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Abstract
The pathology of coronavirus disease 2019 (COVID-19) is exacerbated by the progression of thrombosis, and disseminated 
intravascular coagulation (DIC), and cytokine storms. The most frequently reported coagulation/fibrinolytic abnormality 
in COVID-19 is the increase in d-dimer, and its relationship with prognosis has been discussed. However, limits exist to 
the utility of evaluation by d-dimer alone. In addition, since the coagulation/fibrinolytic condition sometimes fluctuates 
within a short period of time, regular examinations in recognition of the significance of the examination are desirable. The 
pathophysiology of disseminated intravascular coagulation (DIC) associated with COVID-19 is very different from that of 
septic DIC, and both thrombotic and hemorrhagic pathologies should be noted. COVID-19 thrombosis includes macro- and 
microthrombosis, with diagnosis of the latter depending on markers of coagulation and fibrinolysis. Treatment of COVID-
19 is classified into antiviral treatment, cytokine storm treatment, and thrombosis treatment. Rather than providing uniform 
treatment, the treatment method most suitable for the severity and stage should be selected. Combination therapy with 
heparin and nafamostat is expected to develop in the future. Fibrinolytic therapy and adsorption therapy require further study
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Introduction

Coronavirus disease 2019 (COVID-19) is an infection 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2). Eighty percent of infected individuals 
are asymptomatic or show only mild symptoms, but 20% of 
infected individuals become severely ill and 2–5% die. Men 
are well known to be infected more frequently than women, 
and the elderly and patients with comorbidities (such as car-
diovascular disease, hypertension, diabetes, and obesity) are 
more likely to develop more severe disease [1–3]. However, 

severe disease can develop even in young people and those 
without comorbidities, and many points remain unclear 
regarding what factors contribute to the outcomes. Some 
genetic components may also be involved. In fact, sex dif-
ferences have been reported in immunological responses to 
SARS-CoV-2 [4] and that relatively few people with blood 
type O are infected [5].

Respiratory failure is the most common cause of death, 
but coagulation activation accompanied by excessive 
immune/inflammatory reactions (representing the so-called 
cytokine storm), thrombosis and disseminated intravascular 
coagulation (DIC), and progression to multiple-organ failure 
are also causes of death [6–10]. In particular, thrombosis and 
DIC can lead to a rapid deterioration in condition.

COVID‑19‑associated coagulopathy

The most frequently described report related to COVID-19 
coagulopathy is an increase in plasma d-dimer levels. Many 
studies have discussed the relationship between elevated 
d-dimer levels and prognosis [2, 11–13].
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d-Dimer is produced in the blood as a result of degrada-
tion of stabilized fibrin polymer (fibrin crosslinked with fac-
tor XIII) by plasmin. That is, thrombus is formed in the body 
by coagulation activation, and is decomposed by fibrino-
lytic activation. Many papers have reported that elevated 
levels of d-dimer are associated with severity. However, if 
a large amount of thrombus forms in the body but it is not 
dissolved (representing the most serious condition for the 
body), the increase in d-dimer may be mild. Specifically, in 
the suppressed-fibrinolytic-type DIC caused by sepsis, the 
increase in d-dimer is relatively mild even in severe cases 
such as death [14]. Thus, it should be noted that the degree 
of the increase in d-dimer is not directly correlated with the 
severity of the pathological condition.

Problems of previous studies using 
coagulation tests

d-Dimer is certainly a useful marker in assessing the throm-
botic pathology of COVID-19. However, previous reports 
discussing coagulation and fibrinolysis in COVID-19 have 
shown the following problems:

1)	 Most studies have suggested that the prognosis can be 
estimated based on the level of d-dimer on admission 
(few studies have discussed changes in d-dimer levels 
over time);

2)	 Among the coagulation tests, d-dimer and prothrombin 
time (PT) are often measured, but fibrinogen, activated 
partial thromboplastin time (APTT), and fibrin/fibrino-
gen degradation products (FDP) are often left measured; 
and.

3)	 Very few reports have examined thrombin–antithrom-
bin complex (TAT) and plasmin-α2 plasmin inhibitor 
complex (PIC), which are essential markers for coagula-
tion and fibrinolysis activation, respectively. No studies 
appear to have evaluated with soluble fibrin (SF).

Dynamic fluctuations in coagulation 
and fibrinolysis

Figure 1 shows the results of classifying COVID-19 patients 
into survivors and non-survivors and tracking the coagu-
lation/fibrinolytic pathologies [6]. That study was very 
valuable, not only because many coagulation markers were 
investigated in COVID-19 patients, but also because these 
markers were followed-up regularly. That paper is cited in 
almost every study discussing the coagulation and fibrinoly-
sis pathology of COVID-19. The paper has three important 
points:

High DIC complications in non‑survivors

The rate of COVID-19 complicated by DIC has been 
reported as 0.6% for survivors and 71.4% for non-survivors 

Fig. 1   Time-dependent changes 
in coagulation and fibrinolytic 
markers in COVID-19 (modi-
fied from Reference [6]. PT pro-
thrombin time, APTT activated 
partial thromboplastin time, DD 
d-dimer, FDP fibrin/fibrinogen 
degradation products, Fbg 
fibrinogen, AT antithrombin
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[6]. Thus, the rate of complication by DIC in fatal cases has 
been judged as very high. In other words, few survivors have 
DIC complications.

