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Abstract

The presence of coagulopathy as part of the systemic inflammatory response syndrome is a
characteristic feature of severe coronavirus disease 2019 (COVID-19). Hematological changes
(increased DD-dimer, prolonged activated partial thromboplastin clotting time [APTT] and
prothrombin time [PT], high fibrinogen levels) have been observed in hospitalized patients with
COVID-19, which characterize the risk of thrombotic events. Against the background of
COVID-19 there is endothelial dysfunction, hypoxia and pulmonary congestion, mediated by
thrombosis and microvascular occlusion. Up to 71.4% of patients who died from COVID-19 had
disseminated intravascular coagulation syndrome, compared with only 0.6% of survivors. The
main manifestation of COVID-19-associated coagulopathy is a significant increase in DD
without a decrease in platelet count or prolongation of APTT and PT, indicating increased
thrombin formation and the development of local fibrinolysis. An increase in DD levels of more
than 3—4 times was associated with higher in-hospital mortality. Therefore, COVID-19 requires

assessment of the severity of the disease for further tactics of thromboprophylaxis. The need for
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continued thromboprophylaxis, or therapeutic anticoagulation, in patients after inpatient
treatment for two weeks using imaging techniques to assess of thrombosis assessment.
Key words: coronavirus disease 2019 (COVID-19) infection, COVID-19-induced
coagulopathy, SARS-CoV-2

INTRODUCTION

Since 2019, the outbreak of the then new coronavirus disease 2019 (COVID-19), which
first originated at Wuhan, located in the Chinese province of Hubei, has spread around the world,
and on 11 March 2020, the World Health Organization (WHO) announced the new COVID-19 as
a pandemic [1, 2].

The number of confirmed cases and deaths from COVID-19 disease started to grow each
day [3]. Mortality rates vary from country to country and depend on the capacity and
effectiveness of the health care system. Since the beginning of the pandemic, Iran has been and is
still considered a high-risk area with a much higher mortality rate than most cases in China [4—
6].

The clinical spectrum of infection with the new severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is different, ranging from the absence of any symptoms to lethal
septic shock. 81% of all reported cases of COVID-19 by children and adults had a mild course of
the disease, 14% — severe (eg, shortness of breath or oxygen saturation < 93%) and 5% —
critical condition (respiratory failure, septic shock, death) [7, 8].

The transition from mild to severe in patients with COVID-19 may be caused by cytokine
storms and increased hypercoagulation with a significant risk of thromboembolic complications,
affecting mainly venous, but are also registered in the arterial system [9—11].

The presence of comorbidities (cardiovascular, obesity, diabetes) that contribute to the
development of coagulopathy, including those caused by sepsis, increased levels of D-dimer, C-
reactive protein, troponins and other markers of disseminated intravascular coagulation (DIC) in
more than 6 times from the reference, is associated with a worse prognosis in hospitalized
patients with severe coronavirus COVD-19, reaching 42% of in-hospital mortality [7].

A new term for COVID-induced coagulopathy (CIC) has been introduced to describe
changes in blood clotting in patients with COVID-19 [12]. Characteristic laboratory data of CIC
are observed, namely, elevated levels of D-dimer and fibrin degradation products, which indicate
an enhanced thrombotic state with high fibrin turnover. However, other ICE markers remain

relatively unchanged.



Initial anticoagulant therapy, especially by direct injection, reduces mortality by 48%
after 7 days and by 37% after 28 days and achieves a significant improvement in inhaled oxygen/
02 (PaO2/FiO2) by mitigating microthrombi and associated pulmonary coagulopathy [13].

Most protocols for the prevention of venous thromboembolism (VTE) with the use of
therapeutic (full) doses of anticoagulants have been introduced in many countries [14-23],
mainly for hospitalized adult patients. However, there are a limited number of publications on
thromboprophylaxis in pediatric patients [23—-26].

The present study offers a practical approach to CIC in patients with COVID-19, based
on experience in the current literature and of our own experience in the treatment of patients

hospitalized in local institutions.

EPIDEMIOLOGY

Since the outbreak of COVID-19 in December of 2019, which originated in the city of
Wuhan, in the Chinese province of Hubei, , this disease has spread around the world [7, 37]. On
February 11, 2020, the International Coronavirus Taxonomy Study Group officially named the
new coronavirus that causes COVID-19 "SARS-CoV-2", and on March 11, 2020, the WHO
announced a new COVID-19 pandemic [4-6, 8, 12, 14, 25, 28], which had its epicenter on the
Asian continent (China), which later moved to the European (mainly to Italy and Spain), and
then — to the Americas, first to the United States, and is now present in the United States and
Latin America (Mexico and Brazil).

