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Abstract

Background: A lot of data about COVID-19 was already published but this is only a part of the pandemic puzzle pieces. Once we will have
all the pieces together, we will be able to successfully treat this disease with so many challenges. This infectious disease has a high thrombogenic
potential. The study aims to review published data about COVID-19 associated thrombosis, from pathophysiology to treatment and the role in
patient’s evolution. Data sources: We have searched for articles and studies published in online.

Platforms: MEDLINE/PubMed database, Google Scholar, ScienceDirect, Wiley Online Library, Nature Public Health Emergency Collection.
Results: We have found numerous articles regarding the COVID-19 infection. We selected only those focused on the thrombosis. D-dimers had
predictive value in identifying thrombosis and high level had correlated with the severity of the infection and death. The most patients who were on
chronic anticoagulant therapy before contacting the virus had a better prognosis. Heparin has other favorable effects such as a direct antiviral and
anti-inflammatory effect in addition to its anticoagulant effect.

Conclusions: COVID-19 infections are frequently complicated by the thrombotic pathology. High plasma level of D-dimers is predictive factor
for severe prognosis and the recommended anticoagulant therapy associated with low mortality is heparin followed by direct oral anticoagulants.
Randomized studies in large groups of patients and therapeutic guidelines are still needed.

Keywords: COVID-19; Thrombosis Pathophysiology; D-dimers; Anticoagulants Therapy

Abbreviations: COVID 19: Corona Virus Disease 2019; D-dimers: Fibrin degradation products; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta Analysis; VTE: Venous thromboembolism; DIC: Disseminated Intravascular Coagulopathy; UFH: Unfractionated Heparin; LMWH:
Low molecular weight heparin ACE2: Angiotensin-converting enzyme 2 receptor; 02: Oxygen for Peer Review; DOACs: Direct oral anticoagulants;
VKA = Vitamin K antagonists; SARS-COV-2 = Severe acute respiratory syndrome coronavirus 2; INR = International normalized ratio of prothrombin
time; TeleCheck-AF = A communication system with three components: (1) a structured teleconsultation (‘Tele’); (2) an app-based on-demand heart
rate and rhythm monitoring infrastructure (‘Check’); and (3) comprehensive AF management (‘AF’).

Introduction

The COVID 19 infection has spread across the globe in an
exponential manner, quickly being declared a pandemic and causing
the onset of a public health crisis and not only. More than ever,
monitoring and diagnosing the patients with this disease involves
multidisciplinary teams.

Tele-diagnosis and tele-monitoring

became the only way to follow-up of quarantined patients in order
to have information about patient status and recovery progress.
Each patient will have a personalized diagnosis and treatment in
correlation with acute infectious disease and history of associated

diseases. For this reason, is important to integrate as soon as
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possible in current medical practice a wide spectrum of published
information and the results of the studies issued so far.

In patients with COVID-19 infection it could be observed
a high diversity of clinical signs and symptoms, ranging from
asymptomatic patients to interstitial pneumonia and progression
to acute respiratory distress syndrome, accompanied by multiple
system and organ failure [1,2]. Although pulmonary pathology is
more often associated, the cardiac injury is an important piece
of the puzzle, frequently accompanied by thrombotic vascular
complications. One of the biggest challenges facing the medical staff
caring for COVID 19 patients is the prevention and early diagnosis

of vascular thromboembolism.

Due to the fact this infection is a recent condition, clinicians
are currently facing a lack of systemized information related
to pathophysiology of the virus and complications of this
infection. For this reason, we selected the publications about
thromboembolic complications of COVID-19 patients, correlated
and tried to make connections between all of this data. Although
a remarkable progress has been made since the onset of the
pandemic, randomized studies in large groups of patients and the

development of therapeutic guidelines are still needed.
Materials and Methods

We have reviewed more than 190 abstracts, articles and studies
published in online platforms such as MEDLINE /PubMed database,
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Google Scholar, ScienceDirect, Wiley Online Library and Nature
Public Health Emergency Collection. We selected only 52 articles that
provided useful information in the daily medical practice, studies
that analyzed the thrombus formation pathophysiology, risk factors
for an unfavorable course of COVID-19 infection and we discussed
the stratification of the risk of pulmonary thromboembolism, the
cardiovascular complications, the importance of D-dimers and
the effects of anticoagulant therapy in these patients. Also, the
remote monitoring strategies of patients with a chronic need for
oral anticoagulant treatment were noted. There was a difficulty in
maintaining the therapeutic value of INR in quarantined patients.

