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ABSTRACT

Mortality rate is high with COVID-19. Multiple organ damage is a common and lethal complication of the severe
COVID-19 patients. Of 198 recruited participants, 65 patients (32.8 %) had coagulopathy. In this retrospective
study, we analyzed the association of coagulopathy with organ dysfunction in hospitalized COVID-19 patients.
The incidence of coagulopathy was associated with increased odds of acute liver injury, renal dysfunction and
acute respiratory distress syndrome (ARDS) by multivariable regression. Overall mortality was 65 % for the pa-
tients with coagulopathy and 3.76 % for the patients without coagulopathy. History of hypertension, leukocytosis
and elevated CRP concentrations were associated with higher odds of coagulopathy. Patients with coagulopathy
had similar levels of hepatic and renal functional enzymes prior to the onset of coagulopathy as the patients without
coagulopathy, suggesting that coagulopathy is an association of the progression of multi-organ dysfunction in
COVID-19. Plasma IL-6 was higher in patients with coagulopathy than controls, but it’s not a risk factor for organ
dysfunction by logistic regression. The present study shows that coagulopathy, overt DIC and non-overt DIC,
associates with organ dysfunction and higher mortality rate in COVID-19. Thus, anticoagulant therapy may pre-
vent organ dysfunction and increase survival rate in COVID-19.
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INTRODUCTION

COVID-19 is a world pandemic. As of
April 22, 2020, it has caused 185,000 deaths
with more than 2.6 million confirmed cases
worldwide. Clinical symptoms of COVID19
ranged from common cold to fatal respiratory
failure and death. Although most patients had
mild symptoms and favorable prognosis,
older patients, especially those with chronic
comorbidities, suffered from severe outcomes
such as ARDS and multi-organ dysfunction.

There is a growing evidence that coag-
ulopathy and thrombosis are common compli-
cations in COVID-19, especially in non-sur-
vival COVID-19 patients (Tang et al., 2020a;
Chen et al., 2020b; Zhou et al., 2020; Guan et
al., 2019). Cao et al. first reported that pro-
thrombin time and D-dimer levels are higher
in severely ill patients (Huang et al., 2020).
Sun et al. reported that the D-dimer and pro-
thrombin time are positively correlated with
28-day mortality in COVID-19 patients,
while the platelet count is negatively corre-
lated with mortality (Tang et al., 2020b). Dis-
seminated intravascular coagulation (DIC)
and multi-organ dysfunction (Chen et al.,
2020b) are also confirmed in COVID-19 pa-
tients, and the reported probability of occur-
rence of DIC is 71.4 % for non-survivors
(Tang et al., 2020a, b). In addition to DIC, an-
other coagulation dysfunctional disease, ve-
nous thromboembolism (VTE), is also inves-
tigated in COVID-19 patients. The incidence
of VTE in severe COVID-19 patients is 25 %
and is related to poor prognosis (Cui et al.,
2020). Therefore, heparin (Tang et al., 2020b)
as an anticoagulant treatment has been recom-
mended in the early stage of the COVID-19 to
prevent continuous increasing of inflamma-
tory cytokines and D-dimer.

DIC is manifested by the excessive throm-
botic deposition in the microvasculature,
which is thought to help entrap pathogens in
blood flow. However, blood clots and fibrin
deposition in blood vessels would also ham-
per oxygen delivery to the organs, and thus is
an independent and powerful predictor of
mortality in systemic infections. Multi-organ

dysfunction is also a common and lethal com-
plication in COVID-19 (Chen et al., 2020b).
Many mechanisms may contribute to the de-
velopment of multi-organ dysfunction in
COVID-19, including inflammatory response
(cytokine storm), shock, etc. However, the
complete pathological process and contribu-
tion of DIC to COVID-19 progression have
not been fully elucidated. In this study, we ret-
rospectively analyzed 198 cases of COVID-
19 patients admitted to Wuhan Union Hospi-
tal, with an aim to explore the relationship be-
tween organ dysfunction and coagulopathy.
The dynamic changes of laboratory results in-
cluding systemic inflammation in COVID-19
patients with and without DIC were also dis-
cussed.

METHODS

Study design and participants

In the current retrospective cohort study,
we included patients with confirmed COVID-
19 who were hospitalized in the Department
of Respiratory Medicine, Department of In-
fectious Diseases and ICU of Wuhan Union
Hospital and had either discharged or had
died from February 1, 2020 to March 4, 2020.
Patients enrolled in this study met the follow-
ing criteria: (1) diagnosed with COVID-19
according to the Chinese Clinical Guidance
for COVID-19 Pneumonia Diagnosis and
Treatment (China National Health Commis-
sion, 2020); (2) aged between 18 to 90 years
old; (3) had no history of liver and/or renal
impairment; (4) had received both biochemi-
cal examinations (including liver and kidney
functions) and coagulation tests (including
prothrombin time, D-dimer antithrombin ac-
tivity and fibrin degradation) during hospital-
ization. This study was performed in accord-
ance with the Declaration of Helsinki (as re-
vised in Brazil, 2013)
(https://www.wma.net/policies-post/wma-
declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-sub-
jects/) and approved by the independent ethics
committee of Wuhan Union Hospital, Wuhan,
China [approval no. (2020)—(0092)].
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Data collection

A standardized data collection form and
entry rules were used for extracting epidemi-
ological, demographic, clinical, laboratory
and outcome data from electronic medical
records. All data were processed by two inde-
pendent researchers (the collection and verifi-
cation of information were never assigned to
the same researcher), and errors and omis-
sions were corrected and filled as necessary.
A third researcher adjudicated any difference
in interpretation between the two primary re-
searchers.

Definitions

After excluding 133 patients without
complete data of biochemical examination or
coagulation tests, we included 198 moder-
ately to severely ill patients in the current
analysis. According to the ISTH) diagnostic
criteria for DIC, patients were divided into 3
groups: overt-DIC patients (total points > 5),
non-overt DIC (total points between 3 to 4),
and non-coagulopathy patients (total points
<2). Coagulopathy patients included non-
overt DIC patients and overt DIC patients.
Acute liver injury was identified according to
Schiff’s diseases of the liver (Curry and Jef-
fers, 2017) that the level of alanine ami-
notransferase exceeds twice the upper limits
of normal (ALT > 80 U/L) (Curry and Jeffers,
2017). Abnormal renal function was defined
as serum levels of kidney creatinine were
above upper limit of normal value (133
umol/L).