SARS-CoV-2 is a single-stranded RNA coronavirus that enters the cell mainly through
binding to the type 2 angiotensin-converting enzyme (ACE-2) receptor, which is abundant in the
alveolar clitoris, lungs, cardiac myocytes, vascular endothelium and other cells [29]. SARS-Co V-
2 is transmitted mainly by inhalation of viral particles and entry into the respiratory tract. This
virus can survive up to 24-72 hours on the surfaces of various objects indoors, which contributes
to its spread [9, 19, 27, 30, 31].

Respiratory viral infection caused by COVID-19 is usually asymptomatic or with mild
symptoms including fever, cough, fatigue, shortness of breath, diarrhea, headache and myalgia
(up to 81.4% of patients). Severe cases are characterized by an increase in respiratory failure
with a respiratory rate > 30 per minute, a decrease in saturation < 93% at rest, PaO2/FiO2 < 300
mmHg. and infiltration > 50% of the lungs within 24—48 hours (up to 13.9% of patients) and
may progress to the development of a critical condition (up to 4.7% of patients), demonstrating
rapid deterioration and development of acute respiratory distress syndrome, septic shock,

metabolic acidosis and coagulopathy, including cytokine storm [8, 12, 14-19, 32-36].



These clinical manifestations and paraclinical signs change with the further development

of the pandemic worldwide, and also depend on the severity of the infection.

COAGULOPATHY

The most persistent hemostatic changes in COVID-19 are thrombocytopenia and
increased D-dimer [37], which are associated with the development of liver failure due to active
inflammation in the lungs, intestines, myocardium, resulting in frequent use of ventilation
requiring intensive care. In some cases this disease leads to the death of patients. Elderly
patients with comorbidities with higher levels of D-dimer had a higher risk of nosocomial
mortality [20-22]. Given the clinical consequences of elevated D-dimer levels, even in the
absence of other serious symptoms, inpatient treatment should be considered, as this indicates an
increase in thrombin levels and a higher risk of COVID-induced complications.

Blood clotting profile studies should be performed in hospitalized patients with suspected
or confirmed COVID-19, including D-dimer (DD), activated partial thromboplastin clotting time
(APTT), prothrombin time (PT), platelet count (PLT), and fibrinogen levels (Fib). Changes in
these parameters may occur 7—11 days after the onset of symptoms or 4—10 days after
hospitalization. It is important to repeat the study of these indicators to detect coagulopathy (DD,
APTT, PT, Fib, PLT) in patients with severe COVID-19 at least every 2—3 days [9, 21, 38—44].

The combination of thrombocytopenia, prolonged prolongation of APTT and PT,
increased DD indicates the development of DIC, the manifestations of which differ from those
observed in septic processes of other etiologies, where thrombocytopenia is more pronounced
and does not reach DD values observed in COVID-19. Recent evidence suggests that COVID-
19-associated coagulopathy is a combination of low-grade DIC and pulmonary thrombotic
microangiopathy, which has a significant effect on organ dysfunction in patients with the most
severe condition. [20, 45].

The presence of coagulopathy as part of the systemic inflammatory response syndrome is
a common sign of severe COVID-19. Importantly, hematological changes in coagulation tests
(elevated DD-dimer, prolonged APTT and PT, thrombocytopenia, and/or low fibrinogen levels)
were observed in hospitalized patients with COVID-19, characterizing thrombotic events rather
than hemorrhagic events. That is, COVID discoagulopathy causes thrombotic complications, in
particular, VTE). Against the background of CIC, and hence endothelial dysfunction, there is
hypoxia and pulmonary congestion, mediated by thrombosis and microvascular occlusion
(including cerebrovascular events, limb ischemia, etc.) [9, 16, 21, 23-25, 46].

In patients who died of COVID-19, fibrin and thrombin deposition occurred

predominantly in the pulmonary microcirculatory tract, which contributed to the development of
4



acute respiratory distress syndrome and coagulopathy. In addition, hypoxia due to severe
COVID-19 exacerbated thrombosis not only due to increased blood viscosity but also through a
signaling pathway dependent on the transcription factor induced in the development of hypoxia
[16, 23, 26, 47, 48-52].