Attention should be paid to the severe coagulopa-
thy on Days 10 and 14 in fatal cases. Among test results, 
FDP ≥ 100 μg/mL, d-dimer of about 20 μg/mL, and fibrin-
ogen of about 100 mg/dL were major abnormal findings. 
Since levels of d-dimer were mildly increased, while levels 
of FDP were extremely increased, a divergence phenom-
enon was observed between FDP and d-dimer levels. PT was 
clearly prolonged, but APTT prolongation was less notice-
able. The decrease in antithrombin was also inconspicuous 
(maintained at ≥ 80%) (Fig. 1) [6].

These findings are significantly different from the sup-
pressed-fibrinolytic-type DIC caused by sepsis, but rather 
consistent with the enhanced-fibrinolytic-type DIC [14]. In 
suppressed-fibrinolytic-type DIC, the increases in FDP and 
d-dimer are relatively mild, and the inflammatory reaction 
causes a rare decrease in fibrinogen. DIC in fatal cases with 
COVID-19 is very different from septic DIC.

Prediction of prognosis by d‑dimer level 
on admission

Many studies have suggested that the prognosis of COVID-
19 can be estimated by levels of d-dimer on admission [2, 
11–13], but the paper by Tang et al. was a pioneering work 
[6]. However, accurate assessment of prognosis cannot be 
achieved with admission data alone.

Large fluctuations in coagulation and fibrinolysis

Interestingly, large fluctuations in coagulation and fibrinoly-
sis markers were observed between Days 7 and 10 (Fig. 1) 
[6]. In fatal cases, fibrinogen was as high as about 400 mg/
dL on Day 7, but dropped sharply to about 100 mg/dL on 
Day 10 (only 3 days later). FDP and d-dimer levels increased 
sharply in just 3 days. On the other hand, among survivors, 
almost no changes were seen during this same period.

These short-term fluctuations mean that changes in 
pathology may be missed if coagulation and fibrinolysis 
markers are not followed regularly. Naturally, if the con-
dition changes, treatment also needs to change. Attention 
should be paid to major bleeding during the pathological 
condition of enhanced-fibrinolytic-type DIC.

Thus, with COVID-19, coagulation and fibrinolytic 
pathologies may change rapidly within a short period of 
time, and follow-up is required every 2–3 days.

Thrombosis (particularly venous thromboembolism) has 
been noted to show a high incidence of COVID-19, and is 
certainly often associated with the severity of cases [15]. 
However, in critical cases of death (autopsy cases), not only 
thrombi, but also considerable bleeding has been observed 

[16]. This means that in fatal cases, there is a possibility 
that suppressed-fibrinolytic-type DIC has changed to an 
enhanced-fibrinolytic-type DIC, representing a subject for 
future study.

Coagulation tests required for COVID‑19

To correctly evaluate coagulation and fibrinolytic pathol-
ogy in COVID-19, performing the tests shown in Table 1 
is important. Among reports in leading journals, even if 
d-dimer and PT are examined, few have examined fibrino-
gen, FDP, APTT, etc.

APTT prolongation was frequently seen in COVID-19, 
and the presence of lupus anticoagulant was identified at a 
high rate [17, 18]. It should be noted that APTT testing in 
patients with COVID-19 also provides information useful 
for screening for lupus anticoagulant as well as monitoring 
heparin.

In enhanced-fibrinolytic-type DIC, FDP fluctuates with 
better sensitivity than d-dimer [6, 13, 14]. By measuring 
both FDP and d-dimer, the divergence phenomenon between 
the two markers in enhanced-fibrinolytic-type DIC can be 
confirmed, so frequent measurement of both markers is 
desirable.

Fibrinogen can also be measured regularly to check for 
changes in the type of DIC. In particular, when fibrinogen 
levels decrease sharply, the disease type may have changed 
from suppressed-fibrinolytic-type DIC to enhanced-fibrino-
lytic-type DIC.

TAT, a coagulation activation marker, and PIC, a fibrino-
lytic activation marker, are essential markers for accurately 
evaluating coagulation and fibrinolytic pathology in COVID-
19. By measuring these markers, the coagulation and fibrino-
lytic pathologies of COVID-19 will be greatly clarified. In 
cases with DIC in which PIC is markedly increased, caution 
is required, because major bleeding is likely to occur when 
α2 plasmin inhibitor is reduced to less than half. In cases 
where antithrombin activity is significantly reduced, the sen-
sitivity of TAT may be reduced. In such cases, evaluation 
with soluble fibrin (SF) may be useful.