Laboratory procedures

Methods for laboratory confirmation of
SARS-CoV-2 infection have been described
in the Guidance
(http://www.gov.cn/zhengce/zheng-
ceku/2020-02/05/content_5474791.htm), in-
cluding respiratory specimens detection by
next-generation sequencing/real-time RT-
PCR methods, or imaging characteristics of
pneumonia. Routine blood examinations, co-
agulation profile, serum biochemical tests (in-
cluding renal and liver functional enzymes),
cytokine storm examination were tested.

Chest radiographs or CT scans were also per-
formed for included patients. The attending
physicians determined the frequency of ex-
aminations for the patients.

Statistical analysis

Statistical analysis was performed using
SPSS 22.0. Demographic data (gender,
comorbidities, etc.) were analyzed descrip-
tively. For continuous variables, we checked
them with the normal distribution test. The
variables were presented as Mean + S.D. or
Median (IQR). The binary variable was
shown as frequency and composition ratio de-
scription. Mann Whitney U test, ¥* test, or
Fisher’s exact test were used to compare dif-
ferences between coagulopathy patients and
non-coagulopathy patients where appropriate.
To explore the risk factors associated with
acute liver injury and renal dysfunction, uni-
variable and multivariable logistic regression
models were used. We included 198 patients
with complete data for liver, renal and coagu-
lation function tests (29 overt DIC, 36 non-
overt DIC and 133 non-coagulopathy pa-
tients) in the logistic regression model. Pa-
tients had IL-6 tests (142 of 198 patients) and
PCT tests (165 of 198 patients) were recruited
in the logistic regression model. A two-sided
a of less than 0. 05 was considered statisti-
cally significant. Statistical analyses were
done using the SPSS software (version 22.0).

RESULTS

Clinical and laboratory characteristics of
COVID-19 patients with or without
coagulopathy

Of the 198 COVID-19 patients enrolled in
the current study, 65 patients (32.8 %) devel-
oped coagulopathy, of which 29 (14.6 %)
were diagnosed with overt DIC (score > 5)
and 36 (18.2 %) were diagnosed with non-
overt DIC (3 <score <4) according to the
ISTH scoring system. As shown in Table 1,
the median ages of overt and non-overt DIC
patients were 70 (55.0-88.0) and 59.5 (33.0-
89.0) years old, respectively, which were both
significantly older than the patients without
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coagulopathy (43.0 (24.0-88.0) years). Males
were more predominant in both overt and
non-overt DIC patients (25; 86 % and 27;
75 %, respectively, versus 62; 47 % in non-
coagulopathy patients). Nearly half of the pa-
tients (43 %) had at least one comorbidity.
Hypertension and diabetes were the most
common comorbidities, which were more fre-
quent among non-overt patients (39 %, 19 %)
and overt DIC patients (34 %, 24 %) than the
patients without coagulopathy (14 %, 9 %).
The median times from admission to hos-
pital to the development into coagulopathy
onset were 5 (0, 16) days for non-overt DIC
and 7 (0, 30) days for overt DIC, respectively.
Coagulation was monitored during whole pe-
riod of hospitalization. Table 1 shows the co-
agulation parameters of the overt DIC and
non-overt DIC patients on the day of coag-
ulopathy onset, the last hematological exami-
nation data right before the onset of coag-
ulopathy, the highest values of CRP, PCT and
IL-6 before coagulopathy occurrence, and the
measurements of arterial oxygen partial pres-
sure (PO2) and liver/kidney functional en-
zymes after coagulopathy onset. For non-co-
agulopathy patients, we collected the hemato-
logical and coagulation examination parame-
ters closest to the 7" day, the highest CRP,
PCT and IL-6 values during hospitalization,
and the measures of PaO2 and liver/kidney
functional enzymes that deviate the most from
the standard values during hospitalization.
The laboratory findings for three groups
were also summarized in Table 1. The median
platelet counts were significantly lower in
overt-DIC patients (45 (6,152)) than the pa-
tients with non-overt DIC (149 (64,425) and
patients without coagulopathy (196 (83,438)).
Sixteen (55 %) overt DIC patients had platelet
number below 50 X 10°/L, while none in non-
overt DIC group or non-coagulopathy group
had platelet number below 50 X 10°/L. Fibrin-
ogen (FIB) levels were significantly declined
in overt DIC patients (2.08 (0.25,4.73)), while
remained high and were not different in other
two groups. More than half (57 %) of the pa-
tients without coagulopathy had D-dimer lev-
els exceeding the normal range (0-0.5 pg/mL)

during hospitalization, among which 32
(24 %) patients had a level of D-dimer above
1 pg/mL; while 27 (93 %) of overt DIC pa-
tients and 34 (94 %) non-overt DIC patients
had D-dimer levels above 1 pg/mL. Mono-
cyte counts in overt DIC patients (0.15
(0.0,0.94)) were significantly lower than the
patients with non-overt DIC (0.27 (0.0,17.5))
and patients without coagulopathy (0.36
(0.1,7.0)). Sixteen (55 %) overt DIC patients
and 22 (61 %) non-overt DIC patients devel-
oped leukocytosis (white blood cell count
>10x10° /L), and 10 (34 %) overt DIC pa-
tients and 9 (25 %) non-overt DIC patients de-
veloped neutrophilia, which were much
higher proportions than those in non-coag-
ulopathy patients (13 (9 %) and 3 (2 %)). In
overt DIC patients and non-overt DIC pa-
tients, levels of inflammation-related indica-
tors, such as PCT, high sensitivity CRP and
IL-6 were significantly higher than those in
non-coagulopathy patients.

