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ARTICLE INFO ABSTRACT

Keywords: Objectives: Coronavirus disease 2019 (COVID-19) is a novel infectious disease, with significant morbidity and
Coronavirus disease 2019 (COVID-19) mortality. This meta-analysis is to evaluate the prevalence of disseminated intravascular coagulation (DIC) in
SARS-CoV-2

COVID-19 patients and to determine the association of DIC with the severity and prognosis of COVID-19.
Methods: We searched the PubMed, EMBASE, and China National Knowledge Infrastructure (CNKI) database until
August 12, 2020. The meta-analysis was performed using Stata 16.0 software.

Results: 14 studies were included in our meta-analysis. The pooled analysis revealed that the incidence of COVID-
19 patients developing DIC was 3% (95%: 1%-5%, P < 0.001). In addition, deaths were more likely to be
associated with DIC (Log OR = 2.46, 95% CI: 0.94-3.99, P < 0.001) with statistical significance.

Conclusions: DIC is associated with the severity and poor prognosis of COVID-19 patients. Therefore, attention
should be paid to coagulation dysfunction in COVID-19 patients. Monitoring of coagulation indicators may

Disseminated intravascular coagulation

improve the prognosis of COVID-19 inpatients.

1. Introduction

At the end of 2019, hospitals reported a cluster of cases with pneu-
monia of unknown cause in Wuhan, Hubei, China, attracting great
attention nationally and worldwide [1]. researchers rapidly isolated a
novel coronavirus (SARS-CoV-2, also referred to as 2019-nCoV) from
confirmed infected pneumonia patients. Phylogenetic analysis shows
that SARS-CoV-2 is a new member of the coronaviridae but is distinct
from SARS-CoV and MERS-CoV. The World Health Organization (WHO)
declared that COVID-19 has become a global health concern, causing
severe respiratory tract infections in humans [2,3]. As of 22 Aug 2020,
22,812,491 laboratory-confirmed cases and 795,132 deaths in 216

countries, regions, or territories have been documented [https://www.
who.int (accessed 14 August 2020)].

Coronavirus disease 2019 (COVID-19) is a viral infection that can
result in cytokine storm, systemic inflammatory response and coagul-
opathy that is prognostic of poor outcomes. [4] In previous studies,
SARS-CoV-1 were reported to be associated with thrombocytopenia,
thrombocytosis, and prolonged activated partial thromboplastin time
(APTT) [5]. Currently, accumulated evidence reveal that a coagulation
disorder is often seen in COVID-19, and the incidence is higher in severe
cases [6]. A broad range of laboratory coagulation parameter abnor-
malities was reported in patients with COVID-19 including alterations in
D-dimer, prothrombin time (PT), fibrinogen, Fibrin degradation

Abbreviations: DIC, disseminated intravascular coagulation; COVID-19, coronavirus disease 2019; APTT, activated partial thromboplastin time; PT, prothrombin

time; FDP, fibrin degradation products; CRP, C-reactive protein.
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products (FDP), platelet count and Antithrombin III activity [7]. In
addition, thrombotic complications in patients diagnosed with COVID-
19 are emerging as important result that contribute to significant mor-
tality [8].

