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a b s t r a c t 

Coagulopathy, characterized by a high D-dimer level, is a common pathological occurrence in coronavirus dis- 

ease 2019 (COVID-19) and is associated with poor prognosis. Severe cases with COVID-19 is associated with 

a significantly higher risk of deep vein thrombosis and acute pulmonary embolism. Pulmonary intravascular 

coagulopathy is the characteristic coagulopathy in COVID-19. Unlike sepsis-induced coagulopathy and dissem- 

inated intravascular coagulation, which are manifestations of systemic coagulopathy, pulmonary intravascular 

coagulopathy is a manifestation of a local coagulation disorder in the lung. The progression from pulmonary 

intravascular coagulopathy to sepsis-induced coagulopathy or disseminated intravascular coagulation in the con- 

text of COVID-19 may indicate that the patient’s coagulation dysfunction has progressed from local to systemic. 

Exploring the associated coagulation disease will aid in the understanding of the pathophysiological mechanisms 

underlying severe COVID-19. 
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Coronavirus disease 2019 (COVID-19) has become a global

andemic since it was first reported in Wuhan, China in De-

ember 2019. Despite its significant health and economic im-

acts, neither specific treatments nor effective antiviral drugs

ave been developed to date to combat this disease [1] . COVID-

9 is caused by severe acute respiratory syndrome coronavirus 2

SARS-CoV-2). The binding of the SARS-CoV-2 spike protein to

ngiotensin-converting enzyme 2 (ACE2) receptors, which are

ighly expressed in type II pneumocytes [2] , initiates marked

nflammatory cell infiltration in lung tissue that results in a pul-

onary and/or systemic inflammatory response [3] . The lung

s the primary target organ of SARS-CoV-2, and acute lung in-

ury and acute respiratory distress syndrome (ARDS) are the

ost common complications observed in COVID-19 patients [4] .

owever, SARS-CoV-2 infection has also been reported to be

ssociated with coagulation disorders, characterized by high

-dimer levels, which are associated with poor prognosis [5–

] . Autopsy studies on COVID-19 patients have highlighted the

resence of significant pulmonary microvascular disseminated

icrothrombosis [8 , 9] . In addition, emerging data suggest that

evere COVID-19 is associated with a significantly higher risk

f deep vein thrombosis (DVT) and acute pulmonary embolism
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APE) [10 , 11] . However, because the characteristics of coagu-

opathy of COVID-19 are different from those of sepsis-induced

oagulopathy (SIC) and disseminated intravascular coagulation

DIC), a new term has been presented, namely, pulmonary in-

ravascular coagulopathy (PIC) [12] . 

hat are the characteristics of COVID-19-related 

oagulopathy? 

The initial coagulopathy in COVID-19 is characterized by a

ignificant increase in D-dimer levels [5–7] . Meanwhile, abnor-

alities in prothrombin time (PT), activated partial thrombo-

lastin time (APTT), and platelet count are relatively uncom-

on or mild Table 1 [5–7,10,13–18] . In addition, a high fibrino-

en level may indicate hypercoagulability, and thromboelasto-

raphic studies have revealed hypercoagulation in patients with

OVID-19 [19 , 20] . Moreover, high incidences of DVT and APE

ave been reported in COVID-19 patients [10 , 11] . Given the

haracteristics of COVID-19 associated coagulopathy, several

uidelines recommend routine heparin anticoagulation treat-

ent [21 , 22] ; however, the timing and indication of anticoag-

lant treatment remain controversial [23] . Moreover, there are

eports of persistently high incidence rates of DVT and APE in
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Table 1 

Literature on the association between coagulation abnormalities or markers of thrombosis and hemostasis in patients with COVID-19. 

Authors Severity N 

Platelet count ( ×
10 9 /L) 

Prothrombin time 

(s) 

Activated 

partial 

thromboplastin 

time (s) 

Fibrinogen 

(g/L) D-dimer (mg/L) 

Antithrombin 

III (80–120%) 

Wang D et 

al . [5] 

36 in ICU 138 No significant 

difference between 

the ICU and 

non-ICU groups 

(median: 142 vs . 

