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Introduction
Approximately 80% of patients with coronavirus disease 

(COVID-19), caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), have mild symptoms or remain 
asymptomatic; however, 20% of them exhibit severe symptoms or 
die in the worst-case scenario [1-3]. Even young people and those 
without complications can present severe symptoms. There are many 
unknown factors that could determine the outcome. Respiratory 
failure is the most common cause of death; however, excessive 
inflammatory reaction, coagulation activation with so-called cytokine 
storms, thrombosis, disseminated intravascular coagulation (DIC), 
and multiple organ failure can also result in death [4-8]. Herein, we 
review previous reports of coagulation and thrombus formation in 
patients with COVID-19 and describe the challenges and possible 
treatments.

Various Thrombotic Events Associated with COVID-19

COVID-19 can cause thrombi in arteries, veins, and capillaries. 
Pulmonary thromboembolism (PTE) is an extremely common and 
important complication of COVID-19 that can also be a direct cause 
of death. In a series of 12 autopsies reported by Wichmann et al., deep 
vein thrombosis (DVT) was observed in seven patients (58%), with 
PTE being a direct cause of death in four of them (30%) [9].

DVT and PTE can generally present simultaneously, and they 
are collectively referred to as venous thromboembolism (VTE). PTE 
is also found in patients with COVID-19 in the absence of DVT; 
thus, there is probably a mechanism through which thrombi are 
formed directly in the pulmonary artery, unlike the usual mechanism 
underlying PTE onset.

A study of 184 patients with severe COVID-19 who were admitted 
to the intensive care unit (ICU) showed that 75 of them exhibited 
thrombi [10]. A breakdown of patients presenting with thrombotic 
events was as follows: PTE, 65 patients; DVT, three patients; 
cerebral infarction, five patients; and arterial embolism, two patients. 
Severely ill patients predominantly presented with PTE, but not many 
patients presented with DVT. The prophylactic administration of 
anticoagulants did not suppress the onset of thrombosis.

Another study reported that VTE was observed in approximately 
60% and 10% of patients admitted to the ICU and general ward, 
respectively (severely and mildly ill patients, respectively) [11]. The 
cumulative incidence of VTE gradually increased among patients 
admitted to the ICU and general ward up to 3 weeks and 1 week 
of hospitalization, respectively; however, no subsequent new-onset 
cases were observed in either group. Especially, it was considered that 
VTE measures at the early stage of hospitalization are important. VTE  
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	Abstract

Introduction: Coronavirus disease (COVID-19) is an infectious 
disease caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) that developed into an ongoing pandemic. The 
main pathology of COVID-19 is viral pneumonia, but thrombotic 
complications are frequently observed and are associated with its 
severity. 

Methods: We selected qualitatively and quantitatively reliable 
reports, which were related to thrombosis and were associated with 
COVID-19, using the Google Scholar and PubMed search engines.
The features of abnormal coagulation/fibrinolysis and thrombosis 
were reviewed based on these reports.

Results: Thrombosis accompanying COVID-19 can occur in veins, 
arteries, and capillaries. Macrothrombosis and microthrombosis can 
also occur. Furthermore, the patterns of disseminated intravascular 
coagulation that accompany COVID-19 can vary from the fibrinolysis-
suppressing to the fibrinolysis-enhancing type.

Discussion: Coagulation/fibrinolysis abnormalities in patients with 
COVID-19 should be investigated over time using many markers, 
including D-dimer levels. Based on the obtained results, prospective 
randomized clinical trials on antithrombotic drugs should be 
conducted to establish an effective treatment.

Conclusion: Further elucidation of the characteristic pathology of 
coagulation/fibrinolysis and thrombosis in patients with COVID-19 

	is expected, which would lead to the development of appropriate 
treatments.
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also occurred in this report, despite the preventative administration of 
anticoagulant therapy.