Though accumulated evidence reveal that a coagulation disorder is
often seen in COVID-19, the detailed incidence of DIC are not so com-
mon reported. As presented in different articles, the incidence of DIC
varied widely among articles. Guan, W. J.’s analysis focusing on
abnormal coagulation parameters revealed that 0.09% of patients with
COVID-19 met DIC [9]. However, Chen, T. and his colleagues found that
7.7% of patients with COVID-19 had DIC [10]. In addition, There are
many diagnostic criteria for DIC, including The Japanese Association for
Acute Medicine JAAM-DIC 2016 score [11], ISTH overt-DIC score [12]
and SIC score [13]. When comparing the main scoring systems, the
JAAM-DIC criteria were suggested to be more sensitive than the ISTH
ones and allow an earlier diagnosis compared to the ISTH score [14]. For
sepsis, the JAAM-DIC score does not use the fibrinogen decrease as a
criterion, and it takes into account the kinetics of platelet decrease. For
the SIC score, previous recommendation highlighted it to predict mor-
tality. SIC score associates “readily available” biological values (plate-
lets and INR) and SOFA score. SIC would allow the detection of patients
with “coagulopathy” who are at high-risk of developing DIC. In addition,
SIC score was not supposed to be used alone, but combined with ISTH
overt-DIC score if SIC score was positive [15]. For the JAAM-DIC score,
In a retrospective analysis, it showed that a SIC score of 4 points or more
had a higher predictive value for 28-day mortality than the JAAM-DIC
score [16]. In general, several scoring systems may be used by physi-
cians, but they all have advantages and disadvantages. The epidemi-
ology of DIC among COVID-19 patients is currently based on small case
series and retrospective studies. The current meta-analysis was also
limited to China. As the epidemic is now raging in hundreds of countries
around the world, the research results of cases limited to China cannot
be applied to the global scope. This systematic review and meta-analysis
focus on this gap in knowledge, helping first-line healthcare providers’
understanding of DIC incidence and mortality in COVID-19.
Furthermore, increasing evidence to support DIC, a devastating sys-
temic disorder is linked with severe COVID-19, prompting considerable
concern [17]. However, the OR value of DIC for disease risk stratifica-
tion and prognosis assessment was still unclear, so another purpose was
to evaluate the relationship between DIC and disease stratification and
prognosis.

2. Materials and methods
2.1. Search strategy

Our current systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement. The PROSPERO database
registration number: CRD42020206596.We selected relevant studies
published between Jan 1, 2020 and Aug 12, 2020, by searching them in
PubMed, Embase, and CNKI. The terms for the literature search were
combinations of “COVID-19”, “2019-nCoV”, “SARS-CoV-2”, “2019
novel coronavirus”, “Novel coronavirus 2019, and “severe acute res-
piratory syndrome coronavirus 2” with “Consumption Coagulopathy”,
“Disseminated Intravascular Coagulation”, and “DIC”. In conformity
with the quality standards for reporting systematic reviews and meta-
analyses of observational studies, two independent researchers (Zhou
XH and Cheng ZP) screened retrieved articles. The researchers inde-
pendently assessed full texts of articles deemed eligible for inclusion. All
disagreements were resolved by discussion with a third reviewer (Hu
Yu). The reference list of all identified documents was scrutinized to
identify eligible studies.
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2.2. Selection criteria and data extraction

The inclusion criteria were as follows: (1) patients should be
confirmed to have been infected with SARS-CoV-2 by laboratory
detection or clinical diagnosis; (2) the full text of each article should be
available; and (3) outcome should include the incidence of DIC. Mean-
while, the following selection criteria were used to exclude the studies:
(1) duplicated studies, (2) studies with sample sizes smaller than 10, (3)
studies that focus only on children or infants or pregnant woman, and
(4) case reports, clinical guidelines, consensus documents, reviews, and
systematic reviews.

Two authors (Zhou XH and Cheng ZP) independently extracted
relevant information, including first author, published journal, inclusion
period, country, the number of COVID-19 patients, the mean or median
age of patients, gender ratio, incidence of DIC. We also separate patients
into groups of severe and non-severe patients or groups of survivor and
non-survivors for further analysis. The degree of severity of COVID-19
were admitted according to American Thoracic Society guidelines for
community-acquired pneumonia by clinicians [18].

2.3. Data analysis

All data analyses were performed using STATA 16.0 software. The
Log OR, and relevant 95% CIs were used to estimate pooled results from
studies. In case of no obvious heterogeneity (12 < 50% and P > 0.1 in the
Q test), the fixed-effects model was applied. Otherwise, the random-
effects model was used. All P-values of <0.05 were considered to be
significant statistically. In addition, we performed the Egger’s regression
test to analyze the publication bias. and we used the trim-and-fill
method to eliminate the impact of the publication bias. Furthermore,
we conducted a subgroup analysis of the incidence of DIC according to
the diagnostic criteria of DIC.