165) 

No significant 

difference between 

the ICU and 

non-ICU groups 

(median: 13.2 vs . 

12.9) 

No significant 

difference 

between the 

ICU and 

non-ICU 

groups 

(median: 30.4 

vs . 31.7) 

NA D-dimer levels were 

significantly higher in 

the ICU group than in 

the non-ICU group 

(median: 0.41 vs . 0.16) 

NA 

Tang N et 

al . [6] 

NA 183 NA NA Significantly 

higher in 

non-survivors than 

in survivors 

(median: 15.5 vs. 

13.6; normal 

range: 11.5-14.5) 

No significant 

difference 

(median: 44.8 

vs . 41.2; 

normal range: 

29–42) 

No significant 

difference 

(median: 5.16 

vs . 4.51) 

Non-survivors had 

significantly higher 

levels than survivors 

(median: 2.12 vs . 0.61) 

No significant 

difference 

(median: 84 vs. 

91) 

Zhou F et 

al . [7] 

NA 191 NA Significantly higher 

in non-survivors 

than in survivors 

(median: 12.1 vs . 

11.4), and PT was 

associated with 

mortality 

NA NA Non-survivors has 

significantly higher 

levels than survivors 

(median: 5.2 vs . 0.6). 

D-dimer levels greater 

than 1 mg/L were 

associated with 

increase mortality 

NA 

Helms J et 

al . [10] 

All in ICU 150 80% normal 108 people in the 

normal range 

100 people in 

the normal 

range 

Most patients 

( > 95%) had an 

increase 

(median: 6.99) 

Most patients ( > 95%) 

had elevated D-dimer 

levels (median: 2.27) 

All normal 

Fogarty H 

et al . [13] 

23 in ICU 83 83.1% normal, only 

5 showed a 

decrease 

No increase No increase Significant 

increase 

(median: 4.7). 

None of the 

patients had a 

decrease at any 

time 

D-dimer levels were 

significantly increased. 

Above the normal 

range in 67% 

NA 

Huang C et 

al . [14] 

13 in ICU 41 4.88% 

thrombocytopenia 

PT was higher in 

ICU patients 

(median: 12.2 vs . 

10.7) 

No significant 

difference 

between ICU 

and non-ICU 

groups 

NA D-dimer levels were 

higher in the ICU 

patients (median: 2.4 

vs . 0.5) 

NA 

Tang N et 

al . [15] 

All had 

severe 

disease 

449 Lower in 

non-survivors than 

in survivors, but 

all were within the 

normal range. The 

platelet count was 

negatively 

correlated with 

28-day mortality 

Significantly higher 

in non-survivors 

than that in 

survivors (median: 

16.5 vs . 14.6). PT 

was positively 

correlated with 

28-day mortality 

NA NA Significantly higher in 

non-survivors than in 

survivors (median: 

4.70 vs . 1.47). When 

D-dimer levels were 

6-fold higher than the 

upper limit of normal, 

mortality was reduced 

by 20% in patients 

treated with heparin 

NA 

Chen N et 

al . [16] 

NA 99 12% 

thrombocytopenia 

Above the normal 

range in 30% 

Above the 

normal range 

in 16% 

NA Above the normal 

range in 36% 

NA 

Reun B et 

al . [17] 

NA All in 

ICU 

75 Normal (median: 

270) 

NA NA Increase 

(median: 7.3) 

Increase (median: 

48.6) 

No significant 

change 

(median: 0.91) 

Yin S et al . 

[18] 

All had 

severe 

disease 

553 Significantly lower 

in patients with 

other diseases than 

in patients with 

COVID-19 (median: 

188 vs . 215) 

No significant 

difference between 

other pathogens 

and SARS-CoV-2 

(median: 16.2 vs . 

15.2) 

NA NA Undifferentiated 

between other 

pathogens and 

SARS-CoV-2 (median: 

2.52 vs . 1.94) 

NA 

ICU: Intensive care unit; NA: Not available; PT: Prothrombin time. 
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atients with severe COVID-19 admitted to the intensive care

nit (ICU) despite the administration of a therapeutic dose of

eparin [24] . Nevertheless, Tang et al. [15] suggested that hep-

rin anticoagulation may reduce mortality in patients whose D-

imer levels are increased by more than six-fold or those with

IC scores ≥ 4. 

hat is PIC? 

