
Address for correspondence: Dr. Burak Pamukçu, Acıbadem Mehmet Ali Aydınlar Üniversitesi, Sağlık Hizmetleri Meslek Yüksekokulu,
İlk ve Acil Yardım Bölümü, Acıbadem Kozyatağı Hastanesi, Okur Sk. No 20 Kozyatağı, Kadıköy, İstanbul-Türkiye

Phone: +90 216 571 44 49  E-mail: bpamukcu@gmail.com
Accepted Date: 10.09.2020  Available Online Date: 24.09.2020

©Copyright 2020 by Turkish Society of Cardiology - Available online at www.anatoljcardiol.com
DOI:10.14744/AnatolJCardiol.2020.56727

Review224

 Burak Pamukçu

Department of First and Emergency Aid, Acıbadem Mehmet Ali Aydınlar University, Vocational School of Health Services; İstanbul-Turkey

Inflammation and thrombosis in patients with COVID-19:
A prothrombotic and inflammatory disease caused

by SARS coronavirus-2

Introduction

The outbreak of coronavirus disease-2019 (COVID-19) caused 
by “Severe Acute Respiratory Syndrome coronavirus-2” (SARS-
CoV-2) emerged in Wuhan, a city in China, in the last days of 2019 
(1). The virus quickly spread almost everywhere on the planet and 
the World Health Organization declared a pandemic on the 11th 
of March 2020 (2). SARS-CoV-2 enters the human body through 
the mucosal cells of the nasopharynx. It moves to and enters the 
alveolar endothelial cells via angiotensin-converting-enzyme 2 
(ACE-2) receptors (3, 4). Lungs, myocardium (5), endothelial tis-
sue, testes, gastrointestinal tract, and kidneys (6) express ACE-2 
receptors which make them targets of SARS-Co-V-2. It can move 
to the brain tissue by passing through the blood-brain barrier (7) 

and cause a multi-systemic disease (8). Clinically, patients can 
be classified under three major groups according to the sever-
ity of the disease: asymptomatic or mildly symptomatic, severe, 
and critically ill subjects. The last two groups are usually treated 
in hospitals since respiratory failure can develop and mechani-
cal ventilation may become necessary. Overall fatality rates 
reported for COVID-19 differ among countries but remain high, 
with no specific curative treatment to date. Recent data indicate 
that COVID-19 patients can develop critical disease in the pres-
ence of underlying conditions including hypertension, diabetes 
mellitus, coronary heart disease, chronic obstructive pulmonary 
disease, immunological and inflammatory diseases, cancer, and 
the use of immunomodulatory or immune-suppressive drugs (9). 
An analysis of all COVID-19 cases reported in China established 
a fatality rate of approximately 0.9%, 10.5%, 7.3%, 6%, 6.3%, and 
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6.0% in patients with no comorbidities, cardiovascular disease, 
diabetes mellitus, hypertension, chronic respiratory disease, and 
cancer, respectively (10-13). Of note, the fatality rate was 14.8% 
for patients over 80 years old (10, 13).

Autopsy studies report respiratory failure, thrombosis, and 
septicemia as the main causes of death in COVID-19 patients 
(14). There are increasing data putting forward the roles of 
thrombosis and inflammation in disease prognosis. Arterial 
and venous thrombosis are reported among patients with CO-
VID-19 and there is a strong association between thrombotic 
events and mortality. A recent study established the presence 
of thrombi in small and mid-sized pulmonary arteries in various 
amounts in all 11 patients who underwent autopsy (15). Another 
post mortem study aimed to compare the lungs of patients who 
died from COVID-19 and acute respiratory distress syndrome 
secondary to influenza A (H1N1) (16). The main histopathological 
finding was diffuse alveolar damage with perivascular T lympho-
cyte infiltration of the peripheral lung tissue in both groups. How-
ever COVID-19 patients’ lungs showed severe endothelial injury, 
widespread thrombosis with microangiopathy, and increased 
angiogenesis (16).

This review aims to summarize coagulation abnormalities 
and inflammatory mechanisms and pathways involved in the 
pathogenesis of COVID-19, discuss the role of thrombosis and in-
flammation in COVID-19 progression and clinical outcomes, and 
provide evidence-based therapeutic guidance, especially from 
antithrombotic and anti-inflammatory perspectives.

