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Abstract: With the outbreak of the second peak of
COVID-19 in many countries of the world, the symp-
toms and complications of this disease has received a
great deal of attention. One of the most important
known complications of severe acute respiratory syn-
drome coronavirus 2 is the occurrence of venous throm-
boembolic events, especially in critically ill patients who
are hospitalized in the intensive care unit. The pathol-
ogy of this event is complex and multifactorial, but the
main problem now is the timely diagnosis of these phe-
nomena, which can reduce the mortality and morbidity
of patients. Deterioration of clinical condition in
patients with severe acute respiratory syndrome coro-
navirus 2 infection along with increased coagulation
markers can increase clinical suspicion of venous
thromboembolic events. Imaging techniques, especially
computed tomography pulmonary angiography, can
well solve this puzzle and lead to timely treatment of
these patients. (Curr Probl Cardiol 2021;46:100692.)

Introduction

n late 2019, a new coronavirus called COVID-19 broke out in
I Wuhan, Hubei province, China, rapidly becoming a catastrophic
pandemic.’ The spread, virulence and pathogenicity of this virus is
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so high that The World Health Organization (WHO) announced a total of
18,614,177 cases affected and 702,642 deaths in the 199th situational report
on August 6, 2020.” The main complication of COVID-19 is severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), with fever, dry cough,
and shortness of breath being the common primary symptoms.’ One of the
important pathologies discovered in the course of this disease was an
increase in coagulation status. In this regard, the occurrence of numerous
venous thromboembolic (VTE) events attracted the attention of medical
staff, recording various reports and papers. Therefore, in this review, the
pathogens, epidemiology, diagnosis, and therapeutic management of
COVID-19 patients with VTE disease are discussed.

VTE pathology in COVID-19 patients

As previously reported, severe viral infections such as influenza and
SARS-CoV-1 either directly and indirectly cause hypercoagulability con-
ditions and VTE events."® Although the mechanism of VTE with
COVID-19 infection has not been fully understood yet, it might be related
to the endothelial cell damage caused by the virus which induces a hyper-
coagulant state.” In this way and as the main pathology of COVID-19,
SARS-CoV-2 invades host cells through the binding of spike glycopro-
tein, blocking angiotensin-converting enzyme 2 (ACE2) receptor and
inhibition of transmembrane protease serine 2 (TMPRSS2) activity which
causes endothelial dysfunction, followed by hypoxia and thrombosis due
to increased viscosity and increased signals of coagulation cascade acti-
vation. The above theory could explain pulmonary embolism in
COVID-19 patients who are not in critical condition. On the other hand,
severe infection and sepsis dysregulate hemostatic pathways and activate
coagulation cascade by inducing inflammation status with exceeded cyto-
kines releases along with elevated D-dimer, fibrinogen and fibrinogen
degradation products (FDP).™"""!

These possible hypotheses are in addition to the clinical condition of
patients admitted to the ICU with multiple organ failure and loss of con-
sciousness. Although the exact mechanism of coagulopathy in patients
with COVID-19 is very complex and multifactorial, the triangle of abnor-
mal hemostasis, severe inflammation and endothelial dysfunction is the
most logical pathology in VTE events.'> "

Epidemiology
The incidence of pulmonary embolism has been reported differently in
different studies and locations. In a retrospective observational
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multicenter study in France, out of 1240 patients infected with COVID-
19 who had a computed tomography pulmonary angiography (CTPA),
only 103 (8.3%) had evidence of pulmonary embolism,'” while most
studies report an incidence of 20%-40%.'“"'* The difference in the report
of these studies was related to the type of patients studied. In the French
study, patients who had been admitted to the intensive care unit (ICU)
from the beginning were excluded; in contrast, in other studies, the main
target group was critically ill patients admitted to the ICU." """

The prevalence of deep vein thrombosis (DVT) has varied widely in
studies, ranging from 0% to 69%.°"* This difference is also due to the
severity of the disease and the clinical condition of the patients, such that
Llitjos et al report 69% cumulative incidence of peripheral VTE in
patients with severe novel coronavirus pneumonia.”’ In contrast, screen-
ing ultrasound in non-ICU ward 64 patients in Northern Italy showed no
evidence of venous thrombosis.”” The difference between the prevalence
of venous thrombosis and pulmonary embolism indicates the independent
pathology of thrombus formation in the lung mentioned above.