Extracorporeal membrane oxygenation (ECMO) may 
be required in severe cases of COVID-19. Schmidt et al. 
reviewed the outcomes of COVID-19 patients under 
ECMO that could be followed-up to Day 60, reporting a 
mortality rate of 31%, major bleeding in 42%, and hemor-
rhagic infarction in 5% [19]. If no adverse events of bleed-
ing were encountered, better results could be expected. 
Bleeding symptoms when undergoing ECMO are often 
considered adverse events due to heparin used to maintain 
the ECMO circuit. However, according to Schmidt et al., 
the intensity of anticoagulant therapy was appropriate 
[19] and was unlikely to be the main cause of bleeding. 
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The following mechanisms should thus be considered as 
the reason for bleeding under ECMO:

1)	 Complications of enhanced-fibrinolytic-type DIC: 
described above;

2)	 Vascular endotheliitis: Severe COVID-19 is considered 
to cause severe vascular endothelial injury and vascular 
fragility [20];

3)	 Acquired von Willebrand syndrome: The large multimer 
of von Willebrand factor is known to be decomposed 
by high shear stress during extracorporeal circulation 
such as ECMO [21, 22]. In this case, von Willebrand 
factor activity is reduced as compared with the amount 
of von Willebrand factor antigen. A von Willebrand fac-
tor multimer structural analysis is required for definitive 
diagnosis.

In COVID-19, not only thrombosis, but also bleeding 
complications are likely to be seen, and the coagulation 
tests shown in Table 1 need to be repeated to prevent 
them.

Macrothrombosis

In COVID-19, both arterial and venous thrombosis have 
been reported due to the strong thrombotic tendency. Spe-
cifically, arterial thrombosis includes cerebral infarction, 
myocardial infarction, and limb arterial thrombosis, and 
venous thrombosis includes deep vein thrombosis (DVT) 
and pulmonary thromboembolism (PTE). In general, DVT 
and PTE may occur at the same time, and have been col-
lectively referred to as venous thromboembolism (VTE). 
Of these thromboses, VTE, and PTE in particular, is the 
most common in COVID-19 [23] (Fig. 2).

In addition, as a characteristic of VTE in COVID-19, 
PTE can develop due to the arrival of DVT thrombus, but 
more often, PTE develops even without DVT. To be pre-
cise, pulmonary thrombosis (PT) is more frequent than 
pulmonary embolism (PE) [24].

A study of 184 severe COVID-19 cases admitted to the 
ICU found 75 cases of thrombosis [25]. The breakdown of 
thrombosis was PTE in 65 cases, DVT in 3 cases, cerebral 

Table 1   Coagulation and fibrinolysis tests to be performed in COVID-19

PT prothrombin time, APTT activated partial thromboplastin time, FDP fibrin/fibrinogen degradation products, TAT​ thrombin-antithrombin 
complex, PIC plasmin-α2 plasmin inhibitor complex, α2 PI α2 plasmin inhibitor, VWF von Willebrand factor, UFH unfractionated heparin, LA 
lupus anticoagulant, DIC disseminated intravascular coagulation

Markers Significance of test

Platelets Decreased due to various causes (see text)
PT Screening test for vitamin K deficiency (diagnosis confirmed by PIVKA-II)

Evaluation of liver failure
APTT UFH monitoring

LA screening test
Screening test for acquired hemophilia

Fibrinogen Diagnosis of DIC (particularly enhanced-fibrinolytic-type DIC). Beware of short-term dips within a few days
If fibrinogen rises, the patient is in a hypercoagulable state
Evaluation of liver failure

FDP/d-dimer Diagnosis of DIC (particularly enhanced-fibrinolytic-type DIC). Watch out for short-term spikes within a few days. 
In enhanced-fibrinolytic-type DIC, FDP increases markedly, but d-dimer increases only mildly to moderately, so a 
divergence phenomenon is observed between FDP and d-dimer levels

Diagnosis of macro- or microthrombosis
Reflecting lung damage

Antithrombin Evaluation of liver failure
If the activity is decreased in patients with DIC, consider administration of a concentrated antithrombin preparation

TAT​ Evaluation of coagulation activation
PIC Evaluation of fibrinolytic activation
α2 PI If α2 PI activity is significantly decreased in a case where PIC is significantly increased, major bleeding is likely to 

occur
VWF antigen and activity Screening test for acquired von Willebrand syndrome. In acquired von Willebrand disease, VWF activity is reduced 

compared to the amount of VWF antigen
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infarction in 5 cases, and systemic arterial embolism in 2 
cases. After all, PTE makes up the overwhelming majority 
of thrombosis in severe cases and DVT is not so common. 
Therapeutic administration of anticoagulant therapy did 
not lead to suppression of the onset of thrombosis [25].