Methodology
To gather currently available evidence-based data on MED-

LINE via the PubMed interface, MeSH, terms including “CO-
VID-19,” “thrombosis,” and “inflammation” were used until 
01.06.2020. All of the relevant literature associated with COV-
ID-19, thrombosis, and inflammation were evaluated before gen-
erating this comprehensive review. The data mainly consisted of 
retrospective observational studies, case reports, epidemiologi-
cal statistics, and expert consensus documents.

Pathogenesis of SARS-CoV-2 infection
SARS-CoV-2 attaches and enters into cells via ACE2 recep-

tors, starts a local inflammation, and activates the endothelium 
(17). These are followed by tissue damage, increased irregular 
cytokine release, and interruption of angiotensin II metabolism, 
with increased angiotensin II and decreased angiotensin [1-
7], leading to induced inflammation, endothelial activation, and 
migration of white blood cells and platelets (18). Endothelial ac-
tivation in the lungs causes the ACE-1 shedding phenomenon, 
described as a transient release of ACE-1 from cellular mem-
branes in large amounts followed by a quick increase in Angio-
tensin II levels (19). The later induces inflammation, coagula-
tion, and the capillary leak phenomenon (19). However, when 
ACE-1 disappears, angiotensin II also decreases to very low 
levels causing more vasodilation and capillary leak, resulting 

in endothelial permeability impairment. Decreased angiotensin 
II levels induce ACE-2 synthesis and may cause susceptibility 
to SARS-CoV-2 entry to the tissues (20). Under these circum-
stances, the inappropriate release of cytokines, the cytokine 
storm, occurs (20).

The attachment and adhesion processes of coronaviruses to 
human cells are mediated by their large spike (S) proteins pro-
truding from the viral surface, mainly by S2 protein in the case of 
SARS-CoV-2 (21). SARS-CoV-2 ectodomain S protein attaches to 
ACE2 protein with a 10 to 20 fold higher affinity than when they 
attach to SARS-CoV (22). The internalization process recruits the 
hemagglutinin cleavage pathway in which transmembrane ser-
ine protease 2 (TMPRSS2) appears to play a key role (23, 24). 
Therefore, TMPRSS2 antagonists including camostat mesylate 
and nafamostat are under investigation since they have inhibited 
cellular invasion of SARS-CoV-2 in vitro via reducing the prote-
ase activity of TMPRSS2 (23, 25).

Clinical spectrum of COVID-19 as a multi-systemic disease
COVID-19 clinically presents with a very wide spectrum of 

symptoms including almost all systems. Although it affects 
mainly the respiratory system, particularly the alveolar tissue, 
different systemic involvements are reported around the world. 
Furthermore, the severity of respiratory involvement differs be-
tween subjects. Some patients experience few and non-specific 
symptoms including fever and dry cough, others present with 
combined mild pneumonia and mild dyspnea, or severe pneumo-
nia with dyspnea, tachypnoea, and hypoxia. Approximately 5% 
of COVID-19 patients develop critical respiratory disease requir-
ing mechanical ventilation (26).

The cardiovascular system is also frequently targeted by 
SARS-Co-V2. Myocyte necrosis and mononuclear cell infil-
tration are reported in cardiac muscle autopsy specimens in 
a study performed in China (27). Additionally, COVID-19 may 
cause thrombosis in coronary arteries leading to myocardial 
infarction (28). Peripheral arterial and venous thrombosis are 
also frequently found in patients with COVID-19 (29, 30). The 
virus is shown to cross the blood-brain barrier and reach the 
central nervous system (31). Some researchers revealed that 
the virus can move to the respiratory center in the brain via the 
olfactory nerve (31). Gastrointestinal tract mucosa, liver, and 
hepatic veins are also reported as targets of COVID-19 (32). Uri-
nary system involvements including the kidneys and testicles 
are reported (33). A Spanish study described five main types 
of skin lesions seen in COVID-19 patients and the disease can 
present only with skin lesions, especially among children with-
out respiratory symptoms (34).

