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ABSTRACT

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) causes coronavirus disease 2019
(COVID-19), which can induce multisystem
disease. Human angiotensin-converting
enzyme 2 (ACE2) widely expressing in arterial
and venous endothelial cells and arterial
smooth muscle cells has been identified as a
functional receptor for SARS-CoV-2. Dysfunc-
tion of ACE2 leads to abnormal activation of the
renin-angiotensin system and a systemic

endotheliitis that may relate to abnormal
coagulation and sepsis. Meanwhile, innate
immune response and inflammation activation
participate in dysfunctional coagulation. Previ-
ous research indicated that dysfunctional coag-
ulation was one of the important risk factors
accountable for a high risk of severe disease and
death in patients with COVID-19. Understand-
ing the possible mechanisms of dysfunctional
coagulation and appropriate anticoagulation
therapeutic strategies are important to prevent
disease deterioration and reduce fatality rates
during the ongoing COVID-19 pandemic.

Digital Features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12369890.

J. Wang � Y. Ning � G. Li (&)
Department of Cardiovascular Medicine, The First
Affiliated Hospital of Xi’an Jiaotong University, 277
Yanta West Road, Xi’an 710061, China
e-mail: liguoliang_med@163.com

J. Wang
Department of Hematology, The First Affiliated
Hospital of Xi’an Jiaotong University, 277 Yanta
West Road, Xi’an 710061, China

A. M. Saguner
Department of Cardiology, University Heart Center
Zurich, Rämistrasse 100, 8091 Zurich, Switzerland

J. An � Y. Ning
Stroke Centre and Department of Neurology, The
First Affiliated Hospital of Xi’an Jiaotong University,
277 Yanta West Road, Xi’an 710061, China

J. An
Department of Neurology, Massachusetts General
Hospital, 55 Fruit St, Lunder 644, Boston, MA
02114, USA

Y. Yan (&)
Department of Cardiovascular Surgery, The First
Affiliated Hospital of Xi’an Jiaotong University, 277
Yanta West Road, Xi’an 710061, Shaanxi, China
e-mail: yangyan3@xjtu.edu.cn

Adv Ther (2020) 37:3033–3039

https://doi.org/10.1007/s12325-020-01399-7

http://orcid.org/0000-0002-2352-9404
https://doi.org/10.6084/m9.figshare.12369890
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-020-01399-7&amp;domain=pdf
https://doi.org/10.1007/s12325-020-01399-7


Keywords: ACE2; COVID-19; Dysfunctional
coagulation; SARS-CoV-2

Key Summary Points

Why carry out this study?

Dysfunctional coagulation is one of the
important risk factors accountable for the
high risk of severe disease and death in
patients with coronavirus disease 2019
(COVID-19) infection. Severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) involves potentially
deleterious processes in
hemostasis/coagulation and the
inflammation system.

This article aims to discuss the possible
mechanisms underlying dysfunctional
coagulation during SARS-CoV-2 infection.

What was learned from the study?

Abnormal activation of the renin-
angiotensin system (RAS) and a systemic
endotheliitis caused by dysfunction of
angiotensin-converting enzyme 2 (ACE2),
the innate immune response and
inflammation activation participate in
dysfunctional coagulation.

To propose an appropriate anticoagulation
therapeutic regimen and reduce the
fatality rate during the ongoing COVID-
19 pandemic.

INTRODUCTION

As of 19 May 2020, there were[4,800,000 con-
firmed cases of coronavirus disease 2019 (COVID-
19) worldwide with [ 300,000 deaths. Severe
acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2) is identified as the pathogen of COVID-19
[1]. SARS-CoV-2 shares about 80% homology
with that of severe acute respiratory syndrome
coronavirus (SARS-CoV) [2]. SARS-CoV-2 enters
and infects cells by using the receptor of human

angiotensin-converting enzyme 2 (ACE2) (Fig. 1),
and its spike protein binds to their common host
cell receptor at least ten times more tightly than
the corresponding spike protein of SARS-CoV
[3, 4]. ACE2 is expressed widely in various tissues.
This may cause multiorgan dysfunction, includ-
ing the vascular system, heart, kidneys, liver,
retina, enterocytes of the intestines and circum-
ventricular organs of the central nervous system,
upper airway tract, alveolar (type II) epithelial
cells of the lungs and pulmonary vasculature
(Fig. 2) [5–8].

