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The coronavirus disease (COVID-19), which is also known as acute respiratory syndrome coronavirus-2
(SARS-CoV2) is a transmissible disease, has phenotypes varying from asymptomatic to Acute
Respiratory Distress Syndrome (ARDS) or multiple organ dysfunction syndrome (MODS) and ultimately
death in certain cases. Coagulation disorders are being frequently reported amongst these patients and
the pathogenesis is still not completely understood. Proposed mechanisms for these coagulopathies com-
prise a hypercoagulable state with micro- and/or macro-thrombosis in the vessels. A number of changes
have been reported or proposed in circulating prothrombotic factors in COVID-19 patients and includes
elevation in both factor VIII and fibrinogen, circulating prothrombotic microparticles and hyperviscosity.
The COVID-19 patients are showing varied coagulopathies and are at high risk for venous thromboem-
bolism (VTE) which demands an early intervention. This paper reviews the evolving data regarding the
evaluation and managing of coagulopathies in patients with COVID-19.
� 2020 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Coronaviruses belonging to the Coronaviridae family are large,
enveloped RNA viruses that cause respiratory, hepatic, neurologic
and enteric diseases if it is spread among humans, mammals and
birds (Zhu et al., 2020). There are 7 identified corona viruses cur-
rently, 3 of them are extremely pathogenic which includes, Middle
East Respiratory Syndrome (MERS)-CoV, Severe Acute Respiratory
Syndrome (SARS-CoV), and SARS-CoV-2 (COVID-19) (Zhu et al.,
2020). The other 4 are less infectious and only causing cold symp-
toms in immunocompetent subjects (Su et al., 2016). SARS-CoV
was first ever coronavirus originated from China’s Foshan city
and caused a pandemic during 2002–2003 (Zhong et al., 2003).
The second was the coronavirus- MERS, which was reported to
originate from the Arabian Peninsula in 2012 (Zaki et al., 2012).
The third, and most recent new coronavirus is SARS-CoV-2 that
has globally spread causing a severe disease in humans (Zhu
et al., 2020). It was identified in November 2019 in Wuhan, China,
as the cause of a group of pneumonia patients. World Health Orga-
nization (WHO) named novel coronavirus as COVID-19, which
stands for coronavirus disease 2019 and characterized it as a pan-
demic in March 2020 due to its widespread (Rothan and
Byrareddy, 2020).

SARS-CoV and COVID-19 both share the feature of human-to-
human transmissions via binding the virus spike protein (S)
which is receptor binding domain to its reciprocal cellular recep-
tor described as the angiotensin-converting enzyme 2 (ACE2)
receptor (Rothan and Byrareddy, 2020). Structural and biophysi-
cal evidence indicated that the COVID-19 spike protein bound
ACE2 with an affinity magnitude 10 to 20-fold higher than
SARS-CoV, thus facilitating its human to human spread (Liu
et al., 2020).

In early infection, COVID-19 targets ACE2 expressing cells, such
as nasal and bronchial epithelial cells and pneumocytes (Wiersinga
et al., 2020). ACE2 receptor is also expressed on pulmonary capil-
lary endothelial cells, enabling the virus to infect them in the infec-
tion later stages when its replication accelerates (Wiersinga et al.,
2020). Eventually the epithelial-endothelial barrier integrity
becomes compromised, augmenting the inflammatory response
and initiating an influx of monocytes and neutrophils. Interstitial
mononuclear inflammatory infiltrates and edema develops
(Wiersinga et al., 2020). Development of pulmonary edema cover-
ing the alveolar spaces with hyaline membrane follows, consistent
with early-phase acute respiratory distress syndrome (ARDS) (Xu
et al., 2020). Bradykinin-dependent lung angioedema might carve
up the disease (van de Veerdonk et al., 2020). Collectively, the hall-
mark characteristics of COVID-19 are endothelial barrier disrup-
tion, defective alveolar-capillary oxygen delivery, and
compromised oxygen diffusion ability (Wiersinga et al., 2020).

The key pathogenesis of COVID-19 as a respiratory infection has
been described as severe pneumonia, RNAaemia, together with
incidence of ground-glass opacities, and acute cardiac damage
(Rothan and Byrareddy, 2020). Aligned with inflammatory
response proposed, significantly high blood levels of cytokines
and chemokines were documented in patients with COVID-19
infection that included IL-1b, IL-1RA, IL-7, IL-8, IL-9, IL-10, basic
FGF2, GCSF, GMCSF, IFNc, IP10, MCP1, MIP1a, MIP1b, PDGFB,
TNFa, and VEGFA (Huang et al., 2020). Severely ill patients admin-
istrated to intensive care unit (ICU) exhibited elevated levels of
pro-inflammatory cytokines IL-2, IL-7, IL-10, GCSF, IP10, MCP1,
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MIP1a, and TNFa which are rationalized to enhance the disease
severity (Huang et al., 2020; Rothan and Byrareddy, 2020).

