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1  | INTRODUC TION

As recent studies described,1-3 severe coronavirus disease 2019 
(COVID-19) is commonly complicated with coagulopathy, and dis-
seminated intravascular coagulation (DIC) may exist in the majority 
of deaths. Because of the evidence of virus infection and respira-
tory dysfunction, many patients with severe COVID-19 meet the 

Third International Consensus Definitions for Sepsis (Sepsis-3).4 In 
addition, long-term bed rest and likely receiving hormone treatment 
also increase the risk of venous thromboembolism (VTE) in severe 
COVID-19. For these reasons, the active application of anticoagu-
lants (such as heparin) for patients with severe COVID-19 has been 
recommended by some expert consensus in China5; however, its ef-
ficacy remains to be validated.

The International Society of Thrombosis and Haemostasis 
(ISTH) has proposed a new category identifying an earlier phase of 
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Abstract
Background: A relatively high mortality of severe coronavirus disease 2019 (COVID-
19) is worrying, and the application of heparin in COVID-19 has been recommended 
by some expert consensus because of the risk of disseminated intravascular coagula-
tion and venous thromboembolism. However, its efficacy remains to be validated.
Methods: Coagulation results, medications, and outcomes of consecutive patients 
being classified as having severe COVID-19 in Tongji hospital were retrospectively 
analyzed. The 28-day mortality between heparin users and nonusers were compared, 
as was a different risk of coagulopathy, which was stratified by the sepsis-induced co-
agulopathy (SIC) score or D-dimer result.
Results: There were 449 patients with severe COVID-19 enrolled into the study, 99 
of them received heparin (mainly with low molecular weight heparin) for 7 days or 
longer. D-dimer, prothrombin time, and age were positively, and platelet count was 
negatively, correlated with 28-day mortality in multivariate analysis. No difference in 
28-day mortality was found between heparin users and nonusers (30.3% vs 29.7%, 
P = .910). But the 28-day mortality of heparin users was lower than nonusers in pa-
tients with SIC score ≥4 (40.0% vs 64.2%, P = .029), or D-dimer >6-fold of upper limit 
of normal (32.8% vs 52.4%, P = .017).
Conclusions: Anticoagulant therapy mainly with low molecular weight heparin ap-
pears to be associated with better prognosis in severe COVID-19 patients meeting 
SIC criteria or with markedly elevated D-dimer.
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sepsis-associated DIC called “sepsis-induced coagulopathy” (SIC),6 
that patients who meet the diagnostic criteria of SIC benefit from 
anticoagulant therapy have been confirmed.7 Our study aimed to 
validate the usefulness of SIC score and other coagulation param-
eters, in screening out patients who can benefit from anticoagulant 
through retrospective analysis.

2  | METHODS

Consecutive patients with severe COVID-19 admitted to Tongji Hospital 
of Huazhong University of Science and Technology in Wuhan from 
January 1 to February 13, 2020, were retrospectively enrolled. Exclusion 
criteria were a bleeding diathesis, hospital stay < 7 days, lack of informa-
tion about coagulation parameters and medications, and age < 18 years. 
A retrospective review of the characteristics of these patients was per-
formed through the electronic medical record system of our hospital, 
the medications and outcomes (28-day mortality) were monitored up to 
March 13, 2020. This study was approved by the Ethics Committee of 
Tongji Hospital (Wuhan, China).

The diagnosis of COVID-19 was according to World Health 
Organization interim guidance8 and confirmed by RNA detection 
of the SARS-CoV-2 in a clinical laboratory of the Tongji hospital. 
Severe COVID-19 was defined as meeting any one of following 
items, according to the Diagnosis and Treatment Plan of COVID-19 
suggested by National Health Commission of China9: Respiratory 
rate ≥30 breaths/min; arterial oxygen saturation ≤93% at rest; PaO2/
FiO2 ≤ 300 mm Hg.

