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Abstract: Background: COVID-19-associated coagulopathy (CAC) exacerbates the course of coron-
avirus infection and contributes to increased mortality. Current recommendations for CAC treatment
include the use of low-molecular weight heparins (LMWH) at prophylactic or therapeutic doses,
as well as the use of unfractionated heparin (UFH). Methods: A randomised, controlled trial enrolled
126 patients hospitalised in the intensive care unit with severe COVID-19 complicated by CAC.
The effects of LMWH at preventive and therapeutic doses and UFH at therapeutic doses on mortality
and intubation rates were compared. Results: The number of intubations and deaths showed no
significant difference depending on the anticoagulant therapy used. However, multivariate logis-
tic regression models revealed an increased risk of intubation (p = 0.026, odds ratio (OR) = 3.33,
95% confidence interval (CI) 1.15-9.59), and an increased risk of death (p = 0.046, OR = 3.01,
95% CI1.02-8.90), for patients treated with LMWH at a prophylactic dose but not at a therapeutic
dose as compared to patients treated with UFH when controlling for other risk factors. Conclusions:
The use of unfractionated heparin in the treatment of COVID-19-associated coagulopathy seems to
be more effective at reducing the risk of intubation and death than enoxaparin at prophylactic doses.

Keywords: anticoagulant therapy; blood coagulation; SARS-CoV-2; respiratory failure

1. Introduction

The impact of coagulation disorders in the course of COVID-19 (coronavirus disease
2019) has been proven. COVID-19 is a pronounced prothrombotic condition resulting from
the dysregulation of the coagulation cascade [1,2]. The pro-inflammatory activation, known
as cytokine release syndrome, which arises during the development of SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2) activates the coagulation cascade, leading to
thrombosis. Just like in severe sepsis, the generalized deposition of intravascular clots
disrupts the blood supply to the internal organs, leading to organ failure and death [34].
There is evidence of the direct introduction of the SARS-CoV-2 virus into endothelial cells,
which can potentially lead to their damage. It has been suggested that endothelial damage,
microvascular inflammation, endothelial exocytosis, and/or endotheliitis play a major role
in the pathogenesis of acute respiratory distress in patients with severe COVID-19 [5-7].
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The mechanism of hypercoagulability in patients with COVID-19 is presumably associated
with severe endothelial dysfunction and the induction of platelet aggregation (the endothe-
lium carries ACE2 receptors) [8]. It is also known that in patients with severe COVID-19,
changes in several circulating prothrombotic factors appear: an increased level of factor VIII,
an increased level of fibrinogen, and the circulation of prothrombotic microparticles [9,10].
The resulting blood coagulation disorders are considered to be COVID-19-associated co-
agulopathy (CAC) [11]. To some extent, coagulopathy symptoms occur in all patients
with severe COVID-19 [12]. In patients with coagulopathy, thromboprophylaxis with
low-molecular-weight heparins (LMWH) is recommended to prevent thromboembolic
events [13,14]. In general, there are prophylactic, intermediate, and therapeutic doses of
LMWH. Most authors consider the prophylactic dose to be 50 anti-Xa IU/kg once a day
(QD), the intermediate dose to be 100 anti-Xa IU/kg QD, and the therapeutic dose to be
100 anti-Xa IU/kg twice a day (BID) [15,16]. Such treatment reliably reduces mortality [17].
It is often the case that despite the use of preventive doses of LMWH, laboratory coagula-
tion parameters like the prothrombin index, activated partial thromboplastin time (APTT),
and serum fibrinogen confirm ongoing hypercoagulation. This proves that coagulopathy in
those patients cannot be corrected with preventive doses of LMWH. Some experts believe
that therapeutic doses of LMWH or unfractionated heparin (UFH) should be used in such
cases [8,18]. However, the use of therapeutic doses of LMWH or UFH for the treatment
of coagulopathy is still subject to debate. The existing COVID-19 treatment protocols
declare that studies comparing the pharmacological effects of different anticoagulants
at prophylactic and therapeutic doses are highly encouraged [15,19]. Determining the
best antithrombotic agent for CAC and its optimal dose are of crucial importance to the
successful treatment of COVID-19. This study aimed to compare the impact of LMWH
at prophylactic and therapeutic doses and UFH at a therapeutic dose on mortality and
intubation rates in patients with severe COVID-19 and associated coagulopathy.

2. Materials and Methods

A randomised, controlled trial enrolled 126 patients with severe COVID-19 and CAC,
who were hospitalized at the Department of Anaesthesiology and Intensive Care for
infectious patients at the Kyiv City Clinical Hospital No.4 from 1 July 2020 to 1 March 2021.

Inclusion criteria comprised:

1.  confirmed SARS-CoV-2 infection (confirmed with a positive reverse transcription
polymerase chain reaction (RT PCR) test),

2. the presence of bilateral interstitial pneumonia on a computed tomography (CT) scan,

3. respiratory failure with arterial partial pressure of oxygen (PaO;) < 60 mm Hg with
room air,

4. aD-dimer level >3 mg/L,

5. aplatelet count < 120 x 10°/L, and

6. the informed consent of the patient or their legal representative to participate in
the study.