One report classified and examined ICU inpatients (severe 
cases) and general ward inpatients (mild cases) [26]. About 
60% of ICU inpatients had VTE, compared to about 10% 
of general ward inpatients. Cumulative incidence of VTE 
increased gradually up to 3 weeks in ICU patients and up to 
1 week in general wards, with no subsequent new onset in 
either group. In other words, attention to VTE in the early 
stages of hospitalization is considered particularly impor-
tant. Also in that report, VTE developed even if anticoagu-
lant therapy was initiated prophylactically [26].

In the future, reports on the incidence of thrombosis from 
Japan are also awaited. However, you must keep in mind 
the level to which the inspection has been carried out. For 
example, in patients under ventilator or ECMO management, 
onset of cerebral infarction may be overlooked and diagnos-
tic imaging may not be performed promptly. In addition, a 

definitive diagnosis of VTE cannot be made without con-
trast-enhanced CT of the chest and lower limb vein echog-
raphy. A dilemma exists regarding the risk of institutional 
transmission of COVID-19 and how vigorously the diagno-
sis of thrombosis should be pursued.

Microthrombosis

Macrothrombosis such as VTE can be diagnosed by imaging 
modalities such as contrast-enhanced CT, but the existence 
of multiple microthromboses at the microscopic level, and 
thus unable to be diagnosed by imaging, has been clarified 
on autopsy. In the autopsy cases of Fox et al., gross findings 
showed thrombi in peripheral blood vessels of the lung and 
enlargement of the right ventricle, but microscopic obser-
vation at the same time showed many thrombi in the small 
arteries and small veins of the lung [16]. These thrombi 
contained both fibrin and platelet components. Since it is 
accompanied by vascular endothelial damage, the patho-
physiology of thrombotic microangiopathy (TMA) may 

Fig. 2   Sites of thrombosis and bleeding in COVID-19. (Quoted from Reference [23]
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be added to the lungs, but this point is a matter for future 
investigation.

In an autopsy study by Lax et al., microscopic thrombi 
were found in the small to middle-sized arteries of the lungs 
in all 11 cases, even though prophylactic anticoagulant ther-
apy had been administered in 10 of the 11 cases. Eight cases 
showed pulmonary infarction [27]. Interestingly, VTE was 
not diagnosed in any of the cases before death.

In an autopsy study of 38 cases by Carsana et al., micro-
thrombi (containing platelets and fibrin) were observed in 
the pulmonary microarteries in 33 cases (87%) [28]. In all 26 
cases for which d-dimer could be examined, levels increased 
more than 10 times the upper limit of normal. What was 
noteworthy in that report was that not only the presence of 
thrombosis, but also alveolar hemorrhage was observed in 
33 cases (87%) with the same frequency. Although no mark-
ers to accurately assess fibrinolytic activation were measured 
in that paper, the pathology of enhanced-fibrinolytic-type 
DIC may have been present in those fatal cases.

One interesting report compared acute respiratory distress 
syndrome (ARDS) caused by COVID-19 and influenza [29]. 
Diffuse alveolar damage (DAD) was found in both types. 
However, COVID-19 showed severe vascular endothelial 
damage (presence of virus in endothelial cells, destruction 
of cell membranes) and extensive thrombi. In particular, 
when compared at the alveolar capillary level, the degree of 
microthrombosis was 9 times higher in COVID-19 than in 
influenza, and the higher degree of microthrombosis in the 
lungs of COVID-19 was conspicuous. Regarding angiogen-
esis, COVID-19 showed 2.7 times as much as influenza, but 
the new blood vessels did not display normal antithrombotic 
function, and were thus considered to accelerate thrombosis.

Pulmonary intravascular coagulopathy

In severe COVID-19, the thrombotic tendency is systemic, 
with a strong immunoinflammatory response described 
as a “cytokine storm”. However, the opinion has been put 
forward that this phenomenon should instead be called 
“pulmonary intravascular coagulopathy”, as opposed to 
DIC, because the thrombosis occurs overwhelmingly in the 
lungs rather than the whole body [30–33]. This so-called 
pulmonary intravascular coagulopathy shows not only mac-
rothrombosis in the lung, but also frequently the more trou-
blesome microthrombosis in a wide area of lung. In other 
words, anticoagulant therapy is needed while assuming 
microthrombosis of the lung, which cannot be detected from 
contrast-enhanced CT of the chest.

Pathologically proving microthrombosis during survival 
may be difficult, but especially in cases of high d-dimer, the 
presence of thrombosis (microthrombosis) is assumed even 
if not diagnosed from diagnostic imaging. A therapeutic 

strategy for antithrombotic therapy should be developed for 
such patients.

The site of SARS-CoV-2 has been examined at autopsy 
[34]. Although also present in the kidneys, liver, heart, brain, 
and blood, the amount of SARS-CoV-2 detected in the res-
piratory region is overwhelmingly greater. This is related to 
the degree of expression of angiotensin-converting enzyme 
2 (ACE2), which represent a host-side receptor for SARS-
CoV-2 in each organ. COVID-19 is known to occur less fre-
quently in children, but this is attributed to the low expres-
sion of ACE2 in children [35].