Coagulopathy was associated with multi-
organ dysfunction in COVID-19

Forty-five percent (13 out of 29) of the pa-
tients with overt DIC developed acute liver
injury and 55 % developed renal dysfunction,
which were much higher than those in non-
overt DIC and non-coagulopathy patients
(Table 1). Compared with the patients without
coagulopathy, the patients with coagulopathy,
including overt DIC and non-overt DIC pa-
tients, had significantly higher concentrations
of liver and renal functional enzymes (Table
1). The patients with coagulopathy had persis-
tent and lower albumin concentrations than
the patients without coagulopathy. Twenty
six (90 %) patients with overt DIC and 36
(89 %) patients with non-overt DIC devel-
oped hypoalbuminemia during hospitaliza-
tion, while only 35 (26 %) patients without
coagulopathy had hypoalbuminemia. Param-
eters of liver damage, such as alanine ami-
notransferase (ALT), aspartate aminotrans-
ferase (AST), vy-glutamyl transpeptidase
(GGT), total bilirubin (TBIL) and direct bili-
rubin (DBIL) were markedly increased in
both overt DIC and non-overt DIC patients,
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Table 1: Demographics and clinical characteristics of COVID-19 patients with or without coagulopathy

Demographics

Age

Sex

Female

Male

Comorbidity
Hypertension

Diabetes

Coronary heart disease
Carcinoma

other

Outcomes

Acute liver injury

Renal dysfunction
Acute respiratory distress syndrome

Laboratory Findings
Platelets,x10°/L

<100

<50

Neutrophil count, x10°/L
>6.3

Monocyte count, x10°/L
<0.1

D-dimer,ug/ml

<0.5

1-3

>3

FDP

>5

APTT

>43.5

White blood cells count, x10°/L

Total
(n=198)

54.0 (24.0-89.0)

85 (43%)
113 (57%)
85 (43%)

36 (18%)
29 (15%)
20 (36%)

174 (6, 438)

35 (18%)

16 (8%)

3.6(0.0, 24.2)

21 (11%)

0.31(0.0, 17.5)

19 (10%)

0.95(0.2, 20.0)

76 (38%)

35 (18%)

61 (31%)

2.00 (0.47, 240.00)
31 (23%)

37.90 (0.98, 150.00)
27 (23%)

7.13 (2.58, 40.63)

Overt DIC
(n=29)

70.0 (55.0-88.0)*

4 (14%))*
25 (86%))*
16 (55%)
10 (34%)
7 (24%)

3 (10%)

2 (7%)

9 (31%)

13 (45%)*
16 (55%)*
8 (73%)*

45 (6, 152)*

22 (76%)

16 (55%)

4.94(0.5, 24.2)*

10 (34%)

0.15(0.0, 0.94)*

3 (10%)

8.0(2.54, 20.0)*

0

1 (3%)

27 (93%)

18.70 (1.05, 197.70)
719 (77%)
40.75(20.70, 150.00)
9/28 (45%)

10.18 (4.05, 23.57)*

Non-overt DIC
(n=36)

59.5 (33.0-89.0%

9 (25%)*
27 (75%)*
20 (56%)
14 (39%)
7 (19%)

2 (6%)

1 (3%)

7 (19%)

7 (19%)

5 (14%)
10 (71%)

149 (64, 425)*

9 (25%)

0

5.04(0.0,22.7)*

9 (25%)

0.27(0.0, 17.5)

3 (8%)

9.17(1.91, 20.0)*

0

2 (6%)

34 (94%)

17.30 (0.91, 240.00)
16/26 (61%)
32.15(22.00, 119.20)
4/36 (11%)

13.35 (2.58, 40.63)"

Non-Coagulopathy
(n=133)

43.0 (24.0-88.0)

71 (53%)
62 (47%)
49 (37%)
19 (14%)
12 (9%)
10 (8%)
7 (5%)
22 (17%)

16 (12%)
8 (6%)
2 (6%)

196 (83, 438)

4 (3%)

0

3.25(1.4, 11.9)

3 (2%)

0.36(0.1, 7.0)

13 (10%)

0.4(0.2, 2.99)

76 (57%)

32 (24%)

0

1.90 (0.47, 113.80)
8/100 (8%)
37.85(0.98, 48.00)
15/132 (11%)
5.85 (2.74, 30.70)
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Table 1 (cont.): Demographics and clinical characteristics of COVID-19 patients with or without coagulopathy

<4

4-10

>10

PT, s

16-19 s

>19s

FIB, g/L

<1

>4

High sensitivity C-reactive protein, mg/L
Procalcitonin, ng/mL

<0.5

>2

Interleukin 6, pg/mL

Arterial partial pressure of oxygen, mm Hg
Albumin, g/L

<35

Alkaline phosphatase, U/L
>150

Aspartate aminotransferase, U/L
> 40

Alanine aminotransferase, U/L
> 40

y-glutamyl transpeptidase, U/L
Total bilirubin, ymol/L

Direct bilirubinand,umol/L
Total bile acid, pmol/L

Blood urea nitrogen, mmol/L
Creatinine, pmol/L

>133

Uric acid, umol/L

Total

(n=198)

14 (7%)

133 (67%)

51 (26%)

13.4 (10.4, 34.5)
12 (6%)

17 (9%)

3.83 (0.25, 8.64)
9 (23%)

19 (23%)

25.4 (0.5, 430.7)
0.13 (0.00, 47.9)
132 (80%)

17 (10%)

10.215 (1.5, 925.4)
90 (20, 241)

35.2 (16, 57)

93 (47%)

65 (20, 500)

11 (6%)

28 (9, 917)19

64 (32%)

32 (7, 388)

81 (41%)

31 (7, 560)

11. 8 (0.79, 422.8)
4.8 (0.3, 248.9)
3.6 (0.7, 40.9)
4,76 (1.48, 110.1)
69.3 (24.8, 1188.0)
28 (14%)

249.85 (4.4, 882.9)

*P < 0.05; overt DIC group vs non-overt DIC group and non-coagulopathy group

#P < 0.05; non-overt DIC group vs non-coagulopathy group

Overt DIC

(n=29)

1 (3%)

12 (41%)

16 (55%)

19.35 (12.1, 34.5)*
5 (17%)

16 (55%)

2.08 (0.25, 4.73)*

9 (23%)

1 (23%)

146.835 (4.2, 430.7)*
0.76 (0.13, 19.26)*
5 (38%)

5 (38%)

55.535 (20.8, 478.8)*
56.5(30, 107)*
27.95 (16, 48)*

26 (90%)

87 (33, 500)*

4 (14%)

81 (11, 917)*

20 (69%)

