
373

Song et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

Chinese expert consensus on diagnosis and treatment of 
coagulation dysfunction in COVID-19

Jing-Chun Song1*, Gang Wang2, Wei Zhang3, Yang Zhang4, Wei-Qin Li5*, Zhou Zhou4*, People’s Liberation Army 
Professional Committee of Critical Care Medicine, Chinese Society on Thrombosis and Haemostasis

Abstract

Since December 2019, a novel type of coronavirus disease (COVID-19) in Wuhan led to an outbreak throughout 
China and the rest of the world. To date, there have been more than 1,260,000 COVID-19 patients, with a mortality 
rate of approximately 5.44%. Studies have shown that coagulation dysfunction is a major cause of death in patients 
with severe COVID-19. Therefore, the People’s Liberation Army Professional Committee of Critical Care Medicine and 
Chinese Society on Thrombosis and Hemostasis grouped experts from the frontline of the Wuhan epidemic to come 
together and develop an expert consensus on diagnosis and treatment of coagulation dysfunction associated with a 
severe COVID-19 infection. This consensus includes an overview of COVID-19-related coagulation dysfunction, tests 
for coagulation, anticoagulation therapy, replacement therapy, supportive therapy and prevention. The consensus 
produced 18 recommendations which are being used to guide clinical work.
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and Hemostasis gathered experts from the epidemic frontline 
of Wuhan to establish a committee to reach a consensus. 
This consensus includes an overview of COVID-19-related 
coagulation dysfunction, coagulation tests, anticoagulation 
therapy, replacement therapy, supportive therapy and 
prevention. There are 18 recommendations which are being 
used to provide guidance for relevant clinical work.

Overview
Recommendation 1: Severe COVID-19-related coagulation 
dysfunction has a pathological basis
Novel coronaviruses belonging to the β-type coronavirus 
and SARS viruses both utilize the S protein to bind to an 
angiotensin converting enzyme (ACE) 2 protein on the cell 
surface membrane, in order to enter into human cells[6]. 
However, the S protein trimeric structure of the novel 
coronavirus is more likely to bind to the ACE2 protein on the 
cell surface, resulting in the novel coronavirus S protein having 
a 10 to 20 times higher affinity to ACE2 when compared 
to the SARS virus[7]. ACE2, the main target of the novel 
coronavirus, is mainly distributed in the heart, lungs, kidneys, 
testes, and digestive tract[8]. Therefore, the pathological 
results showed that SARS-CoV were detected in alveolar 
type II epithelial cells, monocytes, digestive tract epithelial 
cells, distal renal tubules epithelial cells, skin sweat gland 

Background
Since December 2019, an outbreak of coronavirus disease 
2019 (COVID-19) in Wuhan, China, has spread throughout 
the world[1]. On February 11, 2020, the Coronavirus Study 
Group (CSG) of the International Committee on Taxonomy 
of Viruses (ICTV) officially named the novel coronavirus that 
caused this COVID-19 epidemic as ‘severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)’[2]. As of April 5, 
there has been 1,267,174 cases of COVID-19 worldwide, 
of which 68,931 patients have died, with a mortality rate of 
approximately 5.44%[3]. Coagulation dysfunction is one of the 
major causes for death in patients with severe COVID-19[4]. 
Previous studies have shown that 71% of the patients who 
died have met the criteria set by the International Society on 
Thrombosis and Haemostasis (ISTH) for the diagnosis of 
disseminated intravascular coagulation (DIC)[5]. Therefore, 
the People’s Liberation Army Professional Committee of 
Critical Care Medicine and Chinese Society on Thrombosis 
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cells, parathyroid and pituitary eosinophils, adrenal cortex 
cells, gastric parietal cells, pancreatic acinar cells and tracheal 
serous gland cells. Different from SARS-CoV, SARS-CoV-2 
were mainly detected in alveolar type II epithelial cells and 
pulmonary macrophages, and partly in hilar lymph nodes, 
spleens and testes[9]. Coronavirus has an extensive tissue 
distribution, causing a high number of proinflammatory 
cytokines to be released, promoting a systemic inflammatory 
response syndrome (SIRS), accelerating cell death in the lungs, 
livers, heart, kidneys and the adrenal parenchymal organs, 
which can ultimately lead to multiple organ dysfunction 
syndrome (MODS)[10]. As inflammatory reactions occur in 
the all organs of the body, the microvascular system is damaged, 
leading to abnormal activation of the coagulation system, which 
pathologically manifests as generalised small vessel vasculitis and 
extensive microthrombosis[9, 11]. Previous study has shown that 
an abnormal urokinase pathway can cause a SARS-CoV-induced 
lung injury[12], and suggested that the interaction between 
novel coronavirus, coagulation and fibrinolytic systems has a 
complicated molecular mechanism, which requires further study.