The presence of arterial and venous thrombosis is a characteristic 
of COVID-19. It has also been reported that cerebral infarction 
occurred in young people without any underlying diseases and 
even among patients who showed no symptoms of COVID-19 [12]. 
Cerebral infarction was observed in 3–5% of patients with venous 
thrombosis [13,14]. Acute coronary syndrome was present in 20% of 
patients with severe COVID-19 and was a complication associated 
with poor prognosis [15]. It was also reported that vasculitis-like 
findings similar to those of Kawasaki disease were observed in 
children, which were thought to be associated with vasculitis along 
with thrombosis [16]. Arterial thrombi might also be observed in the 
extremities, which were thought to cause ischemic necrosis in severe 
cases. The latter was also thought to be associated with the so-called 
“COVID toe” condition, which is characterized by painful redness of 
the toes [17].

Macrothrombosis, such as pulmonary embolism, can be diagnosed 
based on contrast-enhanced computed tomography findings; however, 
autopsy studies have clarified the presence of multiple microthrombi 
at the microscopic level, which cannot be diagnosed by imaging. 
Autopsy studies conducted by Fox et al. revealed the presence of 
macroscopic thrombi in the peripheral blood vessels in the lung and 
an enlarged right ventricle. Simultaneously, microscopic examination 
revealed thrombi in the pulmonary arterioles and venules [18]. 
These thrombi contained fibrin and platelets. The pathophysiology 
underlying thrombotic microangiopathy (TMA) in the lung probably 
contributed to the accompanying vascular endothelial injury, and this 
is a topic for a future study. Autopsy studies conducted by Lax et al. 
also showed that 10 out of 11 patients exhibited thrombi in the small 
and mid-sized pulmonary arteries despite undergoing prophylactic 
anticoagulant therapy, while eight patients exhibited infarctions [19]. 
Notably, VTE was not diagnosed in any patient while they were 
alive. In autopsy studies, Carsana et al. observed microthrombi (with 
platelets and fibrin) in small-sized pulmonary arteries in 33/38 patients 
(87%) [20]. The D-dimer levels increased to more than 10 times the 
upper normal limit in all 26 patients who were examined. Interestingly, 
alveolar hemorrhage, in addition to thrombi, was observed at the 
same frequency (33/38 patients; 87%). There are also no data on the 
numbers of platelets, fibrinogen, thrombin-antithrombin complexes 
(TAT), and plasmin-α2 plasmin inhibitor complexes, but fibrinolysis-
suppressing DIC may have transformed into fibrinolysis-enhancing 
DIC at the time of death in at least some patients. Rapid decreases 
in the fibrinogen levels, which were previously high, and increases 
in fibrinogen-fibrin degradation product (FDP) and D-dimer levels 
were observed within 3 days among fatal cases. Although thrombotic 
events are emphasized in patients with COVID-19, care must be taken 
as rapid hemorrhages can also occur [21].

An interesting report compared COVID-19 with acute respiratory 
distress syndrome caused by the influenza virus [22]. Remarkably, 
diffuse alveolar damage was observed both in patients with 
COVID-19 and those with influenza. Wide-ranging thrombotic 
events accompanying severe vascular endothelial (presence of 
viruses in endothelial cells and destruction of cell membranes) and 
microvascular injuries were observed in patients with COVID-19. 
Microthrombi within pulmonary capillary vessels were nine times 
more frequent among patients with COVID-19 than among those  
 

with influenza. Angiogenesis was 2.7 times more frequent among 
patients with COVID-19 than among those with influenza; however, 
angiogenesis does not have normal functions, and it is considered 
that this process spurred thrombus formation. There is also the idea 
that this should not be referred to as a general DIC but as pulmonary 
intravascular coagulopathy with regards to such microthrombosis, 
which frequently occurs across a wide area of the lungs because 
thrombi tend to form systematically due to a strong inflammatory 
reaction expressed as a cytokine storm, while pulmonary thrombi are 
predominant [23-25].

The formation of thrombi in microcirculatory systems, such as 
arterioles, venules, and capillaries, could damage important organs. 
This type of multi-organ damage associated with thrombus formation 
in the microcirculatory system was initially thought to be a DIC-
like pathology often observed during bacterial infections. However, 
it has been recognized that the mechanisms underlying coagulation 
abnormalities in patients with COVID-19 and the examination results 
may differ from these initial beliefs [26]. Microcirculatory system 
disorders often result in altered consciousness and renal damage. As 
these symptoms are frequently encountered in TMA, it is presumed 
that there is a partially common underlying mechanism [27].

