
• We have demonstrated preliminary intercomponent compatibility and 
preliminary efficacy of WBA & standalone RBC analogue formulations for 
resuscitation of severe hemorrhagic shock. 

• Ongoing projects will explore dosing ratios and comparative efficacy to 
stored whole blood in both in vitro & in vivo models of massive transfusion 
and complex hemorrhagic shock.

Goal: Meet progressively restrictive non-inferiority (NI) margins (40% in Y1 to 
10% in Y4) compared to stored whole blood (sWB) at 26 days (median in-theater 
storage duration).

Non-Inferiority (NI) AnalysisResultsBackground

Methods

Complete Blood Count (CBC)

Effect Size: Quantifies superiority of:

(A) Stored whole blood (sWB): Target Product Profile (TPP)
(B) Whole blood analogue (WBA)

OVER  (C) Lactated Ringer’s (LR): negative control

TPP Effect Size: determined by comparing performance of sWB and (-) LR groups

Effect Size=
mean x −mean(LR)

 SDLR

Survival

Acute Physiologic Outcomes
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• Hemorrhagic shock remains a principal cause of preventable mortality 
in battlefield and civilian settings
• Timely transfusion of fresh whole blood (fWB) or balanced 

components reduces morbidity and mortality
• Robust efforts are directed at resolving challenges regarding 

implementation of in-field transfusion
• Including development of bio-synthetic blood analogues.

• Utilized rabbit survival model of hemorrhagic shock and resuscitation to 
evaluate performance of a three-component whole blood analogue 
(WBA) and recent iterations of EM as a standalone component (SAC):

Conclusions & Future Directions

Mean Arterial Pressure (MAP)

Lactate (LAC)

M
A

P
(m

m
H

g
)

%
 C

h
a

n
g

e
fr

o
m

 E
O

S
L
A

C
(m

m
o

l/
L
)

Time-weighted Analysis (AUC)

In Vivo Evaluation of a Bio-Synthetic Whole Blood Analogue (WBA)

for Hemorrhagic Shock Resuscitation
Antonio Renaldo, PhD1, Julie Proctor, MS1, Shelby McCauley, MS2, William McGhee, PhD2, Dipanjan Pan, PhD3, Michael Bruckman, PhD4, Christa Pawlowski, PhD4, Anirban Sen Gupta, 

PhD5, James Murto, BS6, Pedro Cabrales, PhD7, Susan Shea, PhD8, Matthew Neal,MD8, Philip Spinella, MD8, Kevin Tobin, PhD1, Yuxin Zhang, BS1, Mathangi Gopalakrishnan, PhD1, Joga Gobburu, 
PhD, MBA1, Cynthia Amaghi1, Madeleine Antevil1, Nikolai Vukov, BS1, Mia Alexander, BS1, Sambhu Pillai, DVM, MS, PhD1, Jaslin Bennett, BS1, Regina Adao, PhD1, Allan Doctor, MD1

1Centers for Blood Oxygen Transport and Hemostasis & Translational Medicine, University of Maryland, 2KaloCyte, Inc, 3Department of Materials Science and Engineering, Penn State University, 4Haima Therapeutics, Inc, 5Department of Biomedical Engineering, 
Case Western Reserve University , 6Teleflex, Inc., 7Department of Bioengineering, University of California San Diego, 8Trauma & Transfusion Medicine Research Center, University of Pittsburgh

Biochemical, Metabolic, & Coagulation

Time to 80% Recovery
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•RBC Analogue: ErythroMer (EM) 
•Platelet Mimetic: SynthoPlate (SP)
•Rabbit Plasma: Freeze-Dried Plasma (FDP)

WBA-EM

•RBC Analogue: ErythroMer (EM) 
•5% Human Serum Albumin 

SAC-EM: EM4.15 & EM6.0.3

Sample 
Size (n):

17 13 20 10 4 4
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