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EARLY 2020

OUR RESPONSE HAS MARKEDLY CHANGED

OMG!
IT’S COVID-19!



COVID IS A MULTISYSTEM DISEASE



COVID COAGULOPATHY
Early COVID data

More recent COVID data

• Incidence of VTE has decreased to 8-14%

• Due to decreased severity of hospital admissions, 
early treatment interventions, vaccines, etc. 



COVID COAGULOPATHY

Is a prothrombotic state

PE > DVT

Venous > Arterial

Has both macro- and microvascular thrombosis

Is associated with an elevated D-Dimer

D-Dimer elevations are associated with an 
increased risk of VTE as well as mortality



N Engl J Med 2021;385:777-89

N Engl J Med 2021;385:790-802
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HEP-COVID TRIAL

Inclusion criteria:

(1) Requirement for supplemental oxygen per 
investigator judgment

(2) Plasma D-dimer level greater than 4 times 
the upper limit of normal based on local 
laboratory criteria or a sepsis-induced 
coagulopathy score of 4 or greater

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL
Study Design:

Multicenter (12 U.S. Centers)
Randomized control trial
Modified intention-to-treat
Nonpregnant pts aged 18 or older
Inclusion dates:  May 8, 2020 – May 14, 2021
Pts screened w/in 72 hrs of admission or transfer
COVID-19 dxed by nasal swab or serologic testing
Written informed consent in all patients

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL

Outcome Measures  a vascular event at 
(w/in 30 ± 2 days after randomization)

Primary

VTE (symptomatic UE or LE DVT, asymptomatic LE 
proximal DVT, symptomatic PE, splanchnic vein 
thrombosis, or cerebral sinus thrombosis)

ATE (myocardial infarction, ischemic stroke, peripheral 
or systemic ATE)

Death from any cause

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL
Outcome Measures  a vascular event at            
(w/in 30 ± 2 days after randomization)

Secondary
Composite primary outcome within 14 days after 
admission

Progression to ARDS

New-onset AF

Acute kidney injury

Nonfatal cardiac arrest

Endotracheal intubation

Extracorporeal membrane oxygenation,

Rehospitalization within 30 ± 2 days
JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL

JAMA 2021; 181: 1612-1620

Patients in the therapeutic dose group received 
enoxaparin at a dose of 1 mg/kg subcutaneously 
twice daily if CrCl was 30 mL/min/1.73 m2 or 
greater or 0.5 mg/kg twice daily if CrCl was 15-
29 mL/min/1.73 m2. 

Therapeutic Heparin Dosing



HEP-COVID TRIAL

JAMA 2021; 181: 1612-1620

Patients in the standard-dose group received prophylactic 
or intermediate-dose heparin regimens per local 
institutional standard and could include UFH, up to 
22,500 IU subcutaneously (divided twice or thrice daily); 
enoxaparin, 30 mg or 40 mg subcutaneously once or 
twice daily (weight-based enoxaparin 0.5 mg/kg 
subcutaneously twice daily was permitted but strongly 
discouraged); or dalteparin, 2500 IU or 5000 IU 
subcutaneously daily. If CrCl fell below 15 mL/ min/1.73 
m2, enoxaparin was converted to treatment-dose 
intravenous UFH until kidney function improved to CrCl
greater than 15 mL/min/1.73 m2 , when blinded-dose 
subcutaneous enoxaparin was resumed.

Standard Heparin Dosing



HEP-COVID TRIAL
Exclusion criteria:
(1) Physician determined need for full-dose anticoagulation or 
dual antiplatelet therapy 

(2) Bleeding within the past month

(3) Active gastrointestinal or intracranial cancer

(4) Bronchiectasis or pulmonary cavitation

(5) Hepatic dysfunction with baseline INR greater than 1.5

(6) Creatinine clearance (CrCl) less than 15mL/min/1.73m2

(7) Platelet count less than 25,000/μL

(8) History of heparin-induced thrombocytopenia (HIT) w/in 100 d

(9) Hypersensitivity/intolerance to study drug or components

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL
Study Design (cont’d):
Patients w/o diagnosed VTE underwent laboratory 
and screening lower extremity compression 
ultrasonography testing at hospital day 10 + 4, 
because asymptomatic proximal deep vein 
thrombosis diagnosed by ultrasonography is 
associated with death in medically ill inpatients, 
including those with pneumonia and sepsis.
Postdischarge anticoagulation was allowed at the 
discretion of treating physicians. 
Primary efficacy, principal safety, and secondary 
outcomes were assessed in clinic or by telephone 
30 ± 2 days after randomization

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL

Outcome Measures  a vascular event at            
(w/in 30 ± 2 days after randomization)

Safety

The principal safety outcome was major 
bleeding based on International Society on 
Thrombosis and Haemostasis criteria within 30 ±
2 days after randomization. 