Pathophysiology of Coagulation Abnormalities and 
Thrombus Formation in Patients with COVID-19

It is difficult to identify a known viral infection that induces 
thrombotic tendencies that are comparable to those of COVID-19. 
Such significant thrombosis was not observed in SARS, which is 
caused by a similar coronavirus that was prevalent from 2002 to 
2003, and Middle East respiratory syndrome, which was reported 
in 2012 [28,29]. High fever and DIC-like hemorrhagic coagulation 
abnormalities are frequently observed in viral diseases, such as Ebola 
hemorrhagic fever and dengue fever [30,31]. It is considered that 
hemorrhaging symptoms are generally not observed in patients with 
COVID-19, which is a similar RNA viral infection. The problems 
are thrombus formation and multiple organ failure caused by 
hypercoagulation. The origins of these differences remain unclear, but 
the causative virus of COVID-19, SARS-CoV-2, infects the vascular 
endothelium through angiotensin-converting enzyme 2 receptors. 
Factor VIII, which is a coagulation factor released by the infected 
vascular endothelium, and von Willebrand factor, which stimulates 
platelet adhesion, activate the coagulation system and platelet 
aggregation [32]. Factor VIII is activated by thrombin, forms tenase 
along with activated factor IX, and induces significant activation of 
coagulation in activated platelets (Figure 1).

The appearance of lupus anticoagulants, which accelerate 
blood coagulation and platelet aggregation, and the activation 
of complements that damage the vascular endothelium, are also 
observed in patients with COVID-19. The similarity of this disease 
with other thrombotic diseases (i.e., antiphospholipid antibody 
syndrome and TMA) that share this mechanism, has been indicated 
[33]. Cytokine storms due to excessive cytokine production are 
also thought to induce thrombotic tendencies. This is a condition 
observed in hemophagocytic syndrome, and some commonalities 
can be found in both diseases. However, the blood test findings 
and clinical characteristics do not entirely match those of any of 
the aforementioned diseases. Therefore, hypercoagulation states in 
patients with COVID-19 should be considered as a unique coagulation 
abnormality.
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Increases in blood D-dimer levels are most often reported in 
association with coagulation/fibrinolysis in patients with COVID-19. 
Many reports have indicated an association between the increased 
D-dimer levels and prognosis [34-36]. D-dimers are observed in the 
blood, as polymers of stabilized fibrin (fibrin cross-linked by factor 
XIII) degraded by plasmin. Especially, thrombi formation within 
the body due to coagulation activation, which is then degraded by 
fibrinolysis activation, may result in D-dimer formation. Many reports 
have indicated that increases in D-dimer levels are associated with 
severity, but may also be mild even if a large amount of thrombus 
is found in the body, in cases where they are not dissolved (a most 
serious scenario in the body). Specifically, fibrinolysis-suppressing 
DIC associated with sepsis may be characterized by relatively low 
increases in D-dimer levels even in severe and lethal cases [37]. 
To date, most reports on coagulation/fibrinolysis in patients with 
COVID-19 predicted prognosis based on their D-dimer levels at 
the time of hospital admission, and there are few reports that show 
changes over time. Of the coagulation/fibrinolysis tests, D-dimer and 
prothrombin time (PT) measurements were also generally performed, 
but there were few measurements of fibrinogen, activated partial 
thromboplastin time (APTT), and fibrinogen/FDP. Furthermore, no 
reports have investigated the TAT or plasmin-α2 plasmin inhibitor 
complex, which are essential markers for observing coagulation and 
fibrinolysis activation.

Tang et al. reported a valuable work focused on the dynamic 
fluctuations in coagulation and fibrinolysis among patients with 
COVID-19 (Figure 2) [4]. A retrospective analysis of the coagulation 
test results and outcomes of a series of 183 patients with confirmed 
novel coronavirus pneumonia showed an overall mortality rate of 
11.5%, with dead patients having significantly higher D-dimer and 
FDP levels at the time of hospital admission, and longer PT and 
APTT (p<0.05) compared to those in the survivors. The criteria for 
DIC were satisfied by 71.4% and 0.6% of dead patients and survivors, 
respectively, during hospitalization. Coagulation abnormalities, 
particularly abnormal D-dimer and FDP levels, significantly increased 
among dead patients due to COVID-19. The most notable point 
was the severe coagulation abnormalities observed on days 10 and 
14 among non-survivors. The D-dimer, FDP, and fibrinogen levels 
were approximately 20μg/mL, >100μg/mL, and approximately 100 
mg/dL, respectively. PT levels increased but the increases in APTT 
levels or decreases in antithrombin levels were not pronounced. 
These findings differed considerably from those of fibrinolysis-
suppressing DIC caused by sepsis and if anything, matched those  

