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Systemic Coagulopathy in Hospitalized
Patients With Coronavirus Disease 2019:
A Systematic Review and Meta-Analysis
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and Thita Chiasakul, MD1,2

Abstract
Coagulation activation has been reported in several cohorts of patients Coronavirus Disease 2019 (COVID-19). However, the
true burden of systemic coagulopathy in COVID-19 remains unknown. In this systematic review and meta-analysis, we performed
a literature search using PubMed, EMBASE, and Cochrane Database to identify studies that reported the prevalence of systemic
coagulopathy using established criteria in patients with COVID-19. The primary outcome was the prevalence of systemic
coagulopathy (disseminated intravascular coagulation [DIC] and/or sepsis-induced coagulopathy [SIC]). Pooled prevalences and
95% confidence intervals [CIs] were calculated using random-effects model. A total of 5 studies including 1210 patients with
confirmed COVID-19 were included. The pooled prevalence of systemic coagulopathy was 7.1% (95%CI: 3.2%,15.3%, I2 ¼ 93%).
The pooled prevalence of DIC (N ¼ 721) and SIC (N ¼ 639) were 4.3% (95%CI 1.7%, 10.4%, I2 ¼ 84%) and 16.2% (95%CI: 9.3%,
26.8%, I2 ¼ 74%), respectively. Only 2 studies reported the prevalence of elevated D-dimer levels with the pooled prevalence of
84.6% (95%CI: 52.0%,96.5%, I2 ¼ 94%). Average D-dimer and fibrinogen levels were remarkably increased, while platelet counts,
PT, and aPTT ratios were minimally affected in COVID-19. The estimated prevalence of systemic coagulopathy in patients with
COVID-19 was low despite D-dimer elevation in most patients. Relatively low systemic coagulopathy in COVID-19 may con-
tribute to the high incidence of thrombosis rather than bleeding in patients with COVID-19.
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Introduction

Since the first cluster of pneumonia was identified in China in

December 2019, severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2) has infected more than 33 million

individuals and caused more than 1 million deaths world-

wide.1 Although SARS-CoV-2 predominantly affects the

respiratory system, a significant proportion of patients with

Coronavirus Disease 2019 (COVID-19) are complicated by

systemic inflammatory response syndrome and multiple

organ failure mimicking severe bacterial sepsis.2 In addition,

increased coagulation activation has been reported in a major-

ity of patients with COVID-19 and is associated with

increased mortality.3,4 Notably, anticoagulant therapy was

shown in one study to be associated with decreased mortality

in severe COVID-19 patients with coagulopathy.5 However,

an early report from the largest cohort in China documented
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very low prevalence (0.1%) of disseminated intravascular

coagulation (DIC) in SARS-CoV-2 infected patients.6 Despite

markedly elevated D-dimer levels, COVID-19 patients have

relatively normal levels of platelets, prothrombin time (PT)

and fibrinogen leading to insufficient criteria to support diag-

nosis of DIC as defined by the DIC score of the International

Society of Thrombosis and Hemostasis (ISTH).3-6 Hypothe-

tically, pulmonary intravascular coagulopathy may mainly

contribute to hemostatic alterations in patients with

COVID-19 rather than DIC linked to systemic infections.7,8

Recently, the ISTH has proposed the sepsis-induced coagulo-

pathy (SIC) score to identify patients with sepsis-associated

organ dysfunction and coagulopathy.9 A Chinese cohort using

the SIC score identified one fifth patients with COVID-19 met

the criteria for diagnosis of SIC.5 Until now, the burden of

SARS-CoV-2 induced systemic coagulopathy has yet deter-

mined. We conducted a systematic review and meta-analysis

to estimate the burden of systemic coagulation activation in

patients with COVID-19.

Methods

The protocol for this review was prespecified, and the study

was subsequently conducted following Preferred Reporting

Items for Systematic reviews and Meta-Analyses (PRISMA)

guidelines.10 The primary objective of this study was to

evaluate the prevalence of systemic coagulation activation

(DIC and/or SIC) in hospitalized patients with COVID-19.

The secondary aims were to characterize abnormal coagula-

tion tests in patients with COVID-19.