The dysfunction of endothelial cells interacts
with the inflammation due to coronavirus
infection andmay lead to abnormal coagulation
and sepsis, indicating a poor prognosis in
patients with COVID-19 [9]. The pooled fre-
quency of thrombocytopenia is 11.1% [10], and
higher levels of D-dimers seem to be more com-
mon in patients with COVID-19, from 46.4% to
97.1% [11–13], especially in the severe cases
[14–17]. Increased coagulation eventually causes
multiorgan thromboembolism anddeath,which
is further confirmed by pathologic evidence
from fatal cases subject to necropsy [18]. AdultsC
60 years, especially those with preexisting heart
disease, lung disease, hypertension, diabetes and
cancer, are very vulnerable to SARS-CoV-2
infection and often develop severe disease. Dys-
functional coagulation is considered to consti-
tute one of the important risk factors
accountable for this high risk of severe disease
and death [19, 20]. Therefore, the immediate
priority is to unveil the possible causes of dys-
functional coagulation and recommend an
accurate anticoagulation therapeutic regimen to
protect patients from aggravation and death
[21, 22]. This article is based on previously con-
ducted studies and does not contain any studies
with human participants or animals performed
by any of the authors.

COVID-19 INFECTION
AND COAGULATION FUNCTION

Coagulation is an extremely well-organized
process that involves the interaction of three
key components: endothelial cells, platelets and
coagulation factors. In severe infection,
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coagulation is activated, and there is an
increased risk of the development of excessive
consumption of coagulation factors with
attendant disseminated intravascular coagula-
tion, which increases the fatality rates [23].
Considerable evidence shows that patients
contracting COVID-19 manifest abnormal
coagulation in both clinical presentation and
laboratory examination [19, 20]. Though the
specific mechanisms are still unclear, SARS-
CoV-2 obviously involves potentially deleteri-
ous processes in hemostasis/coagulation and
inflammation.

DYSFUNCTIONAL ACE2

ACE2 is an important part of the renin-an-
giotensin system (RAS), which has an opposite
effect to ACE. The RAS is composed of two axes
including ACE-angiotensin II (Ang II)-

angiotensin II type 1 receptor (AT1R) and ACE2-
Ang (1-7)-Mas receptor (MasR). The first axis of
RAS elevates reactive oxygen species and
superoxide levels, impairing endothelial func-
tion and microcirculation. The ACE2-Ang (1-7)-
MasR axis counteracts the function of the ACE-
Ang II-AT1R axis, which decreases inflamma-
tion and produces vasodilatation [24]. Dys-
function of ACE2 leads to abnormal activation
of the ACE-Ang II-AT1R axis, which subse-
quently promotes platelet adhesion and aggre-
gation and enhances the risk of
thromboembolism in multiple organs including
the lungs, brain, heart, kidney, etc.

INNATE IMMUNE RESPONSE

The coagulation system acts as a host defense
response to protect the human body from viral
invasion or injury. The activation of hemostatic

Fig. 1 Mechanisms of dysfunctional coagulation in
COVID-19. Dysfunction of ACE2 leads to abnormal
RAS activation, which promotes platelet adhesion and
aggregation following the invasion of SARS-CoV-2.
Meanwhile, inflammatory cytokines activate the coagula-
tion cascade. COVID-19 coronavirus disease 2019, SARS-
CoV-2 severe acute respiratory syndrome-coronavirus 2,

ACE2 angiotensin-converting enzyme 2, Ang I angiotensin
I, Ang II angiotensin II, Ang-(1-9) angiotensin-(1-9), Ang-
(1-7) angiotensin-(1-7), AT1R angiotensin II type 1
receptor, RAS renin-angiotensin system, TNF-a tumor
necrosis factor-a, IL-1b interleukin-1b, IL-6 interleukin-6,
ACEI angiotensin-converting enzyme inhibitors, ARB
angiotensin II receptor blocker
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processes induced by virus invasion may work
as an immune system to eliminate the etiologic
agent inside the clot [25]. In fact, the regulation
of coagulation and innate immunity is corre-
lated and intertwined because they share many
common pathways in response to viral invasion
and injury, such as the function of tissue factor
in the initiation of procoagulation, proinflam-
mation and the host immune response [26].

INFLAMMATORY FACTOR STORM

Previous data indicate that patients with
COVID-19 pneumonia show a cytokine storm at
the very early stage of the disease course, and
the most recent pathologic evidence from
autopsies of patients dying from COVID-19 also
supports this idea [18].