Evaluation of blood coagulation function
Recommendation 2: The past medical history should be 
fully understood and the patients’ coagulation function 
should be accurately evaluated in severe COVID-19 
patients.
The epidemiological analysis of 72,314 cases of COVID-19 
in China conducted by Chinese Center for Disease Control 
demonstrated that most of the deaths related to COVID-19 
were aged more than 60 years with underlying conditions such 
as hypertension, coronary heart disease, diabetes, etc.[13]. 
Current consensus of COVID-19 included patients aged 65 
years or those complicated with severe chronic underlying 
diseases (such as hypertension, diabetes, coronary heart 
disease, malignancy, structural lung disease, pulmonary 
heart disease and immunosuppression) as critically il l 
individuals[14]. The COVID-19 patients who having serious 
underlying conditions might be at high risk of coagulation 
dysfunction. Therefore, obtaining the details of severe 
COVID-19 patients is necessary (Table 1).

Table 1　Underlying conditions that may cause coagulation dysfunction

Cause Disease type
Factors that increase the risk of bleeding Hereditary coagulation factor deficiency (such as hemophilia), fibrinogen reduction, platelet 

deficiency, etc.
Acquired clotting factor reduction, hyperfibrinolysis, thrombocytopenia, etc.

History of taking anticoagulant or antiplatelet drugs

Diseases such as bronchiectasis, peptic ulcer, liver cirrhosis and hemorrhoids

24 h after severe trauma or surgery
Factors that cause thromboembolism Congenital deficiency of anticoagulants (e.g., antithrombin (AT) deficiency, protein C/S 

deficiency)
Diabetes, systemic lupus erythematosus, antiphospholipid syndrome, systemic vasculitis and 
other underlying diseases which have vascular endothelial cells damage
History of thrombotic diseases such as venous thrombosis, cerebral thrombosis, arterial 
embolism, myocardial infarction
A state of shock

Bed-ridden

Surgery

Complications with acute infections

Recommendation 3: Routine coagulation tests are 
recommended to screen coagulation function for severe 
COVID-19 patients
Routine coagulation tests include: 1) Evaculation of exogenous 
coagulation system status assessment: prothrombin time 
(PT) or International Standardized Ratio (INR). Prolonged 
PT or INR indicates an abnormal quantity or quality of 
coagulation factors in the exogenous coagulation system, or 
the presence of anticoagulants in the blood. 2) Evaculation of 
endogenous coagulation system status assessment: activated 

partial thromboplastin time (APTT). A prolonged APTT 
indicates an abnormal quantity or quality of coagulation 
factors in the endogenous coagulation system, or the presence 
of anticoagulant substances in the blood. A shortened APTT 
indicates the hypercoagulable status. APTT can also be used 
to determine heparin dosage. 3) Evaluation of common 
coagulation pathways: thrombin time (TT) and fibrinogen. 
Prolonged TT and normal fibrinogen level indicates the 
presence of anticoagulant substances in the blood. Prolonged 
TT and decreased fibrinogen level suggest hypofibrinogenemia.  
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4) Evaluation of fibrinolytic system: D-dimers (DD) and fibrin 
degradation products (FDP). Increased DD and FDP suggests 
the fibrinolytic system activity. 5) Platelet (PLT) count: if 
the number of PLT decreases, the risk of bleeding increases; 
if the number of PLT increases, PLT are prone to adhesion, 
aggregation and release reactions, increasing the risk of platelet 
thrombosis.

