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Coagulation disorders in SARS-CoV-2 infection
Romeo Gabriel Mihailaa, Marius Dragos Mihailab

A better understanding of the pathogenetic mechanisms triggered by SARS-CoV-2 infection may contribute to a more 
effective management of patients with COVID-19. Coagulation dysfunction is a key pathogenetic element of this disease 
as well as a challenge for practitioners. Marked inflammatory process found in severe forms of COVID-19, the comple-
ment activation, the cytokine storm, and disruption of the renin-angiotensin-aldosterone system are involved in the 
onset of thrombotic microangiopathy and large vessel coagulopathy. Virus-induced procoagulant activity occurs at 
the systemic level. Intravascular microthrombi disrupt vascularization in various tissues and organs, contributing to the 
occurrence of multiorgan failure and explain the higher morbidity and all-cause mortality of patients. It is estimated 
that almost 20% of patients with COVID-19 have significant coagulation disorders, and about a quarter of those hos-
pitalized in intensive care units are prone to develop thrombosis events under prophylactic anticoagulant treatment. 
Some of patients who have been immunized after healing from the SARS-CoV-2 infection have a hypercoagulable state 
and are prone to develop thrombosis. Hypercoagulability is supported by thrombelastographic analysis: patients have 
an acceleration of the propagation phase of blood clot formation and higher clot strength. Markers of coagulation 
dysfunction in SARS-CoV2 are: decreased platelet count, increased INR, presence of fibrin degradation products, and 
especially higher plasma levels of D-dimers, which predict unfavorable outcome in these patients. Age, pre-existing 
diseases and associated risk factors, together with careful monitoring of clinical evolution and laboratory parameters 
allow the choice of the best personalized prophylactic or curative anticoagulant treatment.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic began in China and spread 
around the world in a matter of months1.

Collaboration between teams of researchers around 
the world has been and is essential for conducting clinical 
trials in coronavirus disease 2019 (COVID-19) infected 
patients in order to understand the pathophysiological 
features of this new viral challenge2.

Coronavirus disease 2019 (COVID-19) is pathogeneti-
cally associated with inflammation, cytokine storm, and 
frequent lung injury3 but multiple tissues and viscera can 
be affected, a situation which acquires a systemic charac-
ter. The decrease in peripheral blood lymphocyte count 
was sometimes observed early in severe COVID-19 cases 
and reported before disease progression or death in all 
10 patients who were autopsied in a study in Wuhan. 
They showed lymphoid atrophy of the splenic follicles 
and a decrease in the number of splenic B and T lym-
phocytes4. In addition, endothelial damage may explain 
the systemic impairment present in some patients5. The 
virus binds to angiotensin-converting enzyme 2. Depletion 
of this enzyme by the virus results in an increase in the 

amount of angiotensin II, which has proinflammatory and 
vasoactive effects and promotes tissue damage. It is ac-
cepted that the patients infected with SARS-CoV-2 have 
a thrombotic risk. The coagulopathy present in patients 
infected with SARS-CoV-2 is similar to the one induced 
by sepsis6. Thrombotic events (venous and arterial throm-
boembolism) (ref.7) occur more often in patients with 
more severe disease who also have other risk factors, such 
as male gender, advanced age, obesity, cancer, different 
comorbidities, and treatment in intensive care units3.

PATHOGENETIC MECHANISMS TRIGGERED  
BY SARS-COV-2 INFECTION

The sequence of pathogenetic events in patients with 
severe forms of COVID-19 is: alveolar lesions caused by 
the virus, followed by a reactive inflammatory process, 
which promotes the occurrence of thrombosis in the pul-
monary microcirculation. Inflammatory and thrombotic 
endothelial lesions have been observed in the brain and 
other vital viscera, which can progress to multiorgan fail-
ure and even death8.
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The role of the immune mechanism and the hypothesis of 
autoimmune involvement

Lymphopenia and decreased helper and suppressor 
lymphocyte disturbances upset the balance between in-
nate and acquired immunity and increase neutrophilic 
and macrophage stimulation. Persistent activation of 
the immune system can lead to hemophagocytosis-like 
syndrome, with a significant increase in cytokine release, 
which can cause multiple organ failure and even death9. 
On the other hand, the cytokine storm, along with isch-
emia and hypoxemia, are involved in the appearance of 
immune lesions10. Fixation of the virus to the angiotensin-
converting enzyme-2 (ref.11,12), followed by cell penetration 
and infection, could be involved in the development of 
the autoimmune response, with the production of allo- or 
autoantibodies against the enzyme, which could explain 
some late, severe complications. This is just a hypothesis, 
which requires further study for confirmation11.

The role of neutrophil extracellular traps
Neutrophils may release neutrophil extracellular traps, 

but when they are dysregulated they have a proinflam-
matory effect and a prothrombotic role at microvascular 
level, including in severe forms of COVID-19 pneumo-
nia that progress to acute respiratory distress syndrome. 
Some markers of neutrophil extracellular traps are elevat-
ed in COVID-19 (especially in the patients subjected to 
mechanical ventilation procedures) and correlated with 
peripheral neutrophil count. They are involved in the cy-
tokine release and progression to respiratory failure13. In 
addition to thrombosis in the microcirculation, throm-
botic events (affecting large vessels) are more common 
in patients with severe COVID-19 pneumonia.