Exclusion criteria comprised:

1. respiratory failure requiring intubation prior to enrolment,

2. hypersensitivity to enoxaparin sodium or unfractionated heparin,

3. ahistory of heparin-induced type-II thrombocytopenia caused by the use of unfrac-
tionated heparin or low-molecular-weight heparin,

4.  clinically significant active bleeding,

5. creatinine clearance (Cockcroft-Gault formula) < 30 mL/min,

6. unstable arterial hypertension (systolic pressure > 180 mmHg or diastolic pressure
> 110 mmHg),

7. pulmonary embolism (PE) confirmed by a CT pulmonary angiography,

8.  pregnancy or breastfeeding, and

9.  participation in other clinical studies.
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All patients who met the inclusion criteria and presented no exclusion criteria were
randomly split into three groups. Forty-two patients in each group received:

Group 1: LMWH—enoxaparin (E, Flenox by Farmak, Kyiv, Ukraine) at a preventive
(prev) dose of 50 anti-Xa IU/kg QD subcutaneously;

Group 2: LMWH—enoxaparin at a therapeutic (ther) dose of 100 anti-Xa IU/kg BID
subcutaneously;

Group 3: UFH—heparin sodium at an initial dose of 80 U/kg/h intravenously, fol-
lowed by a maintenance dose of 18 U/kg/h (hereinafter referred to as UFH-ther). The dose
of UFH was adjusted based on APTT which was kept within the range of 40-70 s.

Therapy with LMWH-ther and UFH was continued until the D-dimer values normal-
ized. The medical report comprised the patient’s medical history, physical examination,
and laboratory tests: complete blood count, arterial blood gases, C-reactive protein (CRP),
procalcitonin (PCT), fibrinogen, D-dimer, 11-6, and ferritin. The research compared the
effect of the heparins used on 28-day mortality and intubation rates.

Statistical Analysis

MedCalc® Statistical Software version 19.5.6 (MedCalc Software Ltd., Ostend, Belgium;
https://www.medcalc.org; 2020, accessed on 20 May 2021) was used in the analysis. As the
law of distribution differed from normal by the Shapiro-Wilk test, the median (Me) and
interquartile range (QI-QIII) were calculated to represent quantitative data. Frequency (%)
was calculated for qualitative measures. The Kruskal-Wallis test was used to compare
quantitative characteristics in the three groups, and subsequent comparisons were made
using the Dunn test. To compare qualitative characteristics in more than two groups,
a chi-squared test was used, and subsequent comparisons were made using Fisher’s exact
test with Bonferroni correction taken into account. Fisher’s exact test was used to compare
frequencies between the two groups. To quantify the degree of influence of characteristic
factors on the risk of death, we used the method of constructing and analysing logistic
regression models. The prognostic quality of the models was assessed using the method of
building the receiver operating characteristic curves (ROC curve). The area under the ROC
curve (AUC) and its 95% CI were calculated. The effect of the factors was assessed by the
value of the odds ratios (OR), for which a 95% CI was calculated. For all statistical tests,
the p value < 0.05 was considered significant.

3. Results

Demographic, clinical, and laboratory characteristics of the study groups are shown
in Table 1. All the patients had an increased risk of venous thromboembolism according
to the Padua prediction score (PPS) > 4 [20]. Recently, this tool has also been validated
for COVID-19 patients [21]. As shown in Table 1, the median values of the investigated
parameters did not differ significantly between the groups. The exceptions were the
medians of white blood cell count, respiratory index, and heart rate.

During the 28-day observation period, the intubation rates were 17, 10, and 9 patients
while the mortality rates were 14, 10, and 7 for LMWH-prev, LMWH-ther, and UFH groups,
respectively (Figure 1). None of the patients were intubated at the time of admission
to the intensive care unit (ICU) and before the initiation of heparin therapy. Figure 1
shows the risk of intubation (1A) and death (1B). There were no statistically significant
differences between the groups either for intubation or for death (chi-squared test, p = 0.156,
and p = 0.205, respectively). Positive trends in the number of intubations and deaths were
observed when comparing UFH therapy to both LMWH therapies. Positive trends were
also seen if therapeutic doses of LMWH were compared to LMWH at prophylactic doses.


https://www.medcalc.org

Life 2021, 11, 1032 40f11

60%
" —_—
.  50%
8 —
E 40% .
é ——
- 30% .
o ——
=
2 20% '
10% l
0%
UFH LMWH-ther LMWH-prev
A
Treatment
60%
X 50% —
% 40% —
o
q_‘ -
o 30%
-4
/5]
A% 20%
10% T
0%
B UFH LMWH-ther LMWH-prev
Treatment

Figure 1. Risk and 95% CI of intubation (A) and death (B) in patients treated with unfractionated
heparin (UFH) or low-molecular-weight heparin (LMWH) either at therapeutic (ther) or preventive

(prev doses).

A multivariate logistic regression modelling method was used to identify risk factors
for intubation or death. Three factors associated with increased risks of both intubation
and death were selected: D-dimer, sex or age, and the type of treatment. The model based
on these features (Figures 2 and 3) is adequate: AUCs were 0.77 (95% CI 0.69-0.84) and
0.73 (95% CI 0.64-0.80) for intubation and death risks, respectively, indicating a moderate
relationship between the determined factors and the risks of intubation or death.



