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Welcome

National Emerging Special Pathogens 
Training and Education Center

To increase the capability of the United States public health and 
health care systems to safely and effectively manage individuals 

with suspected and confirmed special pathogens

For more information

Please visit us at www.netec.org
or email us at info@netec.org

Mission Statement

http://www.netec.org/
mailto:info@netec.org
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COVID-19 Coagulopathy

COVID-19 Coagulopathy

Mild Thrombocytopenia

N Tang et al. JTH 2020; 18(4): 844-847
H. Fogarty et al. Br J Haem. 2020; 189(6): 1044-1049
Panigada M et al. JTH 2020. https://doi.org/10.1111/jth 

Mild elevation of Prothrombin Time 

Elevated fibrinogen

Elevated D-dimer

Increased risk of thrombosis

Overt disseminated intravascular coagulopathy 
(DIC), with hyperfibrinolytic/bleeding phenotype 
is rare and develops in late stages of the disease
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COVID-19 and Thrombotic Disease

B. Bikdeli et al. J Am Coll Card. 2020; 75: 2950-73



COVID-19 Coagulopathy

Burden of Thrombosis

STUDY, 
COUNTRY

DESIGN POPULATIO
N

N TPX SCREENIN
G

VTE RATE

Cui, China Retrospective ICU 81 No No 25%
Helms, France Prospective ICU 150 Yes No 16.7%* vs 2.1%
Klok, The 
Netherlands

Retrospective ICU 184 Yes No 31%

Llitjos, France Retrospective ICU 26 Yes Yes 69%
Lodigiani, Italy Retrospective Inpatient 388 Yes No 21%
Poissy, France Retrospective ICU 107 Yes No 20.6%* vs 6.1%
Thomas, United 
Kingdom

Retrospective ICU 63 Yes No 29%

*Pulmonary Embolism only
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Autopsy Evidence

D.Wichmann et.al, Germany

Alveolar 
damage

Organizing 
microthrombus

D. Wichmann et al. Ann Int Med doi.10.7326/ M20-2003, L. Carsana et al. The Lancet infect dis. 2020

Prospective Study

Compare clinical findings with data 
from autopsy

Results

7/12 patients had unsuspected bilateral DVT

4/7 died from PE

6/9 men had fresh thrombi in 
prostatic venous plexus

B

250 µm
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Laboratory Predictors of Thrombosis

Marker
(Median)

No thrombotic/ 
bleeding complication 

(n=347)

Thrombotic 
complication

(n=38)
P value

D-dimer
• Initial 
• Minimum
• Peak

891
760

1377

1538
1336
4001

.0002

.0006
<.0001

Fibrinogen
• Initial 
• Minimum
• Peak

579
549
662

696
669
828

.0045

.0028

.0001

C-Reactive Protein
• Initial
• Minimum
• Peak

63.3
35.4

130.3

124.7
94.2

277.7

.0011
<.0001
<.0001

ESR
• Initial
• Mimum
• Peak

38
36
56

47
43
91

.020

.079

.0077

Ferritin
• Initial
• Minimum
• Peak

504
453
707

825
750

1182

.015

.0056

.0020

H. Al-Samkari et al. Blood 2020; 136(4): 489-500



COVID-19 Coagulopathy

Thromboinflammation

Jackson SP et al. Blood 2019; 133:906-18



COVID-19 Coagulopathy

Muscular Thrombotic & Inflammatory Response

Jackson SP et al. Blood 2019; 133:906-18



COVID-19 Coagulopathy

Endotheliitis

Postulated to be a central feature of pathophysiology

M Ackermann et al. NEJM 2020
Z Varga et al. Lancet 2020; 395:1417-18

SARS CoV-2 binds to host cells via the ACE-2 receptor

High density of ACE 2 receptors on endothelial cells 

Endotheliitis and viral inclusions in endothelial cells have 
been reported in COVID-19 autopsy series
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Endotheliopathy in COVID-19-associated Coagulopathy

G Goshua et al: 
• Single center study studied 

markers of endothelial cell 
and platelet activation

• Higher levels associated with 
more severe disease ( ICU 
admission) and mortality

G Goshua et al. Lancet haematology 2020;7:e575-82



COVID-19 Coagulopathy

Immune Response and Thrombosis: NETs

Neutrophils (to a lesser extent, monocytes and eosinophils), release 
extracellular traps in response to strong stimulation

M, Leppkes et al. EBioMed. https://doi.org/10.1016/j.ebiom.2020.102925

NETs cause endothelial cell, platelet and factor XII activation resulting 
in thrombosis
NETs Inhibit anticoagulant activity of TFPI >> thicker fibrin strands 
resistant to fibrinolysis
Neutrophil aggregates and NETs occlude pulmonary microvasculatute

https://doi.org/10.1016/j.ebiom.2020.102925


Virchow’s Triad IN COVID-19

Endothelial
Dysfunction

Altered Blood Flow

Vascular 
Endotheliitis

Platelet Activation 
Viral RNA
DNA-NETS

VWF
Factor Xla

Thrombin-Fibrin

RC Becker. J Thomb Thrombolysis. 2020. 
https://doi.org/10.1007/s11239-020-02134-3
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Anticoagulation Evidence in COVID-19

Tang et al. J Thromb Haemost, 2020.