Deregulation of coagulation and fibrinolysis
The risk of arterial and venous thrombosis in pa-

tients with severe forms of COVID-19 or with systemic 
manifestations is explained by the presence of expressed 
inflammatory syndrome, hypercoagulability, endothe-
lial dysfunction, platelet activation, and blood stasis14. 
Deregulation of coagulation and fibrinolysis in COVID-19 
patients results in fibrin deposits in the alveoli and lung 
parenchyma. Tissue factor (released from lesions of al-
veolar endothelial cells and on the surface of leukocytes) 
is involved in the formation of these deposits. Increased 
amounts of plasminogen activator inhibitor factor 1 are 
released from vascular endothelial cells and lung epithe-
lium and contribute to hyperfibrinolysis15.

COAGULATION DYSFUNCTION REFLECTED 
IN CLINICAL AND LABORATORY 
CHARACTERISTICS OF SARS-COV-2 INFECTION

An early and accurate diagnosis of COVID-19 is 
essential to ensure appropriate treatment, to limit the 
worsening of viral disease, and, at the same time, con-
tribute to the control and elimination of the SARS-Cov-2 
epidemic16. This viral infection may be asymptomatic or 

cause the disease. Fever and upper and lower respirato-
ry tract symptoms and signs (especially dry cough, and 
shortness of breath, but also fatigue, headache, myalgia, 
or diarrhea) are the main clinical manifestations of this 
disease1,5,12. Acute respiratory distress syndrome can be 
added to these7,12. Chinese authors report that about 20% 
of patients infected with SARS-CoV-2 have severe forms 
of the disease17. 

Arterial and venous thrombosis and hemorrhages
With the increase in the number of treated patients, 

the number of communications regarding the systemic 
implications of COVID-19 infection, including the cardio-
vascular and neurological ones, has increased. Among the 
latter are: both venous thrombosis or cerebral infarctions, 
but also intracerebral hemorrhages1. Arterial thromboses 
are also possible (e.g. of the superior mesenteric artery) 
(ref.18), as well as the combination of arterial and venous 
thrombosis (e.g. of the superior mesenteric vessels) 
(ref.19). Even unenhanced computed tomography scan can 
signal indirect signs of thrombosis, which the radiologist 
must pay attention to19. But the first clinical manifestation 
of SARS-CoV-2 infection may also be a thrombotic event, 
such as: venous thromboembolism, pulmonary embolism, 
carotid artery thrombosis, stroke, cerebral venous sinus 
thrombosis, or coronary thrombosis20. It is known that ve-
nous thromboses are more common than arterial throm-
boses in antiphospholipid syndrome. The latter are most 
often manifested by ischemia or infarction21. The fact that 
venous thromboses are also more common than arterial 
thromboses in coagulation dysfunction present in patients 
infected with SARS-CoV-2 could be partially explained by 
the incidence of lupus anticoagulants in these patients.

Thrombotic microangiopathy
Thrombotic microangiopathy of the heart is respon-

sible for the occurrence of myocarditis, various forms 
of cardiac arrhythmias, acute coronary syndrome, heart 
failure, and even sudden death, complications that occur 
more frequently in patients with pre-existing cardiovas-
cular disease9.

Hypothesis: thrombosis in the pulmonary circulation 
induced by SARS-CoV-2 could aggravate the disease

One hypothesis is that thrombosis in the pulmonary 
circulation induced by SARS-CoV-2 may cause sudden ag-
gravation of the disease and even death. A severe disease 
is suggested by a level of D-dimers above 500 ng/mL, and 
a possible death - by a level above 1000 ng/mL. Frequent 
damage in the lower lobe and peripheral lung regions is an 
argument for the potential thrombotic role of this virus22.

The controversial role of antiphospholipid syndrome
Harzallah et al published the results of a study that 

included 56 patients infected with or suspected of having 
SARS-CoV-2. Nearly half of them had lupus anticoagu-
lants, while five patients were positive for either anticar-
diolipin or anti-β2-glycoprotein I antibodies23. But there 
are authors who do not believe that the incidence of an-
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tiphospholipid antibody is so high in COVID-19 patients. 
Some of the patients investigated by Harzallah et al with 
such antibodies met the diagnostic criteria for dissemi-
nated intravascular coagulation24.

Laboratory markers with a prognostic role
Heart disease caused by SARS-CoV-2 is manifested by 

elevated values of natriuretic peptides and highly sensitive 
troponin, which have prognostic value, especially when 
they increase continuously, in parallel with IL-6 (ref.9).

Thrombosis discovered at autopsy
An autopsy performed in 12 consecutive patients with 

confirmed COVID-19 detected the presence of deep ve-
nous thrombosis in 58%, although it was not suspected 
before death25.

