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Thrombosis, an important piece in the COVID-19 puzzle:
From pathophysiology to therapy
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ABSTRACT

A lot of data about coronavirus disease 2019 (COVID-19) have been already published; however, these still form only a part of the pandemic
puzzle. Once we have all the pieces of the puzzle, we will be able to successfully treat this disease with its multiple challenges. COVID-19 has
a high thrombogenic potential. In this study, we aimed to review published data about COVID-19 associated thrombosis from pathophysiology
to treatment and the role in patient evolution. We searched for articles and studies published online through MEDLINE/PubMed database,
Google Scholar, ScienceDirect, Wiley Online Library, and Nature Public Health Emergency Collection. We found numerous articles regarding
COVID-19 infection but selected only those focused on thrombosis. D-dimers have a predictive value in identifying thrombosis and a high level
correlates with the severity of the infection and death. Most patients who were on chronic anticoagulant therapy before contracting 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. COVID-19 infections are frequently complicated by thrombotic pathology. High plasma level of D-dimers is a predictive factor for severe
prognosis, and the recommended anticoagulant, associated with low mortality, is heparin followed by a direct oral anticoagulant. Randomized

studies in large groups of patients and therapeutic guidelines are still needed on this subject.
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Introduction

Coronavirus disease 2019 (COVID-19) infection has spread
across the globe in an exponential manner causing the onset of
a public health crisis and has quickly been declared a pandemic.
More than ever, monitoring and diagnosing patients with this
disease involves multidisciplinary teams. Tele-diagnosis and
tele-monitoring are the only way to follow up quarantined
patients for information about their status, progress, and recov-
ery. Each patient will have a personalized diagnosis and treat-
ment in correlation with the acute infectious disease and a his-
tory of associated diseases. Therefore, it is important to inte-
grate a wide spectrum of published information and the results
of the studies published thus far with the current medical prac-
tice as soon as possible.

In patients with COVID-19 infection, a high diversity of clini-
cal signs and symptoms, ranging from no symptoms to intersti-
tial pneumonia and progression to acute respiratory distress
syndrome, accompanied by multiple system and organ failure
can be observed (1, 2). Although pulmonary pathology is most
common, cardiac injury is an important piece of the puzzle, fre-
quently accompanied by thrombotic vascular complications.
One of the biggest challenges facing the medical staff caring for
patients with COVID-19 is the prevention and early diagnosis of
vascular thromboembolism.

As this infection is recent, clinicians are currently facing a
lack of systemized information related to the pathophysiology of
the virus and its complications. Therefore, we selected publica-
tions on thromboembolic complications in patients with COVID-
19, correlated them, and attempted to connectthe data. Although
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HIGHLIGHTS

e In patients with coronavirus disease 2019 (COVID-19),
endothelial inflammation is the trigger factor for throm-
bogenesis.

e Another mechanism of thrombus formation is the
immune and nonimmune cellular response to the viral
infection that creates an imbalance between pro and
anticoagulant factors.

e The D-dimer level is correlated with prognosis and mor-
tality.

e Heparin seems to be the best anticoagulant agent for
patients with COVID-19 with a direct antiviral activity.

* Alotof advancements have occurred in telemedicine to
cope with the COVID-19 pandemic.

a remarkable progress has been made since the onset of the
pandemic, randomized studies in large groups of patients and
development of therapeutic guidelines are still needed.

Materials and methods

We reviewed more than 190 abstracts, articles, and studies
published on online platforms, such as MEDLINE/PubMed data-
base, Google Scholar, ScienceDirect, Wiley Online Library, and
Nature Public Health Emergency Collection. Of these, we
selected only b3 articles that included articles that provided use-
ful information on daily medical practice, studies that analyzed
the pathophysiology of thrombus formation, and analyzed the
risk factors for an unfavorable course of COVID-19 infection; and
we discussed the stratification of the risk of pulmonary throm-
boembolism, the cardiovascular complications, the importance
of D-dimers, and the effects of anticoagulant therapy in these
patients. Remote monitoring strategies for patients with a
chronic need for oral anticoagulant treatment were also noted.
There was difficulty in maintaining the therapeutic value of
international normalized ratio of prothrombin time (INR) in quar-
antined patients.

Results and discussion

A total of 2,784 related abstracts, articles, and studies were
identified from the database. Of these, we excluded 721 repeti-
tive publications. Of these, 531 records were excluded after the
title or abstract review as they did not refer to the complications
of the disease that we wanted to focus on. Furthermore, 142
articles were excluded because the main discussion was not
related to our aims, they were not applicable in daily medical
practice, they were clinical cases or a series of clinical cases,
they were studies with fewer than 10 patients, or were articles
with poor English translation. The remaining 53 studies and
articles were closely evaluated and are cited in this review (Fig.