Life 2021, 11, 1032

50f11

Table 1. Demographic, clinical, and laboratory characteristics of the study groups, median (QI-QIII).

LMWH-Prev (n = 42) LMWH-Ther (n = 42) UFH (n = 42) p Value
Age, years 71 (68-72) 70 (68-72) 71 (69-72) 0.525
Female (%) 15 (35.7) 16 (38.1) 19 (45.2) 0.650
Temperature, °C 37.5(37.4-37.9) 37.5(37.4-37.8) 37.5(37.3-37.7) 0.712
Heart rate, beat per min 83.5 ** (80-86) 86 (84-88) 86 (84-88) 0.018
CRP, mg/L 48 (34-72) 44.5 (35-66) 50 (39-72) 0.480
Interleukin-6, pg/mL 34 (32-45) 33.5 (23-60) 36.5 (33—44) 0.757
Procalcitonin, ng/mL 0.6 (0.5-0.8) 0.6 (0.6-0.7) 0.6 (0.4-0.8) 0.321
Ferritin, ng/mL 443 (365-556) 450.5 (345-554) 446 (348-545) 0.997
Fibrinogen, g/L 6.4 (5.5-6.5) 5.6 (5.5-5.9) 5.5 (5.4-5.9) 0.215
D-dimer, pug/L 5246 (3567-5657) 4494 (4221-5664) 5245 (4221-5445) 0.853
Leukocytes, x 10°/L 4.2 ** (4.0-4.3) 4.7 * (4.1-4.8) 4.2 (3.5-4.3) 0.008
Lymphocytes, % 23.5 (22-26) 18 (17-24) 24 (22-26) 0.053
Thrombocytes, x 10°/L 127 (122-138) 128 (102-165) 130 (126-143) 0.379
Erythrocytes, x 10'2/L 2.8 (2.5-3.3) 2.7 (2.3-3.4) 2.8 (2.6-3.3) 0.498
PaO, /FiO,, mm Hg 145 ** (124-176) 124 * (119-139) 147 (132-176) 0.039

Laboratory test reference ranges: CRP < 5.0 mg/L, interleukin-6 < 4.0 pg/mL, procalcitonin < 0.02 ng/mL, ferritin 8-143 ng/mL,
fibrinogen 2.0-4.0 g/L, D-dimer < 500 pug/L, leukocytes 4.0-9.0 x 10° /L, lymphocytes 19-37%, thrombocytes 200-400 x 10° /L, erythrocytes
3.6-4.2 x 10'2 /L, PaO, /FiO, 454-495 mm Hg. LMWH-prev—enoxaparin, prophylactic dose; LMWH-ther—enoxaparin, therapeutic dose;
UFH—unfractionated heparin. *—statistically significant difference from the group of patients treated with UFH, p < 0.05. **— statistically
significant difference from the group of patients treated with enoxaparin at the therapeutic dose, p < 0.05.
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Figure 2. Multivariate logistic regression models using D-Dimer levels, sex, and the type of treatment

to estimate the risk of intubation.
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Figure 3. Multivariate logistic regression models using D-Dimer levels, age, and the type of treatment

to estimate the risk of death.

The results of the intubation and death risks analyses according to the chosen models
are shown in Tables 2 and 3, respectively.

Table 2. Analysis of risk of intubation in a three-factor logistic regression model.

The Model Significance Level of Difference
Factorial Feature Coefficient, of the Coefficient from 0, OR (95% CI)
b+m p Value
UFH therapeutic dose Reference
Treatment LMWH], therapeutic dose 0.56 £+ 0.55 0.308 -
LMWH, prophylactic dose 1.20 + 0.54 0.026 3.33 (1.15-9.59)
Sex —0.81 £ 043 0.061 0.44 (0.19-1.04)
D-dimer, pg/L 0.0008 =+ 0.0002 0.001 1.001 (1.000-1.001)

Table 3. Analysis of risk of death in a three-factor logistic regression model.

The Model Significance Level of Difference
Factorial Feature Coefficient, of the Coefficient from 0, OR (95% CI)
b+m p Value
UFH therapeutic dose Reference

Treatment LMWH], therapeutic dose 0.59 £+ 0.58 0.311 -

LMWH, prophylactic dose 1.10 £ 0.55 0.046 3.01 (1.02-8.90)
Age, years 0.12 £ 0.05 0.030 1.13 (1.01-1.25)

D-dimer, pg/L 0.0006 + 0.0002 0.017 1.001 (1.000-1.001)

There were increased risks of intubation (p = 0.026, OR = 3.33; 95% CI 1.15-9.59) and
death (p = 0.046, OR = 3.01; 95% CI 1.02-8.90), respectively, for patients treated with LMWH
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at the prophylactic dose, as compared to patients treated with UFH when controlling
for the two other risk factors, i.e., D-dimer concentration and sex (intubation) or age
(death). Thus, whilst the univariate analysis of the data showed no significant effect of
the different anticoagulant treatments on the number of intubations and deaths, the use
of multivariate logistic regression models proved the advantage of UFH over LMWH at a
prophylactic dose.