of fibrinolysis-enhancing DIC [37]. Interestingly, there were large 
fluctuations in biomarker levels on days 7 and 10. Especially, 
the fibrinogen levels tended to be high on day 7 but decreased 
drastically within 3 days. The FDP and D-dimer levels also increased 
rapidly within 3 days. Meanwhile, the survivors showed almost no 
fluctuations during this period. Fibrinolysis-suppressing DIC may 
have transformed to fibrinolysis-enhancing DIC in very severe cases. 
These types of changes in pathophysiology may be missed when 
the coagulation/fibrinolysis markers are not tracked over time. One 
report recommended the performance of total fibrinolytic therapy 
for patients with COVID-19 [38]; however, there is a concern that 
massive hemorrhaging may occur when fibrinolytic therapy is 
administered to patients with fibrinolysis-enhancing DIC. The high 
incidence of thrombi (particularly venous thromboembolism (VTE) 
has been noted in patients with COVID-19 and is often associated 
with disease severity [39]. However, considerable hemorrhaging in 
addition to thrombi has been observed in very severe cases, leading 
to death (autopsy cases) [18]. Changes in pathology must also reflect 
changes in treatment methods.

Treatment of Thrombi Related to COVID-19
Heparin is the most frequently used antithrombotic agent for 

COVID-19. Heparin exerts anticoagulant actions in an antithrombin-
dependent manner, and it is expected to have antiviral and anti-
inflammatory effects among patients with COVID-19 [40-43]. 
Heparan sulfate exerts its antiviral effects by binding to the S proteins 
of SARS-CoV-2 and preventing the invasion of host cells, and its 
anti-inflammatory effects by binding to chemokines and damaging  

 
 

Figure 1: Vascular endothelial cell abnormalities and activation of coagulation/plate-
lets.

Figure 2: Dynamic profile of coagulation parameters in patients with NCP.

Timeline charts illustrate changes in coagulation parameters in 183 patients with 
COVID-19 (21 non-survivors and 162 survivors) after admission. The error bars show 
the medians and 25% and 75% percentiles. The horizontal lines show the upper nor-
mal limits of PT, APTT, D-dimer and FDP, and lower normal limits of fibrinogen and 
antithrombin activity [4]. 
ap <0.05 for survivors vs. non-survivors
APTT: Activated Partial Thromboplastin Time; COVID-19: Coronavirus Disease; 
FDP: Fibrin Degradation Product; NCP: Novel Coronavirus Pneumonia; PT:Prothrom-
bin Time
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associated molecular patterns. Reports have indicated that heparin 
administration affects the prognosis of COVID-19 patients. Heparin 
(unfractionated heparin or low-molecular-weight heparin) was 
shown to improve prognosis only in cases where the sepsis-induced 
coagulopathy score was ≥4 and the D-dimer levels were >6 times 
higher than normal levels (<0.5 μg/mL) [44]. It is thought that the 
benefits of heparin are more likely to be exhibited in severe cases.

In a study that retrospectively compared patients who received 
anticoagulant therapy during hospitalization for COVID-19 to 
those who did not, effects on prognosis (n = 2,773 in total) was 
examined that yielded patient mortality rates of 22.5% and 22.8% 
(14 days), respectively (median survival time: 21 days and 14 days, 
respectively). Among the patients who were placed on a ventilator 
(n = 395), the mortality rates when anticoagulant therapy was and 
was not administered were 29.1% and 62.7%, respectively (median 
survival time: 21 days and 9 days, respectively). Thus, the results 
exhibited the effectiveness of anticoagulant therapy, particularly in 
severe cases that required a ventilator [45].