Results and Discussion

As described in Figure 1, a total of 2784 related abstracts,
articles and studies were identified from the database. Among
these, we removed 721 repetitive publications. Of these, 531
records were excluded after the title or the abstract review because
they did not refer to the complications of the disease that we focus
on. Furthermore, 142 articles were excluded, because the main
discussion different from our aims, they were not applicable in
daily medical practice, there were clinical cases or series of clinical
cases, studies whit fewer then 10 patients and also we found some
articles with poor English translation. The remaining 50 studies
and articles were closely evaluated and were cited in the present

review.

) Records identified through Additional records identified
= database searching through other sources
£ (= 2784) n=0)
]
£
=
2
Records after duplicates removed
[n=721}
L)
-E Records sereensd Records excluded
g (n=721) (n=531)
@
Full-text articles excluded,
with reasons
R (n=142)
1 - main discussion
z different fram our aims
& Full-text articles assessed (n=43)
?, for eligibility 2 = ot applicable in daily
= (n=1390] medical practice (n = 18)
2 = clinical cases or serles
of clinical cases (n = 54)
3 — studies whit fewer
then 10 patient {n= 15)
‘R 4 = articles whit poar
English translation (n=6)
E Studies and artiches
% included in qualitative
= synthesis
(n=52)
Figure 1: The flow diagram shows the selection process according to the PRISMA statement.
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Elements of pathophysiology in the COVID-19 infection
associated thrombosis

The Virchow triad is a fundamental concept of interaction
between three components to create a favorable environment
for thrombogenesis. All these components are also found in the
COVID-19 infection and they consist of blood flow abnormalities,
vascular wall abnormalities and the presence of circulating pro-
coagulant compounds [3]. Blood flow is altered by venous stasis
caused by the prolonged bed rest [4]. In the case of the COVID-19
associated coagulopathy, there is a vascular inflammation and
a large endothelial dysfunction, followed by arterial, venous or
microcirculation thrombosis. Another feature of the COVID-19
coagulopathy is the significant increase in fibrin degradation
products such as the D-dimers, followed by platelet activation
and aggregation and thrombin generation which leads to the
recruitment of the circulating platelets and the formation of the
thrombus [3]. Thus the high platelet reactivity has an important
contribution in the occurrence of COVID-19 coagulopathy [5]. In
the acute coronary syndromes the endothelial dysfunction, high
platelet reactivity and oxidative stress are significantly correlated
[6,7], while in COVID-19 patients, the endothelial inflammation is
the trigger factor of all this factors exacerbation [8,9]. Also, the viral
infection triggers an immune and non-immune cellular response
that creates an imbalance between pro and anticoagulant factors
- another main mechanism of thrombus formation in COVID-19

infection [3].

Due to the inflammation from viral infection, the vascular
endothelium suffers injuries, von Willebrand factor concentration
increase, Toll-like receptors and the tissue factor are activated,
leading to the onset of the coagulation cascade with the formation
of fibrin clot [10]. The inflammation can determine the expression
of tissue factor at the level of the atrial endothelium too, thus
stimulating the formation of intra-atrial thrombi [11,12]. The
physiological response to the excessive activity of coagulation
cascade determines disruption of fibrin clot, leading to release of
D-dimers [9]. In COVID-19 patients, the level of D-dimers has a
good predictive value in identifying arterial or venous thrombosis
[13,14], also correlates with severity of the disease, development of
acute respiratory distress syndrome and mortality [14]. According
to Al-Ani et al. the D-dimers have a dynamic evolution, their
level increasing with the progression of the disease, significantly

correlated with severe prognosis and mortality [2,15].

In COVID-19 coagulopathy, plasma levels of fibrinogen and
platelet count are in the most cases normal or elevated, differing
from the disseminated intravascular coagulation characterized
by low plasma fibrinogen levels and thrombocytopenia. This
explains the lower incidence of bleeding in patients treated with
anticoagulants in the COVID-19 coagulopathy. The occurrence
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of thrombocytopenia in a patient with COVID-19 is a strong
prognostic factor of the evolution towards multiple organ failure
and disseminated intravascular coagulopathy (DIC). In COVID-19
severe evolution with DIC seems to be the result of cumulative
factors induced sepsis and prothrombotic status [3,16]. Last but
not least, in COVID-19 infection, the platelets, in addition to their
pro-thrombotic action mediated by classical platelet receptors,
also have a platelet receptor-mediated hemostatic effect with an
important role in the endothelial barrier protection and micro-

vascular integrity [17].