The quality of each study was independently assessed by two par-
ticipants using the Newcastle Ottawa Scale (NOS) [19]. NOS scores of at
least six were considered high-quality literature, and those with higher
NOS scores showed higher literature quality.

3. Results
3.1. Literature search and screening

The database searches identified a total of 346 potentially relevant
articles, including 137 in PubMed, 96 in EMBASE, and 113 in CNKIL
Three articles were added after we read the literature we have searched.
Of these articles, 84 were excluded due to duplication. After screening
titles and abstracts, we further excluded 239 due to non-relevance. After
full texts were carefully reviewed, 12 articles were removed for not
reporting clinical features of COVID-19 or describing the incidence of
DIC. Finally, the meta-analysis included 14 eligible articles [7,9,20-31].
The flow diagram (Fig. 1) illustrates the detailed procedure of literature
search.

3.2. Characteristics of studies and demographic features

Ultimately, our analysis included 14 articles, mostly from China.
Other studies came from European countries, such as Spain, Italy and
France. and we summarize their demographic data in Table 1. The
sample size of groups varied from 32 to 1099, and the median age was
between 46.7 and 68.6 years old. The overall proportion of male ranged
from 50.3% to 81.3%. Moreover, four studies have described in detail
the occurrence of DIC in survivors and deaths. [21,25,27,31] Two
studies described ICU patients and non-ICU patients [9,24], and two
study described the incidence of DIC in patients with severe and non-
severe disease [27,30]. All articles are of high quality because of NOS
score no less than six. Detailed descriptions of the studies included are
shown in Table 1.
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Records identified through database searching
(PubMed, EMBASE, CNKI) (n=346)

Additional records identified

through other sources(n=3)

l

|

(n=265)

After the exclusion of duplicate references

(n=265)

Titles and abstracts screened

Records excluded for no

clinical data related to DIC

for eligibility (n=26)

Full-text articles assessed

(n=239)

12 Full-text articles excluded

6 not describing the incidence of DIC
2 Only described children and youth
3 Reviews

1 Unclear diagnosis of DIC

Studies included in qualitative synthesis

for meta-analysis (n=14)

Fig. 1. Flow diagram of the literature search and selection process in the meta-analysis.

3.3. Meta-analysis

3237 patients were analyzed for the incidence of DIC in the whole
COVID-19 patients. Given the high statistical heterogeneity among the
12 articles ((I? = 89.36% and P < 0.1 in the Q test)), a random-effects
model was chosen. (Fig. 2) the incidence of DIC in whole COVID-19
patients was 3% (95%: 1%-5%, P < 0.001). In order to find possible
sources of heterogeneity, subgroup analysis was conducted according to
different DIC diagnostic standards. Of the twelve articles, six studies
used the ISTH Overt-DIC criteria, which indicated that DIC was
considered present if the score was 5 or greater [12]. The heterogeneity
of the subgroup using ISTH criteria was lower than the original analysis
(I2 —85.5%vsI% = 89.36%), indicating that the differences in diagnostic
methods is at least due to the high heterogeneity. The incidence of DIC in
the subgroup using ISTH criteria was higher than the subgroup using
non-ISTH criteria (proportion:5%; 95% CI 2%-8%, p < 0.001 vs pro-
portion:2%; 95% CI 0%—-3%, p = 0.01) (Supplementary Fig. 1).