Two patients in the UFH group developed thrombocytopenia <50.0 x 10°/L and two
others harmless bleeding: one a subcutaneous haemorrhage in an upper limb, another in
the abdominal wall. In these cases, treatment with UFH was stopped, the patients were
switched to LMWH, and withdrawn from the study. Both patients survived. In the two
other groups studied, there were no complications observed. There was no statistically
significant difference in the risk of thrombocytopenia and bleeding between the groups
(chi-squared test, p = 0.131 in both cases).

4. Discussion

The etiology of CAC is multifactorial. It includes activated coagulation, endothe-
liopathy, up-regulated innate and adaptive immunity, as well as an activated complement
system [22,23]. However, hypoxia itself seems to be a key factor. Alveoli type II epithelial
cells suffering from hypoxia stimulate coagulation cascades. This leads to the formation of
microthrombi and aggravates hypoxia, causing a vicious cycle, ultimately resulting in irre-
versible lung damage [24]. In addition, viral replication causes infiltration of inflammatory
cells, triggering coagulation cascades, the development of a cytokine storm, endothelial
cell apoptosis, and microvascular thrombosis [25]. Interleukin-6 levels have been found to
correlate positively with fibrinogen levels, confirming the link between inflammation and
procoagulant changes [24].

Currently, there are no clear diagnostic criteria for CAC. This syndrome is associated
with abnormal test results of the coagulation system but does not correspond to classic signs
of coagulopathy. Due to numerous similarities, it is considered a thrombotic phenotype of
DIC [23]. Ibaet al. proposed their own definition of CAC. It follows that the patients have
to meet at least two out of four criteria: (1) a decrease in platelet count (<150 x 10°/L);
(2) an increase in D-dimer levels (>2 x the upper limit of normal); (3) >1 s prolonged
prothrombin time or INR >1.2; (4) the presence of thrombosis (macrothrombosis and/or
microthrombosis, including skin and acral lesions, etc.) [23]. According to other researchers,
CAC can be diagnosed in patients with confirmed or suspected COVID-19 if the following
criteria are present: a platelet count <120 x 10? /L, a decrease in APTT below normal values,
and increased fibrinogen and D-dimer concentrations without clinical evidence of primary
diseases of the blood system or liver [3,26]. A D-dimer concentration above 1.5 mg/mL can
be used as a marker of high risk for CAC [11]. Coagulopathy is one of the most frequent
pathologies in patients who die due to COVID-19. It was diagnosed in 71.4% of deceased
patients [27]. Consequently, it is considered as one of the most significant prognostically
unfavourable features in patients with COVID-19 [28].

COVID-19 mortality directly correlates with blood D-dimer levels and the magnitude
of the decrease in serum platelet count [12]. Compared to non-COVID-19 patients, COVID-
19 patients have a significantly higher probability of pulmonary vascular thrombosis [14,25].
Considering that autopsy data from patients with COVID-19 show extensive microthrombi
in alveoli, myocardium, and renal tubular epithelia, anticoagulant therapy seems to be
essential [11]. LMWH and UFH are recommended for the treatment of coagulopathy;,
although LMWH is currently preferred [14]. In critically ill patients, anticoagulant therapy
with heparins at intermediate or therapeutic doses was associated with a lower probability
of pulmonary embolism (OR 0.09; 95% CI, 0.02-0.57) but a higher probability of major
bleeding (OR 3.84; 95% CI, 1.44-10.21) [29]. There is insufficient evidence to recommend or
reject the use of anticoagulants at therapeutic doses to prevent thrombotic complications
in hospitalised patients with COVID-19 [15]. There is also no conclusive evidence that
any particular heparin formulation has an advantage in the treatment of COVID-19 and
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will affect disease outcomes. There is also no clear opinion regarding the doses of heparin
in patients hospitalised with COVID-19 [30]. The majority of researchers tend to use
standard prophylactic doses, but some prefer higher (intermediate or therapeutic) doses.
Among 46 experts from an international working group, 31.6% were in favour of the use
of intermediate doses in patients without DIC, and 5.2% were in favour of therapeutic
doses [30]. Current guidelines for the treatment of COVID-19 welcome randomised trials
to compare the effectiveness of anticoagulants at different doses [15,19].

In patients with blood D-dimer levels above 3.0 mg/L who received LMWH, the mor-
tality rate was 32.8%, while in those who did not receive LMWH it was 52.4%, p = 0.017 [31].
It is concluded that anticoagulant therapy with LMWH is associated with a better prognosis
in patients with severe COVID-19 and elevated D-dimers. According to Lucatelli et al.,
the 28-day mortality rate among patients with COVID-19 receiving LMWH was 40.0%, as
compared to 64.2% in those not receiving LMWH, (p = 0.029) [32]. Cohen et al. observed
advantages of LMWH over UFH because of an observed reduction in the incidence of
major bleeding and lower overall mortality, but the study results were statistically insignif-
icant [33]. Due to insufficient evidence, most guidelines do not indicate which heparin
should be used in preventing thrombotic events [14,34,35]. A meta-analysis of 23 compara-
tive studies of LMWH and UFH in 9587 patients with various diseases (non-COVID-19)
showed that deaths and major bleeding were less frequent when using LMWH. However,
it was concluded that the authors of the publications analysed were prejudiced against
UFH and that these studies were methodologically flawed [36].