DIAGNOSTIC PARTICULARITIES

SARS-CoV-2 is a single-stranded RNA virus that pro-
duces mainly respiratory signs and symptoms, but also he-
matological damage and significant coagulation disorders, 
involved in the pathogenesis of the disease26. Angiotensin 
converting enzyme 2 is mostly expressed in the lung, small 
bowel, and blood vessels, so that the viscera can be dam-
aged by SARS-CoV-2 infection because this enzyme is a 
viral taget27. Diffuse alveolar lesions caused by the virus, 
along with multiple organ dysfunctions and predisposi-
tion to microthrombosis in various tissues and organs and 
even the formation of macrothrombi are features of SARS-
CoV-2 infection that explain the worse prognosis of severe 
forms and the challenges of their complex management10. 

Pulmonary radiological features with diagnostic role 
Radiological changes are an important criteria for sus-

pecting COVID-19 and a reason to perform virological 
determinations even in asymptomatic subjects. They are 
present even after death. Reticular infiltration along with 
bilateral dense consolidation were observed in the lungs 
of patients with COVID-19 in postmortem computed to-
mography examination25. 

Abdominal changes
The computer tomography-scan can detect pneuma-

tosis or portal venous gas at the bowel level in 20% of 
patients with severe COVID-19 in intensive care units. 
Another imaging finding in these patients is the presence 
of cholestasis. Surgeons may report a yellow discolor-
ation of the bowel and the presence of bowel infarction. 
Pathological examination of the intestine may find isch-
emic enteritis with areas of necrosis and fibrin thrombi 
in the lumen of arterioles27. 

Peripheral ultrasonographic examination
Examining the lower extremity using ultrasound is use-

ful for the detection of deep vein thrombosis, but it must 
be made after the application of protocols for machine 
disinfection, to prevent the spread of infection28. 

Hematological, inflammatory and coagulation  
parameters with a prognostic role

Lymphopenia is characteristic of SARS-CoV-2 infec-
tion and has prognostic value29. Decreased lymphocyte 
population and the presence of hemorrhagic necrosis in 
the spleen and lymph nodes could be an explanation for 
lymphopenia10. Peak platelet / lymphocyte and neutrophil 
/ lymphocyte ratios are other parameters with prognostic 
value in severe forms of COVID-19. Indices of unfavorable 
prognosis are also accentuation of the lymphopenia and 
the progressive increase in the inflammatory markers dur-
ing the evolution of the disease. Elevated serum ferritin 
and procalcitonin also draw attention to a negative prog-
nosis. Progressive increase in plasma levels of D-dimer is 
an indicator of COVID-19 worsening29. The tendency for 
microvascular thrombosis in the lungs and other viscera 
is frequent in COVID-19 and less mentioned in the severe 
acute respiratory syndrome (SARS) (ref.10).

Procedure for monitoring COVID-19 suspected / positive 
patients

SARS-CoV-2 infection can complicate the progression 
of many diseases. Therefore, the prompt and appropriate 
recognition, isolation and treatment of infected patients 
is essential. 

Any patient with the respiratory symptoms mentioned 
above, but also those with diarrhea or abdominal pain, 
with any thrombotic manifestation, recent rashes, loss of 
taste or smell should be tested for the presence of infec-
tion by RT-PCR nucleic acid test. Also in the absence of 
these manifestations, any subject who came into close 
contact with a patient infected with SARS-CoV-2 (without 
a mask and protective gloves) or who stayed in the same 
room with him for more than 15 minutes must be tested. 
In addition, any patient should be tested before hospital-
ization. Cancer patients undergoing chemo- or radiation 
therapy should be tested twice a month, as well as patients 
undergoing hemodialysis procedures for chronic kidney 
failure.

If the RT-PCR nucleic acid test is negative but the sus-
picion of infection with this virus persists, a chest comput-
ed tomography is indicated. The presence of ground-glass 
opacity and patchy consolidation are commonly found in 
COVID-19 patients30. Slightly increased, but far less than 
0.5 ng/mL, procalcitonin levels are found in SARS-CoV-2 
infected patients, as well as decreased or normal urea and 
creatinine levels, arguments that differentiated these pa-
tients from controls (who were suspected of had this infec-
tion) in a study in Wuhan31. Arguments for a SARS-CoV-2 
infection are also the altered levels of D-dimers, activated 
partial thromboplastin time (aPTT), prothrombin time 
(PT), fibrinogen, and platelet count discussed above, in 
a patient with inflammatory syndrome.

The RT-PCR nucleic acid test should be repeated 
when there are clinical or biological arguments that the 
patient may be infected. During hospitalization, repeated 
clinical, biological and imaging monitoring of patients is 
indicated (last even at 3 days interval if necessary and 
possible). Patients with COVID-19 should not be dis-
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charged prior to 2 successive negative tests with an in-
terval of 24 h. Subsequently, their clinical monitoring is 
recommended for at least two weeks, because a positive 
RT-PCR nucleic acid test does not always reflect the for-
mer patient's infectivity. If symptoms recur, the RT-PCR 
nucleic acid test should be repeated. Its positivity, in this 
situation, is an argument for the recurrence of the disease. 
Imaging control is also useful, especially if the RT-PCR 
nucleic acid test is negative.

