§ sciendo

Journal of
J l M Interdisciplinary
Medicine

MINI REVIEW CARDIOLOGY // INFECTIOUS DISEASES

COVID-19 and Thrombosis Predisposition

Renata Gerculy', Camelia Libenciuc!, Nora Rat'2, Monica Chitu'2, Imre Benedek'2

1 Clinic of Cardiology, Emergency Clinical County Hospital, Targu Mures, Romania
2 Center of Advanced Research in Multimodality Cardiac Imaging, CardioMed Medical Center, Targu Mures, Romania

CORRESPONDENCE

Camelia Libenciuc

Str. Gheorghe Marinescu nr. 50
540136 Targu Mures, Romania

Tel: +40 265 212 1M

E-mail: camelialibenciuc@gmail.com

ARTICLE HISTORY

Received: August 3, 2020
Accepted: September 5, 2020

Renata Gerculy - Str. Gheorghe Marinescu nr. 50,
540136 Targu Mures, Romania. Tel: +40 265 212 111,
E-mail: gerculy_renata@yahoo.com

Nora Rat - B-dul 22 Decembrie 1989 nr. 76, 540124
Targu Mures, Romania. Tel: +40 265 217 333, E-mail:
ratnora@gmail.com

Monica Chitu « B-dul 22 Decembrie 1989 nr. 76,

540124 Targu Mures, Romania. Tel: +40 265 217 333,

E-mail: iulia.chitu@yahoo.com

Imre Benedek - Str. Gheorghe Marinescu nr. 38,

540139 Targu Mures, Romania. Tel: +40 265 215 551,

E-mail: imrebenedek@yahoo.com

ABSTRACT

The novel coronavirus disease first appeared in Wuhan (China) is an infectious disease spread-
ing throughout the world, causing life-threatening conditions in vulnerable or even healthy indi-
viduals. The great impact of this virus on healthcare urges physicians to investigate all aspects
of the disease in order to overcome its complications. A particularly investigated aspect of the
SARS-CoV-2 infection is represented by the coagulation disorders among infected and critically
ill patients. Several studies observed modified blood coagulation parameters such as D-dimers,
fibrinogen, and coagulation times. Moreover, the severe thrombotic complications, mainly pul-
monary embolism, could be responsible for the high mortality and poorer outcomes of COVID-19
infected patients. The aim of this article is to present the current knowledge related to thrombo-
sis predisposition in patients infected with the new coronavirus.
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INTRODUCTION

COVID-19, the disease caused by the 2019 new coronavirus, first appeared in
December 2019 and has since developed into a pandemic. To this date, the
virus has caused the death of more than 500,000 people worldwide, and the
pandemic shows no signs of slowing down. It is extremely challenging for cli-
nicians and healthcare workers at the forefront to treat such patients with an
increasing variety of symptoms. The novel coronavirus may potentially cause a
mild upper respiratory tract disease similar to the common cold, or could lead
to serious complications which include acute respiratory distress syndrome
(ARDS), systemic inflammatory response syndrome (SIRS), multiple organ
failure (MOF), and cardiogenic shock. Although the whole pathophysiological
chain of this virus affecting the organism is not yet fully clarified, there is an
observation that COVID-19 infected patients could be exposed to a higher risk
of thromboembolic events. The large number of infected people worldwide
and the greater impact of the pandemic on society as a whole, require thorough
investigation into all aspects of the novel coronavirus disease. After the first
months of fighting with the virus, it was hypothesized that coagulation abnor-
malities associated with the infection could contribute to increased mortality
in COVID-19 patients.
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The new coronavirus has a known strain, SARS-CoV
from the early 2000s, which infected 8,000 people and
killed 774 of them, resulting in a case fatality rate of 9.6%.
Then, a few years later, in 2012, microbiologists isolated
another strain in the Middle East, the MERS-CoV, which,
compared to SARS-CoV, has a higher case fatality rate of
about 35%.1:2 The novel coronavirus strain that appeared in
Wuhan in December 2019 was designated by the WHO as
COVID-19, and it infected more people than its two pre-
decessors, by several orders of magnitude. The estimated
case fatality rate of the novel strain causing the current
pandemic is above 7%. The clinical features range from as-
ymptomatic to severe life-threatening manifestations. It is
important to highlight that the patients’ age, health status,
and underlying conditions are important factors for the
outcome of the disease. Accordingly, patients presenting
comorbidities such as hypertension, diabetes mellitus, kid-
ney failure, pulmonary diseases, and neurologic diseases
are at a higher risk of poor outcomes.3-5> Moreover, accord-
ing to several studies, there is a higher predisposition to
COVID-19 infection in patients with preexisting cardio-
vascular diseases.!