The biggest advantage of LMWH over UFH is the ability to use subcutaneous injec-
tions of fixed doses of LMWH per kg of body weight, without continuous monitoring of
the coagulation and continuous dosage adjustments. The use of LMWH allows patients
to receive treatment at home rather than in hospitals [37]. However, UFH is the drug of
choice in the case of concomitant renal failure (with creatinine clearance below 30 mL/min)
or unstable hemodynamics [34].

Our study revealed a downward trend in the number of intubations and mortality
in patients receiving UFH as compared to LMWH. In our opinion, this can be explained
by the different anticoagulant properties of the drugs. UFH can affect the thrombus by
enhancing thrombolysis, as UFH in PE is known to restore impaired pulmonary perfu-
sion [34]. At least half of UFH molecules bind with high affinity to antithrombin [38] and
accelerate the inhibition of thrombin as well as factors Xa, IXa, XIa, and XIIla. The UFH
changes the antithrombin molecule, which makes interaction with the protease targets
much easier. It is known that UFH and LMWH have anti-inflammatory and antiviral
effects [22]. The strength of these effects may vary. UFH inactivates the SARS-CoV-2 virus
and prevents its entry into mammalian cells, thereby inhibiting the entry of the virus into
lung tissue [39]. LMWH and UFH molecules bind to the spike protein, resulting in the
suppression of viral infection in cells [17].

To date, studies comparing the therapeutic effects of UFH and LMWH at different
doses are infrequent. A large randomised NIAID trial [40] is currently underway, bringing
together three clinical trial platforms covering four continents and over 300 hospitals.
The study includes REMAP-CAP, ACTIV-4, and ATTACC studies and over 1000 hospi-
talised COVID-19 patients. The very preliminary results suggest that therapeutic doses
of LMWH are no less effective than preventive ones at improving treatment outcomes in
patients with COVID-19 [40]. Researchers suggest that therapeutic doses of anticoagulants
are not only safe but also superior to preventive ones. The US National Institutes of Health
stated that with a large number of patients with COVID-19 requiring hospitalisation, the
results of this study could help reduce the burden on ICUs around the world. Researchers
are currently working to provide the full results of the data. Our findings seem to be
consistent with the interim results of this large but not yet fully completed study.
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5. Limitations

A weak statistical basis, which may be the result of a low number of patients in
the study groups, significantly limits the power of this study. Statistically significant
differences between the groups were found only as a result of the use of multivariate
logistic regression models.

6. Conclusions

Based on the univariate analysis, our study revealed that the use of unfractionated
heparin in the treatment of COVID-19-associated coagulopathy at a therapeutic dose was no
less effective than the use of enoxaparin at prophylactic and therapeutic doses in reducing
the number of intubations and patient mortality. However, the use of multivariate logistic
regression models has proved the advantage of unfractionated heparin over enoxaparin in
reducing the risk of intubation and death at a prophylactic dose but not at a therapeutic
one. The number of bleeding complications with unfractionated heparin is not significantly
different from that with enoxaparin. There is a need for further research on a larger group
of patients.

Author Contributions: Conceptualization, O.0.; methodology, O.O.; software, V.G.; validation, W.B.
and M.R,; formal analysis, O.O., Y.O., V.G., W.B. and M.R; investigation, A.S. and Y.O.; resources, S.D.
and Y.O.; data curation, O.O. and V.G.; writing—original draft preparation, O.O.; writing—review
and editing, O.0., W.B. and M.R;; visualization, V.G.; supervision, M.R.; funding acquisition, O.O.
and M.R. All authors have read and agreed to the published version of the manuscript.

Funding: This study is part of clinical research by the Department of Anaesthesiology and Intensive
Care of KNMU on the topic “Optimisation of respiratory support methods for patients with severe
forms of respiratory insufficiency, including acute respiratory distress syndrome” conducted in
the Department of Anaesthesiology and Intensive Care of KNMU and registered in the Clinical
Trials Register of the State Expert Centre of the Ministry of Health of Ukraine (Registration number
01120001413). This work was also carried out according to the subject register in Simple system
SUB.A120.21.030 and supported by a statutory subsidy granted by the Ministry of Science and Higher
Education in Poland.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Bioethics Committee of the Kyiv City Clinical Hospital
Np. 4. [Decision no. 64, dated 2 July 2020].