COAGULATION DYSFUNCTION IN SARS-COV-2

Observations on the clinical course of severe forms 
of COVID-19 found a marked inflammatory process and 
a disruption of the renin-angiotensin-aldosterone system, 
associated with micro- and macroangiopathy (a combi-
nation of thrombotic microangiopathy with large vessel 
coagulopathy) (ref.32). Coagulation activation is triggered 
by the cytokine storm produced by SARS-CoV-2 (ref.33).  
Indeed, it appears that the inflammatory response acti-
vates coagulation in SARS-CoV-2 infection and not the 
properties of the virus34. Activation and damage of endo-
thelial cells is the result of tropism of the virus for angio-
tensin-converting enzyme 2 receptors. This explains the 
disruption of the natural antithrombotic state. Vascular 
endothelial dysfunction promotes microcirculatory clot 
formation. Cerebrovascular and myocardial complica-
tions, and micro- and macrocirculatory thromboembolism 
may also occur in young patients as a result of virus-in-
duced endotheliopathy34.

Epidemiological data on thrombotic events
Hospitalized SARS-CoV-2 infected patients are fre-

quently elderly and immobilized so that they are prone to 
thrombosis. But they also have signs of coagulopathy. In 
addition, the estimated incidence of thrombotic events is 
not negligible: about a quarter of those infected with the 
virus and hospitalized in intensive care units are prone 
to develop thrombosis even under prophylactic antico-
agulant treatment35. The incidence of venous thrombo-
embolism in patients hospitalized in intensive care units 
for COVID-19 appears to be higher than in those with 
other conditions predisposing to thrombotic complica-
tions36. The cumulative incidence of venous thrombo-
embolism was 16% after one week and increased to 42% 
after 3 weeks in a group of 198 hospitalized patients with 
COVID-19 analyzed in a single-center study, despite the 
prophylactic anticoagulant therapy. Symptomatic cases 
were rarer (10% and 25%, respectively). This complica-
tion was more common in hospitalized patients in the 
intensive care unit (26% and 59%, respectively) (ref.37).

Is there a thrombotic or hemorrhagic risk?
Patients with severe COVID-19 pneumonia have both 

thrombotic and hemorrhagic risk38. But the thrombotic 
risk predominates in these patients; hemorrhages are 
rare39. The association of bleeding and recurrent exten-
sive arterial thrombosis was also observed in a patient 

with COVID-19 and acute promyelocytic leukemia, which 
progressed dramatically40.

The disseminated presence of intravascular micro-
thrombi disrupts vascularization in various tissues and 
organs, contributing to the occurrence of organ fail-
ure, similar to the situation present in severe sepsis33. 
Coagulation dysfunction in these patients is linked to the 
most severe course of the disease, with multiple organ 
failure and even death33. Therefore, the increased throm-
botic risk of patients infected with COVID-19 contributes 
to their higher morbidity and mortality41. 

Plasma fibringen and D-dimer levels
An analysis of 67 patients infected with SARS-CoV-2 

and who had acute respiratory disease had significantly 
higher plasma fibringen levels on admission compared 
to controls. In addition, the plasma fibrinogen level was 
significantly higher in those with severe acute respiratory 
syndrome than in those without it. Therefore, early elevat-
ed plasma fibrinogen level may be a risk marker for the se-
vere acute respiratory syndrome development42. But there 
are also authors who found normal plasma fibrinogen 
levels41. Moreover, they consider that high level of plas-
ma D-dimer that coexists with normal fibrinogen levels 
is a characteristic finding in these patients and correlates 
with the disease severity and thrombotic risk41. A level of 
D-dimer more than 6 times higher than the upper limit of 
normal values can be found in patients with the highest 
thrombotic risk41. High levels of D-dimers are associated 
with disease progression and may be the expression of 
fibrinolysis secondary to disseminated intravascular co-
agulation favored by infections and sepsis34. Therefore, el-
evated levels of D-dimers predict unfavorable outcome in 
these patients36. Their detection by active screening allows 
early intensive prophylaxis of venous thromboembolism41. 
In addition to increasing plasma levels of D-dimers, other 
markers of coagulation dysfunction in SARS-CoV2 are: 
decreased platelet count, increased INR, and the presence 
of fibrin degradation products33.

Is there disseminated intravascular coagulation?
There are authors who claim that severe forms of 

COVID-19 are frequently prone to develop disseminated 
intravascular coagulation, but it has a particularly pro-
thrombotic character36. Instead, none of the 150 patients 
with COVID-19 analyzed in a multicenter study developed 
disseminated intravascular coagulation; coagulation factor 
VIII and von Willebrand factor antigen and activity had 
considerably increased levels, and 87.7% of those tested 
were positive for lupus anticoagulant43. Another analysis 
also provided evidence against the suspicion of dissemi-
nated intravascular coagulation in a group of 24 patients 
with severe forms of COVID-19 and found the presence 
of hypercoagulability, supported by thromboelastographic 
parameters44.

