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Abstract: COVID-19 disease has led to an extraordinary inclusive health crisis globally.
Elevation of D-dimer is the major remarkable abnormal coagulation test in seriously ill
COVID-19 patients. In nearly 50% of COVID-19 patients, the value of D-dimer was
significantly enhancing. Recent literature indicated that COVID-19 patients were at higher
risk of developing disseminated intravascular coagulation. Pro-inflammatory cytokines and
chemokines are some of the factors leading to these conditions. The majority of COVID-19
patients showed a higher profile of pro-inflammatory cytokines and chemokines in severe
clinical conditions. Tumor necrosis factor-o (TNF-a) and interleukins (ILs) elevated in
COVID-19 infected patients. TNF-o, IL-6, and IL-1 are major cytokines vital for the
inhibition of intrinsic anticoagulant pathways. COVID-19 becomes a higher complication
with a significant effect on blood cell production and hemostasis cascades. Deep vein
thrombosis and arterial thrombosis are common complications. Changes in hematological
parameters are also frequently observed in COVID-19 patients. Especially, thrombocytopenia
is an indicator for poor prognosis of the disease and is highly expected and aggravates the
likelihood of death of SARS-CoV-2 infected individuals. Thrombopoiesis reduction in
COVID-19 patients might be due to viral abuse of the bone marrow/the viral load may
affect thrombopoietin production and function. In other ways, immune-inflammation-
mediated destruction and increased consumption of platelets are also the possible proposed
mechanisms for thrombocytopenia. Therefore, the counting of platelet cells is an easily
accessible biomarker for disease monitoring. All SARS-CoV-2 infected patients should be
admitted and identifying potential higher-risk patients. It is also obligatory to provide
appropriate treatments with intensive care and strict follow-up. In addition, considerations
of chronic diseases are essential for better prognosis and recovery. The current review
discusses coagulopathy among SARS-CoV-2 infected individuals and its complication for
the management of the disease.
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Introduction

There are various genera of coronaviruses. However, only seven viruses have been
identified that could infect humans. Among these viruses, the human coronavirus
(HCoV)-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1 are the primary
causes of common cold, while the other three (severe acute respiratory syndrome
(SARS)-CoV, Middle East respiratory syndrome (MERS)-CoV and SARS-CoV-2)
are known to cause atypical pneumonia.' Nowadays, we are in the era of the
recently emerged coronavirus called Severe Acute Respiratory Syndrome corona
virus-2 (SARS-CoV-2). SARS-CoV-2 is an enveloped coronavirus with a spherical
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shape that belongs to the genus similar to SARS-CoV and
MERS-CoV known as p-coronavirus though there is
a minuscule difference in genetic sequence.”? It is the
etiologic agent of coronavirus disease 2019 (COVID-19),
which was initially appeared in China, Wuhan by
December 2019. The disease is still continued as a global
concern and greatly impacts humanity’s culture and
economy.>*

Physiologic hemostasis is an intensive process of
retaining blood fluid in the circulation either in normal or
abnormal conditions.” When blood vessel damages or an
injury occurs, a clot is produced to stop bleeding and then
localized thrombus formation at the site of the break-in
vascular integrity. This is followed by fibrinolysis that
dissolves the clot and thereby healing the wound.’
Whenever there are imbalance hemostasis cascades, exces-
sive clot formation, or thrombosis might have occurred.
The imbalance can also lead to bleeding as a result of
excessive fibrinolysis. It is therefore essential to under-
stand the hemostasis systems such as blood vessels, plate-
lets, and plasma proteins to manage diseases related to
hemostasis.”

In patients with severe COVID-19 disease, the involve-
ment of fibrin deposition has been reported. The severe
manifestation is usually characterized by acute respiratory
distress syndrome (ARDS); a lung inflammation that leads
to an insufficient oxygen supply that could involve multi-
organ failure and consecutive death.” Fibrin formation is
steadily seen in lung parenchyma cells of ARDS patients.
Fibrin accumulation supports the thickening of the hyaline
membrane that further promotes the accumulation of fibrin
in the alveoli and thus provokes respiratory dysfunction.®”
2 In the majority of COVID-19 patients with severe
coagulation abnormalities, such as disseminated intravas-
cular coagulation (DIC) and thrombotic microangiopathy,
unrecognized thromboembolic complications and a higher

risk of death could be occurred in some conditions.'>1°

Method

In this review, the data were retrieved from electronic
databases, such as PubMed, Google, and Google Scholar.
Articles conducted with the aim of coagulopathy in SARS-
CoV-2 infected patients and its complications for the man-
agement of COVID-19 have been included through
searching using key terms “coagulopathy, COVID-19,
SARS-CoV-2 SARS-CoV-2,
COVID-19 complication” separately and in combination.

infected patients, and

The full-text articles were first to read for eligibility

(relevance for the topic), and those which are relevant
were included in this review. Articles from a systematic
review and meta-analysis have been also used while writ-
ing this document. All references were cited using
Endnote X8 referencing manager. Most of the articles
used in this review were published within this year
(2020). However, articles not open accessed and published
in languages other than English were not included in this

review.