The concept of PIC was recently proposed by McGonagle

t al. [12] who described PIC as a macrophage activation syn-

rome (MAS) associated with diffuse pulmonary immunothrom-

osis in COVID-19 patients [12] . The increase in circulating D-

imer concentrations reflects pulmonary vascular bed throm-

osis with fibrinolysis, while the increase in myocardial en-

yme concentrations reflects acute ventricular stress caused

y pulmonary hypertension (PH) [12] . Several studies have

eported finding high levels of infiltration by macrophages

nd other immune cells in the lung tissue of COVID-19 non-

urvivors. A similar change in immune cell infiltration was

oted as a histological change in severe acute respiratory syn-

rome (SARS) [25 –28] , supporting that PIC may be associ-

ted with MAS. However, it remains unclear whether these

eceased patients had secondary bacterial or fungal pneumo-

ia. Additionally, other autopsy studies have also demonstrated

hat the pathological pulmonary changes in COVID-19 patients

ere mainly due to lymphocyte infiltration [9 , 29 , 30] , suggest-

ng that PIC is not associated with MAS. These observations

ighlight the need to further explore the mechanism underly-

ng the inflammatory response and the association between in-
Table 2 

Summary of the differences among PIC, SIC, and DIC. 

Item 

DIC diagnostic criteria 

ISTH JAAM 

Underlying disease 0 point 0 point 

Platelet count 

( ×10 9 /L) 

50–100: 1 point 

< 50: 2 points 

≤ 120 or > 3

reduction/24

point 

< 80 or > 50

reduction/24

points 

Fibrin-related 

marker 

FDP, D-dimer, SF 

Moderate increase: 

2 points 

Strong increase: 3 

points 

FDP (μg/mL) 

≥ 10 but < 2

point 

≥ 25: 3 point

Fibrinogen (g/L) < 1: 1 point None 

PT Prolonged PT (s) 

3–6: 1 point 

> 6: 2 points 

PT ratio 

≥ 1.2: 1 poin

Others NA SIRS score ≥ 

point 

Diagnosis ≥ 5 points ≥ 4 points 

DIC: Disseminated intravascular coagulation; FDP: Fibrin 

Thrombosis and Haemostasis; JAAM: Japanese Association 

agulopathy; PT: Prothrombin time; SIC: Sepsis-induced coa

matory response syndrome; SOFA: Sequential organ failure 
∗ Four-item SOFA includes respiratory SOFA, cardiovascu

37 
ammation and coagulation in COVID-19-associated acute lung

njury. 

There are no standardized diagnostic criteria for sepsis-

ssociated coagulation disease, and the SIC scoring system de-

eloped by Iba et al. [31] in 2016 includes only two coagulation

ndicators (platelet count and PT) and excludes fibrinogen and

brin degradation products. Despite there being only two com-

onents, subsequent studies have shown that this SIC scoring

ystem has a significantly superior sensitivity for predicting clin-

cal outcomes in sepsis when compared with the International

ociety on Thrombosis and Haemostasis and the Japanese As-

ociation for Acute Medicine scoring systems for DIC [31 , 32] .

he results of several studies have suggested that SIC may be an

arly phase of DIC [33 –35] and that SIC can progress to DIC if

he underlying etiology of sepsis is not resolved [27 , 29] . Unlike

IC or DIC, the main characteristic of COVID-19-associated PIC

s the large increase in D-dimer levels, an indicator of fibrinoly-

is, while abnormalities in other coagulation indicators are rare

 Table 2 ). 

OVID-19: DIC, SIC, or PIC? 