The retrospective analysis of 99 COVID-19 patients 
conducted by Wuhan Jinyintan Hospital showed that 36% 
of the patients showed an elevated DD, 16% showed a 
reduced APTT, 6% showed an extended APTT, 30% showed a 
shortened PT and 30% showed an extended PT[15]. Professor 
Tang, an expert on the committee, conducted a retrospective 
analysis of the routine coagulation parameters of 183 patients 
with COVID-19, and found that plasma FDP and DD in non-
survivors were significantly higher than those in survivors; PT 
and APTT were significantly prolonged[5]. A retrospective 
analysis of 138 COVID-19 patients by Professor Peng also 
confirmed that D-dimers increased after admission[16]. 
Previous studies evidenced that elevated DD is an independent 
risk factor for acute respiratory distress syndrome (ARDS) and 
mortality in COVID-19 patients[4].
R ecommendation 4: ISTH/CD CC DIC scores are 
recommended to diagnose COVID-19-related coagulation 
dysfunction
DIC is a secondary syndrome characterized by intravascular 

coagulation due to local damage. It is a manifestation 
of coagulation failure and an intermediate link in the 
development of multiple organ failure (MOF). Professor 
Tang’s retrospective analysis of 183 patients with COVID-19 
showed that DIC occurred in 74.1% nonsurvivors and 0.6% 
survivors[5]. Presently, DIC is based mainly on the diagnostic 
criteria of the Scientific and Standardization Committee (SSC) 
of the ISTH. The parameters of DIC diagnostic scoring system 
included PT, PLT, fibrinogen and DD. A score of ≥5 can be 
diagnosed as overt DIC and <5 is diagnosed as non-overt DIC, 
which would need to be evaluated daily[17] (Table 2). In 
2017, the Thrombosis and Hemostasis Group of the Chinese 
Medical Association Hematology Branch recommended 
the Chinese DIC scoring system (CDSS), which added the 
primary disease and revised the diagnostic thresholds[18, 19].
Recommendation 5: Viscoelastic tests are recommended 
for severe COVID-19 patients with coagulation dysfunction
The viscoelastic tests use whole blood to reflect the coagulation 
status of patients with existing coagulation dysfunction 
fully and accurately[20]. Therefore, it is recommended that 
viscoelastic tests are used to evaluate the coagulation function 
of severe COVID-19 patients. Viscoelastic coagulation tests 
mainly include a thromboelastograph (TEG) and a coagulation 
and platelet function analyzer (Sonoclot@ or Centuryclot@). 
The main indicators of TEG include R-time for coagulation 
factor activity, α angle and k-time for fibrinogen function, 

Table 2　Diagnostic criteria for DIC

Index Score ISTH CDSS

PLT (×109/L) 0 >100 >100

1 ≤100 80–100

24 h decrease ≥50%

2 ≤50 <80

PT/APTT (s) 0 PT extension <3 PT extension <3 and APTT extension <10

1 PT extension ≥3 and <6 PT extension ≥3 or APTT extension ≥10

2 PT extension ≥6 PT extension ≥6

Fibrin-related indicators, (μg/ml) 0 DD <2.5

1 <5

2 Moderate increase, 2.5 ≤ DD <5.0 5 ≤ DD <9

3 Severe increase, DD ≥5.0 ≥9

Fibrinogen (g/L) 0 ≥1.0 ≥1.0

1 <1.0 <1.0
Underlying disorder known to be associated 
with DIC 0 Necessary

2 Presence

Clinical manifestation 1
Abnormal bleeding;unexplained organ failure; 
shock or microcirculatory disorder (meet 
anyone 1 point)

Total score ≥5 ≥7
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MA for platelet function, and LY30% for fibrinolytic function. 
The main indices of Sonoclot or Centuryclot include: 
ACT indicates coagulation factor function, CR indicates 
fibrinogen function, and PF indicates platelet function. TEG 
and Sonoclot/Centuryclot can accurately assess the overall 
coagulation status of patients. TEG and Sonoclot/Centuryclot 
show a good correlation with the assessment of coagulation 
factors, fibrinogen and PLT of critically ill patients. Moreover, 
Sonoclot/Centuryclot show more sensitivity in monitoring 
coagulation factors and platelet function. TEG has great 
advantages in monitoring fibrinolytic function[21].