Of note, the respiratory distress seen in COVID-19 differs 
from acute respiratory distress syndrome (ARDS) caused by 
other infectious agents and other cytokine releasing syndromes. 
COVID-19 respiratory distress begins with early and profound 
hypoxemia, without prominent respiratory dysfunction at the 
beginning. Furthermore, pulmonary compliance is moderately 
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decreased in patients with COVID-19 and the hyperperfusion of 
poorly or non-ventilated lung segments is reported, explaining 
profound hypoxemia (19, 35).

Disturbances of hemostasis and coagulation system among 
patients with COVID-19
Coagulation abnormalities are common among patients with 

COVID-19. Mild thrombocytopenia (36), elevated fibrinogen, lac-
tate dehydrogenase (LDH), liver enzymes, D-dimer (37, 38), and 
fibrin degradation products (FDPs) (37) are frequently reported. 
A slightly prolonged prothrombin time, shortened activated par-
tial thromboplastin time (aPTT) at the beginning and prolonged 
aPTT in the later phases of the infection, increased Von Will-
ebrand (vWF) activity, vWF antigen, and FVIII levels (39, 40) are 
also observed. The presence of lupus anticoagulant (41, 42) was 
also reported in recent studies. Prolongation of aPTT, which can 
be detected in the case of clotting factor deficiency or the pres-
ence of coagulation inhibitors including antibodies to coagula-
tion factors or lupus anticoagulant, is common among COVID-19 
patients. Lupus anticoagulant increases the thrombotic risk and 
has been investigated in patients with COVID-19 in a few studies 
(41, 42). In one of these studies, lupus anticoagulant was pres-
ent in 41% of the patients (41) while in the other study it was 
determined in 91% of the COVID-19 patients (42). Furthermore, 
low levels of factor XII were reported (42).

The coagulation function of 40 critically ill COVID-19 patients 
was evaluated by rotational thromboelastometry (ROTEM) and 
other standard methods on the first, fifth, and tenth days of ad-
mission to the intensive care unit. Prothrombin time was pro-
longed on the tenth day when compared to the first day, and the 
highest fibrinogen and aPTT levels were observed on the day of 
admission (when compared to the 5th and 10th days). The authors 
revealed that ROTEM results were consistent with a persistent 
hypercoagulable state (43).

The coagulopathy seen in COVID-19 differs from that seen in 
other infections and has been defined as “sepsis-induced co-
agulopathy,” characterized by increased D-dimer and fibrinogen 
levels (44, 45). This situation can progress to disseminated intra-
vascular coagulation (DIC), where prolonged PT, increased D-di-
mer, thrombocytopenia, and hypofibrinogenemia are commonly 
reported (43). Of note, DIC appears to be very common, especial-
ly among critically ill COVID-19 patients, since current evidence 
indicate that 71% of the patients who died from COVID-19 have 
met the criteria set by the International Society on Thrombosis 
and Haemostasis (ISTH) for the diagnosis of DIC (37).

Changes in coagulation parameters are summarized in Table 1.

Increased Thrombosis associated clinical events in  
COVID-19
Thrombosis plays a pivotal role in COVID-19 associated clini-

cal outcomes. There is increasing evidence supporting the im-
pact of thrombosis on disease worsening, tissue damage, and 
deaths. A recent study aimed to assess and compare throm-

botic risks between COVID-19 patients having respiratory dis-
tress syndrome and non-COVID-19 ARDS patients (46). A total 
of 64 thrombotic events in 150 patients (mainly pulmonary embo-
lisms, hemodialysis fistula circuit clotting, etc.) were observed, 
and significantly more thrombotic complications were present 
among COVID-19 associated respiratory distress syndrome pa-
tients when compared to non-COVID-19 ARDS patients, despite 
regular anticoagulant therapy (46).

The most plausible mechanism underlying increased throm-
bosis in COVID-19 appears to be an inflammatory reaction trig-
gered by the infection itself, which results in damages in the 
microvascular system and causes abnormal activation of the 
coagulation system. These are followed by increased vascular 
inflammation and the generation of excessive microthrombi (16).