Data Source, Search Strategy and Study Selection

A systematic search of electronic databases was performed

using PubMed, EMBASE, and Cochrane Library Database

from inception to May 22nd, 2020 to identify studies reporting

the prevalence of DIC or SIC in COVID-19 patients. The fol-

lowing search terms were used: disseminated intravascular coa-

gulation, DIC, sepsis-induced coagulopathy, SIC, novel

coronavirus 2019, COVID-19, SARS-CoV-2 and 2019-nCoV.

The inclusion criteria for eligible studies are as follows:

(1) randomized controlled trials, retrospective or prospective

observational studies, or case series of adults (age � 18 years)

who were hospitalized for COVID-19, (2) included at least 10

patients and (3) reported the incidence of SIC as defined by the

ISTH criteria or DIC as defined by either the ISTH or the

Japanese Association for Acute Medicine (JAAM) criteria.9,11

Non-original articles (such as reviews, commentaries, or guide-

lines) and duplicated studies were excluded. Two authors (N.U.

and T.C.) independently searched the literature, screened titles

and abstracts, and reviewed full texts to identify potentially

eligible studies. Disagreements were resolved by consensus

or a third reviewer (P.R.) when necessary. The selection result

was reported according to the PRISMA flowchart.

Data Extraction

The primary outcome was the prevalence of systemic coa-

gulopathy (DIC and/or SIC). The secondary outcomes were

the prevalence of DIC, the prevalence of SIC, the prevalence

of elevated D-dimer, and the values of coagulation

parameters (i.e., platelet counts, prothrombin time [PT],

activated partial thromboplastin time [aPTT], D-dimer lev-

els, and fibrinogen levels). DIC was defined as ISTH DIC

score of � 5 or JAAM DIC score of � 4, while SIC was

defined as ISTH SIC score of � 4. Elevated D-dimer was

defined according to individual studies.

For each study, the following data were extracted: study

design, inclusion criteria, number of participants, baseline

characteristics of participants (age, sex, and underlying dis-

eases), administration of anticoagulants, proportion of

patients with severe pneumonia or intensive care unit (ICU)

admission, prevalence of DIC and/or SIC, prevalence of ele-

vated D-dimer, mortality rate, and the following laboratory

variables: platelet counts, PT, aPTT, D-dimer levels, and

fibrinogen levels.

Quality Assessment

The methodological quality of included studies was performed

independently by 2 authors (N.U. and T.C.) using a validated

tool for assessing studies reporting prevalence data.12 The tool

contains 10 items assessing the external validity and internal

validity of the study. For each item, a score of 0 and 1 was

assigned to the answers yes and no, respectively. The summary

assessment of overall risk of bias was rated according to the

responses to the 10 items and included studies were classified

based on the total score as low (0-3), moderate (4-6), or high

risk (7-9) of bias.

Data Analysis

The meta-analysis was performed using Comprehensive

Meta-analysis (Version 2; Biostat, Englewood, NJ, USA. The

weighted mean prevalences of primary and secondary out-

comes were calculated using DerSimonian and Laird method

with random-effects model and were reported as pooled

prevalences with 95% confidence intervals (CIs). For labora-

tory parameters, the pooled mean was calculated. Parameters

presented in medians and interquartile ranges were converted

to estimated means and standard deviations following the for-

mula as previously reported.13

Statistical heterogeneity was assessed using I2 statistic,

which measures the inconsistency across study results.

Inter-study heterogeneity was assigned as insignificant

(I2 ¼ 0-25%), low (I2 ¼ 26-50%), moderate (I2 ¼ 51-75%),

and high (I2 > 75%).14 The funnel plot for evaluation

of publication bias was not performed due to the low number

of studies included (less than 10 studies).
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Results

The PRISMA flow diagrams are shown in Figure 1. A total of

63 unique studies were identified by literature search and were

screened by title and abstract. Of these, 53 were excluded and

10 full texts were screened for eligibility. Eventually, 5 studies

met the eligibility criteria and were included in the meta-ana-

lysis.3,5,15-17 All 5 included studies were assessed to have low

risk of bias (Supplementary data, Table S1).

Study Characteristics

The main characteristics of the 5 included studies

are summarized in Table 1. A total of 1210 patients were

included for analysis. The number of participants of individ-

ual studies ranged from 40 to 449. The average age was

61.6 years and the proportion of male patients was 64.1%.