To exploring whether the occurrence of DIC predict risk stratification
and prognosis, subgroup analysis based on disease severity and outcome
were also conducted. We found that DIC correlated with disease severity
in patients with COVID-19 (Log OR = 1.71, 95% CIL: 0.62-2.79, P <
0.001) with low heterogeneity (1> = 0% and P = 0.73 in the Q test),
suggesting that the incidence of DIC was significantly elevated in severe
patients/ICU patients compared with Non-severe patients/Non-ICU pa-
tients. (Fig. 3A) The analysis of the occurrence of DIC in survivors and
deaths is shown in Fig. 3B. Deaths were more likely to be associated with
DIC (Log OR = 2.46, 95% CI: 0.94-3.99, P < 0.001) with statistical
significance. The heterogeneity test result (I = 50.29% and P = 0.12 in
the Q test) indicated that the heterogeneity was low and the result was
reliable.
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3.4. Risk of publication bias

Egger’s test indicates statistical significance (p < 0.001). Therefore,
we addressed the potential publication bias by the trim-and-fill method.
The result, which included 12 observational studies and 4 imputed
studies, showed that the incidence of COVID-19 patients developing DIC
was 2% (95%: 0%-4%). The funnel plot after applying the trim-and-fill
method is shown in Fig. 4.

4. Discussion

COVID-19, caused by SARS-CoV-2, is rapidly spreading to many
countries around the world, posing a critical threat to global health [32].
In this comprehensive meta-analysis, we combined the outcomes of
multiple centers and illuminate the incidence DIC in COVID-19 patients,
as well as in different subgroups.

Currently, studies have provided evidence that COVID-19 is
commonly accompanied with excessive inflammation [9]. One of the
most important clinical features of the infection is a profound coagul-
opathy. In clinical practice, some thrombotic complications described in
patients with increasing frequency, including strokes, deep vein
thrombosis, myocardial infarction, pulmonary embolism, as well as
Disseminated intravascular coagulation (DIC) [20,33,34]. Currently,
many clinical studies have analyzed COVID-19 patients with coagula-
tion disorders. Papanellas’ research showed that patients with COVID-
19 display marked alterations of the coagulation system, which, how-
ever, are not compatible with a consumption coagulopathy typical of
DIC [35]. Nevertheless, in a recent cohort study, 71.4% of non-survivors
and 0.6% survivors met the ISTH criteria of disseminated intravascular
coagulation [33]. Therefore, the relationship between coagulation
dysfunction and prognosis in patients infected with COVID-19 was
complex and might vary in different clinical study. The reason for the
discrepancy between the different studies is unknown and might partly
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Table 1
Main characteristics of the included studies in our-analysis.
Study Date Region Period Sample size Male:N(%) Age:mean + SD Newcastle-
, , , Ottawa Scale
Total  Non- Survivor  Total Non- Survivor Total Non- Survivor (NOS)
survivor survivor survivor
Liu,X. 2020/ China -2020/3/11 47 47 0 32 32(68%) - - - - 6
4/24 (68%)
Lu, J. 2020/ China 2020/ 73 73 0 40 40 - 58.4 58.4 + - 6
4/15 1-2020/3 (54.8%) (54.8%) + 11.5
11.5
Qin,W. 2020/ China 2019/ 582 63 519 293 45 248 63 + 71 + 61 + 8
8/11 12-2020/2 (50.3%) (71.4%) (47.8%) 12.6 10.6 12.6
Bao, C.Q. 2020/ China 2020/2/ 178 7 171 106 - - 62.7 - - 7
7/23 10-2020/ (60.0%) +
3/15 12.0
Deng, Y. 2020/ China 2020/1/ 225 109 116 124 73 51 55.3 68.3 + 43.3 + 8
3/27 1-2020/2/ (55.1%) (67.0%) (44.0%) + 9.0 18.0
21 13.4
Helms, J. 2020/ France 2020/3/ 150 - - 122 - - 62.3 - - 7
5/6 3-2020/3/ (81.3%) +
31 13.5
Liao, D.Y. 2020/ China 2020/1/ 231 55 176 137 40 97 68 + 70 + 66.8 + 8
7/14 23-2020/ (59.3%) (72.7%) (55.1%) 13.4 11.4 14.0
2/23
Lodigiani, C. 2020/ Italy 202072/ 388 - - 264 - - 65.3 - - 7
5/1 13-2020/ (68.0%) +
4/10 149
Martin-Rojas, 2020/ Spain 2020/4/ 206 18 188 131 11 120 63.6 76.0 £ 62.4 + 8
R. M. 8/5 3-2020/5/ (63.6%) (61.1%) (63.8%) + 12.3 12.9
3 13.4
Mazzaccaro, 2020/ Italy 2020/3/ 32 - - 23 - - 68.6 - - 7
D. 6/12 18-2020/ (71.9%) + 12
4/20
Tang, N. 2020/ China 2020/1/ 183 21 162 98 16 82 54.1 64.0 + 52.4 + 8
2/20 1-2020/2/ (53.6%) (76.2%) (50.6%) + 20.7 15.6
3 16.2
Nowak, B. 2020/ Poland 2020/3/ 169 46 123 87 30 57 63.7 75.3 £ 59.3 + 8
5/19 16-2020/ (51.5%) (65.2%) (46.3%) + 11.9 20.1
4/7 19.6
Fogarty, H. 2020/ Ireland 2020/3/ 83 33 50 55 22 33(66%) 62 + 67.9 + 60.5 + 8
6/1 13-2020/ (66.3%) (66.7%) 16.3 11.9 17.7
4/10
Guan, W. J. 2020/ China 2019/12/ 1099 926 173 637 - - 46.7 - - 8
2/29 11-2020/ (58.0%) +
1/29 171