The most common thrombotic events seen during COVID-19 
are venous thromboembolism and pulmonary microvascular 
thrombosis. However thrombotic events can occur every-
where including heart, venous, or arterial systems. Recent 
studies also demonstrated that changes in coagulation pa-
rameters provide prognostic information in COVID-19. For ex-
ample, a 3.5 fold increase in D-dimer, 1.9 fold increase in FDPs, 
14% prolonged prothrombin time, and 71% DIC (vs. 0.6% DIC in 
survivors) was reported in patients who died from COVID-19 
compared to those who survived (32). Furthermore, thrombotic 
rather than embolic pulmonary lesions were the main cause of 
death in COVID-19 in an autopsy study (15). In another study, 
venous thromboembolism (VTE) was determined in 69% of an-
ticoagulated COVID-19 patients in the intensive care unit (47). 
Peripheral arterial thrombosis was also reported in critically 

Table 1. Changes in coagulation parameters in patients 
with COVID-19

Platelet count Slightly decreased (36, 57)

Prothrombin time Slightly prolonged (39, 40, 43)

International normalized ratio Slightly increased (39, 40, 43)

aPTT Decreased first, then increased (41, 42)

Protein C Increased (29)

Protein S Decreased (29)

Antithrombin Decreased (29)

Factor VIII Increased (39, 40)

vWF activity Increased (39, 40)

vWF antigen Increased (39, 40)

Factor XII Decreased (42)

Fibrinogen Increased (37, 38, 44, 45)

FDPs Increased (37, 38, 44, 45)

D-dimer Increased (37, 38, 44, 45)

Lupus anticoagulant Positive (up to 91%) (41, 42)

ROTEM Hypercoagulable state (43)

aPTT - activated partial thromboplastin time, FDPs - fibrin degradation products,  
ROTEM - rotational thromboelastometry, vWF -  von Willebrand Factor
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ill COVID-19 subjects (48). Cases of myocardial infarction as-
sociated with increased thrombosis were also reported among 
patients with COVID-19 (49).

Antithrombotic therapy in COVID-19
Thrombosis is supposed to be one of the key mechanisms 

increasing the morbidity and mortality in COVID-19. There-
fore, several different antithrombotic molecules are under 
investigation both in the prevention and treatment of throm-
botic events in patients with COVID-19. However, there is no 
evidence-based consensus on antithrombotic regimes and 
there are still controversial remarks regarding the administra-
tion of antithrombotics and their doses. Some experts recom-
mend LMWH, UFH, or fondaparinux for all hospitalized patients 
at prophylactic doses used for VTE and limb compression in 
case of prominent contraindications for anticoagulant therapy 
throughout their hospital stay (50). Additional therapy for 7 to 
14 days after discharge can be considered for subjects with 
increased VTE risk (immobility, obesity, previous history of 
VTE, active cancer, etc.), perhaps at intermediate dose LMWH 
twice daily (50). However, none of the researchers and experts 
support the administration of UFH or LMWHs at therapeutic 
doses, especially without evidence of DVT or other thrombotic 
lesions (29, 50, 51).

On the other hand, there are several patients on warfarin 
or direct oral anticoagulants (DOACs) admitted to the hospitals 
with COVID-19. During the therapy, severe drug interactions 
were reported between the different antivirals, anticoagulants, 
and other therapeutics used in these patients (52). High instabil-
ity of PT and INR are common among treated COVID-19 patients, 
probably due to the variability of vitamin K metabolism, liver in-
volvement, diet, co-medications, and heart failure (52, 53). Of 
note, antiviral drugs interact with DOACs and may cause signifi-
cantly increased blood DOACs levels, putting patients in danger 
of bleeding (54). Therefore, some researchers suggest to switch 
temporarily from oral anticoagulants to LMWHs or heparin and 
set individualized therapy considering the pharmacological char-
acteristics of oral anticoagulants, the potential of polypharmacy, 
and the possible necessity of mechanical ventilation in intensive 
care units (50, 52). Patient-based evaluation of the need for an-
ticoagulation may be the best approach until evidence-based 
guidelines are published.

The ISTH interim recommends prophylactic doses of 
LMWH in almost all COVID-19 patients without an increased 
risk of bleeding (55). This strategy may be appropriate for non-
severe COVID-19 patients, however, severe and critically ill CO-
VID-19 patients experience a higher degree hypercoagulable 
state in which therapeutic doses of heparin or LMWHs may 
be necessary (56). The Swiss Society of Haematology recom-
mends thromboprophylaxis for all in-hospital COVID-19 pa-
tients according to a risk stratification score unless there is a 
contraindication. Monitoring of coagulation parameters is also 
recommended including D-dimer, prothrombin time, fibrinogen, 

platelet count, LDH, creatinine, and alanine aminotransferase 
routinely, and factor Xa and antithrombin if necessary, as well 
as a dose-adjusted anticoagulant therapy with regards to renal 
function (57).