Origin of d‑dimer

Normally, an increase in d-dimer is thought to reflect the 
activation of both coagulation and fibrinolysis in vivo. In 
contrast, one report has discussed the origin of d-dimer 
in COVID-19. The idea of that paper was that the rise in 
d-dimer reflects the degradation products of fibrin accumu-
lating in the alveoli and lung parenchyma as a result of lung 
injury [36]. In other words, d-dimer is considered to move 
from the local lung to the bloodstream. Indeed, given that 
the origin of d-dimer is fibrin formed locally in the lungs, 
d-dimer could thus be easily understood to be associated 
with the degree and prognosis of lung injury.

d-Dimer often rises in patients with massive pleural effu-
sion, massive ascites, and massive hematoma, and this is 
thought to be due to the movement of d-dimer from pleu-
ral effusion, ascites and hematoma into the bloodstream. A 
similar situation may be present in COVID-19. Proving that 
d-dimer moves from the alveoli into the bloodstream may 
be difficult, but the concept is interesting.

Decreased platelet and lymphocyte counts

Several studies have discussed the relationship between 
prognosis of COVID-19 and platelet count [37–39]. Among 
these, one report examined 1476 cases from a single facility 
[37], of whom 238 patients (16.1%) died. Mortality rates 
were reported as 92.1%, 61.2%, 17.5%, and 4.7% when 
minimum platelet counts were 0–5 × 104/μL, 5–10 × 104/
μL, 10–15 × 104/μL, and ≥ 15 × 104/μL, respectively. When 
the platelet count fell below 10 × 104/μL during the course 
of treatment, the prognosis became particularly severe. Fur-
thermore, if the platelet count dropped below 5 × 104/μL, 
the situation was considered hopeless if no breakthrough 
treatment was given. The cause of decreasing platelet counts 
was considered to be DIC in that paper [37].

Many drugs used during the treatment of COVID-19 may 
result in drug-induced decreases in platelet production (mye-
losuppression). Such circumstances are easily distinguished 
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by checking the immature platelet fraction (IPF). If IPF rises, 
myelosuppression can be ruled out. Currently, the number 
of facilities that can measure IPF is increasing in Japan, so 
this investigation should be actively utilized. Mean platelet 
volume (MPV) and platelet distribution width (PDW) can 
also be used to distinguish whether the cause of decrease in 
platelet count is myelosuppression [40, 41]. In fact, IPF cor-
relates positively with MPV and PDW. In addition, MPV and 
PDW are advantageous, because the data can be collected 
using standard equipment in all medical institutions and for 
all cases. However, one limitation of MPV and PDW is that 
they cannot be calculated if the platelet count is significantly 
reduced.

Decreased platelet counts appear to be seen in COVID-
19 itself, but many causes of decreased platelet counts 
have been reported (Table 2). As mentioned above, vari-
ous reports have described the complication of DIC [6–10]. 
Antiphospholipid antibodies (anticardiolipin antibody and 
lupus anticoagulant) appear at a high rate [17, 18, 42–44]. 
If thrombosis is seen, antiphospholipid antibody syndrome 
is diagnosed. However, antiphospholipid antibodies long 
been known to show temporary positivity in viral infec-
tions (in this case, unrelated to thrombosis). The extent 
to which antiphospholipid antibodies in COVID-19 are 
associated with thrombosis warrants further study [45]. 
Immune thrombocytopenic purpura (ITP) have also been 
reported in COVID-19 [46–48]. If a sharp and marked drop 
in platelet count is present, ITP is possible if DIC is nega-
tive. Hemophagocytic syndrome has also been reported with 
cytokine storms [49, 50]. In COVID-19 cases, ready perfor-
mance of bone marrow examination is presumably difficult, 
so many cases of hemophagocytic syndrome may go undi-
agnosed. Along with proper diagnosis, how to address this 
finding is a topic for further study [51–53].

Heparin is often used during the treatment of COVID-
19, and heparin-induced thrombocytopenia (HIT) is often 
reported [54, 55]. This diagnosis should not be delayed, and 
proactive measurement of HIT antibodies is needed.

There are also reports of pseudothrombocytopenia [56]. 
In this report, treatment with COVID-19 eliminated the 
phenomenon of pseudothrombocytopenia, as well as the 

disappearance of SARS-Cov-2 antibody. The association 
between SARS-Cov-2 antibody and pseudothrombocyto-
penia has been discussed.

Lymphocytes are known to decrease in particularly 
severe cases of COVID-19 [1, 57, 58]. Both CD4- and 
CD8-positive cells are decreased, and a strong correlation 
exists between lymphocyte count and CD4-positive cells 
[57, 59]. In addition, CD4-positive cells show reduced 
IFN-γ production [57]. These changes are associated with 
disease severity, and thus should be kept in mind during 
the development of future treatments. Some studies have 
suggested that the neutrophil-to-lymphocyte ratio is asso-
ciated with the severity and prognosis of COVID-19 [58, 
60, 61].