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical aspects.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Malas, M.B.; Naazie, LN.; Elsayed, N.; Mathlouthi, A.; Marmor, R.; Clary, B. Thromboembolism risk of COVID-19 is high and
associated with a higher risk of mortality: A systematic review and meta-analysis. EClinicalMedicine 2020, 29, 100639. [CrossRef]
[PubMed]

Xiong, M.; Liang, X.; Wei, Y.D. Changes in blood coagulation in patients with severe coronavirus disease 2019 (COVID-19):
A meta-analysis. Br. ]. Haematol. 2020, 189, 1050-1052. [CrossRef] [PubMed]

Tang, N.; Li, D.; Wang, X.; Sun, Z. Abnormal coagulation parameters are associated with poor prognosis in patients with novel
coronavirus pneumonia. J. Thromb. Haemost. 2020, 18, 844-847. [CrossRef] [PubMed]

Cattaneo, M.; Bertinato, E.M.; Birocchi, S.; Brizio, C.; Malavolta, D.; Manzoni, M.; Muscarella, G.; Orlandi, M. Pulmonary
Embolism or Pulmonary Thrombosis in COVID-19? Is the Recommendation to Use High-Dose Heparin for Thromboprophylaxis
Justified? Thromb. Haemost. 2020, 120, 1230-1232. [CrossRef]

Teuwen, L.A.; Geldhof, V.; Pasut, A.; Carmeliet, P. COVID-19: The vasculature unleashed. Nat. Rev. Immunol. 2020, 20, 389-391.
[CrossRef]

Lowenstein, C.J.; Solomon, S.D. Severe COVID-19 Is a Microvascular Disease. Circulation 2020, 142, 1609-1611. [CrossRef]
Libby, P; Liischer, T. COVID-19 is, in the end, an endothelial disease. Eur. Heart . 2020, 41, 3038-3044. [CrossRef]


http://doi.org/10.1016/j.eclinm.2020.100639
http://www.ncbi.nlm.nih.gov/pubmed/33251499
http://doi.org/10.1111/bjh.16725
http://www.ncbi.nlm.nih.gov/pubmed/32304581
http://doi.org/10.1111/jth.14768
http://www.ncbi.nlm.nih.gov/pubmed/32073213
http://doi.org/10.1055/s-0040-1712097
http://doi.org/10.1038/s41577-020-0343-0
http://doi.org/10.1161/CIRCULATIONAHA.120.050354
http://doi.org/10.1093/eurheartj/ehaa623

Life 2021, 11, 1032 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

Thachil, J.; Tang, N.; Gando, S.; Falanga, A.; Cattaneo, M.; Levi, M.; Clark, C.; Iba, T. ISTH interim guidance on recognition and
management of coagulopathy in COVID-19. J. Thromb. Haemost 2020, 18, 1023-1026. [CrossRef]

Panigada, M.; Bottino, N.; Tagliabue, P.; Grasselli, G.; Novembrino, C.; Chantarangkul, V.; Pesenti, A.; Peyvandi, E; Tripodi, A.
Hypercoagulability of COVID-19 patients in intensive care unit: A report of thromboelastography findings and other parameters
of hemostasis. J. Thromb. Haemost. 2020, 18, 1738-1742. [CrossRef]

Ranucci, M.; Ballotta, A.; Di Dedda, U.; Baryshnikova, E.; Dei Poli, M.; Resta, M.; Falco, M.; Albano, G.; Menicanti, L. The
procoagulant pattern of patients with COVID-19 acute respiratory distress syndrome. J. Thromb. Haemost. 2020, 18, 1747-1751.
[CrossRef]

Yang, X.H.; Li, R.R.; Sun, RH,; Liu, J.; Chen, D.C. Focus on coronavirus disease 2019 associated coagulopathy. Chin. Med. ]. (Engl.)
2020, 133, 2239-2241. [CrossRef]

Menezes-Rodrigues, ES.; Padrao Tavares, ].G.; Pires de Oliveira, M.; Guzella de Carvalho, R.; Ruggero Errante, P.; Omar Taha, M.;
José Fagundes, D.; Caricati-Neto, A. Anticoagulant and antiarrhythmic effects of heparin in the treatment of COVID-19 patients.
J. Thromb. Haemost. 2020, 18, 2073-2075. [CrossRef]

Hippensteel, J.A.; La Riviere, W.B.; Colbert, ].F; Langouét-Astrié, C.J.; Schmidt, E.P. Heparin as a therapy for COVID-19: Current
evidence and future possibilities. Am. J. Physiol. Lung Cell Mol. Physiol. 2020, 319, L211-L.217. [CrossRef]

COVID-19 Treatment Guidelines Panel Coronavirus Disease 2019 (COVID-19) Treatment Guidelines; National Institutes of Health:
Bethesda, MD, USA, 2020; Antithrombotic Therapy in Patients With COVID-19. Available online: https://www.covidl
9treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/ (accessed on 11 February 2021).

Anticoagulation Management in COVID-19 Positive Patients BSTH Consensus Guideline. Available online: https://covid-19
.sciensano.be/sites /default/files/Covid19/COVID19_Anticoagulation_Management.pdf (accessed on 11 February 2021).
INSPIRATION Investigators; Sadeghipour, P.; Talasaz, A.H.; Rashidi, F.; Sharif-Kashani, B.; Beigmohammadi, M.T.; Farrokhpour,
M.; Sezavar, S.H.; Payandemehr, P.; Dabbagh, A.; et al. Effect of Intermediate-Dose vs. Standard-Dose Prophylactic Anticoagula-
tion on Thrombotic Events, Extracorporeal Membrane Oxygenation Treatment, or Mortality Among Patients With COVID-19
Admitted to the Intensive Care Unit: The INSPIRATION Randomized Clinical Trial. JAMA 2021, 325, 1620-1630.