Single center retrospective cohort study at Tongji Hospital in Wuhan, China

449 hospitalized severe COVID adult patients (RR≥30, Sao2 ≤93% at rest, P/F ≤300)



Anticoagulation Evidence in COVID-19

Tang et al. J Thromb Haemost, 2020.

Methods:  
• 99 patients received prophy heparin/LMWH for 7 days or more 
• authors do not specify why DVT prophylaxis is not their standard of care for 

hospitalized patients, just that DVTs occur less in Asians.

Results:  
• 28-day mortality was the same for heparin-users and non-users (30% for both 

groups)
• If patients were re-stratified by D-dimer level >3000 ng/mL, then heparin users 

had a lower 28-day mortality rate (33 vs. 52%, p=0.017).



Anticoagulation Evidence in COVID-19

Tang et al. J Thromb Haemost, 2020.

Limitations:
• Single center, retrospective design
• No mortality difference in less sick patients
• Minority (only 22%) received thromboprophylaxis; don’t know how/why these 

patients received it [potential selection bias]
• Prophy was ≥ 7 days [introduces immortal time bias]
• Not controlled for confounders



Anticoagulation Evidence in COVID-19

Design:  
• Single-center retrospective cohort study at Mount Sinai Health System, NYC, 

03-4/11/2020
Association of Treatment Dose Anticoagulation With In-Hospital Survival Among Hospitalized Patients with COVID-19 PDF

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiP0IzFv5PrAhWBK80KHaZGBVwQFjAAegQIARAB&url=https://www.onlinejacc.org/content/accj/76/1/122.full.pdf?download=true&usg=AOvVaw3MC16PWPP0jp94ulmw7HNy


Anticoagulation Evidence in COVID-19

Association of Treatment Dose Anticoagulation With In-Hospital Survival Among Hospitalized Patients with COVID-19 PDF

Results:  
• 2773 patients, median 5 days hospitalization
• 28% received therapeutic AC, median duration 3 days of AC
• In-hospital mortality 23% for both groups
• Median survival 21 days (AC group), 14 days (non-AC group)
• Mechanical ventilation 30% (AC group), 8% (non-AC group), p<0.001  [n= 395]

• In-hospital mortality 29% and median survival 21 days (AC group), 63% and 9 
days (non-AC group)

• Multivariate Cox proportional hazards model: longer duration of AC associated 
with reduced mortality risk (adjusted HR 0.86/day, p<0.001)

• Major bleeding in 3% (AC group), 1.9% (non-AC group)

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiP0IzFv5PrAhWBK80KHaZGBVwQFjAAegQIARAB&url=https://www.onlinejacc.org/content/accj/76/1/122.full.pdf?download=true&usg=AOvVaw3MC16PWPP0jp94ulmw7HNy


Anticoagulation Evidence in COVID-19

Association of Treatment Dose Anticoagulation With In-Hospital Survival Among Hospitalized Patients with COVID-19 PDF

Limitations:  
• Single center, retrospective design
• Unknown indication for AC (indication bias)
• AC agents and dosing not defined
• Duration of therapeutic AC only 3 days?!
• Prophylactic AC not articulated
• Patients not classified regarding illness severity
• Immortal time bias
• Confounders

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiP0IzFv5PrAhWBK80KHaZGBVwQFjAAegQIARAB&url=https://www.onlinejacc.org/content/accj/76/1/122.full.pdf?download=true&usg=AOvVaw3MC16PWPP0jp94ulmw7HNy


Anticoagulation Evidence in COVID-19

Design:  
• Two-center (Western Connecticut) retrospective cohort study 4/1/2020 -

4/25/2020
Motta JK et al. medRxiv, 2020.



Anticoagulation Evidence in COVID-19

Methods:  
• Patients received either prophy or therapeutic AC (heparin/LMWH) started at the 

time of hospital admission
• Of note, excluded therapeutic AC for thrombotic indication
• Prophy group received only prophy dosing for whole inpatient duration

Results:  
• 374 patients (299 prophy group, 75 therapeutic group)
• Article does not mention why these 75 received therapeutic AC

Motta JK et al. medRxiv, 2020.



