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• SME consultant to HHS/BARDA (Tunnell Government Services)

• Volunteer faculty, Hematology & Oncology, Dept. of Medicine, USU

• Clinical Advisor, Seragene Therapeutics

The following are the private views of the presenter and are not official policy 
and are not intended to represent the views of the Department of Health and 
Human Services, the Department of the Army, the Department of Defense, or 
the Defense Health Agency.



One more disclosure…
Highly relevant to THOR!

• Assistant Fisherman, SS Tuborg, DocFish Enterprises



Hemorrhage: Blood is best but…
We need more tools!

• Blood logistical challenges on battlefield, civilian emergencies

• High mortality (>40%) of hemorrhagic shock even with blood resuscitation

• Decreasing blood donation rates

CAR-T cellsfMRI

Also, can we harness >100 years 

of medical research since first 

battlefield transfusions to develop 

something new to treat 

hemorrhagic shock???



Hemorrhagic shock
Blood Failure, Metabolic Failure, Endothelial Failure

• Blood Failure: 

➢ RBC & volume loss → decreased DO2 → anaerobic metabolism, lactic acidosis

➢ Plasma/PLT loss & consumption → decreased hemostatic function, bleeding

• Metabolic Failure:

➢ Mitochondrial dysfunction: shut down OXPHOS/ETC, increased ROS, decreased ATP, cell death

• Endothelial Failure:

➢ Loss of coagulation homeostasis → fibrinolysis, cellular activation, microvascular thrombosis

➢ Loss of barrier function → decreased BP, edema, inflammation, MOF



How about a blood substitute?
Are we finally getting there?



Shock Drug? Prolyl Hydroxylase inhibitors 
Rapid adaptation to hypoxia through HIF stabilization

Gupta N, AJKD 2017

Joharapurkar AA, et al, J Med Chem 2018

Erythropoietic Effects

Improve Adaptation to Hypoxia

2019 Nobel Prize in Physiology/Medicine to William G. Kaelin Jr. 

Sir Peter J. Ratcliffe

Gregg L. Semenza

for their discoveries of how cells sense and adapt to oxygen availability

nobelproze.org

Metabolic Reprogramming

Suhara T, et al, PNAS, 2015

Daprodustat and Vadadustat approved in US for treatment of anemia in CKD.

Challenge: oral only, no IV; no development beyond anemia indication



PHDi as a bridge to Blood
Mitigates lactic acidosis… and coagulopathy of trauma?



Metabolic Failure in Hemorrhagic Shock
The final common pathway of cell death



Mitochondrial therapies
Dysfunction by many pathways → combination therapy?



Pyruvate Dehydrogenase: gateway to TCA
NADH accumulation → PDH kinase: shutdown of TCA/ETC

No improvement in survival but patients in DCA group were sicker at baseline. 

Lactate > 5 at baseline for all. 

Survival 20% in subset SBP<90, 40% in subset SBP>90



Shock Drug/Mitochondrial Therapies
State of the Science? Preclinical. Invest in clinical development! 



Extracellular vesicles?
A variety of subcellular particles to sort out…



EVs in trauma
EVs are part of the problem: hypercoagulability, inflammation



Therapeutic EVs?
Challenges to development abound…

• Most promising results in TBI → decrease inflammation, stabilize BBB?

• Potential therapeutic effects on endothelium?

• Mechanism of action? Ligand binding? miRNA?

• Source of cells? How produced? How purified, formulated?

• Safety & off-target effects?

➢This field is in its infancy.



2027 is now
We need to ACCELERATE development of novel therapies!!!

• Penicillin (1928): only enough for 100 patients in 
1942

➢Widely available by 1943; saved perhaps 15% 
casualties on D-Day, 1944

➢If we want the ”next penicillin” by 2027, we 
need to get moving!



Дякую i Слава Україні!

• André Cap: +1 210 410 6882; on 
Signal

• andrewpcap@gmail.com

• acap@veli.co

Thank you!
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