UNDERSTANDING COVID-19 PATHOGENESIS

To enter human host cells, COVID-19 binds to the angio-
tensin-converting enzyme 2 (ACE2) receptor membrane
protein. Given the large number of ACE2 receptors in lung
alveolar endothelial cells, once it enters the human body
through the respiratory tract, it disrupts the lung’s protec-
tive lining, causing the severe respiratory symptoms men-
tioned above.! There are many other receptors mediating
the entry of COVID-19 into the human cell, these being an
organic part of the endothelium, which suggest the capi-
tal role of the endothelium in virus pathogenicity. There-
fore, an important role of the drugs currently used to treat
COVID-19 is to improve endothelial function.*-¢ Acute
infections represent temporary risk factors for thrombo-
embolic events, COVID-19 being an important trigger in
this regard. The infection-induced cytokine storm medi-
ated through IL-6, IL-8, IL-10, IL-20, TNF-qa, as well as
other inflammatory cytokines and chemokines, may initi-
ate a series of pathophysiological processes in the body,
precipitating a systemic inflammatory response syndrome
(SIRS).+89 The resulting sepsis, associated with hypoxia
and immobilization, may induce a procoagulant state,
leading to diffuse intravascular coagulation (DIC). DIC oc-
curs when high amounts of cytokines activate monocytes
and endothelial cells, followed by tissue factor activation
and secretion of von Willebrand factor.19-12 Moreover, the
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presence of free thrombin in the blood stream and the lack
of control of the natural anticoagulants lead to platelet ac-
tivation and stimulation of fibrinolysis.!? The resulting hy-
percoagulable state associates to the other two elements
of Virchow’s triad present in severe COVID-19 patients:
venous stasis and blood vessel wall injury as a result of
ARDS.13.14

The International Society of Thrombosis and Haemo-
stasis overt DIC (ISTH overt DIC) specifies DIC in sepsis
as a coagulation disorder induced by infection, represent-
ing an acute systemic inflammatory response leading to
endothelial injury, circulatory abnormalities, and subse-
quent tissue injury, which reduces life expectancy of the
affected patients.!> The DIC Scientific and Standardiza-
tion Committee (SSC) proposed a new diagnostic criteria
for the earlier recognition of DIC, called “sepsis-induced
coagulopathy” (SIC). According to several studies, both
ISTH overt DIC and SIC scoring systems could be useful
to identify patients at a higher risk for coagulation disor-
ders, by observing PLT count, FDP/D-dimer, PT, fibrino-
gen, and SOFA score. As several studies described, almost
three quarters of COVID-19-related deaths are meeting
ISTH criteria for DIC, compared to survivors in whom this
rate is only 0.6%.13

Additionally, a common finding in severe COVID-19 pa-
tients is T lymphocytopenia. It has been suggested that the
virus may damage lymphocytes, mainly T lymphocytes,
possibly explaining why elderly or immunocompromised
individuals with one or multiple comorbidities are at high-
er risk to develop venous thromboembolism (VTE).39

Several animal studies have investigated the effects of
viral infections on the coagulation process, and they ob-
served that macaques inoculated with Ebola virions ex-
pressed TF in mononuclear phagocytes, thus triggering
the activation of the coagulation system. Moreover, this
and other animal models showed histological evidence of
fibrin deposits in multiple organs such as the spleen, liver,
lungs, and kidneys.!617 These fibrin deposits could be as-
sociated with activated macrophages, which in turn are
attracted by infected cells, demonstrating the interplay
between inflammatory cells and the advent of systemic
coagulopathy. In another experiment, mice infected with
influenza virus showed platelet aggregation, pulmonary
microvascular thrombosis, endothelial dysfunction, and
hyperinflammatory cytokine responses. Therefore, the
main mechanisms contributing to clot formation and fi-
brin deposition seem to be: increased activation of the
procoagulant pathways, decreased activation of the physi-
ological anticoagulants, and the suppression of fibrinolytic
pathways.!”
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STATUS QUO OF THE CURRENT SITUATION