Since post mortem studies established the presence of 
thrombotic microangiopathy in lung tissues, severe and critically 
ill COVID-19 patients who recovered from the disease may de-
velop chronic thromboembolic pulmonary hypertension (CTEPH) 
in the future. Echocardiographic studies may help us to elucidate 
whether these individuals develop CTEPH. A follow-up program 
including echocardiographic assessment and lung tissue imag-
ing can help clinicians to monitor both pulmonary artery pres-
sure and fibrotic processes in the lungs.

To reduce thrombosis in patients with COVID-19, several 
molecules are proposed by investigators. Nafamostat mesylate 
(NM), a molecule used for pancreatitis and DIC in Japan for sev-
eral years, is now proposed as a therapeutic in COVID-19 with 
its suppressive actions against SARS-CoV-2 (58). A combination 
of heparin with NM may be a more powerful option for the treat-
ment of the thrombotic state in COVID-19 (59).

Systemic anticoagulation at therapeutic doses improved 
mortality among COVID-19 patients requiring mechanical 
ventilation (29.1% vs. 62.7%, mortality rates of anticoagulated 
and non-anticoagulated patients, respectively) (51). Interest-
ingly, the authors revealed no significant difference in mortal-
ity rates among patients who received anticoagulation (22.5%) 
and those who did not (22.8%) when all patients were included 
in the analysis (51). There are still debates on how to choose 
the optimal anticoagulant therapy regime in patients with COV-
ID-19. Some experts indicate that therapeutic doses of heparin 
may be dangerous, and possibly cause harm via contributing to 
hemorrhagic microangiopathy, which can result in major and 
fatal bleeding (60).

Another old antithrombotic molecule dipyridamole is being 
used among a limited number of COVID-19 patients. Dipyridam-
ole has both antiviral and antioxidant properties shown to sup-
press SARS-CoV-2 replication in vitro (61). In a recent concept 
trial involving 31 patients with COVID-19, dipyridamole sig-
nificantly decreased D-dimer (p<0.05), increased lymphocyte 
and platelet recovery in the circulation, and improved clinical 
outcomes in severe COVID-19 patients when compared to the 
controls (61).

The association between coagulation and inflammation fol-
lowing the invasion of SARS-CoV-2 may be explained in part 
by dysfunctional ACE2-activated renin-angiotensin system, 
promotion of platelet adhesion and aggregation, and release of 
inflammatory cytokines that activate the coagulation cascade 
(62-65).

Early clinical observations indicate that COVID-19 patients 
may provide immediate and perhaps late benefits from antico-
agulant therapy. However, there is still no terminated randomized 
clinical study and the therapeutic regimes should be determined 
as concerns clinical evidence.
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The role of inflammation revisited in COVID-19
SARS-CoV-2 is found in different tissues including type II 

alveolar epithelial cells, pulmonary macrophages, hilar lymph 
nodes, spleen, and testes (66). Inflammation plays an important 
role in the progression of the disease and its clinical outcomes. 
Inappropriately increased inflammation causes a cytokine storm 
leading to diffuse alveolar damage, renal insufficiency, myocar-
ditis, central nervous system involvement, and multi-organ fail-
ure, associated with poor clinical prognosis. Coronavirus infec-
tion causes a release of proinflammatory cytokines, associated 
with a systemic inflammatory response syndrome (SIRS), and 
accelerates cellular death in the lungs, liver, heart, kidneys, and 
adrenal parenchymal tissue (67).

The cytokine storm is characterized by markedly increased 
levels of interleukins (ILs), mostly IL-6, IL-2, IL-7, granulocyte 
colony-stimulating factor, interferon-γ inducible protein 10 (IP-
10), monocyte chemoattractant protein 1 (MCP-1), macrophage 
inflammatory protein 1 alpha (MIP1-a) and tumor necrosis factor 
(TNF)-alpha, which may promote lymphocyte apoptosis (68-70). 
These cytokines levels are shown to be increased in patients 

with severe COVID-19 (71, 72). The cytokine storm results in tis-
sue damage, thrombotic microangiopathy, endothelitis, and en-
dothelial dysfunction.