Anticoagulation Evidence in COVID-19

Results (continued):  
• Logistic model included:  AC dosage, age, ethnicity, diabetes, history of cancer or 

heart disease, hyperlipidemia, peak CRP, intensive care, mechanical ventilation, 
and antibiotic use

• Risk of mortality was higher (aRR = 2.3, 95% CI = 1.0, 4.9, p = 0.04) for patients on 
therapeutic AC as compared to prophylactic AC

Motta JK et al. medRxiv, 2020.



Anticoagulation Evidence in COVID-19

Limitations:  
• Retrospective design
• Western Connecticut (older population, majority white) [questions 

generalizability]
• Unknown indication for therapeutic AC (indication bias)
• Duration of therapeutic AC not defined
• Patients not classified regarding illness severity; Prophy group 12% ICU and 7% 

mechanical ventilation; Therapeutic group 36% ICU and 31% mechanical 
ventilation

• No report of bleeding complications
• Confounders

Motta JK et al. medRxiv, 2020.



Anticoagulation Evidence in COVID-19

Thromboprophylaxis

Acutely ill hospitalized COVID-19 patients (in the absence of contraindications) should 
receive anticoagulant thromboprophylaxis

• LMWH, UFH, Fondaparinux

Akima et al. J Thromb Haemost, 2020.
Barnes et al. J Thromb Thrombolysis, 2020.
Bikdeli et al. J Am Coll Cardiol, 2020.
COVID-19 Treatment Guidelines Panel. 2020.
Moores et al. CHEST, 2020.

American Society of Hematology
International Society on Thrombosis and Haemostasis
American College of Cardiology
National Institute of Health
CHEST



Anticoagulation Evidence in COVID-19

Areas for Future Research

Outpatients (no trials yet addressing thromboprophylaxis in COVID-19 outpatients)

Better defining the subpopulation at-risk for both macro and micro thrombi, and thus 
identifying subgroup most to benefit from therapeutic AC

Validating bleeding risk scores in COVID-19 patients, and thus identifying subgroups at 
greatest risk of harm from therapeutic AC

Dose of therapeutic AC/target goals

Role for antiplatelet therapy

Post-discharge therapeutic or prophylactic AC
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Referenced Studies

Akima S, McLintock C, Hunt BJ. RE: ISTH interim guidance to recognition and management of coagulopathy in COVID-
19. J Thromb Haemost. 2020;18(8):2057-2058. 

Barnes, G.D., Burnett, A., Allen, A. et al. Thromboembolism and anticoagulant therapy during the COVID-19 
pandemic: interim clinical guidance from the anticoagulation forum. J Thromb Thrombolysis 50, 72–81 (2020).

Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and Thrombotic or Thromboembolic Disease: Implications for 
Prevention, Antithrombotic Therapy, and Follow-Up: JACC State-of-the-Art Review. J Am Coll Cardiol. 
2020;75(23):2950-2973.

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National 
Institutes of Health. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed 08/09/2020.

Motta JK, et al "Clinical outcomes with the use of prophylactic versus therapeutic anticoagulation in COVID-19" 
medRxiv 2020; DOI: 10.1101/2020.07.20.20147769.

Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF, Doerschug K, Holley AB, Jimenez D, Le Gal G, Rali P, Wells 
P. Prevention, Diagnosis, and Treatment of VTE in Patients With Coronavirus Disease 2019: CHEST Guideline and 
Expert Panel Report. Chest. 2020 Jun 2:S0012-3692(20)31625-1. 

Paranjpe I, Fuster V, Lala A, et al. Association of Treatment Dose Anticoagulation With In-Hospital Survival Among 
Hospitalized Patients With COVID-19. J Am Coll Cardiol. 2020;76(1):122-124.

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated with decreased mortality in severe 
coronavirus disease 2019 patients with coagulopathy. J Thromb Haemost. 2020;18(5):1094-1099.
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Institution #1’s Approach

D-dimer <500
Prophylactic Anticoagulation

• Enoxaparin subp preferred
Dose w/CrCl ≥ 30 mL/min
• <150 kg: 40 mg daily or  

30 mg q12h
• BMI 40-50: 40 mg q12h
• BMI > 50: 60 mg q12h

Dose wCrCl <30 mL/min
• <150 kg: 30 mg daily
• BMI 40-50: 40 mg daily
• BMI > 50: 60 mg daily

• Heparin subq If anuric/ESRD/AKI
• 50-150kg: 5000 units q8h
• <50kg: 5000 units 12h
• BMI >40: 7500 units q8h