58.85 (9.0, 388.0)*
17 (59%)

43 (10, 560)*

25.1 (3.3, 422.8)*
11.1 (0.9, 248.9)*
6.0 (1, 19)*

16.27 (4.52, 46.10)*
151.0 (52.4, 452.2)*
15 (52%)

272.6 (110.6, 778.4)

Non-overt DIC
(n=36)

1 (3%)

13 (36%)

22 (61%)

13.8 (10.7, 20.7)*
5 (14%)

1 (3%)

3.975 (1.81, 6.58)
0 (23%)

18 (23%)

83.4 (2.6, 283.6)*
0.28 (0.1, 47.4)*
21 (72%)

5 (17%)

72.23 (1.5, 894)*
55(34.4, 138)*
30.45 (24, 40)*

32 (89%)

71 (20, 160)
1(3%)

36.2 (11, 621)*

15 (42%)

47.5 (11.0, 263.0)*
18 (50%)

41.8 (10, 308)*
13.1 (5, 46.2)*
6.25 (0.6, 31.9)#
3.75 (0.8, 18.2)
8.72 (2.00, 110.10)*
72.45 (31.6,337.4)*
5 (14%)

238.2 (107.8, 600.0)

Non-Coagulopathy
(n=133)

12 (9%)

108 (81%)

13 (10%)

13.1 (10.4, 16.2)
2 (2%)

0

3.95 (1.98, 8.64)
0 (23%)

65 (23%)

15.7 (0.5, 365.7)
0.13 (0.0, 47.9)
109 (89%)

7 (6%)

7.07 (2.0, 925.4)
116(39, 241)
37.5 (20, 57)

35 (26%)

63 (26, 427)

6 (5%)

24 (9, 211)

29 (22%)

26 (7.0, 197.7)
46 (35%)

24 (7,427.3)
10.7 (0.79, 206.5)
4 (0.3, 133.1)

3.2 (0.7, 40)

4.02 (1.48, 52.1)
65.5 (24.8, 1188.0)
8 (6%)

2459 (4.4, 882.9)
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compared to the patients without coagulopa-
thy. More than half of the overt DIC patients
and non-overt DIC patients had higher ALT
and AST concentrations. The concentrations
of the other liver functional enzymes, such as
alkaline phosphatase (ALP), vy-glutamyl
transpeptidase (GGT) and total bile acid
(TBA) were significantly higher in overt DIC
patients than the other two groups. The con-
centrations of kidney functional index, urea
nitrogen (BUN) and creatinine (Cre), were
markedly higher in patients with overt DIC
and non-overt DIC than patients without co-
agulopathy.

We further analyzed the association be-
tween clinical characteristics and the develop-
ment of multi-organ dysfunction. In univaria-
ble analysis, increased CRP concentrations
and incidence of coagulopathy were associ-
ated with acute liver injury (Table 2). Odds of
abnormal renal function were higher in pa-
tients with diabetes and hypertension. In-
creased age, male gender, increased CRP or
PCT levels, and coagulopathy were also asso-
ciated with abnormal renal function (Table 2).
To note that, even if there was a statistical dif-
ference in IL-6 concentrations between pa-
tients with coagulopathy and patients without
coagulopathy, IL-6 was not a risk factor for
liver and kidney dysfunction in our logistic
regression model.

In multivariable logistic regression
model, the occurrence of overt DIC and ele-
vated CRP levels were associated with in-
creased odds of acute liver injury (Table 2).
Demographic characteristics, including the
older age, male gender and the history of dia-
betes, were associated with increased risk of
renal dysfunction. The incidence of coag-
ulopathy and elevated CRP concentrations
were also associated with the increased odds
of renal dysfunction (Table 2). These data
suggest that coagulopathy is associated with
multi-organ dysfunction in COVID-19.

To explore the association of coagulation
and multiple organ failure in COVID, the ma-
jor laboratory markers of renal/liver func-
tions, systemic inflammation, and coagulopa-
thy occurrence were tracked. As shown in

Figure 1 and 2, the median time from the ad-
mission to hospital to the onset of non-overt
DIC and overt DIC was 5 (0-16) days and 7
(0-30) days, respectively. In patients with co-
agulopathy, the concentrations of ALP, ALT
and AST increased sharply when coagulation
occurred. The TBIL and DBIL concentrations
also significantly increased when coagulation
occurred. The concentrations of albumin de-
creased significantly accompanying the dete-
rioration of patients’ coagulation function.
CRP concentrations of the patients with coag-
ulopathy were higher than patients without
coagulopathy, but showing a downward trend
after the occurrence of DIC. The blood urea
nitrogen and creatinine concentrations in pa-
tients with coagulopathy were also higher
than the patients without coagulopathy.

Coagulopathy was associated with respira-
tory function dysfunction in COVID-19

Of the entire cohort, 56 patients received
blood gas examination, including 11 patients
with overt DIC, 14 with non-overt DIC, and
31 without coagulopathy. Eight of 11 (73 %)
patients with overt DIC and 10 of 14 (71 %)
with non-overt DIC had developed into acute
respiratory distress syndrome (ARDS) during
hospitalization, while only 2 of 35 (6 %) pa-
tients without coagulopathy had ARDS. The
Pa0O2 was markedly lower in both overt DIC
and non-overt DIC groups than the patients
without coagulopathy (Table 2), suggesting
that lung function is damaged in the patients
with coagulopathy.

In the current study, 56 of 198 patients re-
ceived blood gas examination, and 20 of them
were diagnosed with ARDS. In the univaria-
ble logistic regression analysis, elevated
white blood cell counts, the occurrence of co-
agulopathy and overt DIC were associated
with ARDS, while the multivariable logistic
regression model showed that only coag-
ulopathy was associated with the increased
odds of ARDS (Table 2).