Monocytes and their derivate tissue macrophages are cells 
of innate immunity interacting with microbial threats by produc-
ing inflammatory cytokines. These cells eliminate pathogens 
and promote tissue repair. Apart from eliminating infectious 
agents, monocytes play roles in atherosclerosis, angiogenesis, 
thrombosis, and tissue repair (73). An inappropriate macrophage 
over-response can be damaging to the host (for example the 
macrophage activation syndrome induced by severe infections 
including COVID-19) (74).

Mechanisms involved in SARS-CoV-2 infection, inflamma-
tion, and thrombosis are summarized in Figure 1.

Antiviral, immunomodulatory, and anti-inflammatory  
therapy in COVID-19
There is still no specific curative antiviral therapy nor vac-

cine for COVID-19 but several clinical and vaccine studies are in 
progress. From the beginning of the pandemic, several licensed 
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Infection induces monocyte activation and their derivates tissue macrophages release inflammatory cytokines in alveolar, renal, cardiac, and gastrointestinal 
systems in cooperation with natural killer cells and activated T lymphocytes. Triggered inflammation promotes also coagulation system leading to thrombosis. 
ACE 1; angiotensin converting enzyme 1, ACE2R; angiotensin converting enzyme 2 receptor, Ang1; angiotensin 1, Ang2; angiotensin 2, CXCL-10; Interferon gamma-
induced protein 10, GCSF; granulocyte colony stimulating factor, GM-CSF; granulocyte macrophage colony stimulating factor, IFN; interferon, IL; interleukin, IL-1RA; 
interleukin 1 receptor antagonist, MCP-1; monocyte chemoattractant protein-1, MIP1-a; macrophage inflammatory protein 1 alpha, NF-κβ; nuclear factor kappa 
beta, RAAS; renin angiotensin aldosteron system, TNF; tumour necrosis factor.

Figure 1. Infection, inflammation, and thrombosis in COVID-19
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and commercially available medicines were assessed for treat-
ment. Current antiviral treatment strategies mostly use hydroxy-
chloroquine/chloroquine, remdesivir, favipiravir, and/or lopinavir/
ritonavir.

In the treatment of COVID-19, 4-aminoquinolines including 
chloroquine (CQ) and its less toxic hydroxy-analog, hydroxychlo-
roquine (HCQ), are frequently used since the beginning of the 
pandemic based on recent data obtained from SARS coronavi-
rus disease in some countries. Although there is no strong evi-
dence, HCQ is recommended by local health authorities therapy 
guidelines and preliminary results indicate some benefit over 
harm, especially when it is administered in the early phases of 
the disease. HCQ is supposed to diminish viral entry into mucosal 
tissues and viral replication at the initial phase of the disease. US 
health authorities appear to be against HCQ use since there are 
little evidence and potential harm mainly severe arrhythmias. In 
the USA, remdesivir was the only molecule that has obtained ap-
proval by the Food and Drug Administration for the treatment of 
COVID-19 at the time this article was written.

HCQ and CQ recruit several mechanisms of action from the 
inhibition of viral attachment and entry in respiratory tract cells 
to the inhibition of new viral particle maturation and spread (75-
78). Aminoquinolines are frequently used in patients with rheu-
matic diseases including systemic lupus erythematosus and 
anti-phospholipid syndrome due to their anti-inflammatory and 
antithrombotic effects (79).

Favipiravir is an RNA dependent RNA polymerase (RdRp) in-
hibitor shown to be effective in the treatment of influenza and 
Ebola virus infections and has been assessed in COVID-19 (80, 
81). A Chinese controlled non-randomized trial compared the ef-
fect of favipiravir versus lopinavir/ritonavir in COVID-19 (82). Fa-
vipiravir was associated with faster viral clearance and a higher 
improvement rate in chest imaging (82).

Remdesivir is a nucleotide analog prodrug that inhibits viral 
RNA polymerase and shows in vitro activity against SARS-CoV-2. 
In a small cohort of patients hospitalized with the diagnosis of 
severe COVID-19, compassionate-use of remdesivir improved 
the clinics of 68% of patients (83).