PIC is the characteristic coagulation dysfunction in COVID-

9 patients; however, it remains unclear whether the changes

n coagulation progress linearly from PIC to SIC and then

o DIC. A comparison between the incidence of coagulopa-

hy in patients with COVID-19 and SARS is shown in Table 3

6 , 10 , 13 , 15 , 36 , 37] . Helms et al. [10] reported that 14.7% of

CU patients with COVID-19 had SIC. Meanwhile, a study by

ang et al. [15] found that 21.6% of COVID-19 patients had a

IC score of ≥ 4 and that 71.4% of non-survivors met the crite-
SIC PIC 

0 point NA 

0% 

 h: 1 

% 

 h: 3 

100–150: 1 point 

< 100: 2 points 

Normal or slight 

decrease 

5: 1 

s 

None Increase in 

D-dimer levels 

None Normal or a slight 

increase 

t 

PT ratio 

1.2–1.4: 1 point 

> 1.4: 2 points 

Normal or a slight 

increase 

3:1 Four items SOFA ∗ 

= 1: 1 point 

≥ 2: 2 points 

NA 

≥ 4 points 

(coagulopathy) 

NA 

degradation product; ISTH: International Society on 

for Acute Medicine; PIC: Pulmonary intravascular co- 

gulopathy; SF: Soluble fibrin; SIRS: Systemic inflam- 

assessment; NA: Not available. 

lar SOFA, hepatic SOFA, and renal SOFA. 
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Table 3 

Comparison of the incidence of coagulopathy in patients with COVID-19 and SARS. 

Authors Severity N SIC DIC 

COVID-19 

Tang et al. [6] NA 183 NA 71.4% of non-survivors met ISHT-DIC criteria; only 

1 (0.6%) survivor met DIC criteria 4 days after 

admission 

Helms et al. [10] All in ICU 150 Only 22 patients (14.7%) had a positive SIC score Only 6 patients (2.7%) had a positive JAAM score, 

144 patients (96%) had a normal JAAM-DIC score. 

All patients had a normal ISTH-DIC score 

Fogarty et al. [13] 23 in ICU 83 NA None met DIC criteria at the time of admission 

Tang et al. [15] All had severe 

COVID-19 

449 21.6% had a SIC score ≥ 4. Heparin treatment was 

associated with lower mortality in patients with a SIC 

score ≥ 4, but not in those with a SIC score < 4 

NA 

Lodigiani et al. [36] 48 in ICU 388 NA 2.1% of patients met overt DIC criteria, no 

bleeding complications occurred 

SARS 

Wong et al. [37] NA 157 NA 2.5% of patients developed overt DIC 

COVID-19: Coronavirus disease 2019; DIC: Disseminated intravascular coagulation; ICU: Intensive care unit; ISHT: International Society on Thrombosis and 

Haemostasis; JAAM: Japanese Association for Acute Medicine; SARS: Severe acute respiratory syndrome; SIC: Sepsis-induced coagulopathy; NA: Not available. 
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ia for DIC, which was diagnosed at an average of 4 days after

dmission [6] . However, other studies reported fewer patients

ith DIC and fewer clinical manifestations, such as bleeding

 Table 3 ) [10 , 13] . Research indicates that COVID-19 patients

iagnosed with DIC [6] or SIC [15] have higher mortality than

atients without these complications. Although no definite diag-

ostic criteria for PIC are available, an increase in D-dimer levels

s a feature of this coagulopathy. Additionally, a high D-dimer

evel is associated with the severity of COVID-19 [6 , 7 , 14] . 

Hypercoagulability and a high risk of thrombosis are also

mportant features of COVID-19 coagulation complications, and

ay aid in better understanding the differences among PIC, SIC,

nd DIC. The available literature relating to the incidence of ve-

ous thrombosis-associated events in COVID-19 and other types

f pneumonia is shown in Table 4 [10 , 11 , 24 , 36 , 38–47] . These

tudies showed a markedly high incidence of thrombotic compli-

ations, particularly APE, in patients with COVID-19 ( Table 4 )
Table 4 

Literature on the incidence of venous thrombosis

and those with other types of pneumonia. 