Multi-organ dysfunction occurred after
the onset of DIC in COVID-19.
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Table 2: Risk factors associated with organ function

Risk factors associated with acute liver injury

Univariable Multivariable

OR (95% ClI) p OR (95% ClI) p
Age 1.017 (0.995, 1.040) 0.133
Sex 1.839 (0.848,3.988) 0.123
Diabetes 0.549 (0.156,1.940) 0.352
Hypertension  0.676 (0.261,1.747) 0.419
WBC 2.564 (1.316,4.998) 0.006
Neutrophils 2.358 (1.020,5.449) 0.045
CRP 1.009 (1.004,1.014) 0.001 1.006 (1.001, 1.011) 0.028
Coagulopathy  3.250 (1.548,6.825) 0.001
Overt-DIC 5.501 (2.321,13.041) 0.001 3.067 (1.118, 8.417) 0.030
IL6 1.002 (0.999,1.004) 0.195
PCT 0.986 (0.902,1.077) 0.748
Risk factors associated with abnormal kidney function

Univariable Multivariable

OR (95% ClI) p OR (95% ClI) p
Age 1.087 (1.049,1.127) 0.001 1.076 (1.035,1.118) 0.001
Sex 5.618 (1.874,16.841) 0.002 3.906 (1.204,12.669) 0.023
Diabetes 5.033 (2.000,12.664) 0.001 2.930 (1.035,8.296) 0.043
Hypertension  4.506 (1.963,10.342) 0.001
WBC 4.829 (2.165,10.770) 0.001
Monocyte 0.520 (0.135,2.001) 0.341
Neutrophils 2.882 (1.173,7.082) 0.021
CRP 1.013 (1.007,1.018) 0.001 1.008 (1.002,1.014) 0.008
Coagulopathy  4.392 (2.593,7.439) 0.001 4.790 (1.703,13.475) 0.003
Overt-DIC 14.769 (5.856,37.248) 0.001
PCT 1.128 (1.028,1.236) 0.011
IL6 1.000 (0.996,1.004) 0.951
Risk factors associated with acute respiratory distress syndrome

Univariable Multivariable

OR (95% ClI) p OR (95% ClI) p
Age 1.009 (0.974,1.044) 0.634
Sex 1.966 (0.636,6.076) 0.240
Diabetes 1.859 (0.494,6.995) 0.359
Hypertension  1.197 (0.379,3.779) 0.759
WBC 2.873 (1.018,8.109) 0.046 0.423 (0.080,2.227) 0.310
Monocyte 1.467 (0.125,17.213) 0.761
Neutrophils 0.804 (0.241,2.682) 0.722
CRP 1.004 (0.998,1.011) 0.208
Coagulopathy  23.100 (4.518,118.099) 0.001 45.219 (5.160,396.262) 0.001
Overt-DIC 10.000 (1.178,84.900) 0.035
IL6 1.001 (0.998,1.004) 0.657
PCT 1.012 (0.952,1.076) 0.705
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Figure 1: Temporal changes of laboratory parameters related to liver functions in COVID-19 pa-
tients with or without coagulopathy after DIC occurrence. Figure 1 shows dynamic changes of la-
boratory parameters related to liver functions, including albumin (A), alkaline phosphatase (B), alanine
aminotransferase (C), aspartate aminotransferase (D), total bilirubin (E), and direct bilirubinand (F) in
198 patients (133 non-coagulopathy patients, 36 non-overt patients and 29 overt-DIC patients) from the
day of coagulopathy onset (for coagulopathy patients) or the day of admission (for non-coagulopathy)
to discharged or died. *P < 0.05 for overt DIC patients vs non-coagulopathy patients; *P < 0.05 for non-
overt DIC patients vs non-coagulopathy patients. ALB=albumin, ALP= alkaline phosphatase, ALT= ala-
nine aminotransferase, AST= aspartate aminotransferase, TBil=total bilirubin, DBil= direct bilirubinand.
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Figure 2: Temporal changes of renal and inflammation indices in COVID-19 patients with or with-
out coagulopathy after DIC occurrence. Figure 2 shows dynamic changes of biomarkers of kidney
functions and inflammation, including blood urea nitrogen (A), creatinine (B), and high sensitivity C-
reactive protein (C) in 198 patients (133 non-coagulopathy patients, 36 non-overt patients and 29 overt-
DIC patients) from the day of coagulopathy onset (for coagulopathy patients) or the day of admission
(for non-coagulopathy) to discharged or died. *P < 0.05 for overt DIC patients vs non-coagulopathy pa-
tients; #P < 0.05 for non-overt DIC patients vs non-coagulopathy patients. BUN=Dblood urea nitrogen,
CREA=creatinine, CRP=high sensitivity C-reactive protein.

To determine whether coagulopathy con-
tributes to organ damage, we compared organ
function of the patients prior to the onset of
coagulopathy to the patients without coag-
ulopathy. In total 65 patients with coagulopa-
thy, only 9 of 29 patients with overt DIC and
13 of 36 with non-overt DIC developed coag-
ulopathy after admission to hospital. We col-
lected laboratory data that were measured
within 2 days post admission to calculate the
baseline level of each parameter (Table 3). 8
of 133 patients without coagulopathy did not
have their laboratory examinations until day 3
of'admission. Therefore, we compared the or-
gan function of the 9 patients with overt DIC

and 13 of 36 with non-overt DIC to 125 pa-
tients without coagulopathy. Prior to onset of
coagulopathy, the median platelets counts of
overt DIC group were 125 (61, 230), which
were significantly lower than non-coagulopa-
thy patients, and there were no differences in
platelet count between non-overt DIC patients
and non-coagulopathy patients on admission.
The baseline lymphocyte counts of the non-
overt DIC patients (0.67 (0.4, 2.31)) and overt
DIC patients (0.67 (0.01, 1.22)) were signifi-
cantly lower than non-coagulopathy patients
(1.265 (0.25, 4.49)) on admission. The neu-
trophil counts of overt DIC patients (4.44
(0.02, 26.3)) and non-overt DIC patients (5.86
(0, 11.86)) were statistically higher than that
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Table 3: Baseline characteristics of COVID-19 patients with or without coagulopathy on admission

Laboratory parameters

Platelet, x10°/L
<100

<50

Monocyte count, x10°%/L
<0.1

Lymphocyte count, x10°%/L
Neutrophil count, x10%/L
D-dimer, pg/ml

<0.5

0.5-1

>1

White blood cells count,
x10°/L

<4

4-10

>10

PT, s

> 16s

FIB,g/L

<1

>4

High sensitivity C-reactive
protein, mg/L
Procalcitonin, ng/mL
<0.5

>2

Interleukin 6, pg/mL

Albumin, g/L
<35

Total (n=147)