Treatment strategy for COVID‑19

Treatment strategy should be changed according to the 
severity and stage of COVID-19, rather than applying a 
uniform treatment (Fig. 3). In addition, therapeutic meth-
ods and drugs have been listed in various candidate steps, 
starting from the first-step therapeutic strategy to prevent 
SARS-CoV-2 from invading the host cell, to final-stage 
cytokine storm control [62–65].

Antiviral treatment for COVID‑19

Several known drugs and treatment methods represent can-
didate therapeutic agents from the viewpoint of antiviral 
effect (Table 3). At present, some treatments appear not 
very effective and others seem promising. Antiviral treat-
ment is considered to be the most significant, particularly 
in the early stages of infection (Fig. 3).

Table 2   Causes of decreased platelet counts in COVID-19

1) COVID-19 itself
2) Disseminated intravascular coagulation (DIC)
3) Antiphospholipid antibody syndrome (APS)
4) Immune thrombocytopenic purpura (ITP)
5) Hemophagocytic syndrome (HPS)
6) Heparin-induced thrombocytopenia (HIT)
7) Drug-induced myelosuppression
8) Pseudo-thrombocytopenia

COVID-19

Antiviral 
therapy

Anti-cytokine
Therapy

Antithrombotic 
therapy

Early
stage

Advanced
stage

Middle
stage

Fig. 3   Stage of COVID-19 and concept of treatment (created by the 
authors)
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Treatment for cytokine storm

Many anti-cytokine therapies have been investigated, but 
the most reported is the anti-IL-6 receptor antibody tocili-
zumab [66–69]. Future development is expected, including 
combination therapies with other drugs. When the pathology 
of COVID-19 has progressed, the weight of cytokine storm 
treatment is considered to be significantly increased.

Treatment for thrombosis

Heparin is the most frequently used anticoagulant therapy 
for COVID-19. In countries other than Japan, low-molecu-
lar-weight heparin (LMWH) is often used. In Japan, LMWH 
(dalteparin) is approved for use by the insurance system only 
for DIC and hemodialysis, and so in principle cannot be used 
for COVID-19 in the absence of DIC. Therefore, at present 
(as of October 2020), unfractionated heparin is estimated to 
be used more frequently than dalteparin in Japan.

Heparin treatment for COVID-19 is expected to have anti-
coagulant, antiviral and anti-inflammatory effects [70–73].

Combination therapy of heparin 
and nafamostat for COVID‑19

Nafamostat is a serine protease inhibitor that strongly inhib-
its proteolytic enzymes such as thrombin, plasmin, and 
trypsin [74]. Nafamostat has been used in Japan for over 
30 years to treat DIC and pancreatitis. The optimal dose of 
nafamostat varies depending on the purpose of use, and a 
higher dose (about 10 times greater) can be used for DIC 
than for pancreatitis. Nafamostat differs from heparin, in 
that no side effects of bleeding are seen even when used 
at DIC doses. Nafamostat is compatible with enhanced-
fibrinolytic-type DIC because of the strong antifibrinolytic 
activity [14, 74]. In Japan, nafamostat is often effective even 
for enhanced-fibrinolytic-type DIC associated with aortic 
aneurysm and malignant tumors, where the underlying 

Table 3   Treatment for COVID-19

The above is described regardless of insurance coverage. Please confirm the insurance coverage in the package insert

1 Antiviral drug (anti-SARS-Cov-2 action)
1) Favipiravir (Abigan): RNA polymerase inhibitor. Influenza drug
2) Remdesivir (Beckley): RNA polymerase inhibitor. Ebola bleeding drug. Special approval on May 7, 2020 in Japan
3) Ivermectin (Stromectol): Macrolide antibiotic. Anthelmintic
4) Hydroxychloroquine (Plaquenil): Antimalarial drug. SLE therapeutic drug
5) Lopinavir/ritonavir combination drug (Kaletra): Protease inhibitor. HIV treatment
6) Ciclesonide (Alvesco): Inhaled steroid asthma treatment. Has anti-SARS-CoV-2 action
7) Nafamostat (Futhan, Coahibitor, etc.): Serine protease inhibitor. A therapeutic drug for DIC and pancreatitis in Japan. Inhibits the serine 

protease TMPRSS2
8) Camostat (Foipan): A serine protease inhibitor. A remedy for pancreatitis in Japan. The inhibitory effects on TMPRSS2 are weaker than 

those of nafamostat
9) Vaccine: Under development by many companies
10) Convalescent plasma treatment: Expected therapeutic effects through antibody obtained from the serum of convalescent patients

2 Treatment of cytokine storm
1) Tocilizumab, salilumab: anti-IL-6 receptor antibody
2) Anakinra: IL-1 receptor antagonist
3) JAK inhibitor
4) Anti-GM-CSF drug
5) Anti-complement antibody
6) Anti-TNF drug
7) Dexamethasone
8) Blood purification therapy using a cytokine adsorption column