The SIC score system including prothrombin time (PT), platelet 
count, and sequential organ failure assessment (SOFA) was de-
scribed in Table 1,6 in which the SOFA score contained four items 
and was originally developed by an international group of experts 
to describe the time course of muitiple organ dysfunctions using 
a limited number of routinely measured variables.10 Meanwhile, 
in our previous study,3 higher D-dimer and PT on admission were 
associated with poor prognosis in patients with COVID-19. Hence 
these three parameters were included in this study and the results 
were recorded at the time the patient meeting the definition of 
severe COVID-19. Anticoagulant treatment group was defined as 

receiving unfractionated heparin or low molecular weight hepa-
rin (LMWH) for 7 days or longer,11 which was the most commonly 
used anticoagulant therapy for COVID-19 in our hospital.

The coagulation tests, including PT and D-dimer, were detected 
using a STA-R MAX coagulation analyzer and original reagents 
(Diagnostica Stago). The platelet counts were analyzed by a Sysmex 
XE-2100 hematology analyzer (Sysmex).

Normally and abnormally distributed quantitative variables were 
compared using the Student's t-test and the Mann-Whitney U test, 
respectively. Categorical variables were compared using the chi-
squared test. The results were given as the mean ± standard devia-
tion, median (interquartile range), or number (percentage), wherever 
appropriate. Categorical and consecutive variables were evaluated 
by logistic regression analysis for their ability to predict 28-day mor-
tality. A P value of < .05 was considered statistically significant. Data 
were analyzed using SPSS 21.0 for Windows (SPSS Inc).

3  | RESULTS

A total of 449 patients (181 females and 268 males) classified as 
severe COVID-19 were enrolled into the study from consecu-
tive 1786 confirmed cases. The mean age at disease onset was 
65.1 ± 12.0 years. Two hundred and seventy-two (60.6%) patients 
had one or more chronic underlying diseases, mainly including hy-
pertension (n = 177, 39.4%), diabetes (n = 93, 20.7%), and heart 
diseases (n = 41, 9.1%). Ninety-nine (22.0%) patients received 
heparin treatment for at least 7 days, in which 94 received LMWH 
(40-60 mg enoxaparin/d) and five received unfractionated heparin 
(10 000-15 000 U/d), no anticoagulants other than heparin had 
been used for 7 days or longer in our patients. All patients received 
antiviral and appropriate supportive therapies after admission. 
Ninety-seven (21.6%) patients met the SIC criteria (total score ≥ 4) 
when they were classified as severe cases. By the end of March 
13, 315 (70.2%) patients were still survived and 134 (29.8%) pa-
tients had died (Figure 1). No difference on the 28-day mortality 
was found between heparin users and nonusers (30.3% vs 29.7%, 
P = .910).

Essentials

• Heparin treatment has been recommended for COVID-
19, however, its efficacy remains to be validated.

• The 28-day mortality between heparin users and nonus-
ers were compared in stratified patients.

• The 28-day mortality of heparin users were lower 
than nonusers In patients with SIC score ≥ 4 or 
D-dimer > 3.0 μg/mL.

• Heparin treatment appears to be associated with 
better prognosis in severe COVID-19 patients with 
coagulopathy.

TA B L E  1   ISTH SIC scoring system

Item Score Range

Platelet count (×109/L) 1 100-150

2 <100

PT-INR 1 1.2-1.4

2 >1.4

SOFA score 1 1

2 ≥2

Total score for SIC ≥4  

Abbreviations: INR, International Normalized Ratio; SOFA, sequential 
organ failure assessment.
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The parameters of coagulation tests and clinical characteristics 
between survivors and nonsurvivors were compared (Table 2). Then 
these parameters were examined in a multivariate logistic regression 
model to identify independent correlative factor of 28-day mortality of 
severe COVID-19 (Table 3). The D-dimer, PT, and age were positively, 
and platelet count was negatively, correlated with 28-day mortality.

The association between heparin treatment and outcome in 
stratified patients according to SIC score or D-dimer result were 
evaluated (Table 4 and Figure 2). The heparin treat was associated 
with lower mortality in patients with SIC score ≥ 4 (40.0% vs 64.2%, 
P = .029), but not in those with SIC score < 4 (29.0% vs 22.6%, 
P = .419). Because patients were stratified by D-dimer result, the 

mortality in heparin users basically maintained at same level, but in 
nonusers, the mortality rose with the rising D-dimer. When D-dimer 
exceeding 3.0 μg/mL (6-fold of upper limit of normal, six ULN), ap-
proximate 20% reduction in mortality with heparin treat was found 
(32.8% vs 52.4%, P = .017).