Anticoagulation therapy
Recommendation 6: Anticoagulant therapy can be 
utilized without anticoagulant contraindications in severe 
COVID-19 patients with thrombosis
Severe COVID-19 patients with a thromboembolic disease are 
more likely to be hypercoagulable state. Routine coagulation 
assays may show shortened PT or APTT in these patients[15], 
and viscoelastic tests may show coagulation factors and 
platelet hyperfunction[22]. The significant increasing in DD 
also indicates the possibility of thrombosis, represented as 
thrombosis events such as deep vein thrombosis, pulmonary 
embolism, myocardial infarction and cerebral infarction. 
Anticoagulant therapy is recommended without anticoagulant 
contraindications. Parenteral anticoagulant drugs are preferred, 
with choice of drug and dosage depending on the location and 
severity of the embolism[23].
Recommendation 7: In severe COVID-19 patients with 
coagulation dysfunction, anticoagulant therapy using 
unfractionated heparin/low-molecular weight heparin 
are recommended to reduce the depletion of coagulation 
substrates
Severe COVID-19 patients can activate the coagulation 
pathway because of inflammatory cytokine storms, which 
can cause excessive consumption of coagulation factors and 
platelets[16]. Moreover, excessive depletion of coagulation 
substrates causes coagulation dysfunction leading to the 
development of DIC and even MOF. In order to reduce the 
coagulation substrate depletion, some experts suggested 
general COVID-19 patients should be given 1 to 2 doses 
of low molecular heparin daily, until the patient’s DD level 
returns to normal. Once FDP ≥10 g/ml and/or DD ≥5 μg/ml, 
unfractionated heparin (3–15 IU/kg per hour) should be used. 
The coagulation function and platelets must be reevaluated 4 
hours after the initial heparin treatment[24]. Some researchers 
have conducted a retrospective analysis of patients with 
COVID-19 and discovered that using low-molecular-weight 

heparin (LMWH) anticoagulation for patients with a DD 
value greater than 6 times can significantly reduce mortality, 
compared with those who have not received low-molecular-
weight heparin treatment (not published). However, this 
treatment plan currently requires more evidence.

For severe COVID-19 patients with coagulation dysfunction, 
unfractionated heparin/LMWH are recommended for 
anticoagulant therapy[25]. Unfractionated heparin has the 
advantages of a short half-life, a convenient monitoring 
process and the fact that it can be neutralized with protamine. 
Therefore, it is recommended that unfractionated heparin 
should be the first choice. It is also recommended that 
unfractionated heparin should be administered intravenously. 
The dosage should be determined according to the coagulation 
function and organ function. Those with severe coagulation 
dysfunction can start with a low dose [1 U/(kg∙h)] and use 
laboratory indicators to guide titration. LMWH is not easy 
to adjust or monitor due to its long half-life, therefore it is 
recommended only to be used in mild to moderate coagulation 
dysfunction. The initial dose is generally recommended to be 
given as 1 mg/kg q12h intravenously or subcutaneously, and 
the dosage should be monitored according to anti-Xa activity 
with the target range of 0.6-1.0 IU/ml. LMWH is metabolized 
by the kidneys, and therefore, patients with kidney dysfunction 
need to be monitored. The ATIII activity of severe COVID-19 
patients should be maintained at >80%, otherwise it may affect 
the effect of the anticoagulant. If ATIII activity is reduced, it 
can be increased by supplementing fresh frozen plasma.
Recommendation 8: In severe COVID-19 patients with 
coagulation dysfunction, a TEG heparinase comparison 
test is recommended to monitor unfractionated heparin 
dosage
Most COVID-19 patients with coagulation dysfunction receive 
heparin. Routine coagulation and viscoelastic tests reflect the 
combined results from coagulation dysfunction and heparin 
administration. Therefore, it is difficult to make an accurate 
assessment of real coagulation function clinically. The TEG 
heparinase comparative test is recommended to evaluate the 
coagulation function of severe COVID-19 patients undergoing 
heparin anticoagulation therapy and to monitor unfractionated 
heparin dosage[26]. The TEG heparinase comparison test 
requires the control tube and the heparinase tube to be tested 
at the same time. The control test represents the combined 
effects of the patient’s own coagulation dysfunction and the 
effect of heparin. The heparinase tube test can accurately reflect 
the patient’s own coagulation status by breaking down heparin 
in the blood, and thus can be used to titrate the heparin 
dosage. It is generally recommended that the ratio of the R 
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time in the control tube to the R time in the heparinase tube is 
approximately 2[27].
Recommendation 9: For severe COVID-19 patients with 
coagulation dysfunction requiring continuous renal 
replacement therapy, unfractionated heparin/LMWH 
for systemic anticoagulation or no anticoagulation is 
recommended
In continuous renal replacement therapy (CRRT), anticoagulation 
methods can be divided into systemic anticoagulation, local 
anticoagulation and no anticoagulation. Systemic anticoagulation 
is a method that reduces the blood coagulation by using 
anticoagulant drugs intravenously. Local anticoagulation is 
a method that only reduces the blood coagulation in the 
extracorporeal circuit without affecting the blood coagulation 
in the body. If circuit anticoagulation is the goal, local 
anticoagulation or systemic anticoagulation can be used. If 
patient anticoagulation is the goal, systemic anticoagulation 
is recommended to alter the coagulation status for treatment 
of the primary disease. To avoid an increased risk of bleeding, 
the dose of anticoagulant drugs needs to be adjusted according 
to the patient’s coagulation status. The recommended dose of 