Risk factors and complications associated with the
negative evolution of COVID-19 infected patients

Patients with cardiac pathology or cardiovascular risk factors
(such as old age, diabetes, neoplastic disease) are susceptible
to an unfavorable evolution towards COVID-19 infection. At the
same time, the new coronavirus infection itself can lead to many
cardiovascular diseases [18-20]. Inciardi et al. conducted the first
clinical study that described the characteristics and evolution of
patients with a personal history of cardiac pathology and COVID-19
pneumonia. The study was conducted on the population of northern
Italy and it concluded that patients with heart disease hospitalized
for COVID-19 had a poorer prognosis when compared to patients
without a personal history of cardiac pathology. They had a higher
rate of mortality, thromboembolic events and septic shock (36% vs.
15% mortality and 57% vs. 21% major complications overall) [21].
It is considered that the cardiovascular system and the respiratory
system have an equal role to in the pathogenesis of COVID-19
infection [22]. Although most suffer respiratory symptoms, a
considerable number of patients develop various cardiovascular
complications. In a study conducted by Gavioli et al. it has been
observed that approximately 20% of hospitalized infected patients
suffered cardiac injury defined by an increase in cardiac biomarkers
above the 99th-percentile upper reference limit [18] with the
appearance of acute coronary syndromes as a complication of
the COVID-19 infection [3]. The most common complications
are: arrhythmia, arterial and venous thromboembolism,
cerebrovascular injury, fulminant myocarditis and heart failure that
can evolve to cardiogenic shock [19,23-25]. One report of the Italian
National Institute of Health showed that a quarter of the patients
who died of COVID-19 had atrial fibrillation, ranking it as the fourth
most common pathology associated with these patients. The New
York State Department of Health reported that atrial fibrillation
ranked as the 7th most frequent comorbidity among the COVID-19
patients [26]. Holt et al. conducted an analysis of medical records in
Denmark by comparing the number of newly diagnosed cases with
atrial fibrillation during the first three months of 2019 and 2020.
There was a 47% decrease of newly diagnosed cases with atrial

fibrillation during the quarantine period, suggesting a concomitant
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increase in undiagnosed patients. In the case of these patients, the
lack of treatment can lead to complications of atrial fibrillation the
most feared being stroke, favored by the prothrombotic status in
COVID 19 patients [27].

Oneofthemechanismsinvolvedinthe occurrence ofarrhythmias
in COVID-19 patients is hypoxia, which causes anaerobic glycolysis,
resulting in reduced intracellular pH and increased cytosolic
calcium levels. This favors an early or delayed depolarization of the
myocyte and it can also cause a transient alteration of the duration
of the action potential. In addition, hypoxia also increases the
level of extracellular potassium, which lowers the depolarization
threshold and thus the electrical conduction is accelerated [28].
Another trigger for arrhythmias is the systemic inflammatory
process. This favors the formation of myocardial tissue fibrosis and
consequently the electrical properties of the atrial myocardium are
altered [11,29].

The screening and diagnosis of thromboembolism in
COVID-19 infected patients

In the case of COVID-19 infected patients, one of the main
challenges faced by physicians is the prevention and early diagnosis
of venous thromboembolism (VTE), given the fact that there is still
no standardized protocol to administrate anticoagulant treatment
to these patients [20]. Llitjos et al. suggest performing a systematic
screening for VTE and an early initiation of anticoagulation at
therapeutic doses in patients with severe COVID-19 infection due to
its increased thrombogenicity [29,30]. In the study made by Llitjos
et al. it was implemented a systematic screening strategy using
complete duplex ultrasound of the COVID-19 infected patients
treated in intensive care units between the first and 3rd day after
admission. The patients who were not diagnosed with VTE within
the first screening had the duplex ultrasonography repeated on
the 7th day. All patients received the anticoagulant treatment with
unfractionated heparin (UFH) or low molecular weight heparin
(LMWH) in prophylactic or therapeutic doses, depending on the
risk of thrombosis and bleeding associated with each patient.
The duplex ultrasonography was performed according to current
guidelines, assessing the venous circulation from the thigh to the
ankles. Pulmonary thromboembolism was systematically sought
in patients with persistent respiratory failure; they were evaluated
by pulmonary arteriography, by computed tomography or by trans-
esophageal echocardiography in the case of immovable patients.
The study reported an incidence of peripheral VTE of 69%, and of
pulmonary VTE of 23%. The proportion of patients with VTE was
significantly higher in the group treated with prophylactic doses
of anticoagulant than in the group treated with therapeutic doses
(100% vs. 56%) [30].