3 Antithrombotic therapy
1) Unfractionated heparin (+ AT preparation: DIC with AT activity ≤ 70% is covered by insurance)
2) Low molecular weight heparin (+ AT preparation: as above)
3) DOAC (anti-Xa drug insurance coverage is venous thromboembolism)
4) Thrombomodulin preparation (insurance coverage is DIC)
5) Argatroban (Insurance coverage is for acute cerebral infarction, chronic arterial occlusion, HIT, etc.)
6) tPA: Reports have described both systemic administration and inhalation
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pathology does not improve. COVID-19 shows the char-
acteristics of enhanced-fibrinolytic-type DIC in advanced 
cases as described above, and nafamostat is thus considered 
to be a promising candidate.

However, the problem with nafamostat is the weaker anti-
coagulant effect compared to the antifibrinolytic effect [74]. 
A combination of heparin and nafamostat to overcome this 
weakness may thus be even more effective [75].

Three reasons nafamostat is effective 
against COVID‑19

Anti‑coronavirus action

Hoffmann et al. reported that ACE2 and transmembrane pro-
tease serine 2 (TMPRSS2) present in host cells are essential 
for coronaviruses such as SARS-CoV-2 to infect alveolar 
epithelial cells [76]. Inoue et al. reported in 2016 that nafa-
mostat can inhibit the infection of host cells by MERS-CoV, 
through inhibition of TMPRSS2 activity [77]. Nafamostat 
can also block the invasion of SARS-CoV-2 into host cells 
[78–80]. Injectable nafamostat has more than 10 times the 
inhibitory activity against coronavirus invasion as the serine 
protease inhibitor camostat (an oral drug for treating pan-
creatitis in Japan) [79, 80]. Moreover, when nafamostat is 
used for DIC as described above, about 10 times the dose 
used for pancreatitis can be administered.

Beneficial effects on DIC

COVID-19 is an infectious disease, but shows many dif-
ferences from the suppressed-fibrinolytic-type DIC caused 
by other severe infectious diseases. Significant fibrino-
lytic activation by cytokine storm is expected in advanced, 
severe cases of COVID-19. We have also confirmed that, as 
reported by Tang et al. [2], some cases of severe COVID-
19 show markedly increased FDP and markedly decreased 
fibrinogen. In such severe cases, one characteristic is a sig-
nificant increase in not only TAT, as a coagulation activation 
marker, but also PIC, as a fibrinolytic activation marker. We 
have encountered cases in which these increases in TAT and 
PIC often improve dramatically with heparin and nafamostat 
combination therapy. Nafamostat is a compatible treatment 
for DIC associated with COVID-19 [75].

Anti‑plasmin action

Plasmin has been reported to increase the pathogenicity 
and infectivity of the SARS-CoV-2 virus by cleaving the S 
protein [81]. Nafamostat has antiplasmin activity [74] and 
is expected to reduce the pathogenicity and infectivity of 
SARS-CoV-2. Tranexamic acid is known as a drug exerting 

strong antiplasmin (antifibrinolytic) activity. Tranexamic 
acid may act suppressively on SARS-CoV-2 in terms of 
antiplasmin, and actual clinical trials are underway [82]. 
However, tranexamic acid may induce fatal thrombosis and 
should not be administered without caution [83]. In that 
respect, nafamostat can be safely used because of its anti-
plasmin action in combination with antithrombin action.

Nafamostat is reportedly effective against COVID-19 [84, 
85], but the significance of this agent in combination with 
heparin is hoped to be verified. Nafamostat administered 
during ECMO treatment (heparin is required) is inevitably 
administered in combination with heparin. We would like 
to name this combination “Hepana therapy”, as an easy-to-
remember term.

Nafamostat should be noted to have a side effect of hyper-
kalemia, so electrolyte levels should be checked regularly.

Prospects for fibrinolytic therapy ‑including 
inhalation therapy‑

Heparin, particularly LMWH, is often used to correct the 
thrombotic condition in COVID-19, but pulmonary embo-
lism is nevertheless seen in about 20–30% of severe cases 
[86]. The dose and intensity of anticoagulant therapy is 
also controversial. Treatment with anticoagulant therapy 
alone may offer limited efficacy. Fibrinolytic therapy may 
therefore be effective against COVID-19 [87]. Treatment of 
existing fibrin, which interferes with pulmonary circulation, 
using a fibrinolytic drug is expected to improve thrombotic 
conditions. In fact, systemic administration of the fibrino-
lytic drug tissue-type plasminogen activator (tPA) to ARDS 
in COVID-19 has been attempted and appears effective in 
some cases [88–90].

However, careful attention should be paid to systemic 
administration of tPA for severe COVID-19 with ARDS. As 
mentioned above, coagulation and fibrinolytic pathophysi-
ology in COVID-19 can fluctuate significantly within just 
a few days [6]. Performing systemic fibrinolytic therapy is 
performed at a time of a marked decrease in fibrinogen is 
extremely dangerous and may cause fatal bleeding, including 
cerebral hemorrhage.