unfractionated heparin is shown in Table 3. The blood status of 
the patient needs to be monitored within 6 h of anticoagulant 
administration, and then monitored regularly depending on 
the severity of their condition. A TEG heparinase comparison 
test is recommended to titrate unfractionated heparin dosage 
with the R/Rh ratio as 2[27]. It is a good method to titrate 
the dose of unfractionated heparin according to the change of 
APTT, TEG R-time or Sonoclot/Centuryclot ACT from the 
previous base value. Protamine can be considered in the case 
of a severe heparin overdose.

The use of low-molecular-weight heparin can be repeated 
with a bolus or by continuous pumping. It is recommended 
that a repeated bolus should initially be an intravenous dose 
of 60-80 IU/kg, taken 20-30 min before treatment, with an 
additional intravenous dose of 30-40 IU/kg taken every 4-6 
hours. The additional doses should be gradually reduced as 
the treatment period goes on. The activity of plasma anti-Xa 
should be monitored and maintained at 0.3 IU/ml, and the 
LMWH dose should be adjusted based on the results. The 
LMWH rate of continuous pumping also needs to be adjusted 
based on the measurements of the plasma anti-Xa activity.

Table 3　Different heparin anticoagulant doses determined by the risk of bleeding

Loading dose (IU/kg) Maintenance dose IU/(kg∙h) INR APTT (s) PLT (×109/L)

30-50 10 ≤1.5 ≤40 ≥150

20–40 5 >1.5 but ≤2.5 >40 but ≤60 <150 but ≥70

No Citrate anticoagulation or no anticoagulation >2.5 >60 <70

Recommendation 10: Topical citrate anticoagulation is 
recommended for severe COVID-19 patients with active 
bleeding who require CRRT
Severe COVID-19 patients with active bleeding who require 
CRRT should be treated with local citrate anticoagulation to 
avoid aggravating coagulation disorders. 4% trisodium citrate 
solution should be continuously administered before the filter 
at a dose of 1.2 to 1.5 times the blood flow rate (ml/min). 
The citric acid concentration before the filter should reach 
3 to 4 mmol/L, the free calcium after the filter should be 
maintained at 0.25-0.35 mmol/L and the venous free calcium 
should be at 1.1-1.35 mmol/L. The citric acid dose should 
be adjusted depending on the concentration of the ionized 
calcium concentration after the filter, and the calcium chloride 
or calcium gluconate solution dose should be adjusted 
depending on the serum ionized calcium concentration in the 
body[28].
Recommendation 11: For severe COVID-19 patients 
w ith coagulation dy sf unction requir ing ex ter nal 
membrane oxygenation therapy, unfractionated heparin 