The role of complement activation
The analysis of patients infected with SARS-CoV-2 

established that complement activation is involved in the 
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pathogenesis of the disease with different degrees of re-
spiratory failure. This finding has practical implications: 
it offers a possible therapeutic target45. Complement acti-
vation is involved in microvascular injury syndrome and 
systemic thrombosis46. Discrete inflammatory lesions 
were found in the capillaries present in the alveolar sep-
ta, which also showed fibrin deposits in their lumen and 
neutrophilic infiltrates in the interalveolar septa. They 
coexisted with evidence of complement activation (C5b-9 
and C4d deposits). Discrete inflammatory and thrombo-
genic microvascular lesions were also found in the skin 
of the same patients, who coexisted with C5b-9 and C4d 
deposits47.

Placental pathological aspects
There is evidence that placentas can also be affected 

by SARS-CoV-2 infection: half of 20 placentas of women 
infected with the virus resulted in fetal vascular malperfu-
sion or thrombotic manifestations in fetal vessels48, but 
without complement deposition46. Another analysis of 5 
placentas of patients with COVID-19 found focal avascu-
lar villi and thrombi in larger fetal vessels responsible for 
fetal circulation disorder, but the births were with healthy 
newborns, at term. The absence of complement deposi-
tion suggests that in these cases virus-induced procoagu-
lant activity was systemic49.

The role of laboratory in highlighting hypercoagulability
Coagulation times are rarely affected at the beginning 

of hospitalization of patients with COVID-19. Thus, aPTT 
was found prolonged in 6% of hospitalized patients in a 
study conducted in Wuhan, and PT - in 5% of them34. 
However, aPTT was prolonged in 20% of patients with se-
vere SARS-CoV-2 infection in a recent published study50. 
Of these, lupus anticoagulant was determined in 34 pa-
tients; most of the samples (91%) were positive. Just the 
presence of a prolonged aPPT does not necessarily mean 
a risk of bleeding. If lupus anticoagulant is present, the 
patient is at risk for thrombosis. Only in vitro coagulation 
tests are affected by the presence of lupus anticoagulant50. 
The implication of lupus anticoagulant in increasing 
thrombotic risk is unquestionable, but no correlation 
has been found between this risk and the "strength" of 
lupus anticoagulants51. It is worth mentioning that The 
International Society on Thrombosis and Haemostasis 
recommends that lupus anticoagulant be detected using 
two different testing modalities. For example, Simmons 
DP et al. determined aPTT and dilute Russell's viper ven-
om time, which provides additional diagnostic informa-
tion52. Lupus anticoagulant is the most commonly found 
marker of antiphospholipid syndrome in patients with 
severe forms of SARS-CoV-2 infection. But the presence 
of anti-cardiolipin and anti-β2-glycoprotein I antibodies 
also constitute a significant thrombotic risk factor, even if 
the patients infected with this virus do not have a history 
of anti-phospholipid syndrome53.

Elevated levels of D-dimer correlate with increased 
biomarkers of inf lammation, such as interleukin-6, 
C-reactive protein, and erythrocyte sedimentation rates34 

and with unfavorable prognosis. Thrombocytopenia was 
present in 12% of the patients in the Wuhan study, but 
some had other co-infections or even septic shock34.

Evaluation of coagulation using rotational thrombo-
elastometry is useful for deepening the understanding of 
the disorders that occur in SARS-CoV-2 infection. Forty 
patients with severe pneumonia caused by SARS-CoV-2 
and hospitalized in an intensive care unit were investigated 
in a retrospective analysis. PT was slightly below normal 
on admission and was significantly prolonged on day ten. 
In contrast, fibrinogen and aPTT values were higher on 
admission than on the tenth day. Hypercoagulability was 
supported by thrombelastography: patients had an accel-
eration of the propagation phase of blood clot formation 
and the clot strength was higher38. High fibrinogen and 
D-dimer plasma values, along with a short clot formation 
time and a high maximum clot firmness were also found 
in another thrombelastometric analysis made on patients 
with acute respiratory failure produced by COVID-1954. 
Hypercoagulability manifested itself in the first five days, 
and it decreased ten days later, without reaching normal 
values. Signs of secondary hyperfibrinolysis or coagulopa-
thy due to septic status have not been reported38. It can be 
concluded that patients with severe forms of COVID-19 
have mainly severe hypercoagulability and not a consump-
tive coagulopathy, given these findings54.

Inflammatory response to infection with SARS-CoV-2 
is more pronounced in some patients, which explains 
more severe changes in coagulation tests. High levels of 
D-dimer may be present, but especially as the disease pro-
gresses34. High fibrinogen levels were found in all patients 
on admission55.