4  | DISCUSSION

The dysfunction of endothelial cells induced by infection results in 
excess thrombin generation and fibrinolysis shutdown, which indi-
cated a hypercoagulable state in patient with infection,12,13 such as 

F I G U R E  1   The enrollment of patients 
with severe COVID-191786 consecutive

patients with COVID-19
entering Tongji hospital

1261 classified as mild
and moderate COVID-19

76 met the exclusion
criteria

449 classified as severe COVID-19

99 with heparin treat for 7 d
or longer

30 died within 28-d 104 died within 28-d

350 without heparin treat or
treating less than 7 d

TA B L E  2   Clinical and coagulation characteristics of patients being classified as severe COVID-19

Parameters Normal range Total (n = 449) Survivors (n = 315) Nonsurvivors (n = 134) P values

Age (years)  65.1 ± 12.0 63.7 ± 12.2 68.7 ± 11.4 <.001

Sex ratio (male/female)  268/181 178/137 90/44 .036

With underlying diseases  272 (60.6%) 181 (57.5%) 91 (67.9%) .136

Receiving heparin  99 (22.0%) 69 (21.9%) 30 (22.4%) .910

Meeting SIC criteria  97 (21.6%) 42 (13.3%) 55 (41.0%) <.001

Coagulation parameters

PT (s) 11.5-14.5 15.2 ± 5.0 14.6 ± 2.1 16.5 ± 8.4 <.001

Platelet count (×109/L) 125-350 215 ± 100 231 ± 99 178 ± 92 <.001

D-dimer (μg/mL) <0.5 1.94 (0.90-9.44) 1.47 (0.78-4.16) 4.70 (1.42-21.00) <.001
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COVID-19. In addition, the hypoxia found in severe COVID-19 can 
stimulate thrombosis through not only increasing blood viscosity, but 
also a hypoxia-inducible transcription factor-dependent signaling 
pathway.14 As evidence, occlusion and microthrombosis formation in 
pulmonary small vessels of critical patient with COVID-19 has been 
reported from a recent lung organ dissection.15 Hence, early appli-
cation of anticoagulant therapy in severe COVID-19 was suggested 
in China for improving outcome5; however, no specific inclusion or 
exclusion criteria has been pointed out so far. As anticoagulant was 
seldom used in early stage because of a lack of understanding of this 
disease, and increasingly used later during this outbreak of COVID-
19, we could retrospectively include enough cases to analyze the dif-
ference on outcomes between patients with and without receiving 
anticoagulant.

LMWH was the most commonly used anticoagulant in our hos-
pital for preventing DIC and VTE in patients, also because of its 
anti-inflammatory effect.16 Another reason is that other anticoagu-
lants, such as recombinant soluble thrombomodulin or antithrombin, 
is unavailable in China. The prophylactic dose of LMWH was used 
in most of our heparin users, bleeding complications were unusual 
and commonly mild, and it is not known if higher doses would have 
been better. Because the evidence suggests that the prevalence and 
genetic risk factors of VTE vary significantly among ethnic popula-
tions, and the incidence of VTE in Asian populations (21-29 cases 
per 100 000 individuals per year) is low,17,18 a higher dose of LMWH 
could be considered in non-Asian patients with severe COVID-19. 
However, the effectiveness of anticoagulant therapy for sepsis-as-
sociated DIC is still controversial19,20; even the Japanese guideline 
for management of sepsis is against the use of heparin or heparin an-
alogs as a standard treatment in sepsis-associated DIC,21 and some 
studies suggested that septic patients might just benefit from early 
recognition and specific treatment.22,23 As platelet counts decline 
and PT prolongation is correlated with increased mortality, and hy-
pofibrinogenemia is not common in sepsis, the ISTH developed the 
SIC criteria to guide anticoagulant therapy. The usefulness of this 
simple score has been validated previously.7

