrinolysis, characterized by maximum lysis. Note: reference intervals (RI) were calculated
in the laboratory of the National Medical Research Center for Obstetrics, Gynecology and Perinatology, named
after academician V.I. Kulakov of the Ministry of Health of the Russian Federation; * Me (Q1–Q3), Kruskal–Wallis
test; ** matched-pairs Wilcoxon signed-rank test.

The CT INTEM clotting time did not differ in the groups and remained within the
reference intervals (RI) at both points of the study. A shortening of CFT INTEM at time
point 1 was observed in Groups 2 and 3, but at point 2, it was shortened only in the
convalescents of Group 3 (Table 4).

Table 4. INTEM parameters in COVID-19 patients and convalescents.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

CT INTEM, s,
(100–240)

1 194
(178–212)

190
(174–206)

198
(189–224) 0.1924 *

2 200
(192–214)

193
(172–209)

201
(181–216) 0.1459 *

p = 0.1453 ** p = 0.7569 ** p = 0.4408 **

CFT INTEM, s,
(30–110)

1 70
(62–90)

61.5
(49–72)

56
(45.3–64.3) 0.0002 *

2 80
(65–95)

68.5
(57–88)

58
(44–64.5) 0.0010 *

p = 0.3219 ** p = 0.7630 ** p = 0.2511 **

α-angle INTEM, %,
(64–80)

1 76
(73–77)

77
(75–80)

79
(76.8–81) 0.0043 *

2 74
(71–77)

76.5
(73–79)

78
(78–81.5) 0.0006 *

p = 0.7302 ** p = 0.9332 ** p = 0.1761 **
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Table 4. Cont.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

A10 INTEM, mm,
(44–66)

1 56
(52–60)

60
(56–64.5)

63
(57.5–68.5) 0.0021 *

2 58.5
(53–64)

60
(55–66)

64
(58.5–70.5) 0.0054 *

p = 0.6201 ** p = 0.8084 ** p = 0.4641 **

A20 INTEM, mm,
(55–70)

1 61
(57.3–64)

64
(61–68.5)

65
(62.3–73.3) 0.0029 *

2 64
(60–68)

66
(62–71)

69
(65–74.8) 0.0065 *

p = 0.3929 ** p = 0.3915 ** p = 0.3951 **

MCF INTEM, mm,
(50–71)

1 60
(58–64.8)

64
(61–69)

65
(63.7–71.5) 0.0023 *

2 64.5
(60–69)

67.5
(64–71)

70
(66.3–74.8) 0.0031 *

p = 0.4856 ** p = 0.2896 ** p = 0.3227 **

TPI INTEM, c.u.,
(39–143)

1 65.5
(47–85)

87
(63.5–136)

128.5
(80–172.5) 0.0005 *

2 73
(52.3–97.5)

93
(73.5–135.5)

126.5
(102–126.5) <0.0001 *

p = 0.4386 ** p = 0.4443 ** p = 0.3947 **

ML INTEM, %,
<15

1 7 (5–10) 7 (4.5–12) 7 (1.8–11.3) 0.8655 *

2 6 (4–8.8) 4.5 (2–8) 3 (0–4.8) 0.0235 *

p = 0.3325 ** p = 0.0013 ** p = 0.0290 **
INTEM—assessment of the internal coagulation pathway; CT—clotting time; CFT—clot formation time; A10,
A20—density of the clot measured at 5, 10, 20 min after CT; MCF—maximum clot firmness; TPI—thrombotic
readiness index; ML—fibrinolysis, characterized by maximum lysis. Note: reference intervals (RI) were calculated
in the laboratory of the National Medical Research Center for Obstetrics, Gynecology and Perinatology, named
after academician V.I. Kulakov of the Ministry of Health of the Russian Federation; * Me (Q1–Q3), Kruskal–Wallis
test; ** matched-pairs Wilcoxon signed-rank test.

The EXTEM α-angle and the INTEM α-angle were larger in patients with severe
COVID-19 at point 1, and in Group 1 these parameters tended to decrease at point 2.
According to the EXTEM test (A10, A20, MCF), an increase in clot density was noted at
point 1 in Groups 2 and 3, but at point 2, only Group 3 remained the same. The clot density
estimated by the INTEM test was similar to the EXTEM test. The A10 and A20 FIBTEM
test parameters at point 1 exceeded the RI in Groups 2 and 3, whereas the maximum clot
density (MCF) exceeded the RI only in Group 3 (Table 5).