On the other hand, treatment by “inhalation” of fibrino-
lytic substances such as tPA and plasminogen may be associ-
ated with relatively little concerns regarding bleeding at any 
stage of COVID-19 [87, 91, 92]. Inhalation of fibrinolysis-
related substances may dissolve fibrin-containing exudates 
in the alveolar space to improve alveolar ventilation, and 
may dissolve fibrin thrombi at the microcirculatory level 
near the alveoli. Fibrin formed in the lung parenchyma may 
be expected to dissolve. However, many problems remain to 
be solved, such as whether the infection spreads in medical 
institutions via aerosols and how much tPA administered 
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by inhalation is transferred to the blood. We expect future 
developments.

Adsorption therapy as a cytokine storm 
treatment

As mentioned above, treatment with anti-IL-6 receptor anti-
body is one of the candidates for cytokine storm treatment. 
In addition, we would also like to mention adsorption ther-
apy using cartridges such as polymyxin B (PMX-DHP). This 
is an extracorporeal circulatory therapy similar to ECMO, 
with a history of being used mainly for septic endotoxin 
shock caused by Gram-negative bacilli. Some pros and cons 
exist regarding the indications of PMX-DHP for COVID-19, 
partly because this treatment was not sufficiently effective 
against septic endotoxin shock.

However, for ARDS caused by cytokine storms in influ-
enza 2009 (N1H1), respiratory status reportedly improved 
dramatically after only 4 h of PMX-DHP treatment [93]. 
PMX-DHP could also improve respiratory failure with 
decreased IL-6 in patients with amyopathic dermatomyosi-
tis who presented with respiratory failure due to acute pro-
gressive interstitial pneumonia [94]. In addition, the clini-
cal experience of PMX-DHP for ARDS in COVID-19 has 
been reported in the online journal of the Japanese Society 
of Infectious Diseases. We are encouraged by a report that 
PMX-DHP treatment was able to suppress progression of 
ARDS and subsequently allow weaning from ECMO in 2 
out of 3 patients.[95]. Adsorption therapy with PMX-DHP 
is expected to evolve in the future as a treatment for cytokine 
storm [96].

Instructive case reports

Many case reports of COVID-19 have been published. We 
would like to share some didactic case reports from the per-
spective of thrombosis.

DVT‑only symptoms [97]

The patient was a 57-year-old woman with chief complaints 
of swelling, pain, heat, and redness of the left lower limb. 
She had no fever, cough or shortness of breath. DVT was 
diagnosed in the left lower limb. Since DVT was present, 
chest CT was performed to check for the presence of pul-
monary emboli, and ground glass shadows were identified 
in both lung fields. Due to these ground glass shadows, PCR 
testing was performed and COVID-19 was diagnosed. In 
other words, the only COVID-19-related symptom present 
at consultation was thrombosis (DVT).

When encountering DVT of unknown cause, COVID-
19 should be checked for as a risk factor for DVT, along 
with checking for antithrombin, protein C, protein S, and 
antiphospholipid antibody (anticardiolipin antibody, lupus 
anticoagulant).

Myocardial infarction with numerous thrombi 
in the coronary arteries [98]

The patient was a 40-year-old woman who experienced myo-
cardial infarction. Coronary angiography revealed more than 
10 thrombi in the coronary arteries at the same time. We feel 
an unusual thrombotic tendency is present in COVID-19.

Complications of cerebral infarction and cerebral 
vein sinus thrombosis [99]

The patient was an 81-year-old man who developed cerebral 
infarction in the left and right brain at the same time. In 
this case, cerebral vein sinus thrombosis was also present 
concomitantly. That is, in the brain, thrombosis occurred in 
arteries and veins at the same time. This condition is usually 
unthinkable, but may arise with COVID-19.

Findings similar to chilblains [100]

Findings of chilblains clearly do not always represent 
COVID-19, but many such cases have been reported. Dur-
ing the current COVID-19 epidemic, if findings suggestive 
of chilblains are encountered, COVID-19 should at least be 
suspected.

Livedo reticularis [101, 102]

Livedo reticularis reflects impaired skin circulation. Livedo 
reticularis is a well-known finding in antiphospholipid anti-
body syndrome, but is also found in COVID-19.

Conclusion

Many points remain unclear regarding the pathophysiology 
of COVID-19. Elucidation of the pathophysiology from the 
perspective of laboratory hematology is ongoing. d-dimer 
is an excellent marker, but shows limitations in assessing 
the pathophysiology of the coagulation abnormalities seen 
in COVID-19. The pathological condition is expected to be 
elucidated by adding markers such as TAT, PIC, and SF.

For the treatment of COVID-19, use of different treatment 
methods according to the pathophysiological condition is 
desirable, rather than performing uniform treatment.
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