SARS-CoV-2 infection develops endothelial disease with profound microcirculatory
changes, in which there is excessive thrombin formation and impaired fibrinolysis, similar to
endothelial dysfunction in coagulopathy caused by sepsis (SIC). The receptor for viral adhesion
is ACE-2 on endothelial cells, and virus replication causes inflammatory cell infiltration,
endothelial apoptosis, and microvascular prothrombotic events. Viral inclusions in endothelial
cells and infiltration by mononuclear and polymorphonuclear cells with evidence of endothelial
apoptosis were observed in postmortem analysis of SARS-CoV-2 infection. Impaired
microcirculation contributes to the development of severe clinical consequences in patients with
COVID-19 [9, 16, 53, 54]. Other abnormalities that may be relevant in the context of
coagulopathy are decreased fibrinogen levels, increased lactate dehydrogenase, and, in some
patients, marked increases in serum ferritin levels [26, 55, 56].

Another important feature of COVID-19 infection is the development of an acute
procoagulant response in elevated levels of FVIII, von Willebrand, and fibrinogen, which are
associated with an increased risk of thrombosis. In severe stages of the disease there is an
increase in inflammatory cytokines (tumor necrosis factor [FNO-a] and interleukins [IL]: 1 and
6). IL-6 induces the expression of tissue factor in macrophages, which initiates the activation of
coagulation and thrombin formation [32]. FNO-« and IL-1 are major mediators of endogenous
coagulation inhibition. Severely compromised patients with COVID-19 may experience a
cytokine storm characterized by high concentrations of proinflammatory cytokines and

chemokines [18, 20, 32].

The International Society for Thrombosis and Hemostasis (ISTH) has proposed a new
category for the detection of early-stage DIC associated with sepsis, called SIC. This indicator
can be used in patients with COVID-19, and in those who meet these criteria, it is optimal to use

anticoagulants.

Up to 71.4% of patients who died from COVID-19 had an ICE, compared with only 0.6%
of survivors. The main change in this coagulopathy is a marked increase in DD without a
decrease in PLT, or a prolongation of APTT and PT, indicating the process of thrombin formation
and local rather than systemic fibrinolysis. The highest level of hospital mortality was found in

patients with DD values more than 3—4 times [24, 26, 28, 38, 39].



Given the occurrence of signs of coagulation system dysfunction in COVID-19, it is
proposed to assess the severity of the disease (COVID-19-associated hemostatic abnormalities

— CAHA-score) [28, 30, 41, 57-59]:

— Stage 1 CAHA: The patient has mild symptoms and can be cared for at home or in hospital.

At this stage, pulmonary microthrombi may be missed on computed tomography (CT);

— Stage 2 CAHA: The patient may develop more severe symptoms and need resuscitation. CT
scans of these patients may reveal lung filling defects due to blood clots or embolism. They may
also have asymptomatic deep vein thrombosis in the lower extremities, which means significant

activation of coagulation;

— Stage 3 CAHA: The patient’s clinical condition is deteriorating, which requires the
maintenance of a higher level of intensive care. Extensive pulmonary thrombi and systemic

thrombosis, including DIC, have been reported.

Thus, there is a need to identify an increased risk of thrombotic events at an early stage

and to prevent thrombotic events and organ damage as much as possible.

Deterioration of laboratory parameters associated with blood coagulation indicates the
progression of the severity of COVID-19 infection and suggests the need for greater and more
aggressive intensive care, while improvement in these parameters along with improvement or

clinical stability indicates an adequate evolution [24].

THROMBOPROPHYLAXIS

Hospitalized patients with COVID-19 have both internal and external risk factors for
thrombosis, including old age, obesity, immobilization, neurological disease, cancer, intensive
care, previous cases of thromboembolism or thrombophilia [42].

Pharmacological thromboprophylaxis should be considered in all hospitalized patients
with COVID-19 if there are no contraindications (active bleeding or severe thrombocytopenia).
Different scales (Padua, Caprini, IMPROVE) can be used to assess risk. The dose should be
adjusted according to renal function. Although existing protocols should be followed when
selecting the drug, the WHO recommends the use of unfractionated or low molecular weight
heparins (LMWH) and, if contraindicated, mechanical thromboprophylaxis should be
considered. Pharmacological thromboprophylaxis is recommended once a day, as it reduces the
risk of skipping additional doses and is associated with less impact on medical personnel during

its use. If LMWH is not available, unfractionated heparin may be considered, keeping in mind



that this requires more frequent injections. Patients with more severe infections may require
higher doses of thromboprophylaxis due to their hypercoagulable state. The use of direct
anticoagulants for thromboprophylaxis is not recommended in this context due to the possible
interactions that may occur with the various drugs and treatments available and studied for the
treatment of COVID-19 [5, 20, 21, 42].