1) (3).

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 consist of blood flow abnormalities, vas-
cular wall abnormalities, and the presence of circulating pro-
coagulant compounds (4). Blood flow is altered by venous stasis
caused by the prolonged bedrest (5). In COVID-19 associated
coagulopathy, there is vascular inflammation and large endothe-
lial 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
D-dimers, followed by platelet activation, aggregation, and
thrombin generation which lead to the recruitment of the circu-
lating platelets and the formation of thrombus (4). Thus, the high
platelet reactivity has an important contribution in the occur-
rence of COVID-19 coagulopathy (6). In acute coronary syn-
dromes, endothelial dysfunction, high platelet reactivity, and
oxidative stress are significantly correlated (7, 8); although in
patients with COVID-19 infection, endothelial inflammation is the
trigger factor in the exacerbation of all these factors (9, 10).

In addition, the viral infection triggers an immune and nonim-
mune cellular response that creates an imbalance between pro
and anticoagulant factors - another main mechanism of throm-
bus formation in COVID-19 infection (4).

The inflammation from the viral infection injures the vascular
endothelium, increases the concentration of the von Willebrand
factor, and activates toll-like receptors and the tissue factor
leading to the onset of the coagulation cascade with formation
of a fibrin clot (11). Inflammation can determine the expression
of tissue factor at the level of the atrial endothelium too, thus
stimulating the formation of intra-atrial thrombi (12, 13). The
physiological response to the excessive activity of the coagula-
tion cascade determines the disruption of the fibrin clot, leading
to the release of D-dimers (10).

In patients with COVID-19, the D-dimer level has a good pre-
dictive value in identifying arterial or venous thrombosis (14, 15)
and also correlates with the severity of disease, development of
acute respiratory distress syndrome, and mortality (15). According
to Al-Ani et al. (2), D-dimers have a dynamic evolution, their level
increasing with the progression of the disease, and are signifi-
cantly correlated with severe prognosis and mortality (16).

In COVID-19 coagulopathy, plasma levels of fibrinogen and
platelet counts are, in the most patients, normal or elevated, dif-
fering from the disseminated intravascular coagulation charac-
terized by low plasma fibrinogen levels and thrombocytopenia.
This explains the lower incidence of bleeding in patients treated
with anticoagulants. The occurrence of thrombocytopenia in
patients with COVID-19 is a strong prognostic factor of the evo-
lution toward multiple organ failure and disseminated intravas-
cular coagulopathy (DIC). In patients with COVID-19, the severe
evolution with DIC seems to be the result of cumulative factors
that induce sepsis and prothrombotic status (4, 17).



Bobescu et al.

Anatol ) Cardiol 2021; 25: 601-8
Thrombosis in the COVID-19

DOI:10.5152/ AnatolJCardiol.2021.475

603

Records identified through Additional records identified
c database searching through other sources
=] - -
= (n=2784) (n=0)
©
=
=
-
=
]
= v h 4
___J Records after duplicates removed
(n=721)
A 4
a0
E Records screened Records excluded
g (n=721) —> (n=531)
o
v
Full-text articles excluded,
with reasons
(n=142)
\ 1 - main discussion
. different from our aims
= Full-text articles assessed -
= - (n=49)
® for eligibility _| 2-not applicable in daily
w (n=190) | medical practice (n = 18)
2 —clinical cases or series
of clinical cases (n = 54)
———
3 - studies whit fewer
then 10 patient (n= 15)
4 — articles whit poor
\ English translation (n = 6)
§ Studies and articles
% included in qualitative
£ synthesis
(n=53)

Figure 1. The flow diagram showing the selection process according to the preferred reporting items for systematic reviews and meta-analysis

statement (3)

Finally, in COVID-19 infection, the platelets, in addition to
their prothrombotic action mediated by classical platelet recep-
tors, also have a platelet receptor-mediated hemostatic effect
with an important role in the endothelial barrier protection and
micro-vascular integrity (18).