Varying phenotypes have been reported in COVID-19 patients
ranging from asymptomatic to severe, rapid MODS and sometimes
death. Although COVID-19 mainly manifests as a respiratory tract
infection, recent studies report that it involves several organ sys-
tems also including cardiovascular, hematopoietic, neurological,
gastrointestinal, and immune system.

Coagulation disorders are also being frequently reported
amongst these patients (Terpos et al., 2020). Blood hypercoagula-
bility is not uncommon among hospitalized COVID-19 patients
but the pathogenesis of hypercoagulability in these patients is not
yet fully explained. A number of changes have been reported or pro-
posed in circulating prothrombotic factors in patients with severe
COVID-19 and includes an elevated factor VIII, elevated fibrinogen,
circulating prothrombotic micro particles and hyperviscosity
(Maier et al., 2020; Panigada et al., 2020; Ranucci et al., 2020).

The COVID-19 patients are showing varied coagulopathies and
are at high risk for venous thromboembolisms (VTE) which
demands an early intervention patients (Terpos et al., 2020).

This paper reviews the evolving data for the proposed patho-
genesis models and management of coagulopathies in COVID-19
patients.

2. Coagulopathies in COVID-19 patients

The pathogenesis of hypercoagulability in COVID-19 is incom-
pletely understood. Teuwen and his team in their study postulated
that endothelial injury caused by direct invasion of endothelial
cells by the SARS-CoV-2 virus, plays a central role in the pathogen-
esis of ARDS and organ catastrophe in COVID-19 severe patients
(Teuwen et al., 2020). The hypercoaguable state has been con-
firmed by recent studies (Iba et al., 2020; Maier et al., 2020;
Panigada et al., 2020; Ranucci et al., 2020; Teuwen et al., 2020)
and has been termed as thromboinflammation or COVID-19-
associated coagulopathy (CAC) (Yin et al., 2020). Another study
(Maier et al., 2020), assessed hyperviscosity using capillary vis-
cometry and reported an elevated hyperviscosity in all the 15 crit-
ically ill patients admitted in the ICU. CAC resembles well-
characterized coagulopathies types such as sepsis-induced coagu-
lopathy (SIC), disseminated intravascular coagulation (DIC), and
thrombotic microangiopathy, in any case, has novel highlights that
empower it to be characterized as another class of coagulopathy
(Iba et al., 2020). The involvement of multiple factors in CAC devel-
opment necessitates additional understanding of the fundamental
pathophysiology for suitable management (Iba et al., 2020).

A consistent hemostatic abnormality in COVID-19 patients is
increased D-dimer levels (Panigada et al., 2020), which are associ-
ated with a higher risk and requires immediate intervention. D-
dimer is a degradation by-product of cross-linked fibrin which
indicates augmented thrombin generation and fibrin dissolution
by plasmin. Elevated D-dimer concentrations correlate with illness
severity and recently significantly elevated D-dimer levels are
being constantly reported in the COVID-19 studies (Panigada
et al., 2020; Ranucci et al., 2020). Panigada et al., 2020 also
reported high fibrinogen and high factor VIII activity in COVID-19
patients, signifying absence of consumption of these coagulation
factors and this differentiates COVID-19 disease from DIC state.

Yin et al., 2020 in their study, also reported higher platelet
counts in COVID-19 patients than with other coronavirus infec-
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tions and concluded that patients with significantly elevated D-
dimer concentrations may benefit from anticoagulant treatment.
Recently, similar findings have been reported (Fogarty et al.,
2020), including high levels of D-dimer, fibrinogen, normal platelet
counts and clotting times, between the regular medical ward and
ICU patients. Another study (Zhou et al., 2020), even reported that
an elevated D-dimer (�1 lg/mL) was a strong independent risk
factor for mortality. Disease severity is reported to be associated
with a prolonged prothrombin time (PT), international normalized
ratio (INR) (Huang et al., 2020; Zhou et al., 2020), and thrombin
time (TT), and a shortened activated partial thromboplastin time
(aPTT) (Gao et al., 2020). Tang et al., 2020 observed with 71.4% of
non-survivors meeting DIC requirements and a substantial
improvement in D-dimer and fibrin degradation products (FDPs)
and a PT prolongation, DIC is a good indicator of mortality (Tang
et al., 2020b), with a reduction in fibrinogen in non-survivors at
10–14 days. Recently the incidence of VTE in COVID-19 patients
who were not under thromboprophylaxis has been reported to
be �25% and eventually 40% of them died (Cui et al., 2020). The
authors also observed elevated levels of D-dimer (>1.5 lg/mL) in
the same patients group (Cui et al., 2020).