190 (61, 502)
5 (3 %)

0
0.37 (0.06, 17.5)
0

1.185 (0.01, 4.49)
3.075 (0.00, 26.3)
0.44 (0.14, 2.99)
78 (53 %)

36 (24 %)

33 (22 %)
5.11 (1.54, 28.74)

35 (24 %)
102 (69 %)

10 (7 %)

13.1 (10.4, 21.4)
5 (3 %)

4.03 (0.25, 8.64)
1(0.7 %)

75 (51 %)

10.8 (0.10, 163.0)

0.13 (0.04, 14.5)
110 (92 %)

2 (2 %)

7.985 (2.14, 478.84)
38.45 (23.7, 57)

41 (28 %)

Overt DIC (n=9)

125 (61, 230)*
2 (22 %)

0

0.29 (0.13, 4.4)

0

0.67 (0.01, 1.22)*
4.44 (0.02, 26.3)*
0.72 (0.16, 2.72)

4 (44 %)

3 (33 %)

2 (22 %)
6.4 (3.89, 28.74)

1(11 %)
5 (56 %)

3 (33 %)

13.1 (12.1, 21.4)

2 (22 %)

4.31(0.25, 6.85)
1(11 %)

5 (56 %)

89.44 (4.15, 146.21)*

0.265 (0.13, 0.63)

3 (75 %)

0

62.72 (20.91, 478.84)*

32.8 (241, 35.7)*
8 (89 %)

Non-overt DIC (n=13)

161 (100, 301)
0

0

0.37 (0.12, 17.5)

0

0.67 (0.4, 2.31)*
5.86 (0.00, 11.86)
0.92 (0.2, 2.29)*
1(8 %)

6 (46 %)

6 (46 %)
6.75 (2.35, 12.7)*

1(8 %)

10 (77 %)

2 (15 %)

13.5 (11, 20.7)

1(8 %)

4.29 (2.38, 6.64)

0

7 (54 %)

12.63 (2.66, 161.57)

0.13 (0.04, 0.7)

10 (91 %)

0

52.205 (6.37, 187.13)

35 (23.7, 43.1)*
6 (46 %)

Non-Coagulopathy (n=125)

196.0 (1.06, 502.0)
3 (2 %)

0
0.385 (0.06, 6.30)
0

1.265 (0.25, 4.49)
2.195 (0.00, 19.98)
0.41 (0.14, 2.99)
73 (58 %)

27 (21 %)

25 (20 %)
5.06 (1.54, 21.68)

33 (26 %)
87 (70 %)

5 (4 %)

13.1(10.4, 16.6)

2 (16 %)

4.03 (1.98, 8.64)

0

63 (50 %)

9.075 (0.10, 163.0)

0.13 (0.04, 14.5)
97 (93 %)

2

6.65 (2.14, 52.14)

39.25 (24.6, 57.0)
27 (22 %)
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Table 3 (cont.): Baseline characteristics of COVID-19 patients with or without coagulopathy on admission

Laboratory parameters

Alkaline phosphatase, U/L
> 150

Aspartate aminotransfer-
ase, U/L

> 40

Alanine aminotransferase,
U/L

> 40

y-glutamyl transpeptidase,
U/L

Total bilirubin, ymol/L
Direct bilirubinand,ymol/L
Total bile acid, pmol/L
Blood urea nitrogen,
mmol/L

Creatinine, pmol/L

>133

Uric acid, pmol/L

Total (n=147)

57.5 (12.6, 427)
4 (3 %)
26 (9.0, 123.0)

36 (24 %)
26 (5.0, 135.0)

43 (29 %)
20.0 (6.0, 508.0)

10 (0.79, 48.2)
4 (0.8, 63.4)
2.4 (0.5, 40)
4.02 (1.2, 73.7)

66.9 (35, 196.7)
9 (6 %)
253.45 (2.78, 913.5)

Overt DIC (n=9)

63 (37, 99)
0
35.6 (11, 48)

2 (22 %)
28 (16, 82)

2 (22 %)
54 (18, 122)*

15.3 (6.7, 48.2)
6.4 (2.5, 28.6)
6.5 (1, 10)

8.3 (3.47, 17.75)

88.1 (45.8, 196.7)
2 (22 %)
190.6 (75.5, 608.9)

Non-overt DIC (n=13)

52 (12.6, 125)
0
38.5 (22.8, 52)

4 (31 %)
37 (12.8, 84)

4 (31 %)
34.8 (6.4, 133)

10.5 (2, 25.6)
4.35 (1.9, 19.5)
2.55 (0.8, 8.2)
4.82 (2.82, 73.7)"*

76.6 (43.4, 105)
0
252 (175.3, 381.3)

Non-Coagulopathy (n=125)

57.0 (26.0, 427.0)
4 (3 %)
25.0 (9.0, 123.0)

30 (24 %)
23.5 (5.0, 135.0)

37 (30 %)
20.0 (6.0, 508.0)

9.9 (0.79, 34.8)
3.95 (0.80, 63.4)
2.20 (0.50, 40.0)
3.95 (1.2, 71.4)

66.1 (35.0, 190.0)
7 (6 %)
254.1 (2.78,913.5)

185



EXCLI Journal 2021;20:174-191 — ISSN 1611-2156

Received: August 30, 2020, accepted: December 09, 2020, published: January 25, 2021

of non-coagulopathy patients (2.195 (0.00,
19.98)) on admission. The counts of white
blood cells (6.75 (2.35, 12.7)) and levels of D-
dimer (0.92 (0.2, 2.29)) in non-overt DIC pa-
tients were markedly higher than non-coag-
ulopathy patients, but there were no statistical
differences in white blood cells and D-dimer
concentrations between overt DIC patients
and non-coagulopathy patients on admission.
Concentrations of CRP in overt DIC patients
were markedly elevated compared to non-co-
agulopathy patients. Only 4 of 9 overt DIC
patients, 8 of 13 non-overt DIC patients, and
62 of 123 non-coagulopathy patients received
IL-6 tests. The concentration of IL-6 was
markedly increased in coagulopathy group,
including overt DIC and non-overt DIC pa-
tients, compared with non-coagulopathy
group on admission. There was no statistical
difference in PCT concentrations between co-
agulopathy and non-coagulopathy groups.
Significant decreased albumin level and
higher blood urea nitrogen level were ob-
served in non-overt DIC baseline; while the
level of y-glutamyl transpeptidase in overt
DIC patients was significantly increased as
compared to non-coagulopathy patients. The
concentrations of the markers for liver and re-
nal damage, including ALT, AST, ALP, total
bile acid and creatinine were similar between
coagulopathy patients and non-coagulopathy
patients on admission (Table 3; Supplemen-
tary Figure 1 and 2). These data indicate that
multiple organ damage occurs after the onset
of coagulopathy, suggesting the coagulopathy
may be at least one of causes of multiple or-
gan damage in COVID-19.