Coagulation Abnormalities in COVID-19

Patients
Several studies indicated that COVID-19 patients had
higher production of pro-inflammatory cytokines and che-
mokines. Tumor necrosis factor-a (TNF-a), interleukin-6
((IL-6), and IL-1 are the key cytokines that vigorously
inhibit the intrinsic anticoagulation pathways. IL-6 pro-
motes tissue factor expression on lymphocytes, mono-
cytes, and macrophages that consequently recruits
coagulation activation and thrombin formation. On the
other side, they are also related to the significant initiation
of the fibrinolytic system. In addition to the cytokines, the
inflammations associated with COVID-19 have been
reported to induce the higher production of fibrinolytic
factors, such as urokinase-type and plasminogen. This
indicates there is active fibrinolysis and waning clotting.
This is corroborated by a finding that showed a higher
level of D-dimers, a fibrin degradation product; in ser-
iously ill COVID-19 patients.'”'* Further on, in some
infected patients, the endothelial cell in the alveoli initi-
ates the release of tissue factor (TF) on surfaces of leu-
kocytes and endorses fibrin deposition. On top of that,
there is an elevation of plasminogen activator inhibitor 1
(PAI-1), indicating the association of COVID-19 disease
with the hypofibrinolytic state. Together, it seems shreds
of evidence are equivocal on whether COVID-19 is
related fibrinolysis or

to hypo hyper-fibrinolysis

conditions.?*!

Studies indicated that patients with COVID-19 showed
leukocytosis, thrombocytopenia, a higher concentration of
partial thromboplastin time (PTT), APTT, fibrinogen
degradation products (FDPs), and lower levels of anti-
thrombin activity.”>** In addition to this, a study from
China revealed that the presence of markedly elevated
values of von Willebrand factor (VWF) antigen, VWF

124

activity, and factor VIIL.”" At the last stages of the disease,
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patients are at higher risk of developing venous throm-
boembolism (VTE) and DIC.*

Complications of Coagulation
Disorder Associated with COVID-19

As discussed above, it is reasonable to assume that SARS-
CoV-2 infection has a considerable effect on hemostasis
and blood cell production when the disease progression is
becoming worse. Thrombocytopenia and DIC are common
complications in seriously ill patients.

Thrombocytopenia in Patients with
COVID-19

Changes in hematological parameters are frequently seen
in COVID-19 patients, for example thrombocytopenia,
which is usually related to poor prognosis of the disease
and even death.’® A recent study done in China showed
that COVID-19 patients demonstrated a reduction in plate-
let cells. Thus is correlated with an increased risk of
mortality.”” The reduction of platelet cells was more pro-
minent in patients with more severe cases than in mild
cases.”® Therefore, the counting of platelets cells could be
a biomarker for monitoring the disease progression.”” '
Platelet count reduction and thrombocytopenia may occur
after sepsis, DIC, or drug-induced in most other cases.
However, in COVID-19 patients might also occur due to
an immune disorder, immune thrombocytopenia (ITP).
ITP is an intermittent autoimmune disorder with the fea-
ture of platelet count lower than 100 % 109/ L, resulting in
an imbalance of blood hemostasis and leading to the risk
of bleeding.”* > The other study indicated that 36% of
COVID-19
thrombocytopenia.’

hospitalized patients  could develop

Mechanisms of Thrombocytopenia in

COVID-19 Patients

The mechanisms behind thrombocytopenia in COVID-19
patients can be explained in various means. Platelets
recognized SARS-CoV-2 via the surface of toll-like recep-
tors, integrins, and P-selectin.*® SARS-CoV-2 may reduce
platelet production by the direct impact of the virus on
hematopoiesis, megakaryocyte maturation, the elevation of
platelet adhesion, and activation. Platelet production could
be also reduced because either viral abuse to the bone
marrow or the viral load may affect thrombopoietin pro-
duction and function. Finally, the large consumption of
platelets to heal the tissue

damaged leading to

thrombocytopenia.®” The pooled results of nine studies
conducted in China, Wuhan among 1779 COVID-19

in severe cases.>>"

patients showed low platelets
Thrombocytopenia could also have occurred after heparin
therapy, known as heparin-induced thrombocytopenia
(HIT).28,4042