Authors Severity 

COVID-19 

Helms et al. [10] All in ICU 

Cui et al. [11] Severe diseas

Llitjos et al. [24] NA 

Lodigiani et al. [36] NA 

Klok et al. [38] NA 

Demelo-Rodríguez et al. [39] NA 

Wichmann et al. [40] Autopsy findi

Influenza A 

Obi ATet al. [41] 36 with ARDS

Avnon et al. [42] All in MICU 

CDC [43] All in SICU 

Harms et al. [44] Autopsy findi

Mauad et al. [45] Autopsy findi

SARS 

Chong et al. [46] Autopsy findi

Lew et al. [47] 46 in ICU 

APE: Acute pulmonary embolism; ARDS: Acute 

ter for Disease Control and Prevention; COVID-

thrombosis; ICU: Intensive care unit; MICU: Medi

respiratory syndrome; SICU: Surgical intensive c

NA: Not available. 

38 
10 , 38] . This highlights that COVID-19-induced coagulation dis-

rders are concentrated in the lung; however, systemic coagu-

ation dysfunction may not be significant or specific. 

The limited evidence available indicates that the coagulopa-

hy associated with non-COVID-19 pneumonia or ARDS is dif-

erent from the PIC caused by SARS-CoV-2. The incidence of

ulmonary embolism in COVID-19 patients with ARDS is six-

old higher than that in non-ARDS COVID-19 patients [10] . A

ecent autopsy study revealed severe endothelial cell damage

nd extensive microvascular thrombosis in the lungs of COVID-

9 patients and reported widespread thrombosis with microan-

iopathy [9] . The incidence of alveolar capillary microthrombus

nd the amount of new vessel growth (predominantly through

 mechanism of intussusceptive angiogenesis) in patients with

OVID-19 are substantially higher than those in influenza A

H1N1) patients [9] . Our limited clinical experience and a re-

iew of existing studies also indicate that the incidence of mas-
-related events in patients with COVID-19 

N VTE DVT APE 

150 NA 2.00% 16.70% 

e 81 25.0% NA NA 

26 69.0% NA 23.00% 

362 4.4% 1.70% 2.80% 

184 27.0% 2.89% 24.03% 

156 NA 14.70% NA 

ngs 12 NA 58.00% 33.00% 

 36 44.0% 28.00% 28.00% 

20 25.0% 15.00% NA 

10 NA NA 50.00% 

ngs 8 NA NA 62.50% 

ngs 21 NA NA 19.00% 

ngs 8 NA 37.50% 50.00% 

199 NA 7.54% 5.53% 

respiratory distress syndrome; CDC: Cen- 

19: Coronavirus disease; DVT: Deep vein 

cal intensive care unit; SARS: Severe acute 

are unit; VTE; Venous thromboembolism; 
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ive alveolar effusion (which is generally caused by an increase

n pulmonary microvascular permeability) in influenza A pa-

ients with severe ARDS is significantly higher than that seen in

OVID-19 patients. This highlights the need to further explore

he differences in clinical manifestations and pathophysiologi-

al mechanisms between COVID-19 and influenza A patients.

ecause of the central role of endothelial cell injury in coagu-

opathy, we propose the following hypothesis ( Fig. 1 ): The pul-

onary microvascular endothelial cell injuries in H1N1-infected

atients might be mainly caused by pulmonary inflammatory

esponses, while the endothelial cell damage seen in COVID-19

atients might be mainly caused by the direct invasion of SARS-

oV-2. COVID-19-induced PIC may be associated with ACE2, a

ajor component of the renin–angiotensin–aldosterone system,

hich is involved in the regulation of inflammatory coagulation

rocesses and the fibrinolysis system [3 , 12 , 48] . SARS-CoV-2 is

ore pathogenic than SARS-CoV-1 because it has an at least 10-

o 20-fold higher binding affinity for ACE2 [49] . This allows

ARS-CoV-2 to more efficiently enter host cells, replicate, and

amage cells, particularly endothelial cells [2 , 3] . Importantly,

CE2 is considered to have anti-inflammatory properties [50] ,

hich may explain the occult onset and protracted duration of

OVID-19 ( Fig. 1 ). 