DIC

Proportion Weight
Study with 95% CI (%)
Liu,X. —_— 0.13[ 0.03, 0.22] 2.15
Lu,J. —- 0.01[ -0.01, 0.04] 9.23
Qin,W. [ | 0.01[ 0.01, 0.02] 12.27
Bao, C.Q. E 0.01[ -0.00, 0.03] 11.45
Deng, Y. - 0.03[ 0.01, 0.05] 10.08
Liao, D.Y. —_— 0.14[ 0.05, 0.24] 224
Lodigiani, C. E ] 0.02[ 0.01, 0.04] 11.62
Martin-Rojas, R. M. —— 0.05[ 0.02, 0.08] 8.53
Mazzaccaro, D. —_——— 0.06[ -0.02, 0.15] 2.64
Tang, N. —a— 0.08[ 0.04, 0.12] 6.91
Nowak, B. - 0.02[ 0.00, 0.05] 9.99
Guan, W. J. [ | 0.00[ -0.00, 0.00] 12.90
Overall < 0.03[ 0.01, 0.05]
Heterogeneity: 7 = 0.00, I” = 89.36%, H* = 9.39
Test of 6, = 6 Q(11) = 70.50, p = 0.00
Testof 6 = 0: z = 3.88, p = 0.00

0 1 2 3

Random-effects REML model

Fig. 2. Forest plot of incidence of DIC.
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DIC
A Severe Non-severe Log Odds-Ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Bao, C.Q. 2 47 0 129 —a&— 261 -0.44, 567] 1254
Martin-Rojas, R. M. 4 22 7 173 - 1.50[ 0.20, 2.81] 68.56
Fogarty, H. 0 3 0 50 ———8———  041[ -353, 4.35] 752
Guan, W. J. 1 172 0 926 —8—2.78[ -0.43, 5.98] 11.39
Overall <> 1.71[ 0.62, 2.79]
Heterogeneity: 1> = 0.00%, H? = 0.43
Testof 6,=6; Q(3)=1.28, p=0.73
Testof 6 =0:z=3.09, p=0.00
-5 0 5
Fixed-effects inverse-variance model
B DIC
Death Survival Log Odds-Ratio  Weight
Study Yes No Yes No with 95% CI (%)
Qin,W. 9 54 0 519 —— 520[ 2.34, 8.06] 18.22
Deng, Y. 7 102 0 116 —— 2.84[ -0.04, 5.71] 18.07
Martin-Rojas, R. M. 4 14 7 181 — 2.00[ 0.66, 3.34] 3648
Nowak, B. 2 44 2 121 —i— 1.01[ -0.98, 3.00] 27.23
Overall il 246 0.94, 3.99]
Heterogeneity: t° = 1.18, I” = 50.29%, H” = 2.01
Test of 6, = 6;: Q(3) = 5.87, p = 0.12
Testof 8 =0:z=3.18, p=0.00
0 5 10