Shi, C.; Tingting, W.; Li, ].P; Sullivan, M.A.; Wang, C.; Wang, H.; Deng, B.; Zhang, Y. Comprehensive Landscape of Heparin
Therapy for COVID-19. Carbohydr. Polym. 2021, 254, 117232. [CrossRef]

COVID-19 MANAGEMENT PROTOCOL. An Overview of the MATH+ and I-MASK+ Protocols. Available online: https://www.
evms.edu/media/evms_public/departments/internal _medicine/Marik_Critical Care_COVID-19_Protocol.pdf (accessed on
20 February 2020).

Coronavirus Disease 2019 (COVID-19) Treatment Guidelines Get the Latest Public Health Information from CDC. Available
online: https://www.coronavirus.gov (accessed on 20 February 2020).

Barbar, S.; Noventa, F.; Rossetto, V.; Ferrari, A.; Brandolin, B.; Perlati, M.; De Bon, E.; Tormene, D.; Pagnan, A.; Prandoni, P.
A risk assessment model for the identification of hospitalized medical patients at risk for venous thromboembolism: The Padua
Prediction Score. J. Thromb. Haemost. 2010, 8, 2450-2457. [CrossRef]

Zeng, D.X.; Xu, J.L.; Mao, Q.X,; Liu, R.; Zhang, W.Y.; Qian, H.Y.; Xu, L. Association of Padua prediction score with in-hospital
prognosis in COVID-19 patients. QJM. 2020, 113, 789-793. [CrossRef]

Bikdeli, B.; Madhavan, M.V.; Gupta, A.; Jimenez, D.; Burton, J.R.; Der Nigoghossian, C.; Chuich, T.; Nouri, S.N.; Dreyfus, I.;
Driggin, E.; et al. Pharmacological Agents Targeting Thromboinflammation in COVID-19: Review and Implications for Future
Research. Thromb. Haemost. 2020, 120, 1004-1024.

Iba, T.; Warkentin, T.E.; Thachil, J.; Levi, M.; Levy, ].H. Proposal of the Definition for COVID-19-Associated Coagulopathy. . Clin.
Med. 2021, 10, 191. [CrossRef]

Klok, FA.; Kruip, M.J.H.A.; van der Meer, N.].M.; Arbous, M.S.; Gommers, D.; Kant, K.M.; Kaptein, FH.]J.; van Paassen, J.; Stals,
M.A.M.; Huisman, M.V,; et al. Confirmation of the high cumulative incidence of thrombotic complications in critically ill ICU
patients with COVID-19: An updated analysis. Thromb. Res. 2020, 191, 148-150. [CrossRef]

Helms, J.; Tacquard, C.; Severac, F.; Leonard-Lorant, I.; Ohana, M.; Delabranche, X.; Merdji, H.; Clere-Jehl, R.; Schenck, M.; Fagot
Gandet, F; et al. High risk of thrombosis in patients with severe SARS-CoV-2 infection: A multicenter prospective cohort study.
Intensive Care Med. 2020, 46, 1089-1098. [CrossRef]

Gomez-Mesa, ].E.; Galindo-Coral, S.; Montes, M.; Mufioz Martin, A.J. Thrombosis and Coagulopathy in COVID-19. Curr. Probl.
Cardiol. 2021, 46, 100742. [CrossRef]

Iba, T.; Levy, J.H.; Levi, M.; Thachil, J. Coagulopathy in COVID-19. Thromb. Haemost. 2020, 18, 2103—2109. [CrossRef]

Asakura, H.; Ogawa, H. COVID-19-associated coagulopathy and disseminated intravascular coagulation. Int. J. Hematol. 2021,
113, 45-57. [CrossRef]

American Society of Hematology. Should DOACs, LMWH, UFH, Fondaparinux, Argatroban, or Bivalirudin at Intermediate-Intensity or
Therapeutic-Intensity vs. Prophylactic Intensity Be Used for Patients with COVID-19 Related Critical Illness Who Do not Have Suspected
or Confirmed VTE? 2020. Available online: https://guidelines.ash.gradepro.org/profile/3CQ7J0SWt58 (accessed on 7 December
2020).

Bikdeli, B.; Madhavan, M.V,; Jimenez, D.; Chuich, T.; Dreyfus, I.; Driggin, E.; Nigoghossian, C.; Ageno, W.; Madjid, M.; Guo, Y.;
et al. COVID-19 and Thrombotic or Thromboembolic Disease: Implications for Prevention, Antithrombotic Therapy, and
Follow-up: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2020, 75, 2950-2973. [CrossRef]