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

Patients with cardiac pathology or cardiovascular risk fac-
tors (such as old age, diabetes, or neoplastic disease) are sus-

ceptible to an unfavorable evolution toward COVID-19 infection.
At the same time, the COVID-19 infection itself can lead to many
cardiovascular diseases (19-21). Inciardi et al. (22) conducted
the first clinical study that described the characteristics and
evolution of patients with a history of cardiac pathology and
COVID-19 pneumonia. The study was conducted on the popula-
tion of northern Italy and it concluded that patients with heart
disease hospitalized for COVID-19 had a poorer prognosis com-
pared with patients without a history of cardiac pathology. They
had a higher rate of mortality, thromboembolic events, and sep-
tic shock (36% vs. 15% mortality and 57% vs. 21% major compli-
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cations overall). It is believed that the cardiovascular and respi-
ratory systems have an equal role to play in the pathogenesis of
COVID-19 infection (23). Although most suffer respiratory symp-
toms, a considerable number of patients develop various cardio-
vascular complications. In a study conducted by Gavioli et al.
(19) it was 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) with the appearance of acute coronary syndromes as a
complication of COVID-19 infection (4). The most common com-
plications were arrhythmia, arterial and venous thromboembo-
lism (VTE), cerebrovascular injury, fulminant myocarditis, and
heart failure that could evolve to cardiogenic shock (20, 24, 25).
Neurological signs, including headaches, anosmia, nausea, dys-
geusia, damage to respiratory centers, and cerebral infarction
were also reported in patients with severe acute respiratory
syndrome coronavirus 2 (SARS-Cov-2) infection (26). One report
of the Italian National Institute of Health showed that 25% 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 seventh most frequent comorhid-
ity among patients with COVID-19 (27). Holt et al. (28) conducted
an analysis of medical records in Denmark by comparing the
number of newly diagnosed patients with atrial fibrillation during
the first three months of 2019 and 2020. There was a 47%
decrease of newly diagnosed patients with atrial fibrillation dur-
ing the quarantine period, suggesting a concomitant increase in
undiagnosed patients. In these patients, a lack of treatment
could lead to complications of atrial fibrillation, the most feared
being stroke, favored by the prothrombotic status in patients
with COVID 19.

One of the mechanisms involved in the occurrence of
arrhythmias in patients with COVID-19 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 can also cause a
transient alteration of the duration of the action potential. In
addition, hypoxia also increases the level of extracellular potas-
sium, which lowers the depolarization threshold and thus accel-
erates electrical conduction (29).

Another trigger for arrhythmias is the systemic inflammatory
process. This favors the formation of myocardial tissue fibrosis
and consequently alters the electrical properties of the atrial
myocardium (12, 30).

Screening and diagnosis of thromboembolism in
patients with COVID-19 infection

One of the main challenges faced by physicians in patients
with COVID-19 is the prevention and early diagnosis of VTE given
the fact that there is still no standardized protocol to administer
anticoagulant treatment to these patients (21). Llitjos et al. (31)
have suggested performing systematic screening for VTE and
early initiation of anticoagulation at therapeutic doses in patients

with severe COVID-19 infection because of its increased throm-
bogenicity. In this study, a systematic screening strategy using
complete venous Doppler echography of patients with COVID-19,
treated in intensive care units between the first and third day
after admission, was implemented. The patients who were not
diagnosed with VTE during the first screening had venous
Doppler echography repeated on the seventh day. All the
patients received anticoagulant treatment with unfractionated
heparin (UFH) or low molecular weight heparin (LMWH) in pro-
phylactic or therapeutic doses, depending on the risk of throm-
bosis and bleeding associated with each patient. Venous
Doppler echography was performed according to current guide-
lines, assessing the venous circulation from the thigh to the
ankles. Pulmonary thromboembolism was systematically sought
in patients with persistent respiratory failure who were evalu-
ated using pulmonary arteriography, computed tomography, or
trans-esophageal echocardiography if they were immobile. The
study reported 69% incidence of peripheral VTE and 23% pulmo-
nary VTE. The proportion of patients with VTE was significantly
higher in the group treated with prophylactic doses of antico-
agulant than in the group treated with therapeutic doses (100%
vs. 56%) (31).

In a study conducted in 24 hospitals in France, including
2,878 patients with COVID-19 infection who were hospitalized
consecutively, 1,240 patients were admitted into the study after
excluding those who did not undergo pulmonary angiography or
computed tomography to prove pulmonary thromboembolism
and those who were admitted directly to the intensive care unit.
Of the 1,240 patients, 8.3% were diagnosed with pulmonary
thromboembolism, and the diagnosis was confirmed within the
first 48 hours of hospitalization in 77.7% (1).