is the preferred anticoagulant and there should be more 
monitoring of their coagulation status
Severe COVID-19 cases are mainly defined by the damage 
done to the lungs. Extracorporeal Membrane Oxygenation 
(ECMO) is an important treatment method for critically ill 
COVID-19 patients. Heparin is the most commonly used 
anticoagulant in ECMO adjuvants, but it also increases the 
risk of bleeding[29]. Bleeding in severe COVID-19 patients 
with coagulation dysfunction is more common at surgical 
incision or ECMO intubation sites, in the nose and in airways. 
Gastrointestinal bleeding can also occur, the most serious of 
which is intracranial bleeding. Therefore, in severe COVID-19 
patients with coagulation dysfunction, there needs to be 
increased monitoring of the coagulation function during 
ECMO adjuvants. Monitoring methods commonly involve 
activated clotting time (ACT) and APTT. ACT should be 
maintained at 180-220 s and/or ACT and APTT should be 
maintained at 1.5 times the normal upper limit. The TEG 
heparinase comparison test is also applicable to ECMO 
anticoagulation monitoring[30].
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For detailed methods refer to ‘Recommendation 8’. If the 
anti-Xa activity is used to monitor the heparin dose, it is 
recommended that Xa activity be maintained at 0.3-0.7 IU/ml. 
During ECMO plus CRRT treatment, anticoagulation strategy 
and monitoring are similar to receiving ECMO only.
Recommendation 12: If heparin-induced thrombocytopenia 
occurs in severe COVID-19 patients, the anticoagulant 
argatroban/bivalirudin is recommended
Heparin-induced thrombocytopenia (HIT) is a disease 
caused by platelet-activated antibodies during treatment with 
heparin. It mainly manifests as thrombocytopenia, as well as 
venous and arterial thrombosis, and even death. Literature 
review shows that the incidence of HIT is approximately 
0.1% to 5.0%, and the incidence is higher with unfractionated 
heparin use than with LMWH use[31]. HIT is mainly caused 
by platelet factor 4 (PF4)-heparin complex, which stimulates 
immune cells to produce PF4-heparin complex antibodies 
(i.e., HIT antibodies), which in turn leads to persistent platelet 
activation, activation of the coagulation pathway, platelet 
thrombosis, and fibrin thrombus. If a severe case of COVID-19 
leads to a decrease in the platelet count at >50% of the basal 
value and/or shows signs of arteriovenous thrombosis 
after an administration of heparin, the 4T’s score or HIT 
antibody can be used to diagnose HIT. The 4T's score is a 
validated clinical prediction tool for HIT, and it is composed 
of elements related to the degree of thrombocytopenia, the 
time to thrombocytopenia from heparin product exposure, 
the associated thrombotic complications and the concurrent 
presence of other potential etiologies of thrombocytopenia. A 
score ≤3 is classified as low likelihood of HIT, 4-5 is moderate, 
and 6-8 is highly possible. The diagnosis can be essentially 
confirmed if the 4T’s score is ≥4 and the HIT IgG-specific 
antibody is positive[32].

For patients with a high likelihood of or confirmed HIT, 
the use of heparin should be discontinued and they should be 
switched to non-heparin anticoagulants such as argatroban 
or bivalirudin[33]. 1) Argatroban: Patients who are allergic 
to heparin or HIT can choose argatroban anticoagulation. 
Argatroban is a direct thrombin inhibitor that is metabolized 
in the liver and can cause a significant increase in TT. The 
recommended dose starts with an intravenous argatroban 
infusion [0.2–0.5 μg/(kg∙min)], and the dose should be 
adjusted based on the dynamic change of APTT, TEG R-time, 
Sonoclot/Centuryclot ACT value. In patients with moderate 
liver dysfunction and heart failure, argatroban should be initially 
administered by an intravenous infusion at 0.5–1.2 μg/(kg∙min). 
In the case of multiple organ dysfunction, argatroban can be 
administered by intravenous infusion at 0.2–0.5 μg/(kg∙min). 

2) Bivalirudin: The effective anticoagulant component is a 
hirudin derivative fragment which directly and specifically 
inhibits thrombin activity. The effect is short-lived (half-life 
25–30 min) and reversible. It can be applied to patients with 
HIT or suspected HIT. The starting dose is 0.05 mg/(kg.h) and 
this should be adjusted depending on the APTT, TEG R-time 
or dynamic changes in Sonoclot/Centuryclot ACT values.

Replacement treatment
Recommendation 13: Goal-directed replacement therapy 
is recommended for severe COVID-19 patients with 
coagulation dysfunction
Goal-directed replacement therapy is recommended for severe 
COVID-19 patients with coagulation dysfunction, which 
involves routine coagulation indicators, TEG parameters and 
Sonoclot/Centuryclot indices[34].

When PT or APTT is prolonged by >1.5 times, or TEG 
R-time is >10 min, or Sonoclot/Centuryclot ACT is >240 s 
(anticoagulated whole blood), fresh frozen plasma should 
be infused at 15 to 30 ml/kg as soon as possible. After the 
infusion, coagulation indicators can be dynamically monitored 
to determine the additional infusion dose. If an excessive 
fluid load is present in the patient, coagulation factors can be 
supplemented in combination with prothrombin complex 
concentrate[35]. If fibrinogen <1.5 g/L, or TEG functional 
fibrinogen level test indicator FFma is <10 mm or Sonoclot/
Centuryclot CR is <10, cryoprecipitated fibrinogen (10 ml/kg) 
or human f ibrinogen (30–50 mg/kg) can be infused. 
Coagulation indicators can be dynamically monitored to 
maintained the plasma fibrinogen at least 1.5 g/L by the 
additional infusion[36].