http://doi.org/10.1111/jth.14810
http://doi.org/10.1111/jth.14850
http://doi.org/10.1111/jth.14854
http://doi.org/10.1097/CM9.0000000000001019
http://doi.org/10.1111/jth.14902
http://doi.org/10.1152/ajplung.00199.2020
https://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/
https://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/
https://covid-19.sciensano.be/sites/default/files/Covid19/COVID19_Anticoagulation_Management.pdf
https://covid-19.sciensano.be/sites/default/files/Covid19/COVID19_Anticoagulation_Management.pdf
http://doi.org/10.1016/j.carbpol.2020.117232
https://www.evms.edu/media/evms_public/departments/internal_medicine/Marik_Critical_Care_COVID-19_Protocol.pdf
https://www.evms.edu/media/evms_public/departments/internal_medicine/Marik_Critical_Care_COVID-19_Protocol.pdf
https://www.coronavirus.gov
http://doi.org/10.1111/j.1538-7836.2010.04044.x
http://doi.org/10.1093/qjmed/hcaa224
http://doi.org/10.3390/jcm10020191
http://doi.org/10.1016/j.thromres.2020.04.041
http://doi.org/10.1007/s00134-020-06062-x
http://doi.org/10.1016/j.cpcardiol.2020.100742
http://doi.org/10.1111/jth.14975
http://doi.org/10.1007/s12185-020-03029-y
https://guidelines.ash.gradepro.org/profile/3CQ7J0SWt58
http://doi.org/10.1016/j.jacc.2020.04.031

Life 2021, 11, 1032 11 of 11

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tang, N.; Bai, H.; Chen, X.; Gong, J.; Li, D.; Sun, Z. Anticoagulant treatment is associated with decreased mortality in severe
coronavirus disease 2019 patients with coagulopathy. J. Thromb. Haemost. 2020, 18, 1094-1099. [CrossRef]

Lucatelli, P; De Rubeis, G.; Citone, M.; Lucarelli, N.M.; Pasqualini, V.; Sturiale, M.; Giuliani, S.; Rosati, M.; Ceccherini, C.; Corona,
M.; et al. Heparin-related major bleeding in covid-19-positive patient: Perspective from the outbreak. Cardiovasc. Intervent. Radiol.
2020, 43, 1216-1217. [CrossRef]

Cohen, A.T; Spiro, T.E,; Biiller, H.R.; Haskell, L.; Hu, D.; Hull, R.; Mebazaa, A.; Merli, G.; Schellong, S.; MAGELLAN Investigators;
et al. Rivaroxaban for thromboprophylaxis in acutely ill medical patients. N. Engl. . Med. 2013, 368, 513-523. [CrossRef]
Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.; Humbert, M.; Jennings,
C.S,; Jiménez, D.; et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European Respiratory Society (ERS). Eur. Heart. . 2020, 41, 543-603. [CrossRef]

Alhazzani, W.; Evans, L.; Alshamsi, F; Meller, M.H.; Ostermann, M.; Prescott, H.C.; Arabi, YM.; Loeb, M.; Ng Gong, M.; Fan, E.;
et al. Surviving Sepsis Campaign Guidelines on the Management of Adults With Coronavirus Disease 2019 (COVID-19) in the
ICU: First Update. Crit. Care Med. 2021, 49, e219-e234. [CrossRef]

Esponda, O. Deep venous thrombosis and pulmonary embolism. Part 1. Initial treatment: Usually a low-molecular-weight
heparin. Prescrire Int. 2013, 22, 99-101, 103-104.

Kearon, C.; Ginsberg, ].S.; Julian, J.A.; Douketis, ].; Solymoss, S.; Ockelford, P; Jackson, S.; Turpie, A.G.; MacKinnon, B.; Fixed-Dose
Heparin (FIDO) Investigators; et al. Comparison of fixed-dose weight-adjusted unfractionated heparin and low-molecular-weight
heparin for acute treatment of venous thromboembolism. JAMA 2006, 296, 935-942. [CrossRef] [PubMed]

Merli, G.J.; Groce, ].B. Pharmacological and Clinical Differences Between Low-Molecular-Weight Heparins. P. T. 2010, 35, 95-105.
[PubMed]

van Haren, F,; Page, C.; Laffey, ].G.; Artigas, A.; Camprubi-Rimblas, M.; Nunes, Q.; Smith, R; Shute, J.; Carroll, M.; Tree, ].; et al.
Nebulised heparin as a treatment for COVID-19: Scientific rationale and a call for randomised evidence. Crit. Care 2020, 24, 454.
[CrossRef] [PubMed]

Balfour, H. Increased Heparin Dose Reduces Need for Life Support in Hospitalised COVID-19 Patients (European Pharmaceutical
Review) 25 January 2021. MerckNews. Available online: https://www.europeanpharmaceuticalreview.com/news /140801
/increased-heparin-dose-reduces-need-for-life-support-in-hospitalised-covid-19 (accessed on 9 August 2021).


http://doi.org/10.1111/jth.14817
http://doi.org/10.1007/s00270-020-02532-3
http://doi.org/10.1056/NEJMoa1111096
http://doi.org/10.1093/eurheartj/ehz405
http://doi.org/10.1097/CCM.0000000000004899
http://doi.org/10.1001/jama.296.8.935
http://www.ncbi.nlm.nih.gov/pubmed/16926353
http://www.ncbi.nlm.nih.gov/pubmed/20221326
http://doi.org/10.1186/s13054-020-03148-2
http://www.ncbi.nlm.nih.gov/pubmed/32698853
https://www.europeanpharmaceuticalreview.com/news/140801/increased-heparin-dose-reduces-need-for-life-support-in-hospitalised-covid-19
https://www.europeanpharmaceuticalreview.com/news/140801/increased-heparin-dose-reduces-need-for-life-support-in-hospitalised-covid-19

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