The role of dynamic hematological and coagulation 
monitoring 

Useful tests to monitor the coagulation of patients 
infected with SARS-CoV-2 are: D-dimer, aPTT, PT, fi-
brinogen, and platelet count. The value of D-dimer may 
increase, PT, and aPTT may elongate, and the level of 
fibrinogen and platelet count may decrease during hos-
pitalization. Patients may progress to sepsis-induced co-
agulopathy or disseminated intravascular coagulopathy. 
Sometimes, prolonged hospitalization, various associated 
infections or mechanical ventilation may explain this evo-
lution, which may be independent of COVID-19 effects34.

Blood count and coagulation tests differ from patient 
to patient, depending on the severity of COVID-19. So, 
neutrophil to lymphocyte ratio, plasma level of D-dimer, 
and plasma fibrinogen levels were significantly higher 
while the lymphocyte count was lower in severe forms 
compared to mild / moderate disease. Monitoring the 
dynamic changes that may occur regarding neutrophil to 
lymphocyte ratio and plasma D-dimers allows the differ-
entiation of mild or moderate forms of the disease from 
severe ones56 and the transformation of an initially benign 
into a severe one.
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THROMBOTIC AND HEMORRHAGIC RISK 
ASSESSMENT

The assessment of the thrombotic and hemorrhagic 
risk of patients infected with SARS-CoV-2 should repeat-
edly be done throughout their monitoring period, and 
should take pre-existing and associated diseases, labora-
tory analysis, concomitant drugs used, and invasive proce-
dures into account. This is the best strategy for adjusting 
prophylactic or curative anticoagulant treatment57.

All patients with severe clinical forms of COVID-19 
have an increased thrombotic risk. Prophylactic antico-
agulant treatment is indicated for them, unless there are 
contraindications, according to the consensus reached 
by Chinese researchers in April 2020 (ref.57). PADUA or 
IMPROVE risk models for thrombotic risk estimation are 
indicated for the evaluation of medical patients with mild 
or moderate forms of COVID-19. The thrombotic risk of 
the surgical patients with the same forms of the disease 
is indicated to be evaluated using CAPRINI risk model57.

ANTITHROMBOTIC PROPHYLAXIS  
AND TREATMENT

It is estimated that almost 20% of patients with 
COVID-19 have significant coagulation disorders, espe-
cially those with severe disease57. Thrombotic compli-
cations have been associated with an increased risk of 
all-cause death58. Venous thromboembolism may be the 
explanation even for some of the unexplained deaths of 
patients infected with SARS-CoV-2. The management of 
these cases is a challenge due to coagulation disorders and 
the complexity of anticoagulant therapy57. 

An argument for hydroxychloroquine therapy:  
its antithrombotic effect

The arguments that clinicians relied on when they 
introduced hydroxychloroquine into the treatment of 
COVID-19 were the presence of antithrombotic and im-
munomodulatory effects, its lower toxicity compared to 
chloroquine and anti-viral properties observed in cell cul-
tures and animal models. Some analyzes have shown a 
clinical improvement of viral disease in patients treated 
with hydroxychloroquine, but the results of extensive, 
randomized controlled studies were not published until 
mid-May 2020 (ref.59).

Limits of prophylactic and curative doses  
of anticoagulants

A large study was made in Milan, over almost two 
months, on 388 hospitalized patients with virologically 
confirmed COVID-19, in which all those hospitalized 
in intensive care units and 75% of the others received 
prophylactic anticoagulant treatment. Thromboembolic 
complications were presented in 7.7% of them (half on the 
first day of hospitalization). Venous thromboembolism 
was confirmed imagistically in 36% of suspects; ischemic 
stroke developed 2.5%; acute coronary syndrome - 1.1%; 
2.2% of them had overt disseminated intravascular co-

agulation60. The rate of thrombotic complications was 
even higher in a multicenter prospective study that iden-
tified 64 episodes of clinically manifest thrombotic events 
(especially pulmonary embolisms) in a group of 150 pa-
tients diagnosed with COVID-19, despite anticoagulation. 
Circuit clotting occurred in 96% of those who required 
continuous renal replacement therapy43. Patients with 
severe forms of COVID-19 are prone to develop venous 
thromboembolic events even under prophylactic or cura-
tive anticoagulant treatment according to another analysis 
(69% of a group of 26 consecutive patients diagnosed 
with complete duplex ultrasound in the study by Llitjos 
JF et al.). Venous thromboembolic events were signifi-
cantly more frequent in those who received prophylactic 
doses. But those who were treated with therapeutic doses 
also had frequent venous thromboembolic events (56% in 
the same study) (ref.61). However, higher anticoagulation 
targets are indicated for COVID-19 patients with severe 
disease43.