Owing to the fact that the incidence of VTE is significantly
higherin COVID-19 infection, venous embolism screening should
be considered, both in patients with a very severe clinical condi-
tion with a need for admission to intensive care units and for
those with a less severe clinical condition. However, such pro-
cedures are difficult to implement because these patients are
isolated (16).

Effects of anticoagulants in patients with
COVID-19 infection

UFH and LMWH have both been shown to be the most effec-
tive anticoagulant agents for patients with COVID-19. Along with
its anticoagulant role, heparin has the following two advantages;
the ability to bind to viral proteins and participate in the down-
regulation of proinflammatory cytokines (32, 33), whose levels
are high in patients with COVID-19 infection (22).

Heparin appears to have a direct antiviral activity by binding
to the viral protein S (spike) preventing the virus from fusing with
the angiotensin-converting enzyme 2 (ACE2) receptor needed
for intracellular penetration. Thus, heparin behaves as a com-
petitive inhibitor (15, 34, 35). The ACE2 receptor is expressed
both within the lungs and at the level of the cardiovascular
system and has a critical role in the cardioprotective function of
the renin-angiotensin-aldosterone system (36). The genome of
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the COVID-19 virus has been identified in postmortem autopsy of
cardiac anatomical samples, suggesting a prompt viral infiltra-
tion of the myocardial tissue during infection (37). A marked
decrease in the expression of ACE2 receptors simultaneously
with an increase in the number of inflammatory cells and the
level of fibrosis was also observed in these samples (10, 38, 39).

Given the fact that ACE2 inhibitors represent an important
therapeutic line for heart disease with proven beneficial effects
and given the limitations of knowing the interactions of the virus
with these drugs, continuing the treatment with ACE2 inhibitors
in patients with clinical indications is recommended (20). Data
about the use of ACE inhibitors (ACEls) or angiotensin-receptor
blockers (ARBs) in COVID-19 infection for prevention and treat-
ment are contradictory. Some studies have suggest that ACEls/
ARBs may exacerbate the effects of the infection, whereas oth-
ers with results from animal studies and clinical trials have
highlight their efficacy during COVID-19 infection in patients
with other comorbidities, such as heart failure, hypertension,
diabetes, and renal disease. Most of these studies have demon-
strated the effectiveness of ACEls or ARBs in preventing COVID-
19 viral entry by stabilizing ACE2-AT1R interaction and prevent-
ing the viral protein-ACE2 interaction and internalization.
However, some studies have also demonstrated that SARS-
CoV-2 down-regulates ACE2 expression and thus decreases the
protective effects of ACE2 on different organs (40, 41).

Reduction of the inflammatory response by heparin in
patients with COVID-19 is achieved by inhibiting neutrophil acti-
vation, preventing both the expression of inflammatory media-
tors in the vascular endothelium and the proliferation of vascu-
lar smooth muscle cells (42). Adam Torbicki’s (43) editorial has
discussed how the inflammatory response is a major determi-
nant of pulmonary thromboembolism in COVID-19 infection.

According to the algorithm established by the European
Society of Cardiology in the management of COVID-19 coagu-
lopathy, the criteria for increased risk of thromboembolism
include dyspnea; oxygen saturation less than 90%; respiratory
rate greater than 24 breaths/min; high level of C-reactive protein;
and increased values of D-dimers, fibrinogen, and platelets (5,
44). The International Society of Thrombosis and Hemostasis
and the American Society of Hematology recommend that all
the patients hospitalized with COVID-19 infection should receive
LMWH for thromboprophylaxis (18, 45).

Tang et al. (46) have shown through a retrospective analysis
of 449 patients infected with COVID-19, that in 99 of these
patients, the administration of LMWH was correlated with a
reduction in mortality. The patients whose levels of D-dimers
were more than six times the upper limit of normal had the same
benefit. This report highlighted the benefit of starting anticoagu-
lant treatment in patients with COVID-19 with a score of sepsis-
induced coagulopathy >4 or with a level of D-dimers >3 pg/ml.
These results are reinforced by another study that was con-
ducted in 17 hospitals in Spain led by Ayerbe et al. (47), which
also found that heparin administration was associated with a
lower mortality in patients with COVID-19 infection.

Impact of chronic anticoagulant treatment in
patients with COVID-19 infection

For patients on chronic oral anticoagulant treatment for
other pathologies, switching to LMWH or UFH during COVID-19
infection is recommended because of the anti-inflammatory and
antiviral properties of heparin. Moreover, as p-glycoprotein and
cytochrome P450 pathways metabolize direct oral anticoagu-
lants (DOACs) and vitamin K antagonists (VKA), they can cause
drug interactions with the antiviral agents (19). Testa et al. (48)
have shown that the plasma levels of DOACs during the treat-
ment of patients with COVID-19 are six times higher during
hospitalization than in the period before hospitalization, proba-
bly owing to drug—drug interactions. Unlike the oral anticoagu-
lants, the parenteral anticoagulants do not show major drug
interactions with antiviral drugs.