D-dimer 500-2000
Equipoise

• Consider RCT: PROTECT-COVID-19
Prophylaxis vs. therapeutic AC

• Prophylactic AC as reflected in        
D-dimer <500 box

VS.
• Therapeutic AC:

• Enoxaparin 1 mg/kg q12h or
• IV Heparin at 10 u/kg/hr

titrate to antiXa 0.3-0.5 U/mL

Refer to Study Protocol

If not in trial, use Prophylactic 
Anticoagulation as reflected in 

D-dimer <500 box

Therapeutic AC may be considered if 
HIGH suspicion for DVT/PE

D-dimer >2,000 & <10,000
Consider Therapeutic AC

• Enoxaparin subp preferred
Dose w/CrCl ≥ 30 mL/min
• <150 kg: 1mg/kg q12h
• BMI >40: 0.75 mg/kg q12h -

consider antiXa peak monitoring

Dose w/CrCl <30 mL/min
• <150 kg: 1mg/kg Qday
• BMI > 40: 0.75 mg/kg Qday

If enoxaparin contraindicated
• IV Heparin at 10 units/kg/hr titrate 

to antiXa 0.3-0.5 U/mL – avoid 
bolus dose

Alternatively
• Consider RCT: PROTECT-COVID-19

Prophylaxis vs. therapeutic AC

D-dimer >10,000
Therapeutic AC Preferred

• Enoxaparin subp preferred
Dose w/CrCl ≥ 30 mL/min
• <150 kg: 1mg/kg BID
• BMI >40: 0.75 mg/kg BID -

consider antiXa peak monitoring

Dose w/CrCl <30 mL/min
• <150 kg: 1mg/kg q24h
• BMI > 40: 0.75 mg/kg q24h

If enoxaparin contraindicated
• IV Heparin at 10 units/kg/hr titrate 

to antiXa 0.3-0.5 U/mL – avoid 
bolus dose if PE not confirmed by 
CT
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Institution #2’s Approach

Prophylactic anticoagulation in all patients unless absolute 
contraindication
Threshold for initiation of therapeutic anticoagulation:

• Objective evidence of clot
• D-Dimer >5000
• D-Dimer >3000

• That is also increasing by >1,000 in the prior 24 hours
• D-Dimer>1000

• Beside DVT study

Daily risk/benefit assessment
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Institution #3’s Approach

LEVEL 1

LEVEL 2

LEVEL 3

For patients without known thrombus AND a D-dimer ≥ 3,000*:  
• Intermediate dosing

For patients without known thrombus AND a D-dimer < 3,000: 
• Standard prophylaxis

For patients with known or suspected VTE, or otherwise unexplained 
increase in oxygen requirement, dead space, or organ failure                      
(e.g., AKI, MSOF) with concern for microvascular thrombi

• Therapeutic dosing
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Venous or arterial thrombosis

Disseminated intravascular coagulation

Advanced age

Recent surgery or trauma

Cancer

Pregnancy or puerperium

Infection

Chronic inflammation

Liver disease

Renal disease

Thrombolytic therapy

Weitz JI, Fredenburgh JC, Eikelboom JW. A Test in Context: D-Dimer. J Am Coll Cardiol. 2017;70(19):2411-2420. doi:10.1016/j.jacc.2017.09.024
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Venous or arterial thrombosis

Disseminated intravascular coagulation

Advanced age

Recent surgery or trauma

Cancer

Pregnancy or puerperium

Infection

Chronic inflammation

Liver disease

Renal disease

Thrombolytic therapy

Weitz JI, Fredenburgh JC, Eikelboom JW. A Test in Context: D-Dimer. J Am Coll Cardiol. 2017;70(19):2411-2420. doi:10.1016/j.jacc.2017.09.024
Schutte T, Thijs A, Smulders YM. Never ignore extremely elevated D-dimer levels: they are specific for serious illness. Neth J Med. 2016;74(10):443-448.
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NETEC will continue to build resources, develop online education, 
and deliver technical training to meet the needs of our partners 

NETEC is Here to Help

Resources: NETEC

Ask for help!

Send questions to info@netec.org - they will be answered by NETEC SMEs

Submit a Technical Assistance request at NETEC.org

mailto:info@netec.org
http://netec.org/


Questions 
and 

Answers



Join the Conversation!

@theNETEC @the_NETEC

Use hashtag: #NETEC

NETEC eLearning Center NETEC Skill videos

courses.netec.org youtube.com/thenetec

Website

netec.org info@netec.orgrepository.netecweb.org
EmailRepository

Contact