Lopinavir/ritonavir, a drug already in use among HIV/AIDS 
therapy, was considered in COVID-19. A randomized study 
performed in hospitalized adult patients with severe COVID-19 
showed no benefit with lopinavir-ritonavir treatment beyond 
standard care (84).

On the other hand, immunomodulatory therapy is being con-
sidered in patients with cytokine storm and severe COVID-19. 
There are several options for immunomodulatory therapy and 
clinical trials are under investigation. For example, the IL-6 re-
ceptor antagonist tocilizumab is one of the most used molecules 
with this purpose and clinical randomized trials are still going 
on. Furthermore, IL-1 receptor antagonist - anakinra, anti-IL-1β - 
canakinumab, anti-TNF - infliximab, adalimumab, and golimumab, 
anti-GM-CSF - TJ003234 and lenzilumab, M-CSF receptor inhibi-
tor - axatilimab, anti-IFNγ - emapalumab, anti-CCR5 - leronlimab, 

and anti-complement C5 - eculizumab are some of the promising 
drugs under investigation (74).

Modulation of the excessive immune response may pre-
vent tissue damage, reduce autoimmune processes, and help 
clinicians in saving lives. To balance inflammatory response, 
researchers hope that steroids may also provide some contri-
butions. Corticosteroid therapy can be another option that is lim-
ited to severe COVID-19 patients with refractory sepsis, septic 
shock, and ARDS (85-87). Since corticosteroids bind to cytoplas-
mic receptors, change the transcription of mRNA, and reduce 
inflammatory mediator production, they may be useful in limiting 
COVID-19 associated inflammatory damages (85-87). However, it 
should not be under-considered that the administration of corti-
costeroids may be like a double-edged sword and may delay vi-
ral clearance and increase the risk of secondary infections and 
mortality (85-87).

Statins’ anti-inflammatory, antithrombotic, and pleiotropic 
effects have been shown in coronary artery disease (88) and 
they may play a role in the modulation of the inflammatory re-
sponse in COVID-19 (89-91). A downregulation in ACE2 has been 
established during COVID-19 and statins are known to increase 
ACE2 expression in cells. Thus statins may contribute to reverse 
downregulated ACE2 expression and may limit inflammation, 
thrombosis, and endothelial dysfunction triggered by a dysfunc-
tional ACE2 activated renin-angiotensin system (62-65, 89-91). 
Of note, renin-angiotensin-aldosterone system inhibitors have 
no negative effect on disease progression and prognosis in CO-
VID-19, and patients who are using these drugs may adhere to 
their therapy safely (92, 93).

The interactions between antiviral, anti-inflammatory, and 
antithrombotic agents frequently used for the treatment of CO-
VID-19 are summarized in Table 2.

Conclusion

In severe or critical COVID-19, inflammatory mechanisms 
are activated. The release of various cytokines in excessive 
amounts causes a SIRS called the “cytokine storm,” responsible 
for increased tissue damages. The inflammation of endothelial 
tissue, occurrence of endothelial dysfunction, activation of the 
coagulation system, and generation of a prothrombotic milieu 
are key mechanisms underlying COVID-19 associated clinical 
events. Microangiopathy, thrombosis, and angiogenesis highly 
influence disease progression. Anticoagulant therapy can limit 
tissue damage associated with microvasculature thrombo-
sis. Debates on timing and dosing of antithrombotic therapy as 
well as the drug of choice are still up to date and low molecular 
weight heparins appear to be one step ahead compared to oth-
ers because of the possible interaction between antiviral agents 
and DOACs. The unstable status of PT-INR in warfarin therapy 
also limits its use in COVID-19. There is almost a consensus on 
the prophylactic use of LMWHs in all hospitalized patients un-
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less there are contraindications. NM alone or in combination 
with heparin, and dipyridamole can be considered in appropriate 
patients. Individualized antithrombotic regimes are recommend-
ed regarding patients’ clinical status. Favipiravir, remdesivir, and 
hydroxychloroquine are promising antimicrobials but should be 
investigated in randomized controlled trials. Immunomodulatory 
therapies for cytokine storm and SIRS have a high ability to limit 
the immune system driven host damages.
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