All studies included hospitalized patients with COVID-19.

More than half of the included patients (700 of 1210, 57.9%)

had severe pneumonia and/or admitted in the ICU. In the

3 European cohorts, all patients admitted in the ICU received

heparin for thromboprophylaxis.15-17

Regarding the hemorrhagic and thrombotic events, Helms

and colleague15 reported a 2.7% (4/150) bleeding rate, while

Lodigiani and colleague16 reported no bleeding episodes in

388 patients with COVID-19 in their cohort. Thromboembo-

lism was reported in 3 studies.15-17 Thromboembolic rates

were 18% (27/150),15 7.7% (28/362)16 and 50% (20/40)17 in

Helms, Lodigiani and Pavoni studies, respectively. We did

not perform pooled prevalence of these events in patients

with COVID-19 as it is beyond the scope of our study. In

addition, to precisely estimate the bleeding and thromboem-

bolic rates in COVID-19 patients requires different search-

ing strategies.

Prevalence of Systemic Coagulopathy in Patient With
COVID-19

From 5 studies (N ¼ 1210 patients), the prevalence of

systemic coagulopathy was 7.1% (95% CI: 3.2%, 15.3%;

Figure 1. PRISMA flow diagram.
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I2 ¼ 93%) (Figure 2). Three studies (N ¼ 721 patients)3,15,16

reported the prevalence of DIC, while 3 studies

(N ¼ 639 patients)3,5,15 reported the prevalence of SIC. The

pooled prevalence of DIC was 4.3% (95%CI: 1.7%, 10.4%;

I2 ¼ 84%) (Figure 3), while the pooled prevalence of SIC was

16.2% (95%CI: 9.3; I2 ¼ 74%) (Figure 4).

Figure 2. Forest plot showing pooled estimated prevalence of systemic coagulopathy in COVID-19.

Figure 4. Forest plot showing pooled estimated prevalence of sepsis-induced coagulopathy in COVID-19.

Figure 3. Forest plots showing pooled estimated prevalence of disseminated intravascular coagulation in COVID-19.

Uaprasert et al 5



The prevalence of DIC varied according to the different

diagnostic criteria that were utilized. Among 150 patients,

Helms and colleagues reported that none were diagnosed with

DIC using the ISTH criteria, whereas 6 patients would fulfill

the diagnosis of DIC using JAAM criteria.15 The estimated

prevalence of DIC using only the ISTH criteria was 2.8%
(95%CI: 0.7%, 11.2%; I2 ¼ 87%).

Although the average D-dimer levels were substantially

elevated in all 5 studies, only 2 studies reported the

prevalence of elevated D-dimer levels.5,17 From these 2

studies, the pooled prevalence of elevated D-dimer

levels was 84.6% (95%CI: 52.0%, 96.5%; I2 ¼ 94%)

(Figure 5).

Coagulation Parameters in Patients With COVID-19

Hemostatic parameters associated with systemic coagulopathy

in patients with COVID-19 are summarized in Table 2.

D-dimer levels3,5,15-17 were reported in all studies, while

platelet counts5,15,17, fibrinogen levels3,15,17 and antithrombin

activities3,15,17 were reported in 3 individual studies. The

pooled means (+ standard errors) of platelet counts, D-dimer

levels, fibrinogen levels and antithrombin activities were

223 � 109 (+ 21.1 � 109)/L, 1659.6 (+ 199.7) ng/mL, 6.78

(+ 1.21) g/L, and 90.0 (+ 0.6), respectively (Table 3).

The PT as well as PT %activity and INR values3,15,17 were

within the normal range in most reported studies, with the

Figure 5. Forest plot showing pooled estimated prevalence of D-dimer elevation in COVID-19.

Table 2. Coagulation Parameters Associated With Systemic Coagulopathy in Patients Infected With COVID-19.