Overall, in a recent full systematic review and meta-analysis, the
occurrence of VTE was approximately 20%, while in cumulative inciden-
ces it could rise up to 49% during hospitalization; however, their post-hoc
meta-analysis indicated high statistical heterogeneity and risk of publica-
tion bias. As an absolute finding, they acknowledged that there was more
embolism in patients admitted to the ICU.>

VTE diagnosis in COVID-19 patients

Diagnosis of VTE disease, especially pulmonary embolism, in patients
with SARS-CoV 2 infections are incredibly difficult and challenging. In
most COVID-19 patients, no association was found between traditional
major risk factors (age, history of VTE disease, malignancy history, smok-
ing and cardiovascular comorbidities including diabetes, hypertension,
chronic heart failure and coronary artery disease) and VTE diseases.'”~**
Male gender and obesity were risk factors directly associated with an
increased incidence of pulmonary embolism.'”'°° As a noteworthy point
in Poyiadji et al study, patients who were on satin therapy prior to admis-
sion proved to have fewer pulmonary embolisms occurrence.'®

Therefore, using Wells and Geneva risk scores to predict the occur-
rence of pulmonary embolism is of low value and difficult.””’ As the
first para-clinical approach in the diagnostic algorithm of pulmonary
embolism, the use of D-dimer in the patients admitted with SARS-CoV 2
infection is controversial, because this marker has been increased as an
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acute reaction factor in hospitalized patients in need of respiratory care
and loses its predictive value due to its low specificity.”® However, in
most reports and studies, the increase in D-dimer level is considered as a
contributing factor along with clinical evidence, especially the clinical
worsening of the patient’s condition.'®'®*” Lung ventilation perfusion
imaging (VQ Scans) is also limited in use due to lung tissue involvement
and reduced test accuracy, as well as the possibility of contamination of
the environment and medical staff. When CTPA is contraindicated and
Doppler ultrasound of the limbs has no evidence of thrombosis VQ Scans
can be useful. Finally, the most accurate modality in the diagnosis of pul-
monary embolism, especially in critically ill COVID-19 patient’s pulmo-
nary infection, is CTPA.™

According to European Society of Radiology and the European Soci-
ety of Thoracic imaging advices, CTPA is recommended to rule out pul-
monary embolism if supplementary oxygen is needed in COVID-19 lung
infected patients when disease extension was limited.”’ The European
Society of Cardiology also recommends that CTPA may [or should] be
considered for SARS-Cov2 patients before leaving the radiology depart-
ment if unenhanced lung CT cannot explain the severity of respiratory
failure.”> Therefore, if we have clinical suspicion of pulmonary embo-
lism, especially in the cases with clinical deterioration and disturbances
in coagulation parameters and rising D-dimer, CTPA is recommended as
a preferred step in the diagnosis.”’**~*

Treatment

The predominant pattern of pulmonary embolism in COVID-19
patients is both segmental and sub-segmental,'®'®" and treatment
should be guided based on risk stratification and extent of lung involve-
ment.”” Patients in shock state and unstable hemodynamic should receive
immediate reperfusion therapy.”* In patients with stable hemodynamic or
low/intermediate VTE risk treatment with unfractionated heparin (UFH),
low molecular weight heparin (LMWH) or oral anticoagulant agent
including Non-vitamin K antagonist oral anticoagulants (NOACs) and
warfarin is recommended. UFH and LMWH are the most practical anti-
coagulants at time of admission, basically changing to oral medications
at discharge time. NOACSs use compared to that of warfarin was signifi-
cant in most patients; however, it is necessary to pay attention to the
interaction between these drugs and medication used in Covid-19 treat-
ment, such as levofloxacin, azithromycin and anti-viral drugs including
lopinavir/ritonavir or darunavir/ritonavir which increase the bleeding risk
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by inhibiting Cytochrome P450 3A4 (CYP3A4) and/or P-glycoprotein (P-
gp) pathways.”>*® Due to the need for close monitoring and the possibil-
ity of disease spread, warfarin is recommended only in patients with
mechanical prosthetic valve or antiphospholipid syndrome.””

The decision on the duration of anticoagulation depends on the exis-
tence of provocative factor. Therefore, it makes sense to perform anti-
coagulant therapy for at least 3 months in critically ill patients,
especially those admitted to the ICU as provoked VTE. Moreover, it
might be reasonable to extend the duration of anticoagulation and
VTE prophylaxis in COVID-19 infected patients based on the patient’s
condition and risk factors.

Finally, according to recent studies, it is recommended that most of the
hospitalized COVID-19 patients, especially critically ill patients admitted
to ICU or cases with high D-dimer level, use pharmacological VTE
prophylaxis.”*"’
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