Heparin-induced thrombocytopenia appears when pla-
telet factor 4 (PF4) that discharges from activated plate-
lets binds to heparin. Subsequently, antibodies are
produced against this complex (heparin-PF4). In the
next step, the three complexes (antibody-PF4-heparin)
bind to platelets via the Fcylla receptor, this complex
further stimulates platelet activation and aggregation.
This induces coagulation pathways and subsequent reduc-
tion of circulating platelets which finally leading to
thrombocytopenia.**** A higher dose of heparin to treat
COVID-19 patients could provoke thrombocytopenia and
leads to death. Therefore, other optional anticoagulants
should be used to treat critical COVID-19 patients.*'
Another study indicated that 71.4% of the patients
infected with SARS-CoV-2 develop thrombosis and DIC
leading to higher platelet consumption with fatal out-
comes. In other mechanisms, SARS-CoV-2 infection
could also lead to alveolar damage that captures mega-
karyocytes and delays the release of platelets from it to
the circulation after maturation.*>**¢

Generally, thrombocytopenia in COVID-19 patients is
primarily associated with either immune-mediation*” or
reduction of platelet production (thrombopoiesis)*®*’
because of the direct influence of the virus on hematopoie-
tic tissue,”® % higher platelet consumption® due to
increased adherence of platelets®® on injured endothelial
cells® as indicated in the Figure 1.

Disseminated Intravascular

Coagulation

When endothelial cells are injured, the Hageman factor is
activated and leading to the initiation of the intrinsic clot-
ting system. Extrinsic clotting system activation is contin-
ued after tissue injury. In the next step, coagulant
phospholipids are released from injured cells, such as
platelets and red blood cells. The final shared product for
these two processes is thrombin production that cleaves
fibrinogen and activates factor XIII. Next to this, the
fibrinolysis system is produced by the release and aggre-
gation of platelets. In the final stages of the cascade, FDPs
are formed through plasmin which contributes to the
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Figure | Mechanisms of thrombocytopenia in COVID-19 patients.

Notes: Bone marrow stromal cells may be infected either directly by the virus or higher cytokine storm because of infection may distract the cell. Thus, in turn leads to
bone marrow dysfunction and finally thrombocytopenia can occur. In addition, thrombocytopenia in COVID- 9 patients might be due to lung inflammation with SARS-CoV-2
infection which leads to platelets activation with higher consumption, reduction of pulmonary capillary bed and megakaryocytes fragmentation. Similarly, thrombocytopenia
with SARS-CoV-2 infection could occur after antigen and antibody complexes formation to protect against the virus results to platelets distraction by the immune system.

The figure is created with BioRender; https://app.biorender.com Abbreviations: PLT, platelets; MK, mega kayrocytes, BM; bone marrow.

hemorrhagic diathesis which is the hall marker in the
diagnosis of DIC.*®

In systemic infections, coagulation cascades are trig-
gered and resulting in DIC when the disease is highly
complicated. However, in subclinical conditions, DIC
occurs as a result of increment in thrombin and fibrin
generation.”” DIC was firstly found among blood cancer
patients though it is also seen in intensive care units (ICU)
COVID-19 patients and results in severe bleeding and
organ failure nowadays.**>* ' The study conducted by
Lodigiani C et al, showed that development of VTE in
ICU COVID-19 patients.®> COVID-19 patients that devel-
oped DIC showed that thrombocytopenia, elevated
D-dimer, decreased factors, such as II, V, VII, and X,

lower levels of plasma concentrations of antithrombin
and protein C.®"° Similarly, endothelial and mononuclear
cells are induced by proinflammatory cytokine. Thus, tis-
sue factor stimulation and unregulated thrombin genera-
tion could have occurred after a while.®®

Thrombotic Microangiopathy

Thrombotic microangiopathy (TMA) is one the hemolytic
anemia that occurs after increment of platelets activation,
aggregation, and adhesion to the veins, capillaries, and
small arteries walls. TMA is the causes of thrombocyto-
penia due to higher consumption of platelets. It also causes
organ damage, such as renal insufficiency, neurological
disease and microangiopathic hemolysis as the results of
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microscopic blood clot formation in vascular endothelium.
A postmortem tissue examination from COVID-19
patients showed that accumulation and trapping of inflam-
matory cells particularly neutrophils and deposition of
platelet-rich vascular thrombotic in vessels of lungs
which is equivalent to pulmonary TMA.®”"% However,
thrombocytopenic thrombotic purpura (TTP) which is the
cause of both thrombocytopenia and intravascular hemo-
lysis is not a clinical manifestation of COVID-19.*

In TMA, higher platelet interaction to the vessel wall is
observed as a consequence of extreme-large von
Willebrand factor multimers (VWFM) stimulation and
release from injured endothelial cells. In normal condi-
tions, ADAMTS-13 (a disintegrin and metalloproteinase
with a thrombospondin type I motif-13) cleaves the
VWFM. In COVID-19 patients ADAMTS-13 concentra-
tion was reduced. Therefore, higher concentration of
VWFM leads to increased deposition of platelet-rich-

thrombi in the micro vascular area.”®”!