Table 5. FIBTEM parameters in COVID-19 patients and convalescents.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

A 10 FIBTEM, mm,
(8–23)

1 17
(14.3–22)

23.5
(17–33)

28
(19–35.3) 0.0004 *

2 17
(13–20)

21
(17–27)

27
(22.3–34.3) <0.0001 *

p = 0.2869 ** p = 0.1647 ** p = 0.9056 **
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Table 5. Cont.

Indicator,
Measurement Units,
(Reference Interval)

Time Point Group 1 Group 2 Group 3 p-Value

A 20 FIBTEM, mm,
(9–25)

1 18
(15–23)

25.5
(18–35)

29
(20–37.3) 0.0002 *

2 17
(14–21)

23
(19–30)

28
(23.5–35.8) <0.0001 *

p = 0.3048 ** p = 0.1739 ** p = 0.8744 **

MCF FIBTEM, mm,
(10–28)

1 18
(15.3–23.7)

26
(18.5–35.5)

29
(20–37.5) 0.0001 *

2 17
(14–21)

24
(18–30)

28.1
(24.5–36) <0.0001 *

p = 0.2865 ** p = 0.1337 ** p = 0.8588 **

ML FIBTEM, %,
<9

1 0
(0–1)

1
(0–4.5)

1
(0–3.3) 0.0232 *

2 0
(0–1)

0
(0–3)

0
(0–2.3) 0.3781 *

p = 0.7827 ** p = 0.2770 ** p = 0.1015 **
FIBTEM—assessment of the functional activity of fibrinogen; A10, A20—density of the clot measured at 5, 10, 20
min after clotting time; MCF—maximum clot firmness; ML—fibrinolysis, characterized by maximum lysis. Note:
reference intervals (RI) were calculated in the laboratory of the National Medical Research Center for Obstetrics,
Gynecology and Perinatology, named after academician V.I. Kulakov of the Ministry of Health of the Russian
Federation; * Me (Q1–Q3), Kruskal–Wallis test; ** matched-pairs Wilcoxon signed-rank test.

According to the results of the intergroup comparison, the thrombodynamic potential
index (TPI EXTEM, INTEM) reflected the dependence of the degree of hypercoagulation on
the severity of COVID-19 both during illness and during convalescence. All patients with
COVID-19 are characterized by TEMograms (FIBTEM, EXTEM, INTEM) with increased
clot density, reflecting severe hypercoagulation (Figure 1).
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into the dynamics between the groups included in the investigation (Figure 2). 

Figure 1. TEMograms, which are typical for patients with normocoagulation (a) and hypercoagula-
tion (b). EXTEM and INTEM TEMograms of patients with hypercoagulation are characterized by a
reduction in time before the formation of the clot (Clotting Time (CT), green color) and the time from
CT until clot density reaches 20 mm (Clot Formation Time (CFT), pink color) as well as by an increase
in clot density (indicated by the amplitude of the maximum clot firmness (MCF), blue color) because
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of an increase in fibrinogen levels and activation of platelets. For patients with normocoagulation
(indicated by the amplitude of MCF on FIBTEM TEMogram, which does not exceed 20 mm, pink
color), formation of clots only due to fibrin is typical (platelets are blocked by cytocholosin), but in
patients with hypercoagulation, clots are formed both due to fibrin and platelets; therefore, the MCF
FIBTEM increases and exceeds 20 mm (blue color).

Since the density of the clot depends on the level of fibrinogen, we incorporated it into
the dynamics between the groups included in the investigation (Figure 2).
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disease and in the convalescence period. NS—not significant. Individual patient data marked by the
white dots. p-values marked above the bar graphs.

The levels of fibrinogen depended on the severity of COVID-19. The levels were higher
in Group 3 during the disease (point 1) as well as in the convalescence period (point 2). The
positive dynamics of a decrease in the levels of fibrinogen were observed in all the groups.
However, in our study, the excess of fibrinogen remained in the convalescents of Group 3,
and three patients of Group 2 were diagnosed with hypofibrinogenemia.

We also found that, in patients with COVID-19 (point 1), clot density correlated with
the fibrinogen level (r = 0.5263; p < 0.001) and platelet count (r = 0.4435; p < 0.001).