Random-effects REML model

Fig. 3. The Log risk ratio of DIC in survivors compared with deaths and severepatients compared with Non-severe patients.
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Fig. 4. Results of publication bias after trim and fill method.

be due to patient selection, associated comorbidities and pharmacologic
treatments. Since some studies have shown that coagulation dysfunction
may be a major cause of death in severe COVID-19 patients, so moni-
toring coagulation and anticoagulation biomarkers, such as D-dimer,
fibrin degradation product (FDP) levels, and prothrombin time, is
necessary and helpful for the early diagnosis and a timely intervention of
DIC [36]. But how to properly apply these indicators remained unknown
for that elucidation of the pathophysiology of COVID-19 from the
perspective of laboratory hematology is ongoing. For example, D-dimer
is an excellent marker, but shows limitations in assessing the patho-
physiology of the coagulation abnormalities seen in COVID-19.
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Similarly, the treatment of COVID-19 should be used according to the
pathophysiological condition [37]. Recently, evidence has shown the
application of heparin sodium and LMWH inhibits blood coagulation,
reduces inflammation, and inhibits platelet aggregation, thereby pre-
venting thrombosis and delaying coagulopathy progression to DIC in
high-risk patients [13,20,30]. However, when and how to applying
preventive anticoagulation therapy remains unclear.

In this study, our meta-analysis showed that 3% of the COVID-19
patients were complicated by DIC, and the incidence was higher in
non-survivors than in survivors, which indicated that complication with
DIC tends to be associated with enhanced risk of severe COVID-19, even
the mortality. In addition, the clinical classification of patient severity is
often associated with ICU management. We integrated ICU/non-ICU
patients and severe/non-severe patients for meta-analysis, further veri-
fying that DIC was a risk factor for aggravation of the disease. As dis-
cussed, the development of coagulation test abnormalities seen in SARS-
CoV-2-infected patients is most likely a result of the profound inflam-
matory response [38]. Therefore, we can combine inflammatory
markers (interleukin-6, C-reactive protein (CRP) and procalcitonin) with
coagulation indicators to evaluate the coagulation function of patients.
Moreover, clinical heterogeneity between studies is noteworthy, our
study was limited by variable diagnostic criteria for DIC, bias of which
we mitigated through subgroup analysis. However, the heterogeneity
that still exists is determined by many factors, for example, the included
studies apply different criteria for inclusion of cases, which may in the
future enable more detailed analyses.

4.1. Study limitations

The number of studies included was limited in terms of sample size,
data availability, and methodologic quality. Given that the included
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studies are all from China and European countries, factors such as virus
strain types, medical levels, races, etc., may affect the results. It will be
better to include more studies with a broad geographic scope, to get a
more comprehensive understanding of COVID-19-associated DIC. Most
published literatures are observational studies, making it difficult to
confirm causality between COVID-19 and DIC. In addition, patient
overlap is possible between a few of the studies. As such, as more data
from more regions becomes available. This should be further evaluated
in future studies.

5. Conclusion

In the current pandemic, prevention and control of COVID-19 re-
mains paramount. This meta-analysis showed DIC was associated with
increased mortality in COVID-19 pneumonia. Therefore, assessment and
optimal management of DIC biomarkers may significantly avoid further
disease progression in patients with COVID-19.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.thromres.2021.02.010.
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