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL

Outcome Measures  a vascular event at            
(w/in 30 ± 2 days after randomization)

Outcomes were adjudicated locally by blinded 
investigators via imaging, laboratory, and other 
objective health record data. Serious adverse 
events included hypersensitivity reactions to 
study drug, hepatotoxicity, HIT as per major 
professional society definitions, and bone 
marrow toxicity. Locally adjudicated events 
underwent central quality review.

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL

Statistical Analysis

O’Brien-Fleming design

Bonferroni-adjusted subgroup analysis

Twain-Disraeli analysis

JAMA 2021; 181: 1612-1620



HEP-COVID TRIAL
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PATIENTS



HEP-COVID TRIAL
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HEP-COVID TRIAL

RESULTS

JAMA 2021; 181: 1612-1620
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HEP-COVID TRIAL

JAMA 2021; 181: 1612-1620

Number Needed to Treat (NNT)

Primary Outcome

VTE+ATE+Death NNT=8

VTE+ATE                                NNT=6

VTE                                         NNT=6

Death (if stats validated)    NNT=18

Note: Number Needed to Harm (NNH) 2,000



HEP-COVID TRIAL STRENGTHS

JAMA 2021; 181: 1612-1620

• Multicenter study 

• Randomized patients consecutively

• Diverse patient population

• Outcomes were patient-oriented

• Performed intention to treat and per-protocol 
analysis

• Actively screened VTE in all patients which can 
eliminate some bias that may have occurred by 
unblinding

• No patients were lost to follow up



HEP-COVID TRIAL LIMITATIONS I

JAMA 2021; 181: 1612-1620

Study design changed twice (D-Dimer elevation 
from 6x to 4x ULN; hypoxemia criterion changed 
from RR>20 breaths/min and SpO2<92% on RA 
to any perceived need for supplemental oxygen 
as per investigator judgment)

Primary outcome was a composite of VTE, ATE, 
and death (not all outcomes are equal)

Study not powered for mortality benefit



HEP-COVID TRIAL LIMITATIONS II

JAMA 2021; 181: 1612-1620

Increased nonanticoagulant COVID therapies in 
the treatment group may have contributed to 
the results

Intermediate anticoagulant dosing in control 
group may introduce a level of bias

Intermediate anticoagulant dosing in control 
group may dilute results

Variable heparin prophylactic dosing may have 
slightly muddied the results (although this may 
represent the “real world”)



HEP-COVID TRIAL LIMITATIONS III

JAMA 2021; 181: 1612-1620

Discretionary post hospitalization 
anticoagulation may have affected results

The 72 hr study entry window may have affected 
results and increased overall VTE/ATE

No hard criteria for supplemental oxygen use

Generalizability may be limited because of small 
size

Nonmajor bleeding not reported



STATISTICAL CLARIFICATION

Twain-Disraeli analysis

There are three kinds of lies: lies, 
damn lies, and statistics. 

Originated by Benjamin Disraeli and 
popularized by Mark Twain



THANK YOU FOR LISTENING





SUPPLEMENTAL 
SLIDES/COMMENTS



IF ALL YOU HAVE IS A HAMMER,
EVERYTHING LOOKS LIKE A NAIL



COVID COAGULOPATHY

In COVID-19, this is not due to a single pathway 
that is overstimulated

It is primarily an endothelialopathy

There are several pathways involved that may 
prove to be variable

Immunothrombosis is a major factor



COVID COAGULOPATHY PATHOGENESIS

Front. Cardiovasc. Med. 7: 599334



slide courtesy Dr. Caroline Berube



DECREASED FIBRINOLYSIS IN COVID-19

slide courtesy Dr. Julie Helms
ISICEM Conference September 2, 2021



RIGHT DRUG
RIGHT DOSE

RIGHT TIME
RIGHT PATIENT



HEPARIN PROPERTIES

Antithrombotic

Antiinflammatory

Antiviral

Immunomodulatory



ANTICOAGULANT PATHOPHYSIOLOGY

UFH inhibits Xa, inhibits IIa, inhibits PAI

LMWH inhibits Xa, min IIa inhibition, less PAI 
inhibition

Fondaparinux inhibits Xa

Apixaban, Rivaroxaban, Edoxaban inhibit Xa

Dabigatran inhibits IIa



COVID COAGULOPATHY RX

CASE REPORTS, SMALL SERIES

TPA

Iloprost

Antiplatelet agents

Anticytokine agents

Combinations 





IMPROVEDD VTE RISK SCORE

Original study (Score/Risk): 
0  0.4%; 1  0.6%; 2  0.8%; 3  1.2%; 4  1.6%; ≥5  2.2%
Validation study (Score/Risk): 
0-1 Low 0.4%; 2-3 Moderate 1.3%; 4-12 High 5.3%



SEPSIS-INDUCED COAGULOPATHY SCORE



THANK YOU AGAIN FOR LISTENING