Elevated levels of inflammation-related
cytokines, including interleukin-2 (IL-2), inter-
leukin-6 (IL-6), interleukin-7, interleukin-8,
interleukin-10 and tumor necrosis factor (TNF),
were found in patients with COVID-19
[18, 27, 28] and correlated with disease severity
[29]. Endothelial cell infection and endotheliitis
play a critical role in the pathogenesis of SARS-
CoV-2. Inflammation due to virus infection
aggravates various proinflammatory cytokines
such as TNF-a, IL-1b and IL-6, which increase
the expression of tissue factor and von Wille-
brand factor from endothelial cells and mono-
cytes, promoting platelet aggregation and
initiating the clotting cascade. Besides, proin-
flammatory cytokines can also suppress the
synthesis of anticoagulants and fibrinolysis by
downregulating thrombomodulin and
endothelial protein C receptor and upregulating
plasminogen activator inhibitor-1 [30].

Fig. 2 Multiorgan injuries in COVID-19. COVID-19
coronavirus disease 2019, CNS central nervous system,
AIS acute ischemic stroke, CVS cardiovascular system, ACS

acute coronary syndrome, ALT alanine transaminase, AST
aspartate transaminase, ARDS acute respiratory distress
syndrome, AKI acute kidney injury
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Altogether, current evidence has shown the
potential of the intimate interconnection with
inflammatory disorders, hypercoagulation and
excessive immunity following SARS-CoV-2
invasion in dysfunctional coagulation. The
stimulation of an immune response and proin-
flammation activate the coagulation cascade,
and blood clotting in turn orchestrates the
pathway of an excessive inflammatory response.

PREVENTION AND TREATMENT

The lungs are the organs most affected by
COVID-19, and pneumonia-like symptoms are
the most common clinical manifestation in
infected patients with moderate-to-severe cases,
some of whom may experience a sudden wors-
ening of clinical conditions with rapid deterio-
ration into respiratory failure and multiple
organ dysfunction syndromes, especially in
patients C 60 years old with underlying chronic
diseases. The therapeutic regimen of COVID-19
varies based on the severity, including general
and supportive treatment. As this is a viral
pneumonia, antiviral therapies are experimen-
tal, and targeted therapeutic regimens against
SARS-CoV-2 are still under investigation. How-
ever, antibacterial drugs should be used
prudently.

In fighting SARS-CoV-2, the immediate pri-
ority is to balance the immune response,
inflammation activation and hypercoagulation,
as disorders of these three systems usually indi-
cate poor outcomes. First, healthcare workers
should carefully screen their patients, especially
those with underlying diseases who are at high
risk of endotheliitis induced by SARS-CoV-2
infection; a systemic endotheliitis may be the
first step of viral invasion [9]. Second, dynamic
monitoring of coagulation and inflammation-
related biomarkers are important to predict
outcomes and adjust the anticoagulant and
antiplatelet strategies in a timely manner. Third,
in severe cases, some methods to remove the
cytokines and clotting factors should be con-
sidered, such as continuous renal replacement
therapies, immunotherapy and artificial liver
support systems. Finally, avoiding drug-drug
interactions contributory to hypercoagulation

should be emphasized, especially since a variety
of substances are now being used in combina-
tion in clinical trials.

PROSPECTS AND CHALLENGES

COVID-19 infection disrupts the balance of
coagulative and fibrinolytic pathways, resulting
in an abnormal activation of coagulation and a
secondary hyperfibrinolysis, leading to an
increased risk of thromboembolism in several
organs. Given that the progressive deterioration
of coagulation function has an unfavorable
effect on the clinical course, it is never too early
to start routine monitoring of hemostasis and
inflammation tests. Moreover, evidence indi-
cates that anticoagulant treatment was effective
when used early in COVID-19 patients [21, 22].
These findings suggest that anticoagulation
therapy should be applied as soon as D-dimers
increase or prophylactic anticoagulation should
be used throughout the whole clinical course
unless contraindicated, e.g., in case of acute
pneumorrhagia or hematencephalon. The
underlined pathologic and physiologic mecha-
nisms of hypercoagulation in patients with
COVID-19 should be further explored, which
will definitely help design an accurate thera-
peutic strategy to prevent disease deterioration
and reduce fatality rates during the current
COVID-19 pandemic.
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