Potential mechanisms of coagulopathy in
COVID-19

Next, we tried to identify the risk factors
associated with coagulopathy in COVID-19
patients. The multivariate analysis indicates
the elevated CRP concentration was the risk
factor of incidence of overt DIC (Supplemen-
tary Table 1); while hypertension, leukocyto-

sis and elevated CRP concentrations were as-
sociated with coagulopathy (Table 4). Alt-
hough monocyte counts were not signifi-
cantly associated with overt-DIC or coag-
ulopathy, profoundly declined monocyte
counts were observed in overt-DIC group
from 0.37 (0.12, 1.75) on admission day to
0.15 (0.0, 0.94) on the day of overt DIC onset
(Supplementary Table 2). As shown in Table
1 and 3, increases of IL-6 were detected in
both non-overt and overt DIC groups on ad-
mission and around the time of coagulopathy
occurrence compared with non-coagulopathy
patients; in addition, no differences in IL-6
concentrations were observed before and after
coagulopathy occurrence in Supplementary
Table 2. IL-6 was not associated with
COVID-19-induced overt DIC or coagulopa-
thy by the univariable logistic regression anal-
ysis (Table 4 and Supplementary Table 1).
There were no differences in PCT levels and
white blood cells counts before and after co-
agulopathy. Only 3 of 10 overt DIC patients
had procalcitonin concentrations above 2
ng/mL, and none patients’ procalcitonin lev-
els exceeded 2 ng/mL in non-overt DIC pa-
tients, these data indicated most of coagulopa-
thy were triggered by COVID-19 without
bacterial infection.

Patients with coagulopathy had reduced
survival rate

Survival curves for the overt-DIC, non-
overt DIC and non-coagulopathy groups are
shown in Figure 3. Twenty five of 30
(83.33 %) patients with overt-DIC and 17 of
35 (48.57 %) with non-overt DIC died during
hospitalization, while only 5 of 133 (3.75 %)
without coagulopathy died. Multivariable lo-
gistic regression analysis suggested that coag-
ulopathy (17 (6.196, 46.642), p <0.01) and
DIC (9.529 (2.435, 37.300), p <0.01) were
significantly associated with increased mor-
tality. The median time from the occurrence
of overt DIC to death was 3 (1,15) days, and
the median time from the onset of non-overt
DIC to death was 6 (0,29) days.
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Table 4: Risk factors associated with coagulopathy
Coagulopathy Univariable Univariable
95% ClI p 95% CI p
Age 1.008(0.990,1.026) 0.382
Sex 0.918(0.502,1.678) 0.782
Diabetes 2.768(1.198,6.396) 0.017
Hypertension 3.512(1.745,7.071) 0.001 2.923(1.163,7.343) 0.022
WBC 9.810(4.790,20.092) 0.001 7.071(3.093,16.164) 0.001
Monocyte 1.137(0.862,1.500) 0.363
Neutrophils 3.649(1.672,7.965) 0.001
CRP 1.021(1.014,1.027) 0.001 1.018(1.011,1.025) 0.001
PCT 1.058(0.993,1.126) 0.80
IL6 1.003(1.000,1.005) 0.20
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Figure 3: Survival curves of COVID-19 patients with or without coagulopathy. Figure 3 illustrated
survival rates of overt DIC patients, non-overt patients or non-coagulopathy patients during hospitaliza-

tion.

DISCUSSION

In this retrospective cohort study, we
showed that occurrence of coagulopathy is as-
sociated with multi-organ dysfunction and
ARDS, as well as an increasing mortality rate

in COVID-19. History of hypertension, leu-
kocytosis and elevated CRP concentrations
were associated with higher odds of coag-
ulopathy. Additionally, elevated levels of
blood IL-6 and CRP occurred more frequently
in patients with coagulopathy, and monocyte
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counts were significantly decreased when co-
agulopathy occurs.

In our study, twenty nine (15 %) patients
developed overt DIC, and 89 % non-survival
COVID-19 patients had coagulopathy, in-
cluding 36 % non-overt DIC patients and
53 % overt DIC patients. Similar as previous
studies, mortality rate is significantly in
COVID-19 patients who had coagulopathy,
suggesting that coagulopathy is a risk factor
in COVID-19. The overall incidence of DIC
in COVID-19 is not clear. It seems that the
incidence of coagulopathy in our study is
higher than some previous studies (Chen et
al., 2020b). This discrepancy seems to be due
to the selectivity of patients. In our study, we
selected hospitalized patients from the Infec-
tious Care unit and ICU wards. It has been re-
ported that the platelet counts are similar be-
tween ICU care and non-ICU care patients on
admission (Huang et al., 2020), and only
20 % of non-survivors have platelet counts
below 100x10°/ L3. Thus, the count of plate-
let is regarded as an insensitive marker for
disease severity of COVID-19 patients (Zhou
et al., 2020; Guan et al., 2020; Huang et al.,
2020; Tang et al., 2020b). We found that
platelet counts declined dramatically after the
onset of coagulopathy in both non-overt DIC
patients and overt DIC patients from the ad-
mission to the occurrence of overt DIC. Our
data suggest that a sharp decrease in platelet
count may be a valuable indicator of the oc-
currence of coagulopathy in COVID-19. In
addition, all patients with coagulopathy had
increased D-dimer concentrations, about
55 % of overt DIC patients and only 2 % of
non-overt DIC patients had PT exceeded 3
seconds; none of non-overt DIC patients and
27 % of overt DIC patients had fibrinogen
concentrations decreasing to the level below
1.0 g/L.