Moreover, the dependence of MCF EXTEM on the fibrinogen level, the number of
platelets, and neutrophils was determined in patients with different severity levels of
COVID-19. Group 1 showed correlations between MCF EXTEM and fibrinogen levels
(r = 0.5222; p < 0.05), MCF EXTEM and platelets (0.2408; p < 0.05), and MCF EXTEM and
neutrophils (−0.1527; p < 0.05). This finding confirms that the main contribution to clot
strength is made by fibrinogen but not by blood cells. In Group 2, an increased contribution
of platelets and neutrophils to the clot strength was noted: r = 0.5193 (p < 0.05), r = 0.4882
(p < 0.05), respectively. Group 3 showed correlations between MCF EXTEM and fibrinogen
(r = 0.6179; p < 0.001) and between MCF EXTEM and platelets (r = 0.7513; p < 0.001) but no
correlation with neutrophils.
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In patients with more a severe course of COVID-19, the number of neutrophils was
higher; there was also a tendency for the platelets to increase (Table 6), but the clot density
primarily depended on fibrinogen and platelets.

Table 6. Parameters of a complete blood count in patients with on-going COVID-19 of varying severity.

Indicator
(Measurement Units)
(Reference Interval)

Group 1 Group 2 Group 3 p-Value

Leukocytes (×109/L)
(3.50–9.00)

5.12 ± 2.29 6.16 ± 3.41 7.48 ± 3.21 0.0060 *

Red blood cells (×1012/L)
(3.50–5.10)

4.86 ± 0.49 4.50 ± 0.59 4.67 ± 0.73 0.0197 *

Hemoglobin (g/L)
(105–170) 139.9 ± 15.7 132.1 ± 24.1 132.1 ± 24.5 0.1893 *

Hematocrit (0.320–0.460) 0.417 ± 0.049 0.390 ± 0.064 0.386 ± 0.064 0.0451 *

Platelets (×109/L)
(150–400)

239.8 ± 52.2 235.7 ± 90.3 260.5 ± 110.1 0.3871 *

Neutrophils (×109/L)
(2.0–6.0)

2.97 ± 2.11 4.02 ± 2.43 5.85 ± 2.99 <0.0001 *

* M ± Sd, ANOVA.

COVID-19-related hypercoagulation led to the activation of fibrinolysis, of which
a laboratory marker was D-dimer. The levels of D-dimer were higher in patients with
moderate and severe COVID-19. A decrease in the levels of D-dimer relative to the baseline
was noted in patients with mild COVID-19 during the convalescence period. At the same
time, an elevation in this marker was found in patients with severe COVID-19 despite the
therapy, which indicated continued activation of the coagulation (Figure 3). Surprisingly, a
wide range of the levels of D-dimer within the same group was observed.
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The activity of the fibrinolysis system (ML EXTEM, ML INTEM) during COVID-19
did not differ between the groups, but it was reduced in convalescents after moderate and
severe COVID-19. The disabling of fibrinolysis by ROTEM is stated at ML EXTEM < 3.5%
in a 60 min trial [19,21].

In our study, decreased clot lysis (ML EXTEM < 3.5%) was found in eight patients: in
six (75%) with moderate COVID-19 and in two (25%) with severe COVID-19. TEMograms
that are typical for patients with physiological fibrinolysis and fibrinolysis shutdown are
shown in Figure 4.
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Figure 4. Example of an EXTEM TEMogram of patients with physiological fibrinolysis (green curve)
and TEMogram of patients with fibrinolysis shutdown (red curve). The density of a clot normally
decreases up to 15% for 60 min after reaching the maximum clot firmness (MCF) (this parameter
is indicated by ML (fibrinolysis, characterized by maximum lysis)). In patients with fibrinolysis
shutdown, the clot density does not decrease (ML = 0%).

According to FIBTEM, fibrinolytic activity increased in patients of Groups 2 and 3 at
point 1 but did not differ in the convalescence period (point 2).

4. Discussion

Our study showed that male gender, older age, overweight, and obesity are risk factors
for severe COVID-19; this finding is consistent with the data from other studies [22–24].
ACE2 expression in alveolar epithelial cells is higher in men than in women; this may
contribute to a more severe course of COVID-19 in men [25]. There are convincing data that
obesity and being overweight increase the chance of developing severe forms of COVID-19.
This is associated with a combination of obesity, somatic and endocrine diseases, and
metabolic and immune disorders [26].