In a study conducted in 24 hospitals in France, in which 2878
patients with COVID-19 infection were hospitalized consecutively,
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1240 patients were admitted after the exclusion from the study of
those who did not undergo pulmonary angiography by computed
tomography to prove pulmonary thromboembolism and those
admitted directly to the intensive care unit. Of the 1240 patients,
8.3% were diagnosed with pulmonary thromboembolism and for
77.7% of them the diagnosis was confirmed within the first 48
hours of hospitalization [1]. Due to the fact that the incidence of
VTE is significant higher in COVID-19 infection, venous embolism
screening should be considered both in patients in a very severe
clinical condition with a need for admission into intensive care
units and for those with a less severe clinical condition. However,
such procedures are difficult to implement because these patients
are isolated [15].

The effects of anticoagulants in COVID-19 infected
patients

UFH and LMWH both have been shown to be the best
COVID-19 patients.
anticoagulant role, heparin also has the following 2 advantages:

anticoagulant agents for Besides its
an ability to bind to viral proteins and a participation in the down-
regulation of pro-inflammatory cytokines [31,32] which show high
levels in the COVID-19 infected patients [21]. Heparin appears
to have a direct antiviral activity by binding to the viral protein S
(spike) and prevents the virus from fusing with the angiotensin-
converting enzyme 2 receptor (ACE2) needed for intracellular
penetration. Thus heparin behaves as a competitive inhibitor
[14,33]. The ACE2 receptor is expressed both within the lungs and
at the level of the cardiovascular system and it has a critical role in
the cardioprotective function of the renin-angiotensin-aldosterone
system [34]. The genome of the COVID-19 virus has been identified
in post-mortem autopsy of cardiac anatomical samples, suggesting
a prompt viral infiltration of myocardial tissue during the infection
[35]. Also, in these samples it was observed a marked decrease in
the expression of ACE2 receptors simultaneously with an increase
in the number of inflammatory cells and the level of fibrosis
[9,36,37].

Given the fact that the ACE2 inhibitors represent an important
therapeutic line for heart disease with proven beneficial effects
and, at the same time, given the limitations of knowing the
interactions of the virus with these drugs, it is recommended
to continue the treatment with ACE2 inhibitors in patients with
clinical indications [20]. ACE2 should be consider “off-label” use
to treat those infected with COVID-19 to evaluate the effectiveness
of drugs that competitively block the ACE 2 receptor and make it
more difficult for coronavirus to enter cells [38]. Reduction of the
inflammatory response by heparin in COVID-19 infected patients
is achieved by inhibiting neutrophil activation, thus preventing
both the expression of inflammatory mediators in the vascular

endothelium and the proliferation of vascular smooth muscle cells
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[39]. Adam Torbicki’s editorial discusses how the inflammatory
response is a major determinant of pulmonary thromboembolism
in the COVID-19 infection [40].

According to the algorithm established by the European Society
of Cardiology in the management of COVID-19 coagulopathy, the
criteria for increased risk of thromboembolism includes: dyspnea,
Oxygen (02) saturation less than 90%, respiratory rate greater then
24 breaths/min, high level of C-reactive protein, increased values
of D-dimers, fibrinogen and platelets [4,41]. The International
Society of Thrombosis and Hemostasis and the American Society
of Hematology recommend that all patients hospitalized for the
COVID-19 infection should receive LMWH thromboprophylaxis
[17,42].

Tang et al. showed through a retrospective analysis of 449
patients infected with COVID-19, that the administration of LMWH
to 99 of them was correlated with a reduction in mortality. The
patients whose levels of D-dimers were more than 6 times the upper
limit of the normal had the same benefit. This report highlights
the benefit of starting the anticoagulant treatment in COVID-19
infected patients with a score of sepsis-induced coagulopathy = 4 or
with alevel of D-dimers > 3 pg/ml [43]. These results are reinforced
by another study that was conducted in 17 hospitals in Spain led
by Ayerbe et al. which also found that heparin administration
was associated with a lower mortality in patients with COVID-19
infection [44].

The impact of chronic anticoagulant treatment in
COVID-19 infected patients

For those patients on chronic oral anticoagulant treatment
for other pathologies, switching to LMWH or UFH during
COVID-19 infection is recommended, due to the anti-inflammatory
and antiviral properties of heparin. Also, due to the fact that
p-glycoprotein and cytochrome P450 pathways metabolize direct
oral anticoagulants (DOACs) and vitamin K antagonists (VKA), they
can cause drug interactions with the antiviral agents [18]. Tesa et
al. showed that the plasma levels of DOACs during the treatment of
COVID-19infected patients are 6 times higher during hospitalization
compared to the period before hospitalization, probably due
to drug-drug interactions. Unlike the oral anticoagulants, the
parenteral anticoagulants do not show major drug interactions

with antiviral drugs [45].