Overall, the main differences between PIC, SIC, and DIC are

hat PIC is the manifestation of a local coagulation disorder in

he lung, while SIC and DIC are the manifestations of systemic

oagulopathy. The possible mechanisms underlying PIC are as

ollows: (1) Thrombus formation and fibrin deposition in the

ung activate the fibrinolytic system, resulting in an increase in

-dimer concentrations; or (2) although pulmonary thrombo-

is consumes clotting factors, these can be supplemented by the

iver; thus, the changes in PT and APTT may be masked. Because

brinogen is an acute-phase protein, the liver increases fibrino-

en synthesis when systemic inflammation occurs, thereby in-

reasing the concentration of fibrinogen in COVID-19 patients.

hen COVID-19 patients progress to SIC or DIC, this may indi-
ig. 1. Differences in the pathogenesis of SARS-CoV-2 and H1N1. COVID-19: 

oronavirus disease 2019; H1N1: Influenza A; SARS-CoV-2: severe acute respi- 

atory syndrome coronavirus 2. 
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39 
ate that their coagulation dysfunction has progressed from lo-

al to systemic. Multiple factors may be involved in the progres-

ion of PIC to SIC/DIC, including viremia, liver dysfunction, sec-

ndary infection, secondary multiple organ dysfunction, shock,

evere hypoxia, and/or iatrogenic factors (e.g., continuous renal

eplacement therapy and frequent blood drawing). 

he following questions warrant further discussion 

s PIC unique to COVID-19 or is it a characteristic of viral 

neumonia-associated coagulopathy in general? 

The incidence of APE in influenza A and SARS is also high,

hile the incidence of DIC in SARS is only 2.5% ( Table 4 ) [38] .

urrently, there are relatively few reports on the differences in

oagulopathy between COVID-19 and other types of viral pneu-

onia [51] , and further research is needed. 

hich is the COVID-19 associated embolism, APE or pulmonary 

rtery thrombosis (PAT)? 

Studies have shown that the incidence of DVT is significantly

ower than that of APE in patients with COVID-19 ( Table 4 ).

onsequently, some researchers believe that PAT may be the

ccurate term for COVID-19 associated embolism [52 –54] , as

hrombi might form de novo in the pulmonary vascular system,

ather than originating at a distant site. In addition, the high

ncidence of alveolar capillary microthrombus in COVID-19 pa-

ients [9] might indicate a more significant localized activation

f the coagulation system and risk of thrombosis in the lung,

ather than a systemic involvement. 

s pulmonary thrombosis associated with right ventricular 

ysfunction or PH? 

Transthoracic echocardiography is a technique commonly

sed to evaluate right ventricular function in COVID-19 pa-

ients [55] . Dweck et al. [56] observed a 33% incidence of right

eart dysfunction, a 15% incidence of right ventricular dilata-

ion, and an 8% incidence of PH. Right heart dysfunction and PH

n COVID-19 patients are caused by a variety of factors, such as

RDS, increased pulmonary vascular resistance due to hypoxia,

nd pulmonary thrombosis [11] . Van Dongen and colleagues

eported a case of a patient with COVID-19 who developed PH

iagnosed by echocardiography, without pulmonary embolism,

ikely as a result of residual marked pulmonary parenchymal ab-

ormalities in combination with microvascular damage of the

ulmonary arteries [57] . 

s the absence of a D-dimer component for determining the SIC 

core reasonable? 

The clinical significance of the fibrinolysis system in sepsis-

elated coagulation diseases merits re-examination. Studies

ave reported that the fibrinolytic shutdown that occurs in sep-

is is characterized by increased plasminogen activator inhibitor

 activity that leads to a low D-dimer level [58 , 59] . These results

re in contrast to the coagulation changes observed in patients

ith COVID-19. 
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onclusions 

In conclusion, PIC is the characteristic coagulopathy in

OVID-19 patients. Unlike SIC and DIC, which are manifesta-

ions of systemic coagulopathy, PIC is a manifestation of a local

oagulation disorder in the lung. The progression from PIC to

IC or DIC in COVID-19 may indicate that a patient’s coagula-

ion dysfunction has progressed from local to systemic. In this

ontext, exploring the associated coagulation disease will aid

n the understanding of the pathophysiological mechanisms of

evere COVID-19. 
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