Autopsy reports from the Department of Pathology at LSU
Health Sciences Center, New Orleans revealed some nota-
ble findings from COVID-19-related deaths. Gross exami-
nation of the lungs showed areas of thrombosis in periph-
eral small vessels. Microscopically, they found thrombotic
microangiopathy and extensive extracellular fibrin deposi-
tion in the lung tissue. The most significant finding of heart
examination was dilatation of the right cavities, indicating
an increased pulmonary pressure possibly due to submas-
sive pulmonary embolism. The patients were treated in the
ICU and showed multiple underlying diseases such as obe-
sity grade II-III, hypertension, diabetes mellitus type II,
or chronic kidney disease.!8

A study published in the Journal of Thrombosis and
Hemostasis by Tang et al. investigated laboratory find-
ings of 183 patients with confirmed novel coronavirus
pneumonia (NCP).!® The mortality rate was 11%. They
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compared the coagulation parameters including platelet
count, prothrombin time (PT), activated partial thrombo-
plastin time (APTT), antithrombin activity (AT), fibrino-
gen, fibrin degradation product (FDP), D-dimer levels,
and the DIC score between survivors and non-survivors.
The study showed increased levels of FDP and D-dimers
in non-survivors compared to survivors. A longer PT and
APTT was also observed in non-survivors. Afterwards, a
DIC score (ISTH Criteria For Disseminated Intravascular
Coagulation) greater than 5 points was present in 71.4% of
deceased patients, compared to 0.6% of survivors. At the
same time, in severe cases of NCP, the elevated levels of
fibrin-related markers were associated with higher risk of
death, highlighting the role of coagulation activation and
secondary hyperfibrinolitic status for patient outcomes.!?
A multicenter prospective cohort study from France
compared the occurrence of thrombotic events between
patients admitted to intensive care units (ICU) with CO-

TABLE 1. Outcomes of the main studies with endpoints related to coagulation abnormalities in COVID-19 patients
Study Study Mean Clinical Comorbidities Incidence of Analyzed Patient
population/ age of diagnosis coagulation parameter for outcomes
number of the study abnormalities coagulation
included population disorder
patients (years)
Fox et al.’® 4 44-76 ARDS Hypertension Thrombotic Gross Autopsy reports
(April 2020) Type Il diabetes microangiopathy  examination
Chronic kidney in all cases* and microscopy
disease examination of
Obesity class 2-3 the lungs and
myocardium
Tang et al.®® 183 541 NCP Chronic cardiovascular PT, APTT, AT, 11.5% died
(February 2020) cerebrovascular, liver fibrinogen, FDP,  42.6% discharged
and kidney disease D-dimer 45.9% remained
Malignant tumor hospitalized in
stable condition
Helms et al.2 383 63 COVID-19 ARDS Cardiovascular 16.7% PLT, APTT, PT, No data available
(March 2020) Non-COVID-19  diseases (48%) INR, D-dimers,
ARDS Neurological diseases fibrinogen, AT
Kidney disease
Spiezia et al.® 22 67 COVID-19 with Obesity (86%) Significantly Hb, PLT, PT/INR, 1 patient of 22
(April 2020) acute respira- Mechanically higher fibrinogen  APTT, fibrinogen, died
tory failure ventilated patients and D-dimer AT, D-dimer
(86%) levels vs. healthy
controls
(p <0.0001)
Klok et al.20 184 No data COVID-19 No data Composite 31% PT, APTT 13% died
(April 2020) pneumonia VTE 27% 12% discharged
Arterial alive
thrombotic events 76% remained
37% hospitalized
Cuietal® 81 59.9 NCP Hypertension 25% PT, APTT, TT, 10% died
(March 2020) Diabetes INR, fibrinogen,  79% discharged
Coronary heart D-dimer 1% remained
disease hospitalized

History of smoking
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VID-19 ARDS (n = 150) and those admitted for non-CO-
VID-19 ARDS (n = 233). More than 95% of patients with
novel coronavirus disease had increased D-dimer and fi-
brinogen levels. Sixty-four of 150 COVID-19 patients pre-
sented thrombotic complications during their stay in the
ICU, with a high prevalence of pulmonary embolism. SIRS
associated with high levels of fibrinogen was present in al-
most all of the cases and was responsible for coagulation
abnormalities, as evidenced by progressive D-dimer level
elevation. Interestingly, the coagulation activation pattern,
as well as the mechanisms leading to DIC, were not identic
in the two groups. In the cohort of non-COVID-19 ARDS
patients, D-dimer levels were at a lower level, while PT,
APTT, and AT were within normal ranges with higher fi-
brinogen blood levels.!2

Another study, by Spiezia et al., evaluated coagulation
abnormalities in a group of 22 patients with acute respira-
tory failure due to coronavirus disease, compared to a con-
trol group of 44 healthy individuals. Platelet count, INR,
activated partial thromboplastin time, fibrinogen, and D-
dimer levels were measured. The plasma levels of D-dimer
and fibrinogen were markedly higher in COVID-19 pa-
tients compared to the control group (p <0.0001).1?