3. Inflammation and coagulopathies in COVID-19 patients

In COVID-19 infection, the breakdown of lung cell activates a
local multifactorial immune response, engaging macrophages and
monocytes in response to infection, releasing cytokines, and prim-
ing adaptive T and B cell immune responses (Tay et al., 2020). The
inflammatory response, particularly in COVID-19 severe cases, may
also be pernicious and cause immune-mediated tissue injury and
triggering a cytokine storm (Song et al., 2020). In severe COVID-
19 cases, such inflammation related to the cytokine storm may
spread from the local site where it started throughout the body
via to the systemic circulation (Zhou et al., 2020). The sternness
of COVID-19 also associates with inflammatory cytokines i.e. IL-2,
IL-6, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A and TNF-a, but there
is still no clarity on the most likely cause of a cytokine storm
(Sarzi-Puttini et al., 2020).

The inflammatory reaction will cause the coagulation cascade,
which may partially explain the excessive coagulation in patients
with COVD-19 (Zhang et al., 2020). Tissue factor is induced by IL-
6 and other inflammatory cytokines such as IL-8, TNF-a, IFN-c
and IL-1b which in turn facilitate coagulation by activating the
extrinsic coagulation pathway (Kaser et al., 2001). A significant
correlation among pro-inflammatory cytokines IL-1b, IL-6, IL-8,
TNF-a and coagulation-related indicators PT, aPTT, INR, TT, pro-
thrombin activity (PTA), antithrombin (AT), and platelet count with
an absence of association between anti-inflammatory features and
those coagulation indicators were recently described in severe
COVID-19 patients, supporting the notion that the disease patho-
genesis might be mainly attributed to the cytokines (Zhang et al.,
2020). Zhang et al were the first to investigate such a correlation
and have additionally explained IL-6 and platelet count have a
strong negative correlation. Their finding might indicate that rise
in cytokine expression has caused an increase in the consumption
of platelets or a decrease in their production (Zhang et al., 2020).

Collectively, recent studies highlight the significance of regular
observation of these markers (both coagulation and inflammatory)
and researchers are currently exploring the possible use of
antithrombotics in managing COVID-19 patients.

4. Antithrombotics in COVID-19

Heparin is being explored as the potential anticoagulant
because of its ability to reduce thrombi formation in microcircula-
tion and its an anti-inflammatory action (Li and Ma, 2017). Tang
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et al., 2020a in their study on 449 severe COVID-19 patients,
observed that anticoagulant therapy with low molecular weight
heparin (LMWH) seemed to be linked with lower mortality (Tang
et al., 2020a). With the established relationship between inflam-
mation and thrombin formation, it was proposed that by blocking
thrombin formation, heparin can decrease the inflammatory
response. Li et al., 2018 in their meta-analysis reported a decrease
in mortality with the early use of LMWH in an ARDS population
with non-COVID-19 (Li et al., 2018).

Recently, a case series has projected that the usage of fibri-
nolytic therapy coupled with tissue plasminogen activator (tPA)
in refractory hypoxia cases and has concluded that it results in
improved levels during prolonged infusions (Wang et al., 2020).
Despite this relation between inflammation and coagulation
abnormalities, credible evidence is still lacking regarding the safety
and efficacy of managing septic patients with heparin and/or anti-
platelet therapies (Bikdeli et al., 2020). Conclusions to care for
these patients with severe COVID-19 are challenged by the devel-
oping statistics and narratives and therefore clinicians are
requested to make a thoughtful and informed clinical decision
for every COVID-19 patient.

5. Recommendations on antithrombotic therapy in COVID-19
patients.

International Society of Thrombosis and Haemostasis (ISTH) has
published the interim guidelines on acknowledgement and man-
agement of coagulopathy and venous thromboembolism in
COVID-19 patients (Thachil et al., 2020). ISTH and other scientific
academies like The American Society of Hematology (ASH), The
North American Thrombosis Forum (NATF), the European Society
of Vascular Medicine (ESVM), and the International Union of Angi-
ology (IUA), have endorsed this interim guide (Bikdeli et al., 2020).

5.1. Patients (outpatient) with mild COVID-19

For mild category COVID-19 patients, risk assessment for VTE
and outpatient administration or early discharge should be started
to achieve the goal of providing antithrombotic protection while
minimizing the social contact (Barco et al., 2020; Bikdeli et al.,
2020). Patients must be followed-up using telemedicine and there
should be reservation for in-person visits only for cases requiring
hospitalization or could not be addressed by telemedicine
(Bikdeli et al., 2020). Pharmacologic VTE prophylaxis should be
careful after risk valuation on specific case basis.