Authors N
Platelet count

(� 109/L)
PT or INR or PT

%activity aPTT
D-dimer levels

(ng/mL)
Fibrinogen lev-

els (g/L)
Antithrombin
activity (%)

Helms, 202015 150 200 (152; 267)1

[150-400]2
1.12 (1.05; 1.25)

[1.00-1.15]
1.2 (1.1; 1.3)

[0.7-1.2]
2270 (1160; 20000)

[< 500]
6.99

(6.08; 7.73)
[2-4]

91 (78;102)

Lodigiani, 202016 388 NR NR NR Survivors n ¼ 215:
353 (236; 585)1

Non-survivors n ¼ 70:
869 (470; 2130)

NR NR

Pavoni, 202017 40 317.5 + 1683 65.1% + 9.8 32.2 + 2.9 sec 1556 + 1090 8.96 + 1.10 87.2 + 13.5
Tang, 20203 183 NR 13.7 (13.1; 14.6) sec

[11.5-14.5]
41.6 (36.9; 44.5) sec

[29.0-42.0]
660 (380-1500)

[< 500]
4.55 (3.66;

5.17)
[2-4]

91 (83;97)

Tang, 20205 449 215 + 100
[125-350]

15.2 + 5 sec
[11.5-14.5]

NR 1940 (900-9440)
[< 500]

NR NR

NR ¼ not reported; 1Median (interquartile 1; interquartile 3); 2[normal range]; 3Mean + standard deviation.

Table 3. Pooled Analysis of Coagulation Parameters Associated With Systemic Coagulopathy in Patients With COVID-19.

Variable Number of patients Pooled mean Standard error Lower limit Upper limit

Platelet count (� 109/L)5,15,17 639 223.3 21.1 182.0 264.7
D-dimer (ng/mL)3,5,15-17 1210 1659.6 199.7 1268.2 2051.0
Fibrinogen (g/L)3,15,17 373 6.78 1.21 4.41 9.15
Antithrombin activity (%)3,15,17 373 90.0 0.6 88.7 91.2

6 Clinical and Applied Thrombosis/Hemostasis



exception of a minimal prolongation in one report.5 The aPTT or

aPTT ratio were within normal range in all reported cohorts.3,15,17

Due to the inconsistency in the reported formats, we were not able

to calculate the pooled mean for PT and aPTT.

Discussion

In this systematic review and meta-analysis that included

5 studies from 4 countries (N ¼ 1210 patients), we report a

relatively low prevalence (7.1%) of systemic coagulopathy in

hospitalized COVID-19 patients. When analyzed separately,

the pooled prevalence of DIC and SIC were 4.3% and 16.2%,

respectively. D-dimer elevation occurred in the majority of

patients (84.6%). The higher prevalence of SIC compared to

DIC in COVID-19 may be mainly explained by the higher

threshold for thrombocytopenia (<150 � 109/L in SIC

vs <100 � 109/L in DIC) and the incorporation of sequential

organ failure assessment (SOFA) score, especially the respira-

tory SOFA which is the main organ involvement in

COVID-19.5 Therefore, the SIC score may be more sensitive

than the DIC score for detecting systemic coagulopathy in

patients suffering from infection-associated organ dysfunctions

such as acute lung injuries in COVID-19. Further studies for

applying SIC score in detecting systemic coagulopathy in

non-septic organ dysfunctions are warranted.

Systemic coagulation activation leading to DIC or SIC is a

disorder characterized by a widespread intravascular activation

of coagulation due to the crosstalk between the immune and

inflammatory response and the coagulation system. Various

infectious agents and non-infectious insults lead to immune sti-

mulation, especially the innate immune system, and release of

inflammatory cytokines which subsequently trigger activation

of coagulation and extensive microvascular thrombosis as well

as multi-organ dysfunction.18,19 However, different organs

showed variable procoagulant responses toward inflammatory

cytokines and various degrees of microthrombus formation in

their vasculature following DIC. Vascular bed-specific hemos-

tasis and tissue microenvironment are postulated to explain the

marked differences in localized thrombus formation among the

involved organs, in which lung is among the organs most com-

monly affected by infection and sepsis.20,21

The first cohort of COVID-19 patients from China included

1099 patients and reported only 1 (0.1%) case diagnosed with

DIC.6 However, the criteria for DIC diagnosis was not specified

in this cohort. Subsequent cohorts from China reported the pre-

valence of DIC and SIC using the ISTH criteria of 8.7% and

21.6%, respectively.3,5 A recent meta-analysis, which included

22 studies from China with a total of 4889 COVID-19 patients,

reported a pooled DIC prevalence of 6.2% (95%CI:

2.6%, 9.9%).22 However, most studies included in this analysis

did not specify the criteria for diagnosis of DIC.