Some of the non-anticoagulant properties of LMWH include the potential for binding to
inflammatory cytokines, inhibition of neutrophil chemotaxis and leukocyte migration,
neutralization of positively charged complement factor C5a, and sequestration of acute phase
proteins [18, 44].

In view of the above it is suggested that LMWH, administered in the early stages of
SARS-CoV-2 infection may have a positive effect not only in preventing thrombosis, but also in
reducing systemic and pulmonary inflammation and limiting viral invasion [12, 19], among
others. Non-anticoagulant properties of heparin: antiviral action (experimental models),
reduction of collagen deposits and antiarrhythmic action (animal models), modulation of
endothelial dysfunction, improvement of microvascular dysfunction and alleviation of
pulmonary coagulopathy [33, 42].

Patients who remain fully immobilized may benefit from drug thromboprophylaxis due to
periodic pneumatic compression. This therapy should also be considered if there is severe
thrombocytopenia (platelets from 25 G/L to 50 G/L) [8, 34, 35, 42].

According to the authors [8, 27, 42], long-term outpatient thromboprophylaxis (14 to 45
days) should be considered in patients at high risk of deep vein thrombosis, regardless of
COVID-19 infection, including reduced mobility, previous thromboembolic events,
comorbidities (eg. active cancer) and elevated DD levels of more than 2 times).
Thromboprophylaxis is not recommended for patients in quarantine due to a mild form of
COVID-19 but with significant comorbidities, or patients without COVID-19 but functionally

limited in quarantine. These patients should be advised to stay active at home.

PHARMACOLOGICAL THROMBOPROPHYLAXIS IN ADULT PATIENTS WITH
COVID-19
The results of studies on the prevention of deep vein thrombosis in adult patients in
critical condition with COVID-19-associated pneumonia have been published [10, 35, 36].
Histopathological examinations revealed diffuse lesions of the alveoli with deep
inflammation, thrombosis and thrombotic microangiopathy of small vessels and capillaries of the

lungs. In extrapulmonary organs, endothelial cell damage and diffuse microvascular thrombosis



have also been reported, indicating thrombotic microangiopathy, which may explain the acute
onset of multiorgan failure [10, 35, 36].

According to current guidelines, patients with stage 1 CAHA should receive LMWH in
the absence of contraindications [35, 41]. Several trials are currently underway for patients with
treatment disorders corresponding to stage 2 CAHA to determine whether a full dose of
anticoagulants compared to prophylactic can help prevent the development of coagulopathy and
ischemia in the extrapulmonary circulation. After the detection of blood clots, the standard
practice is to treat such patients with anticoagulants in a therapeutic dose [35, 41, 42].
Intensification of antithrombotic therapy (prevention of double-dose LMWH) in stage 2 CAHA
can be performed in combination with several other experimental measures, such as
thrombolysis, which may be effective in patients in stage 3 CAHA [41].

The developed guidelines provide guidance to physicians caring for both COVID-19
patients and patients with chronic thrombotic conditions requiring ongoing treatment. Recently,
there has been published work focusing on anticoagulant strategies for the prevention and
treatment of deep vein thrombosis in patients with proven SARS-CoV-2 infection who are in

outpatient treatment and hospitalized for the prevention or treatment of thrombosis [35, 42].

PHARMACOLOGICAL THROMBOPROPHYLAXIS IN PEDIATRIC AND
ADOLESCENT PATIENTS WITH COVID-19

Rare deaths of children from COVID-19 infection have been reported in worldwide [60].
Most often diagnosed with asymptomatic disease, or with mild or moderate severity [46, 61]. As
in adults, the risk of serious illness and death in children is higher in people with comorbidities
[47, 62]. In general, the experience of monitoring infants and children with COVID-19 in
hospitals is limited [63].

From the standpoint that a significant number of clinical issues deserve further study and
clarification, we have prepared general recommendations for thromboprophylaxis childrens
regimens.

Outpatients with mild COVID-19 should not be prescribed pharmacological
thromboprophylaxis, but it is important to encourage increased mobility of the child and to
control adequate hydration in the presence of fever or vomiting. Given the rapid deterioration
reported in many adult patients with mild symptoms, regular monitoring of DD, Fib, PLT, PT
and APTT every 48 hours for 5-7 days may be recommended. Patients with DD levels above
300 ng/mL have a high risk of thrombosis and should receive LMWH prophylaxis with

continuous assessment of deep vein thrombosis.



Patients with moderate COVID-19 who require hospitalization should receive
anticoagulant therapy [64] using prophylactic doses of LMWH.