The thrombotic vascular processes complicate severe
SARS-COV-2 infection. The role of chronic anticoagulant therapy
before COVID-19 infection and its impact in decreasing the
thrombotic risk has not yet been systematically studied.
Therefore, Lachant et al. (49) have suggested in a retrospective
study that chronic anticoagulant treatment received for at least
1 month before COVID-19 infection may protect against new
thrombotic events and 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 thrombaosis, they did not experience any new thrombotic
events. Furthermore, 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 compared with that of other
cohorts of hospitalized patients reported in the literature.
Middeldorp et al. (50) have followed 198 patients hospitalized for
COVID-19, 20% of whom were diagnosed with VTE in the first 7
days of hospitalization, although they were given anticoagulant
therapy at prophylactic doses. For them, the cumulative inci-
dence of VTE at 7, 14, and 21 days was of 16%, 33%, and 42%,
respectively. They mentioned that no thrombotic events were
found in hospitalized patients who were already using chronic
anticoagulant therapy. Consistent with the above-mentioned
results, Poissy et al. (51) have shown that of the 22 patients with
SARS-COV-2 whose evolution was complicated by pulmonary
thromboembolism, only two were on chronic anticoagulant
therapy. In addition to this data, in a report by Klok et al. (52) on
184 patients, it was observed that the incidence of pulmonary
thromboembolism was lower in patients on chronic anticoagula-
tion treatment. Similarly, Fauvel et al. (1), in a multicenter study
including 1,240 patients hospitalized consecutively for COVID-19
infection, have observed that inpatients treated with anticoagu-
lant agents before the infection had a lower rate of pulmonary
thromboembolism. Of the patients included in the study, 103
(8.3%) developed pulmonary thromboembolism; and 136 (11%)
patients were on chronic anticoagulation treatment with hepa-
rin, VKA, or DOACs, and only 5 (4.9%) of them developed pulmo-
nary thromboembolism.
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The American College of Cardiology considers it reason-
able to extend the period of thromboembolic prophylaxis after
discharge for high-risk patients (reduced mobility, increased
level of D-dimers at discharge, and associated comorbidities)
(4). For outpatients, using bleeding scores along with risk
scores for VTE followed by treatment with apixaban 2.5 mg
twice daily or rivaroxaban 10 mg daily for 2 weeks is recom-
mended (19). For those with a chronic need for anticoagulants,
the current crisis brings multiple arguments in favor of DOACs
for patients without contraindications. For patients on long-
term VKA drugs, this represents an opportunity to change to
DOACs. Hermans and Lambert (53) have recommended that
point-of-care devices should be implemented for measuring
the INR value for patients who must remain on VKA drugs
(such as those with advanced chronic kidney disease, mechan-
ical valve prostheses, and antiphospholipid syndrome). The
importance of this fact is underlined by Speed et al. (54) who
observed that coumarin overdose is more common during
quarantine than in the period when people could easily go to
the medical analysis laboratory. Owing to this current situa-
tion, a communication system with three important compo-
nents has been developed: (a) a structured teleconsultation
(‘Tele’); (b) an app-based on-demand heart rate and rhythm
monitoring infrastructure (‘Check’); and (c) comprehensive AF
management ('AF’) (TeleCheck-AF) to speak easily with patients
who are known to have atrial fibrillation to transmit the INR
value to the medical staff. It is a recently implemented program
and therefore it has not been possible to assess its effective-
ness in controlling INR values thus far (55).

Conclusion

D-dimers can be used as an important tool in the clinical trial
of each case, having the following advantages; predictive value
for identifying thrombosis, and at high levels, significant correla-
tion with infection severity, progression to SARS-CoV-2, and,
mortality.

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 along with antico-
agulation, including direct antiviral activity and anti-inflammato-
ry effect. The risk of bleeding should be assessed for each
patient.

Patients already receiving chronic anticoagulant therapy for
other pathologies have a better outcome for COVID-19 infection
and have a lower rate of adverse events. During the treatment of
the infection, oral anticoagulant medication must be changed to
parenteral treatment.

This crisis has mobhilized the medical system to develop a
telemedicine system for effective access to medical services
and to monitor patient evolution.
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