Outpatients on vitamin-K antagonists having unstable INRs, can
be directed to take direct oral anticoagulants (DOACs), if indicated
and depending on drug availability and affordability (Bikdeli et al.,
2020; Thachil et al., 2020). If DOACs are not indicated or available,
a considerable alternative can be LMWH (Bikdeli et al., 2020).

5.2. Patients (hospitalized) with COVID-19, moderate or severe
without DIC

After risk assessment in hospitalized COVID-19 without DIC,
prophylactic anticoagulants can be prescribed to prevent VTE
(Bikdeli et al., 2020; Thachil et al., 2020). At this stage, regular
screening for VTE in hospitalized patients with elevated D-Dimer
(>1,500 ng/mL), for instance via bilateral lower extremity ultra-
sound, is not indicated (Bikdeli et al., 2020).

5.3. Patients (hospitalized) with moderate or severe COVID-19 and
suspected or confirmed DIC

Prophylactic anticoagulants should be administered immedi-
ately after risk assessment for patients with moderate or severe



Fig. 1. Antithrombotic therapy recommendations for patients with various severity of COVID-19.
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COVID-19 complicated with DIC but without explicit bleeding
(Bikdeli et al., 2020; Thachil et al., 2020).

However, in these patients the clinician must study the sugges-
tion for anticoagulant therapy and consider with bleeding risk for
dose adjustments or discontinuation of the drug (Barco et al.,
2020; Bikdeli et al., 2020). For COVID-19 patients who were admit-
ted and have been discharged, screening for VTE risk should be
done to consider for the prophylaxis (up to 45 days)
(Spyropoulos et al., 2020). Clinicians must emphasize on the
importance of early ambulation and should encourage the physical
activity. Fig. 1 summarizes the antithrombotic therapy recommen-
dations following risk assessment for patients with various COVID-
19 disease severity.

5.4. Patients with COVID-19 presenting with acute coronary syndrome
(ACS)

For patients presenting with ST-segment elevation myocardial
infarction (STEMI) and COVID-19, the risks and severity of the con-
dition in the patient should be considered by the clinician and
accordingly decide for a primary percutaneous coronary interfer-
ence or fibrinolytic therapy (Bikdeli et al., 2020; Roffi et al., 2016).

5.5. Patients with a history of thrombotic disease but without COVID-
19

There is no documented risk of developing a severe form of
COVID-19 attributed to antithrombotic agents. Patients should
continue administrating their antithrombotic agents as recom-
mended by their clinicians (Barco et al., 2020; Bikdeli et al.,
959
2020). Nevertheless, to decrease the risk of transmission of
COVID-19 to healthcare worker and other community interactions,
affected patients should be followed-up with using telemedicine as
the preferred mode (Bikdeli et al., 2020; WHO, 2020).

5.6. Patients who develop new thrombotic disease but without COVID-
19

For this category of patients, outpatient management or early
discharge should be instituted to achieve the goal of providing
antithrombotic protection while minimizing the social contact
(Barco et al., 2020; Bikdeli et al., 2020) and affected patients should
be followed-up using telemedicine.

5.7. Patients with co-morbid conditions but without COVID-19

Patients with co-morbid condition such as past VTE, active can-
cer, severe cardiopulmonary disease are included in this group and
the guidelines for this group include enhanced mobility, and risk
assessment for VTE risk and risk of bleeding are appropriate. Clin-
icians should consider the administration of VTE prophylaxis fol-
lowing risk assessment on an individual case basis (Bikdeli et al.,
2020). Fig. 2 summarizes the antithrombotic therapy recommen-
dations following risk assessment for patients with coexisting dis-
eases with or without COVID-19.

6. Conclusion

The clinical understanding of COVID-19 patients management
is inadequate and as more evidence is evolving to fill the gaps in



Fig. 2. Antithrombotic Therapy Recommendations for Patients with Coexisting Diseases with or without COVID-19 Following Risk Assessment.
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the data for its management. Real incidence of VTE in COVID-19 is
possibly underestimated because of many undiagnosed or asymp-
tomatic cases and or the lack of systematic diagnosis. The notice-
able manifestation from the hematopoietic system is often
associated with a major blood hypercoagulability. Cautious assess-
ment of laboratory baseline data during the disease course assists
clinicians in planning a custom-made treatment for the affected
patient and if required, and provide timely intensive care.
Preventive thromboprophylaxis and early diagnosis of potentially
complications will improve patient treatment outcomes. Continu-
ous care is necessary and future studies must research whether
optimal anticoagulation regimen with or without adjunctive
antithrombotic therapies can be supportive in COVID-19 patients.
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