Heparinotherapy is able to reduce mortality
An analysis found that heparinotherapy (especially 

enoxaparin given at a dose of 40-60 mg / day for at least 
one week) was able to reduce the mortality of patients 
with severe form of COVID-19. Mortality increased in 
patients not treated with heparin in parallel with plasma 
levels of D-dimers62. Indeed, the prophylactic anticoagu-
lant treatment, or, if the situation requires it, the curative 
one, is indicated throughout the hospitalization in all pa-
tients with COVID-19. It seems to decrease the morbidity 
of patients with coagulation dysfunction induced by sepsis 
or with high plasma D-dimers levels36. Daily enoxaparin 
doses should be higher for obese patients to achieve ad-
equate plasma concentrations34.

Low molecular weight heparin appears to be ineffective  
in severe forms of COVID-19

There are authors who are not convinced of the useful-
ness of prophylactic therapy with low molecular weight 
heparin in patients with severe forms of COVID-19, who 
are frequently victims of severe hypercoagulability. They 
advocate the use of unfractionated heparin in these pa-
tients, in order to prevent thrombotic events and a possi-
ble evolution towards respiratory and multiorgan failure39. 

The need for high-prophylactic anticoagulant doses
The recommendation for the administration of high-

prophylactic anticoagulant doses was made by the au-
thors of an analysis of 184 patients with severe forms 
of COVID-19 who received prophylactic anticoagulant 
treatment at least in standard doses. However, 31% of 
them had thrombotic events. Thrombotic risk factors 
were age and the presence of coagulopathy (PT over 3 s 
or aPTT over 5 s) (ref.63). Currently, there are no studies 
supporting the usefulness of full-dose anticoagulation for 
the prophylaxis of microvascular thrombosis during severe 
infection34. Lupus anticoagulant and anti-phospholipid 
antibodies may be transiently positive in acute infections, 
with no clinical signs, and do not require anticoagulant 
treatment. But, their presence in COVID-19 patients is 
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an indication for full intensity prophylactic anticoagulant 
treatment53,64.

The high plasma levels of D-dimers indicate the need for 
higher doses of anticoagulant prophylaxis 

An analysis on deep venous thrombosis development 
was performed in patients with COVID-19 pneumonia 
and plasma D-dimer level over 1000 ng/mL who received 
standard thromboprophylactic treatment. Asymptomatic 
deep vein thrombosis was diagnosed in the absence of 
complete venous compression with the transducer on 
Doppler ultrasound examination. This asymptomatic 
complication was associated with a plasma D-dimer level 
above 1570 ng/mL, but its incidence was the same as 
deep vein thrombosis observed in other series. Patients 
with deep vein thrombosis had higher median plasma 
D-dimer level (4527 ng/mL) compared to those without 
this complication65. Higher doses of anticoagulant used 
for prophylactic purposes would be discussed in patients 
with high plasma levels of D-dimers.

The benefits of previous chronic anticoagulant treatment
Patients infected with SARS-CoV-2 who had a critical 

illness for which they needed hospitalization in intensive 
care units had a high incidence of thrombotic events (es-
pecially pulmonary embolism), although they received 
prophylactic anticoagulant treatment. The risk was lower 
in those undergoing chronic anticoagulant treatment on 
admission58. 

Observations on the risks of oral anticoagulant treatment
Plasma levels of direct oral anticoagulants increased 

dramatically in a group of patients infected with SARS-
CoV-2 during the antiviral treatment, according to the 
analysis made at Cremona Hospital. The authors recom-
mended replacing the oral anticoagulant therapy with 
the parenteral therapy until the patients are discharged66. 
Another analysis found that the use of vitamin K an-
tagonists in patients infected with SARS-CoV-2 during 
hospitalization is followed by large variations in INR val-
ues, and the administration of direct oral anticoagulants 
frequently leads to under / over coagulability. Therefore, 
parenterally administered heparin is indicated for the 
treatment of coagulation disorders in these hospitalized 
patients67.

The management of vascular prosthetic grafts in patients 
with SARS-CoV-2 infection

Vascular prosthetic grafts have a risk of thrombosis 
when patients suffer from COVID-19, even under prophy-
lactic anticoagulant treatment. A complete thrombosis 
of the aortic graft in such a patient has recently been 
reported. A more aggressive prophylactic anticoagulant 
treatment is indicated in this category of patients68. But 
thrombosis can also occur in the coronary stents in these 
patients. Antifibrinolytic therapy followed by rescue 
coronary angioplasty failed to protect a patient with a 
previous ST-segment elevation myocardial infarction and 
COVID-19 (without clinical manifestations) against 2 

successive episodes of stent thrombosis. The authors of 
the article suspect a possible platelet hyperaggregability 
induced by SARS-CoV-2 virus infection, for which they 
recommend rapid revascularization associated with the 
use of new generation P2Y12 inhibitors and GPIIb/IIIa 
inhibitors69.

Other useful prophylaxis and treatment measures
Preventing dehydration and proper rehydration in pa-

tients who have experienced diarrhea or vomiting and 
active mobilization to the extent possible are means of 
decreasing thrombotic risk57.

Resolving inflammation using soluble epoxide hydro-
lase inhibitors and / or resolvins is an important way to 
decrease the thrombotic process and promote clot re-
moval70.