From our meta-analysis, elevated D-dimer was found in the

majority of patients. Additionally, Helms and colleague

reported that greater than 95% of patients had elevated

D-dimer and fibrinogen levels. In contrast, platelet counts, PT

and aPTT values were normal or minimally affected in most

patients with COVID-19, while fibrinogen levels were signifi-

cantly elevated. In addition, antithrombin activities, which were

incorporated in the modified JAAM-DIC criteria,11 remained

within normal ranges in most patients with COVID-19. There-

fore, D-dimer elevation is probably secondary to the breakdown

of pulmonary microthrombi by local fibrinolysis.23 Taken

together, hemostatic alterations in patients infected with

SARS-CoV2 may be localized in pulmonary microvasculature

rather than involved systemic microcirculation.

The findings from our study suggest that coagulation activa-

tion evidenced by elevated D-dimer levels is very common in

COVID-19. In contrast, systemic coagulopathy is relatively

infrequent. This may contribute to the high incidence of throm-

bosis rather than bleeding in patients affected with SARS-

CoV2.24 Of 5 studies included in our analysis, the bleeding

events in patients with COVID-19 were apparently low, while

thromboembolism was much more prevalent.15-17 The precise

estimation of bleeding as well as thromboembolism in patients

with COVID-19 requires a meta-analysis which includes a

larger number of patients.

The pathological examination obtained from lung autopsy in

patients with COVID-19 demonstrated widespread thrombosis

with microangiopathy in pulmonary vessels. In addition, alveo-

lar capillary microthrombi were nearly 10 times more prevalent

in patients with COVID-19 than in patients with influenza with

acute respiratory distress syndrome.25 Notably, the pooled

prevalence of DIC reported in our study (4.3%) is relatively

lower than those previously reported in severe sepsis or

non-COVID-19 severe pneumonia (30%).26 These findings

suggest localized coagulation dysregulation in pulmonary vas-

culature leading to pulmonary intravascular coagulopathy

rather than systemic coagulopathy in COVID-19. The mechan-

isms underlying pulmonary vascular disease in COVID-19

were extensively reviewed in recent publications.7,8,23,27 How-

ever, the mechanistic studies investigating hemostatic altera-

tions in COVID-19 are still lacking.

Our study is the first meta-analysis focusing on only sys-

temic coagulopathy that were diagnosed on the basis of vali-

dated scoring systems. This strategy strengthens the accuracy

of the reported DIC or SIC events in the individual studies as

well as the pooled estimate summarized by in our

meta-analysis. However, several limitations should be consid-

ered in our study. First, all included studies were observational

studies, with most being retrospective in design. Thus, there

were high heterogeneity, both among and within studies, with

respect to patient characteristics, timing and ascertainment of

DIC/SIC, and the distribution of potentially relevant confoun-

ders such as the use of prophylactic anticoagulation. In addi-

tion, due to the lack of primary data and limited number of

studies, we were not able to explore the outcomes in specific

subgroups, the effects of anticoagulation, or the association of

systemic coagulopathy and mortality in COVID-19. Currently,

there are several prospective studies as well as clinical trials

evaluating efficacies of anticoagulants and other novel agents

in the treatment of patients with severe COVID-19, and their

results will be available shortly. An updated meta-analysis may

Uaprasert et al 7



be required when relevant data from prospective cohorts and

clinical trials are published.

Conclusion

Hemostatic disturbance is evidenced in patients with

COVID-19. Although elevated D-dimer levels were systema-

tically detected in most patients with COVID-19, the preva-

lence of systemic coagulopathy was much lower. Pulmonary

intravascular coagulopathy may play an important role hemo-

static alterations in SARS-CoV2 infected patients. Addition-

ally, our data may explain the higher risk of thromboembolism

rather than bleeding in COVID-19. Due to limited numbers of

studies and heterogeneity of data, a future meta-analysis may

be warrant when more relevant evidence becomes available.
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