For severe COVID-19 patients who are not bleeding, 
platelet transfusion is recommended if the platelet count is 
<20×109/L; for severe COVID-19 patients who intend to 
undergo a lumbar puncture or present with active bleeding, 
platelet transfusion is recommended if the platelet count 
is <50×109/L; for severe COVID-19 patients undergoing 
ECMO, platelet transfusion is recommended if the platelet 
count is <80×109/L[30, 37]. Previous studies have shown 
that the use of platelet count as an indication for platelet 
transfusions has not been shown to improve the outcomes of 
critically ill patients[38]. However, the use of platelet function 
indicators to guide platelet transfusions in critically ill patients 
with thrombocytopenia may be beneficial for improving 
the outcome of these patients[39]. Studies have shown that 
platelet transfusion is recommend if TEG MA <43 mm[40] 
or Sonoclot/Centuryclot PF <1[41]. For patients receiving 
antiplatelet therapy, platelet transfusion is recommended in 
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cases of persistent bleeding with platelet dysfunction and 
even thrombocytopenia[42]. The platelet transfusion amount 
should be individualized, taking into account the patient’s 
weight, spleen function, and other depletion factors. The dose 
is generally 1 unit of apheresis platelets or an equivalent dose of 
platelet concentrate per dosing; ≥2 units of apheresis platelets 
may be transfused in the case of severe lifethreatening bleeding. 
After the infusion, the dose should be evaluated and adjusted 
according to the effect. The goal is to transfuse the minimum 
dose required to maintain the platelet count target. One unit 
of platelet transfusion can theoretically increase platelets from 
4×109/L to 8×109/L (70 kg) in adults.
Recommendation 14: If bleeding is not effectively stopped 
after active replacement therapy in severe COVID-19 
patients, recombinant factor VII is recommended
If hemorrhage is not effectively stopped by active replacement 
therapy and a hypocoagulation state is still indicated by 
coagulation monitoring, recombinant factor VII (rVII) 
can be used. In order to more effectively stop the bleeding, 
the following conditions must be met when using rVII: 1) 
Acidosis, hypothermia, and hypocalcemia should be corrected; 
2) Hematocrit <24%, platelet count <50×109/L, fibrinogen 
<1.5 g/L. The initial dose of rVII should be 100–200 μg/kg. 
Depending on the state of the bleeding, rVII 100 μg/kg can 
be given at intervals of 2 hours. The drug can be discontinued 
based on the amount of bleeding and the coagulation test 
results[43].

Supportive treatment
Recommendation 15: In severe COVID-19 patients with 
coagulation dysfunction experiencing liver failure, plasma 
exchange is recommended
Severe COVID-19 patients with hepatic encephalopathy of 
grade II or higher and the following manifestations can be 
diagnosed with acute liver failure[44]: 1) obvious digestive 
symptoms such as anorexia, abdominal distension, nausea or 
vomiting; 2) progressive jaundice with serum total bilirubin 
≥10 times the normal upper limit in short time or a daily 
increase ≥17 μmol/L; 3) prothrombin activity ≤40% or an 
INR ≥1.5 excluding the other causes; 4) progressive liver 
shrinkage.

In severe COVID-19 patients with coagulation dysfunction 
experiencing liver failure, artificial liver support system (ALSS) 
is recommended. Plasma exchange is a widely used and 
effective treatment in ALSS. Therapeutic PE is a process by 
which plasma is separated from blood cells by centrifugation or 
membrane separation, discarded, and then replaced by fresh-
frozen plasma. Large-molecular-weight substances including 

autoantibodies, immune complexes, cholesterol, bilirubin, 
drugs and poisons, are removed from the plasma by PE[45]. 
At the same time, coagulation factors are supplemented to 
improve the coagulation status of the critically ill patients. 
Previous studies have confirmed that in septic shock patients 
using large doses of vasoactive drugs to maintain blood 
pressure, early plasma exchange can decrease the dosage of 
vasoactive drugs, remove inflammatory cytokines, reduce 
capillary leakage and platelet consumption[46, 47].

If plasma is suff icient,  PE should be performed in 
combination with plasma adsorption, perfusion and/or 
hemofiltration [plasma exchange volume (L)=body mass (kg) 
(1/13) (1-hematocrit/100)]. If plasma is deficient, PE 
should be performed with more than 2000 ml plasma. If 
plasma is unavailable or less than 2000 ml, plasma adsorption, 
perfusion, hemofiltration and their combination therapy are 
recommended[48]. Viscoelastic tests are recommended to 
evaluate coagulation function and monitor anticoagulation 
therapy in critically ill patients with liver failure[49].