Intensification of anticoagulant therapy is recommended in case of severe COVID-19
(DD > 500 ng/mL, serum ferritin > 500 ng/mL, worsening of clinical signs of disease).
Especially when the patient is in critical condition (DD > 2500 ng/mL, PLT > 450 G/L and CRP
> 100 mg/dL; Table 1).

Coagulation should be closely monitored during treatment to prevent excessive
anticoagulant therapy and bleeding [65, 66]. Anti-Xa levels and ARTT ratios are good ways to
determine the effectiveness of LMWH in patients with confirmed deep vein thrombosis. After
reaching the desired level, the test can be repeated every 6-7 days. If an invasive procedure is
required, it is recommended to skip two doses of LMWH before the procedure [26].

In patients with renal insufficiency, unfractionated heparins of 75 IU/kg intravenous
infusion over 10 minutes (maximum 5000 IU) as the loading dose are the anticoagulants of
choice. This should be followed by a continuous maintenance intravenous infusion (maximum
initial rate of 1300 IU/h). The recommended infusion rate is 28 IU/kg/h in infants and children
under 12 months of age, 20 IU/kg/h in children 1 to 15 years of age, and 18 IU/kg/h in children
16 years of age and older.

For patients already receiving anticoagulant therapy, the proposed algorithm approach is
illustrated in Figure 1.

Transferring a patient from an inpatient setting to an outpatient setting is the next step,
including reassessing anticoagulant therapy and ensuring adequate communication between
physicians, the patient, family members, or caregivers. The use of thromboprophylaxis in
patients with COVID-19 after inpatient treatment should be considered if the stratification of
DVT risk indicates a persistently increased risk of co-morbidity due to comorbidities, as well as
a concentration twice or more above the upper control range. This is evidenced by studies
suggesting thromboprophylaxis or therapeutic anticoagulation in patients after inpatient
treatment. At least two weeks of anticoagulant therapy and imaging studies to assess thrombosis

are recommended, as well as extended anticoagulant therapy [49].

CONCLUSIONS
Severe complications and a high number of deaths due to COVID-19 have once again
drawn the attention of experts to the prevention and treatment of thrombotic and thromboembolic

diseases.



The direct and indirect effects of COVID-19 are associated with the development of a
cytokine storm, which accelerates the onset of systemic inflammatory response syndrome and
promotes thrombotic events (Central illustration).

Antiviral and pathogenetic agents of COVID-19 (lopinavir/ritonavir, remdesivir,
tocilizumab, sarylumab, fingolimod, chloroquine/hydroxychloroquine, interferon, azithromycin)
may have drug interactions with antiplatelet agents and/or anticoagulants.

At the same time, recommendations for social distancing may adversely affect the
treatment of patients without COVID-19 who have thrombotic events, and fear of developing
COVID-19 or complications may result in some patients not receiving or discontinuing
anticoagulant therapy.

Some clinical issues deserve further research and refinement to better understand the
specific features, needs and concerns of critically ill children and adults with COVID-19
infection, especially those who already have comorbidities.

Protocols for thromboprophylaxis, in particular the use of anticoagulants or additional
considerations for the treatment of covid-induced coagulopathy, should be used in accordance

with the latest national and international guidelines.
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Figure 1. Algorithm for the use of anticoagulants in coronavirus disease 2019 (COVID-19)
patients with < 18 years who have already taken an anticoagulant. Heparin resistance in COVID-
19: if the heparin dose is > 25 IU/kg/day and there is no activated partial thromboplastin clotting
time prolongation anti-Xa monitoring at the level of 0.3-0.7 IU/mL; DD — D-dimer; VTE —
venous thromboembolism.
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Table 1. Anticoagulant prophylaxis with Enoxaparin for patients with moderate, severe and

critical form of COVID-19, which require hospitalization.

Profile dose

Prophylactic intensified
dose

Treatment dose

Target anti-Xa **

0.2-0,4 U/mL

0.4-0.8 U/mL

0.6-1.1 U/mL

0.75 mg/kg, every 12 h

1.0 mg/kg, every 12 h

1.5 mg/kg, every 12 h

0.5 mg/kg, every 12 h

0.75 mg/kg, every 12 h

1.0 mg/kg, every 12 h

< 2 months
From 2 months | < 40 kg
till <18 years | > 40 kg

40 mg, 1 time a day

60 mg, every 12 h

40 mg, every 12 h

*Normal renal function and no contraindications (PLT < 25 G/L, active bleeding, acute stroke,

condition requiring invasive procedure within 24 h)

**Jt should be noted that dose escalation/de-escalation is warranted to achieve the recommended

anti-Xa target
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