Another study, by Klok et al., included 184 patients ad-
mitted to the ICU with proven COVID-19 pneumonia,
showing a 31% incidence of coagulation abnormalities.
Both venous thromboembolism (27%) and arterial throm-
botic events (3.7%) were defined by increased prothrom-
bin time or activated partial thromboplastin time.20

Cui et al. retrospectively analyzed the coagulation pa-
rameters and lower limb venous Doppler ultrasonography
of 81 patients with severe novel coronavirus pneumonia
in Wuhan, China.8 Twenty (25%) enrolled patients devel-
oped deep vein thrombosis in the lower extremities, 8 of
which died. Patients who developed VTE were older and
had increased APTT, higher D-dimer serum levels, and
lymphocytopenia.?

The main results of the studies on coagulation abnor-
malities in COVID-19 patients are summarized in Table 1.

THERAPEUTIC APPROACH AND PREVENTION
OF COVID-19-INDUCED COAGULOPATHY

According to ESC guidance, anticoagulation therapy in pro-
phylactic doses should be considered in all hospitalized pa-
tients with COVID-19. On the one hand, preliminary data
show that anticoagulant therapy among coronavirus-infect-
ed patients is associated with lower mortality.?! On the other
hand, the thrombogenicity of COVID-19 is highlighted by
the findings of multiple recent studies’ observations, which
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show that venous thromboembolism occurs even in patients
who receive anticoagulation medication in therapeutic dos-
es from admission. In spite of anticoagulation therapy, many
hospitalized COVID-19 patients developed serious throm-
botic complications.’>!*?2 Even so, considering the criti-
cally ill status and immobilization of hospitalized patients,
thromboprophylaxis should be indicated independent of
the presence of modified parameters suggesting thrombotic
disorders.!>?* Furthermore, Tang e al. suggested that the
use of low molecular weight heparin (LMWH) appears to
be associated with better prognosis in severe COVID-19
patients meeting SIC criteria or with markedly elevated D-
dimer levels.!0 Nevertheless, Barrett et al. questioned the ef-
ficacy of LMWH for treating severe COVID-19 coagulopa-
thy and proposed the use of therapeutic anticoagulation
with unfractionated heparin. Also, they propose fibrinolytic
therapy with tissue plasminogen activator as salvage thera-
py when anticoagulation fails and no other options exist.3
Such approaches need to be investigated in the future due to
the lack of solid evidence and consensus.'?

A recent report investigated the association between
treatment with LMWH for a minimum of seven days and
mortality. Anticoagulated patients with a SIC score higher
than 4 presented a mortality rate of 40%, much inferior to
non-anticoagulated patients in whom the mortality rate
was 64.2% (p = 0.029).2*

CONCLUSION

Coagulation disorders may significantly impact the out-
come of COVID-19 patients. Increased D-dimer levels,
elevated fibrin degradation products (FDP), and pro-
longation of PT time are common laboratory findings in
COVID-19-infected patients with pneumonia, and they
are associated with poorer outcomes.>!2 In addition, mild
thrombocytopenia and shortened APTT also signal hemo-
static abnormalities and should alert physicians to take ap-
propriate measures. Since D-dimer levels are not specifi-
cally elevated in thrombotic disease, further investigations
and especially imaging tests are required to either confirm
or infirm venous thromboembolism. Cardiac ultrasound,
an effective option to detect right heart overload in pa-
tients with high suspicion of PE, is not always available as a
routine test in emergency settings.”23 A significant increase
in D-dimer levels and an elevated Well-score, suggesting a
high risk for developing deep vein thrombosis, should en-
courage clinicians to perform computed tomography (CT-
PE) among suspected cases.>?

The current pandemic is still developing, and the
pathomechanism, potential treatments, and prophylac-
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strategies to reduce the major impact of this illness are

not yet completely elucidated. Further investigations are
required to develop a better strategy against coronavirus
related complications.
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