Meanwhile, the incidences of VTE in severely ill patients with 
COVID-19 (placed on a ventilator) were 100% and 56% when 
“preventative” (unfractionated or low-molecular-weight heparin) and 
“therapeutic” anticoagulant therapies were administered, respectively. 
Thus, no satisfactory results were obtained [46]. A systematic review 
also showed that the incidence of VTE in patients admitted to the ICU 
(under preventative or therapeutic heparin administration) was 31% 
[47]. There are many issues that need to be resolved, including the 
kind of heparin that should be used, the ideal dose, and whether it is 
necessary to combine it with other forms of antithrombotic therapy.

The complications of DIC are fairly frequent in patients with 
COVID-19; however, antithrombin concentrates (e.g., antithrombin 
gamma [genetic recombination]) should be concomitantly used for 
patients with DIC with decreased antithrombin.

There are no randomized controlled trials on direct-acting oral 
anticoagulants (DOACs) at the time of writing this manuscript. 
However, a retrospective study investigated the prognosis after the 
onset of COVID-19 based on whether seniors aged >70 years (median 
age, 79 years; 70–92 years, n = 70) were already taking DOACs for 
heart disease. The results showed that 26 patients (37.1%) were taking 
DOACs, with seven, six, and 13 patients taking them for pulmonary 
embolism, DVT, and fibrillation, respectively. A breakdown of 
patients taking DOACs was as follows: rivaroxaban, 11 patients; 
apixaban, nine patients; edoxaban, four patients; and dabigatran, 
two patients. The analysis results showed that significantly better 
prognosis was observed in patients receiving DOACs (p = 0.01, 
log-rank test) [46]. DOACs are thought to be difficult to administer 
to severely ill patients because the drug is administered orally, but 
future developments are expected to control thrombotic tendencies in 
mild cases or after hospital discharge. However, caution is required 
because blood DOAC concentrations rapidly increase when antiviral 
therapy is administered against COVID-19 [47].

Reports have indicated the effectiveness of tissue plasminogen 
activators, which are therapeutic agents for fibrinolytic therapy and 
have stated that clinical trials should be conducted [48].

The International Society on Thrombosis and Hemostasis 
published provisional guidance for coagulation and fibrinolysis in 
patients with COVID-19 [49]. Monitoring of D-dimer levels, PT, 
platelet count, and fibrinogen levels is recommended (Figure 3). 
D-dimer values that are 3-4 times higher than the normal upper limit, 
increased PT, platelet counts <100,000/mm3, and fibrinogen levels 
<200 mg/dL are indications for hospitalization; these markers should 
be measured repeatedly every day following hospitalization. Low-
molecular-weight heparin administration at doses for preventing 
thrombosis or embolism should be commenced as long as there 
are no contraindications for the prevention of thrombotic/embolic 
complications. The diagnostic criteria for DIC should be used, and its 
onset should be monitored when test findings worsen. The selection of 
low-molecular-weight heparin was suggested by Tang et al., and this 
drug can be used worldwide. As there are no reports that serve as a 
basis for the ideal administered dosage, doses that prevent thrombosis 
or embolism are recommended.

Conclusion
Findings related to COVID-19 accumulate every day and must be 

updated to provide the latest information to the scientific community. 
However, many of these are retrospective observational studies, and 
their content must be examined carefully. Thrombi in patients with 
COVID-19 can also occur even if the patient is asymptomatic, and 
thrombotic complications can worsen prognosis in advanced cases. 
The early stage elucidation of coagulation/fibrinolysis in such patients, 
and the establishment of optimal antithrombotic drug administration 
based on the antithrombotic therapy indication/start time are required; 
therefore, randomized controlled trials should be conducted.

Figure 3: Algorithm for the management of coagulopathy in patients with COVID-19 
based on simple laboratory markers.

*The list of markers is given in the decreasing order of importance. 
**Performing fibrinogen assays may not be feasible in many laboratories but monitor-
ing the levels can be helpful after patient admission. 
***Although a specific cut-off cannot be defined, a three-to-four-fold increase in D-di-
mer levels could be significant. Any one of the values in this flowchart may be consid-
ered significant [49].
COVID-19: coronavirus disease; PT: prothrombin time
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