The thrombotic vascular processes complicate the severe
SARS-COV2 infection. The role of chronic anticoagulant therapy
before COVID-19 infection and its impact in decreasing the
thrombotic risk has not been systematically studied yet. Therefore,
Lachant et al. suggested in a retrospective study that the chronic
anticoagulant treatment received for at least 1 month before the
COVID-19 infection may protect against new thrombotic events and
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may decrease the severity of the disease. In this study, 61% of the
patients did not require hospitalization. Although these patients
were at increased risk of developing new thrombosis, they did not
experience any new thrombotic events. Also, the anticoagulant
treatment did not cause any unexpected bleeding, nor was there an
increased rate of bleeding. Another finding was that for hospitalized
patients the median level of D-dimers was lower when compared to
other cohorts of hospitalized patients reported in the literature [46].
Middeldrop et al. followed 198 patients hospitalized for COVID-19,
20% of whom were diagnosed with venous thromboembolism
in the first 7 days of hospitalization, although they were given
anticoagulant therapy at prophylactic doses. For them, the
cumulative incidence of venous thromboembolism at 7, 14 and 21
days was of 16%, 33%, respectively 42%. They mentioned that no
thrombotic events were found in hospitalized patients who were
already using chronic anticoagulant therapy [47]. Consistent with
the above-mentioned results, Possy et al. showed that out of the
22 patients with severe acute respiratory syndrome coronavirus
2 (SARS-COV2) whose evolution was complicated by pulmonary
thromboembolism, only 2 of them were on chronic anticoagulant
therapy [48]. In addition to this data, in the report by Klok et al.
conducted on 184 patients, it was observed that the incidence of
pulmonary thromboembolism was lower in chronic anticoagulated
patients [49]. Similarly, Fauvel et al. included in a multicenter study
1240 patients hospitalized consecutively for COVID-19 infection,
afterward they observed that the inpatients that were treated
with anticoagulant agents previously to the infection had a lower
rate of pulmonary thromboembolism. Of the patients included in
the study, 103 (8.3%) developed pulmonary thromboembolism.
136 patients (11%) took chronic anticoagulant medication with
heparin, VKA or DOACs, and only 5 of them (4.9%) developed
pulmonary thromboembolism [1].

The American College of Cardiology considers it reasonable to
extend the period of thromboembolic prophylaxis after discharge
for the high-risk patients (reduced mobility, increased level of
D-dimers at discharge, associated comorbidities) [3]. For the
outpatientsitis recommended to use bleeding scores along with risk
scores for venous thromboembolism following by treatment with
apixaban 2.5 mg twice daily or rivaroxaban 10 mg daily for 2 weeks
[18]. For those conditions with a chronic need for anticoagulation
medication, the current crisis brings multiple arguments in favor
of DOACs for patients without contraindications. For those patients
who took VKA drugs for a long time, this represents an opportunity
to change the treatment to DOACs. Hermans et al. recommended that
the point-of-care devices should be implemented for measuring the
International normalized ratio of prothrombin time (INR) value for
patients who must remain on VKA drugs (such as advanced chronic
kidney disease, mechanical valve prostheses and antiphospholipid
syndrome) [50]. The importance of this fact is underlined by Speed
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et al. who observed that the coumarin overdose is more common
in quarantined patients when compared to the period when people

could easily go to the medical analysis laboratory.

Due to this current situation, a communication system with
three important components has been developed:

i. a structured teleconsultation (‘Tele’);

ii. an app-based on-demand heart rate and rhythm

monitoring infrastructure (‘Check’); and

iii. comprehensive AF management (‘AF’) (TeleCheck-AF) to
speak easily with patients who are known with atrial fibrillation
to transmit the INR value to the medical staff. It is a recently
implemented program so, it has not been possible to assess its
effectiveness in controlling the INR value so far.

Conclusions

All the studies have shown the benefit of LMWH in patients
with thromboembolic risk factors and hospitalized for COVID-19
infection. Heparin has other favorable effects besides the
anticoagulant one: direct antiviral activity and anti-inflammatory
effect. The risk of bleeding should be assessed according to each

patient.

D-dimers can be used as an important tool in the clinical trial
of each case, having the following advantages: predictive value of
identifying thrombosis and, at high level significant correlation with
the infection severity and with the progression to acute respiratory
distress syndrome coronavirus 2 and also with mortality. The
patients thatare already receiving chronic anticoagulant therapy for
other pathologies have a better outcome of the COVID-19 infection
and have a lower rate of adverse events. During the treatment of the
infection, itis indicated to change the oral anticoagulant medication
with the parenteral one. This crisis has mobilized the medical
system for the development of telemedicine for a good access to the
medical services to monitor patients evolution.
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