Because organ dysfunction is mainly limited in lung and virus 
is the main pathogen, the coagulation feature of severe COVID-19 
might not be identical with sepsis in general. Perhaps because of 
the reactively increased thrombopoietin following pulmonary in-
flammation,24 platelet count may not be a sensitive marker for co-
agulopathy of COVID-19, in current study, only 21.6% of patients 

TA B L E  3   Multivariate correlative factors of 28-day mortality in 
severe COVID-19

 

Multivariate analysis

Odds ratio (95% CI) P value

Age 1.033 (1.013-1.055) .002

Sex ratio 0.677 (0.425-1.078) .100

With underlying diseases 0.861 (0.538-1.379) .534

Treating with heparin 1.647 (0.929-2.921) .088

Prothrombin time 1.107 (1.008-1.215) .033

Platelet count 0.996 (0.993-0.998) .001

D-dimer 1.058 (1.028-1.090) <.001

Patients with

28-day mortality Univariate analysis

Treating with 
heparin, %

Nontreating with 
heparin, %

Odds ratio (95% 
CI) P value

SIC score ≥ 4 
(n = 97)

40.0 64.2 0.372 
(0.154-0.901)

.029

SIC score ≤ 4 
(n = 352)

29.0 22.6 1.284 
(0.700-2.358)

.419

D-dimer ≤ 1 ULN 
(n = 34)

33.3 9.7 4.667 
(0.320-68.03)

.260

D-dimer > 1 ULN 
(n = 415)

30.2 32.7 0.934 
(0.569-1.533)

.788

D-dimer > 2 ULN 
(n = 317)

32.1 36.9 0.810 
(0.477-1.375)

.435

D-dimer > 3 ULN 
(n = 253)

31.1 42.5 0.611 
(0.344-1.086)

.093

D-dimer > 4 ULN 
(n = 224)

33.3 44.5 0.623 
(0.345-1.127)

.118

D-dimer > 5 ULN 
(n = 190)

34.9 48.8 0.563 
(0.301-1.050)

.071

D-dimer > 6 ULN 
(n = 161)

32.8 52.4 0.442 
(0.226-0.865)

.017

D-dimer > 8 ULN 
(n = 150)

33.3 54.8 0.412 
(0.207-0.817)

.011

Abbreviation: ULN, upper limit of normal (0.5 μg/mL for D-dimer).

TA B L E  4   The association between 
heparin treatment and outcomes in 
stratified patients
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with severe COVID-19 met the SIC criteria, which suggested limited 
patients needing anticoagulant treat. However, as an indirect marker 
of coagulation activation, markedly elevated D-dimer (>6 ULN) also 
suggested benefit from heparin treat, in a larger group of severe pa-
tients (161 of 449, 35.9%).

Because the activation of coagulation also contributes to 
compartmentalization of pathogens and reduces their invasion,25 
anticoagulant treatment in patients without significant coagulop-
athy has potential risk. This may explain the relatively higher mor-
tality of heparin users compared with nonusers in patients with 
D-dimer ≤ 1 ULN, although the difference was not statistically 
significant (P = .260).

There were several limitations in the current study. First, po-
tential selection bias exists in this retrospective study; for instance, 
LMWH might tend to be used in patients with targeted symptom 
or medical history, which we have not controlled. Second, because 
insufficient medical resources at the early stage of the COVID-19 
outbreak in Wuhan, China, the severity and mortality of the included 
patients might not be representative. Third, the influence of other 
therapies on these patients has not been evaluated; in addition, as 
we enrolled patients over a 6-week period, It is possible that some 
nonpharmacological change has taken place in the management of 
patients as the doctors learned more about this disease over the 
period. Nonetheless, this study included a large critical patient 
population, and due to lack of specific drugs against the infection 
of SARS-CoV-2 up to now,26 the majority of patients with severe 
COVID-19 should have received similar supportive treatment after 
admission. Hence, we believe that the results of current study still 
have certain clinical significance.

In conclusion, a relatively high mortality of severe COVID-19 is 
worrying; our study suggests that anticoagulants may not benefit 
the unselected patients, instead, only the patients meeting SIC cri-
teria or with markedly elevated D-dimer may benefit from anticoag-
ulant therapy mainly with LMWH. Further prospective studies are 
needed to confirm this result.
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