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Disclosures

• Trauma surgeon masquerading as a platelet 
biologist, hemostasis scientist, and now clinical 
trialist



Objectives and overview

• TIC mechanisms

• Platelets and neutrophils in trauma

• Immunothrombosis

• What does any of this have to do with COVID-19?

• Mechanisms of COVID-19 associated coagulopathy

• Interventional trials – the ACTIV4 program and the mpRCT (i.e. 
what I did during the pandemic)

• Can trauma and TIC learn from COVID-19?



Moore EE, Moore H, Kornblith L, Neal MD, Hoffman M, Mutch NJ, Schochl H, Hunt BJ, Sauaia A. Nature Reviews Dis Primer, 2021
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“Irreversible Shock” Crowell 1955 Turpini 1959 
Hardaway 1962 (Animals)

• Hypercoagulability = bad
• Needs to be reversed or death via “DIC”

• Pre Treat Heparin

• Post Treat Fibrinolysin 

HB Moore



TLR4

cGKI

Platelet aggregation

Neutrophil activation/NET 

Thrombosis

Complex

Formation

GTP

cGMP

sGC

sGC

Platelet

MyD88

J Clin Invest 2015;125(12):4638-4654

HMGB1

sHMGB1

HMGB1 on/in EVs

(exosomes)

Danger signals (DAMPs)



Inflammation

Immune System 
Activation

Activation of 
Coagulation 

System

Coagulation

Immunothrombosis





Dear Macky,

We wanted to discuss the potential of leveraging TACTIC in the NHLBI response to COVID-19…

TACTIC: Trans- 

Agency Consortium 

for Trauma Induced 

Coagulopathy



SARS-CoV-2

Susceptibles Death

Endothelial Damage / Thrombosis / Multi Organ Failure

Macro-thrombi Micro-thrombiCOVID-19 progresses through stages of 
increased clotting and inflammation

COVID-19 Deaths Relate to Immunothrombosis

Thachil J, Res Pract Thromb Haemost 2020, Iba T, Inflamm Res 2020 Slide courtesy of Mary Cushman, MD 





• Unique platelet 
phenotypes

• Platelet neutrophil 
interactions

• Elevated NETosis

HR (95% CI) of Outcome 
per SD Biomarker

Thrombosis Mortality

Thromboxane B2 3.0 (1.4-7.7) 2.0 (1.1-4.1)

MPV 2.0 (1.0-4.7) 2.3 (1.3-4.7)

P-selectin 1.4 (0.7-2.5) 2.2 (1.3-4.2)

adjusted for age, sex, race, antiplatelet therapy, 
platelet count, and COPD

What about Platelets?
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Bikdeli, Thromb Haemost 2020
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Harmonized and aligned:

• Primary endpoint (organ support free days)

• Data collection (electronic case report forms)

• Data safety and monitoring

• Trial governance
• Publication plan

Statistical analysis plan:

• Common statistical expertise (Berry 

Consulting)

• Agreed upon and pre-specified criteria for 

superiority, inferiority, and futility
• Bayesian adaptive design with response 

adaptive randomization (ATTACC, REMAP-

CAP) or frequent interims (ACTIV-4)

=
Multi-

platform 

randomized 

clinical trial 

(mpRCT)

We had to move faster…

Neal MD Blood Advances In press



393 
sites

10 
countries

Multi-platform Randomized 
Control Trial (mpRCT)

Moderate state (ward) and Severe state (ICU level of care)



ACTIV 4 subsequent arms

• P2Y12 Inhibition
• Severe state – stopped enrollment (952 as of 6/24/22)

• Moderate state
• Reported JAMA 2022

• SGLT2i (vascular inflammation)
• Moderate state

• Severe state

• Crizanlizumab (P-selectin inhibitor)
• Moderate state

• Severe state



Severe state therapeutic vs proph heparin
Adjusted* Odds Ratio 

- 0.83 (95% CrI 0.67-1.03)

Futility: Prob(OR<1.2) = 

99.9%

Inferiority: Prob(OR<1) = 

95.0%

Superiority: Prob(OR>1) = 

5.0%

REMAP-CAP, ACTIV4a, ATTAC investigators, NEJM, 2021



Moderate state therapeutic vs proph heparin
Adjusted Odds Ratio 

 1.27 (95% CrI 1.03-1.58)

Superiority: Prob(OR>1) = 

98.6%

Adjusted difference in risk: 

4%

ATTACC, ACTIV4a, REMAP-CAP investigators, NEJM, 2021



P2Y12 Moderate State (P2Y12 + therapeutic heparin)

Adjusted Odds Ratio 

- 0.83 (95% CrI 0.55-1.25)

Futility: Prob(OR<1.2) = 

96.2%

Inferiority: Prob(OR<1) = 

81.4%

Superiority: Prob(OR>1) = 

18.6%

Berger J, Kornblith LZ,….Neal MD on behalf of ACTIV4a, JAMA, 2022



Barrett C, Moore HB, Moore EE … Yaffe M, CHEST, 2021 



Summary and lessons learned from 
COVID-19

• Heparin reduces the need for organ support in moderate (non-
critically ill patients)

• No benefit if given too late

• Thrombolysis may benefit once the clot is already present

• Strong rationale for targeting platelets and neutrophils – results 
pending

• We tackled a complex, heterogeneous disease utilizing a 
Bayesian adaptive platform approach



What will we learn?

• Emphasis on the timing of interventions

• Can we reduce MOF by targeting immunothrombosis?

• What other disease states share characteristics?

• Will history repeat itself again (like LTOWB)?

• What other mechanisms learned from COVID-19 will be 
relevant?

• The time is NOW for adaptive platform trials in trauma care

Macro-thrombi Micro-thrombi

Trauma

Induced

Radiation 
induced
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Questions?

•nealm2@upmc.edu

•@macky_neal

•Cell: 412 848 2134
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