CT EXTEM in patients with moderate and severe COVID-19 revealed the deficiency
of external coagulation pathway factors. Along with this, the chronometric parameters
CFT EXTEM, CFT INTEM, and the EXTEM/INTEM α-angle indicated hypercoagulation
in patients with moderate and severe COVID-19. An increased α-angle showed a signifi-
cant role of platelets in the coagulation hyperactivation, which is caused by the thrombin
release and the blood coagulation cascade. The structural parameters of the tests (A10, A20,
MCF), characterizing the size and density of the clot, made up the degrees of hypercoagula-
tion in patients with COVID-19 of varying severity, consistent with previously obtained
data [27]. Several studies prior to the COVID-19 pandemic showed that MCF > 68 mm or
A10 > 61.5 mm by EXTEM or INTEM tests indicate hypercoagulation and are predictors
of thromboembolic complications [25]. In our study, Group 3 patients had a high risk
of thromboembolic complications. It is important to note that in this group, the risk of
thrombosis remains for the period of convalescence; this was confirmed by the test results
at point 2. MCF FIBTEM > 25 mm is another criterion for a high risk of thromboembolic
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complications [26] in patients with moderate and severe on-going COVID-19 and in conva-
lescents after severe disease; this also indicates persistent hypercoagulation and the need to
monitor hemostasis after recovery.

Previous studies have shown that, in trauma and cancer patients, maximum clot
density MCF EXTEM correlates with fibrinogen and platelet levels [19]. We have also shown
the dependence of clot density (MCF) on fibrinogen levels and platelet and neutrophil
counts in patients with COVID-19. It is believed that the expression of SARS-CoV-2 proteins
ORF3a, NSP1, and NSP13 activates the nod-like receptor protein 3 (NLRP3) inflammatory
pathway [28,29], which is known to play a central role in initiating the inflammatory
cascade in several diseases [30]. Clinical studies show the crucial role of the NLPR3
inflammasome in the development of moderate or severe COVID-19 [31]. Thus, the release
of extracellular neutrophil traps in conjunction with NLRP3 inflammasome activation
promotes the development of an uncontrolled pathological thromboinflammation through
platelet activation, augmentation and densification of fibrin clots, epithelium damage, and
violation of the integrity of blood vessels [32], finally leading to ischemia [33].

Since thrombin is formed in excess during COVID-19, the fibrinolysis system is ac-
tivated to prevent the occlusion of vessels. But there are cases when this mechanism of
regulation is disrupted, which can lead to shutdown fibrinolysis [34]. Distinctive features
of COVID-19 are endothelial damage, inflammation, and activation of the coagulation
cascade associated with the severity of COVID-19, leading to a stable prothrombotic state
of hemostasis [35], which is exacerbated by frequent fibrinolysis shutdown [21]. Madathil
et al. reported that, in patients with severe COVID-19, a fibrinolysis shutdown (ML EXTEM,
ML INTEM = 0%) correlated with thromboembolic complications and renal failure, despite
high levels of D-dimer [36]. We have noted a wide range of levels of D-dimer within the
same group in our study. This fact might be due to the individual characteristics of the
endothelium state prior to COVID-19 and its resistance to damage [37]. Meanwhile, a
combination of D-dimer levels (>2.6 µg/mL) and fibrinolysis shutdown (ML = 0%) had
the best predictive value for thromboembolic complications: the rate of thrombotic events
under this association was 50%, and the rate of renal failure with the need for dialysis
was 80% [38]. In our study, four patients with moderate to severe COVID-19, reduced
fibrinolysis, and high D-dimer levels were included in the high-risk group for thromboem-
bolic complications and multiple organ failure. There is evidence of hypercoagulation [39],
vasculopathy [40,41], and cardiovascular disorders in patients with COVID-19 [42].

5. Conclusions

In patients with moderate and severe COVID-19, a procoagulant status of hemostasis
manifested with high levels of thrombinemia and platelet activation; an increase in the
functional activity of fibrinogen; and an increase in clot density due to blood cells. The
suppression of fibrinolytic activity with the simultaneous activation of the coagulation
system, detected by ROTEM, can be considered as a predictor of thromboembolic complica-
tions in COVID-19 patients. In patients with severe COVID-19, the procoagulant status of
the hemostasis persists after recovery, which indicates the need for laboratory monitoring
during convalescence.
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