There are two distinct types of DIC: one
is characterized by a strong coagulation acti-
vation and suppressed fibrinolysis, resulting
in fibrin deposition and prothrombotic DIC,
the other type is based on excessive fibrinol-
ysis, manifested by severe bleeding complica-
tions (Levi, 2018). It has been reported that

most COVID-19 patients are under hyperco-
agulable and hyperfibrinolysis state, which
are manifested by declined PT and APTT
(Chen et al., 2020a) and elevated D-dimer
levels (Guan et al., 2020; Huang et al., 2020;
Wang et al., 2020a; Lantner and Reisman,
1989). We found that in the non-overt DIC
group, 94 % had D-dimer above 3 pg/ml and
61 % patients had increased FDP concentra-
tion; however, only 25 % patients had throm-
bocytopenia and 11 % patients developed
prolonged PT or APTT, suggesting a hyper-
coagulable and hyperfibrinolysis state in the
context of non-overt DIC. Thus, anticoagu-
lant and antifibrinolytic therapy may be nec-
essary for non-overt DIC patients. In contrast,
although most of the overt DIC patients a had
high level of D-dimer (over 3 pg/ml) and in-
creased FDP, which suggested a secondary
hyperfibrinolysis condition, 75 % of them ex-
erted a significant decline of platelet counts
and 31 % showed decreased fibrinogen lev-
els, indicating that the ongoing thrombosis
may eventually lead to hypocoagulable in
overt DIC patients. Anticoagulant treatment
such as heparin (Tang et al., 2020b) and anti-
fibrinolytic therapy tPA (Wang et al., 2020b)
have been proven to be beneficial for
COVID-19 patients with ARDS and effec-
tively reduced mortality.

We recently reported that tissue factor re-
leased from pyroptotic macrophages and
monocytes plays a critical role in triggering
DIC in sepsis (Pandeya et al.,, 2019). We
found that the monocyte counts significantly
decreased prior to the onset of coagulopathy
(Wu et al., 2019). Previously, older age and
decreased lymphocyte counts have been re-
ported as important independent predictors of
mortality in COVID-19 patients (Zhou et al.,
2020; Wang et al., 2020a), and decreases of
lymphocytes were also observed in COVID-
19 patients with venous thromboembolism
(Cui et al., 2020). The current study showed
that COVID-19 patients with coagulopathy
had significantly decreased lymphocyte
counts and the average age was older than
those without coagulopathy on admission.
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Leucocytes, including monocytes and neutro-
phils, play critical roles in the innate immune
host defense to pathogen invasion and immu-
nothrombosis. Compared to the patients with-
out coagulopathy, the increase of neutrophil
counts was observed in patients with coag-
ulopathy. Neutrophils were thought as the
main source of chemokines and cytokines,
and increasing neutrophil extracellular traps
are thought to contribute to the severity of
COVID-19 (Barnes et al., 2020). Increase in
neutrophils may be caused by subsequent bac-
terial infection. We are not sure whether bac-
terial infection also contributes to the devel-
opment of DIC in COVID-19.

It has been well known that multiple or-
gan damage is a common and lethal compli-
cation in severe COVID-19 patients (Chen et
al., 2020b; Zhou et al., 2020; Guan et al.,
2020; Huang et al., 2020; Deng et al., 2020;
Lantner and Reisman, 1989; Wang et al.,
2020c). Although ACE2 receptor is expressed
in cholangiocytes (Rajapaksha et al., 2019)
and kidney (Letko et al., 2020; Rella et al.,
2007), which can facilitate the binding and
endocytosis of the virus into liver and kidney,
pathological analysis of liver tissue from a
COVID-19 patient showed that viral inclu-
sions were not observed in the liver (Xu et al.,
2020), and no evidence of coronavirus infec-
tion was observed in renal tissue (Yao et al.,
2020). Our data show that patients prior to co-
agulopathy onset had similar levels of hepatic
and renal enzymes as patients without coag-
ulopathy. The patients exhibited significant
damage of hepatic and renal function right af-
ter the onset of coagulopathy. These data sug-
gest that coagulopathy is at least one of the
major causes of multiple organ damage in
COVID-19. Immune-mediated inflammation,
such as cytokine storm and pneumonia-asso-
ciated hypoxia, is generally considered to be
the cause of organ damage. In the present
study, we also found that systemic inflamma-
tory indicators C-reactive protein and IL-6
were persistent higher in coagulopathy pa-
tients than those in non-coagulopathy patients
from the admission day to the coagulopathy
onset. However, our multivariable regression

analysis indicates that coagulopathy, but not
elevated IL-6, is associated with increasing
odds of acute liver injury, renal dysfunction
and ARDS. The pathological findings of
COVID-19 also revealed inflammatory infil-
tration in lung and heart, but not in liver or
kidney; additionally, hyaline thrombus in ca-
pillaries were observed in renal, liver and lung
(Xu et al., 2020; Yao et al., 2020). Consistent
with our finding, a previous study suggests
that elevated coagulation function indices (PT
and D-dimer) are significantly associated
with higher risk of ARDS (Wu et al., 2020).
Except coagulopathy, other mechanisms may
also contribute to multiple organ damage in
COVID. In this regard, it has been reported
that IL-6 is positively correlated with disease
severity of COVID-19 (Zhang et al., 2020;
Henry et al., 2020).

The current study has certain limitations.
First, not all of the 198 patients received IL-6
and procalcitonin tests, therefore the roles of
IL-6 and procalcitonin in coagulopathy or
multi-organ dysfunction might be underesti-
mated due to the limited sample size. Second,
not all of the 198 patients received blood gas
detection during hospitalization, which was
determined by physicians based on the breath-
ing status. Thus, the effect of coagulation dys-
function on lung function cannot be well de-
termined. Last, not all the patients had labor-
atory examination data at all time points in the
dynamic graphs, so we combined the exami-
nation values of patients on the specified date
and the day after that. However, from the cur-
rent data we feel confident to conclude the co-
agulopathy is one of the major causes leading
to multiple organ damage in COVID-19. Fur-
ther studies are needed to identify the mecha-
nism by which the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) trig-
gers activation of coagulation.
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