Patients on anticoagulant therapy for other indications 
at the time of SARS-CoV-2 infection should continue their 
anticoagulant treatment at full dose or a dose equivalent 
to their current dose34.

Unfractionated heparin is indicated instead of low 
molecular weight heparin in patients with a creatinine 
clearance value below 30mL/min (ref.57). 

Elevated baseline levels of D-dimers in COVID-19 pa-
tients cannot be an argument for pulmonary thromboem-
bolism, and chest examination by computed tomography 
is not easy to perform in mechanically ventilated patients. 
If respiratory dysfunction suddenly worsens and a right-
heart strain is found on echocardiography in a patient 
with ultrasonographically deep vein thrombosis, the suspi-
cion of pulmonary thromboembolism is high and requires 
appropriate anticoagulant treatment34.

Nonheparin anticoagulant therapies are indicated in 
cases of proven or suspected heparin-induced thrombo-
cytopenia57.

Nebulizer plasminogen activators may be a target to 
reduce fibrin deposition and improve oxygenation in the 
lungs of patients with severe COVID-19 pneumonia15. 

Intermittent pneumatic compression is indicated in 
patients with severe or critical forms of COVID-19 who 
have active bleeding or an increased risk of bleeding, in 
whom anticoagulant therapy should be delayed57.

Thrombolytic therapy is discussed in patients with 
clinical signs of massive or high-risk pulmonary thrombo-
embolism (systemic arterial hypotension or hemodynamic 
impairment), supported by bedside echocardiographic 
examination data57.

Hypercoagulability may persist after healing the SARS-
CoV-2 infection

Some of the patients who were immunized after heal-
ing the SARS-CoV-2 infection had a hypercoagulable state 
and were prone to develop thrombotic events. Plasma rich 
in neutralizing antibodies from fully recovered COVID-19 
voluntary donors obtained by plasmapheresis or affinity 
column- derived antibodies is able to decrease hypervis-
cozity and reduce the thrombotic risk of donors. Three 
doses of such antiviral antibodies will neutralize the viral 
antigens of the critically ill COVID-19 recipients, which 
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may reduce their predisposition to thrombotic complica-
tions71.

CONCLUSIONS

Hypercoagulability is an essential component of the 
pathogenesis of SARS-CoV-2 infection, overwhelmingly 
influencing the evolution of severe forms and can even 
lead to the death of patients.

Careful detection and treatment of pre-existing and 
associated diseases, which increase the individual risk of 
the patient, and the prompt recognition and treatment 
of infections, which may be followed by cardiovascular 
or thrombotic complications, are other key objectives of 
SARS-CoV-2 patient management.

The decision regarding the prophylactic anticoagu-
lant treatment should be personalized and made after a 
clinical analysis based on individual patient assessment 
that includes baseline venous throboembolism risk fac-
tors, bleeding risk factors, and associated conditions. The 
prophylactic anticoagulant treatment, or, if the situation 
requires it, the curative one, is indicated throughout the 
hospitalization in all patients with COVID-19. It seems to 
decrease the morbidity of patients with coagulation dys-
function induced by sepsis or with high plasma D-dimers 
levels36.

Currently, there are no studies supporting the useful-
ness of full-dose anticoagulation for the prophylaxis of 
microvascular thrombosis during severe infection34. But 
advanced age, the presence of coagulopathy, or high levels 
of D-dimers on admission or their progressive increase 
during hospitalization are associated with increased 
thrombotic risk and could be an argument for high-pro-
phylactic anticoagulant doses. 

Careful monitoring (clinical, biological and imaging) 
of the patient’s progress throughout the hospitalization 
period and periodic re-evaluation of thrombotic risk are 
necessary means to reduce thrombotic events and deaths. 
Prolonged hospitalization, especially in intensive care 
units, is associated with increased levels of D-dimers that 
can lead to multiorgan failure and disseminated intravas-
cular coagulation.

In the absence of associated factors, the occurrence 
of bleeding in patients infected with SARS-CoV-2 should 
require measures for the diagnosis and treatment of sep-
sis-induced coagulopathy or disseminated intravascular 
coagulopathy34.

It is necessary to develop guidelines for the prophy-
laxis and treatment of thrombotic events, based on clinical 
experience, but taking into account especially multicenter 
clinical trials and not only observational studies.

Search strategy and selection criteria
Strategy research aimed at analyzing the coagulation 

disorders that occur during SARS-CoV-2 infection, their 
prophylaxis and treatment. Scientific articles published 
in PubMed and Web of Science databases. prior to 
18.05.2020 were searched, using the terms “coagulation 
disorder”, “COVID-19”, “SARS-CoV-2”, “thrombosis”.  

ABBREVIATIONS

activated partial thromboplastin time, aPTT; coronavirus 
disease-2019, COVID-19; prothrombin time, PT; severe 
acute respiratory syndrome, SARS; severe acute respira-
tory syndrome coronavirus 2, SARS-CoV-2.
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