Prevention
Recommendation 16: For severe COVID-19 patients with 
coagulation dysfunction, heparin flush during vascular 
access placement should be avoided
Severe COVID-19 patients are often inserted central venous 
catheters (CVCs) for treatment. CVCs can be used for 
monitoring hemodynamic status, administration of parental 
nutrition, drugs and blood products, and performing of 
hemodialysis. Sometimes invasive intraarterial blood pressure 
monitoring should be performed for hemodynamically 
unstable patients. To maintain the potency of vasular access 
devices, repeated heparin flushes are recommended by the 
current guidelines. However,heparin increases clotting times 
and may result in fatal hemorrhages when doses are too 
high[50]. Frequent heparin flushing also affects the result 
of coagulation tests and disturbs the monitoring of heparin 
dosage[51]. Therefore, this consensus recommends avoiding 
heparin flush during vascular access placement for severe 
COVID-19 patients with coagulation dysfunction.
Recommendation 17: For severe COVID-19 patients with 
coagulation dysfunction, the infusion dose of crystalloids 
and sy nthetic colloid should be controlled w hile 
maintaining adequate tissue perfusion
Previous studies have shown that Sonoclot was used to detect 
the coagulation status of healthy people after an input of 1 L 
of normal saline or succinyl gelatin. Normal saline can cause 
an average CR increase of 6% and an average ACT shortening 
of 15%, with an overall tendency towards hypercoagulation. 
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However, succinyl gelatin can lead to an average CR reduction 
of 12% and an average peak time extension of 96%, with 
an overall tendency towards hypocoagulation[52]. As the 
fluid volume increases, coagulation dysfunction is further 
exacerbated because of dilution effect[53]. Additionally, 
isovolumetric dilution results in a significant decrease in 
platelet aggregation[54]. Therefore, severe COVID-19 patients 
with coagulation dysfunction should have strict controls 
over the excessive infusion of fluids, especially synthetic 
colloids[55].
Recommendation 18: Influencing factors of coagulation 
dysfunction need to be actively controlled for severe 
COVID-19 patients during extracorporeal life support
Extracorporeal life support (ECLS) refers to the use of 
equipment in vitro to partially or completely replace organ 
functions to provide life support in case of lifethreatening 
organ dysfunction. In a broad sense, ECLS includes ECMO 
that supports cardiopulmonary functions, RRT that supports 
renal function and ALSS that supports liver function[56].

During ECLS, the continuous contact between blood and 
external artificial surface materials leads to the activation of 
the coagulation system. The balance between coagulation and 
anticoagulation are affected, resulting in additional depletion of 
platelets and coagulation factors[57]. Anticoagulant drugs that 
prevent coagulation in the circuit may also affect the patient’s 
coagulation state, increasing the risk of bleeding-induced 
thrombocytopenia or inducing HIT[58]. Guru et al.[59] 
reported that thrombocytopenia occurred in 65% of critically ill 
patients who planned to receive CRRT, and thrombocytopenia 
occurred in another 20% of patients during CRRT. Patients 
with CRRT using heparin anticoagulation have more 
significant platelet decline than patients without CRRT using 
heparin anticoagulation. The 4T’s scores indicate that most 
patients meet the diagnostic criteria for HIT, yet their positive 
antibody rate is not significantly high[60]. Choi et al.[61] 
reported that the rate of thrombocytopenia in patients 
receiving ECMO is as high as 83%. VA-ECMO is more likely 
than VV-ECMO to cause thrombocytopenia, because of 
platelet consumption caused by membrane oxygenator induced 
vWF aggregation[62]. The incidence of HIT can reach 20% 
during ECMO. Most patients show positive PF4 antibodies 
when treated with ECMO. The diagnosis of HIT needs to be 
considered if the ECMO circuit is frequently abnormal, the 
platelets progressively decrease and there are high levels of PF4 
specific IgG antibodies[63].

Therefore, during ECLS, it is necessary to comprehensively 
assess the coagulation function, properly select anticoagulation 
strategies, positively control the factors of coagulation 

dysfunction. The specific targets are as follows: platelet count 
above 100×109/L; prolonged PT less than 5 s; fibrinogen 
above 2 g/L; ATIII activity above 80%[30]. If ATIII cannot be 
monitored and a larger dose of unfractionated heparin is given 
to achieve anticoagulation effect, ATIII deficiency should be 
considered and fresh frozen plasma can be given. If significant 
coagulation dysfunction or active bleeding occurs during 
ECLS, the anticoagulation therapy can be stopped when 
necessary[64].
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