Pathophysiology of
Complement-Mediated TMA

The activation of complement pathways is a crucial
When the
microbes invade the human body, the complement system

mechanism in the occurrence of TMAs.

protects against invaders as part of innate immunity. After
initiation of complement pathway activation, stimulation
of platelets and endothelial cells, recruitments of immune
cells, and blood coagulation are followed. The ultimate
goal of the three complement pathways activation (alter-
native, classical, and lectin) is membrane attack complex
constitution on the surface of target cells and vascular
fragment deposition.”>’® Recent studies suggest that com-
plement-mediated TMAs were leading to thrombosis.
Angiotensin-converting enzyme 2 (ACE2) is highly
expressed on podocytes and epithelial cells after SARS-
CoV-2 infection causes the risk of cardiac damage and
multiple organ dysfunction. Additionally, studies on cor-
onaviruses showed that the de-activation of C3 notably
mitigates the lung headed to pro-inflammatory cytokines
elevation. Either absences of C3 or a blockage of its
activation has a higher contribution to the spread of the
virus through inhibition of immune cell activation and
recruitment via lungs.”*”’” A recent study also revealed
that SARS-CoV-2’s protein binds to a protein of the lectin
pathway resulting in complement-mediated inflammatory
lung injury. A further study conducted by Magro et al has

also recently shown that a broad accumulation of C5b-9,
C4d, and Mannan-binding lectin serine protease 2 in the
micro-vessel of lung of severe COVID-19 patients due to

extreme activation of alternative and lectin pathway.”® %

Coagulation Tests in COVID-19

An increment of D-dimer value is the main remarkable
abnormal coagulation test investigated in seriously ill
COVID-19 patients. In nearly 50% of COVID-19 patients,
the value of D-dimer is significantly enhanced. Severe
COVID-19 patients are at higher risks of death unless
with
ventilation.*'”#1%2 In addition, thrombocytopenia is the

they are supplied oxygen mechanical
other abnormality in most severe patients. Most COVID-
19 patients have a platelet count of (100 to 150) x10°/L or
lower than this value.*'”®®° Slight prolongation of the
PT, and aPTT were also found in ICU COVID-19 patients.
Similarly, the average plasma fibrinogen levels are notably
increased in the majority of severe COVID-19 patients
because fibrinogen is an acute phase reactant protein.
Nevertheless, a reduction of plasma fibrinogen concentra-
tion was shown in some patients. Besides, mild decrement
of plasma antithrombin and protein C concentrations are

revealed among survived ICU patients.®'-*

Management of Coagulopathy

All hospital-admitted COVID-19 patients could develop
VTE. Therefore, control measurements should be taken
according to the international treatment guidelines for all
high-risk COVID-19 patients. Likewise, respiratory distress,
pulmonary thromboembolism (PTE), and blood pressure
should strict
K antagonist medications, such as warfarin causes stroke

reduction need follow-up.  Vitamin
mostly in VTE patients. Consequently, patients who take
this drug should be controlled.®” All SARS-CoV-2 infected
patients should be admitted for identifying potentially higher-
risk patients and provide treatment with intensive care. In
severe patients with tissue hypoxia; determinations of coagu-
lation biomarkers levels, for example, PT, INR, platelet
count, D-dimers, and plasma fibrinogen concentration are
not sufficient for clinical decision. Therefore, complete clin-
ical assessment and molecular test investigations should be
also taken into account. However, D-dimer increments by

three to four-fold have a guarantee for admission.*>%

Conclusion and Future Perspective
There are no effective therapies for COVID-19. Hence, strict
follow-up and consideration of chronic diseases are essential
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for better prognosis and recovery. COVID-19 leads to coa-
gulation abnormalities with multiple complications, such as
DIC and TMA. Thrombo-embolic is one of the complica-
tions and specific features of severe COVID-19. It is an
indicator for severe COVID-19 and helps to create various
management strategies to overcome the disease.

Vitamin K antagonist medications, such as warfarin, and
lower molecular weight heparin could not be given to pre-
vent stroke in COVID-19 patients. Anticoagulants other than
heparin should use to treat severe cases. Prolonged PT,
aPTT, and elevated D-dimer levels in serious COVID-19
patients lead to DIC combined with severe thrombocytope-
nia could be used as an alert for quick intervention. Hence,
upon observation of these abnormalities, quick responses
should be given to reduce death prevalence.

Both ambulatory and hospital-admitted COVID-19
patients are highly suspected of VTE and stroke. Therefore,
earlier management of cases is recommended along with
blood donation. Generally, health professionals should always
be alerted for hemorrhagic conditions in critically ill COVID-
19 patients, and laboratory investigations related to hemorrha-
gic conditions should be strictly controlled and interpreted.
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