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1. Brief History of Whole Blood Transfusion
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Gravity Transfusion
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World War I
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World War II

YOUR BLOOD
CAN SAVE HIM
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World War I1

Modern Era

American
Red Cross
- Blood
Drive

Armed Services Blood Program @ save a Life, Give Blood

Modern Era




1/30/2023

Civilian & military blood programs became
centered on component therapy
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2. Re-emergence of Whole Blood
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OEF, OIF & Beyond

_ The fournal of TRAUMA® Iufury, Infection, and Critical Care

Warm Fresh Whole Blood Is Independently Associated With
Improved Survival for Patienis With Combat-Related
Traumatic Injuries

Philip C. Spinelia, MD, Jeremy G. Perkins, MD, Kurt W. Grathwohl, MD, Alec C. Beekley, MD,
and John B. Holeomb, MD
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OEF, OIF & Beyond

1/30/2023

WEWh (e 1)

vo

1 TH11 UNIVERSITY OF KANSAS HEALTH SYSTEM

OEF, OIF & Beyond

ORIGINAL ARTICLE

Fresh whole blood use by forward surgical teams in Afghanistan
is associated with improved survival compared to component
therapy without platelets

Shawn C. Nessen, Brian J. Eastridge, Daniel Cronk, Robert M. Craig, Olle Berséus, Richard Ellison,
Kyle Remick, Jason Seery, Avani Shah, and Philip C. Spinelia
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OEF, OIF & Beyond

TABLE 6. Propensity score used as continuous
variable in logistic regression predicting effect
of FWB on death
Oddsralic  85%Cl pValue
FWE use 0.096 002053
Injury Severity Score 107 103,111
Glasgow Coma Score 072 065073
Propensity score 972 1.45,64.97
Arival sysiolic blood pressure, arival temperature, use of lactar
Vila, total red blood cells, and total plasma administered were
used o calculate propensity score.
Cl= confidence intarval; FWB = fresh whala blood.
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Fresh vs. Cold Stored Whole Blood

Improving access to whole blood requires stockpiling

Cold storage of donated whole blood at 4° degrees C
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Whole Blood

Single donor source Multiple donor sources

“Walking blood bank”
or Prepared in advance

Prepared in advance

Multiple storage

Warm or refrigerated .
requirements

Provides platelets Short platelet lifespan
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On Paper: A Superior Resuscitation

_ Whole Blood Blood Component (1:1:1)
Hematocrit (%) 33-44 29
Platelet Count (k/mm?3) 150-350 88

Coagulation Factor (%) 80-90 65

Volume (ml) 450-600 650

RBC 21-42 days
21-35d Cryo/FFP 12 months
Thawed plasma/PLT 5 days
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Civilian Adoption of Military Trauma Advances
Advances in civilian trauma care are derived from military conflict:

— Triage
— Tactical Combat Casualty Care (TCCC)
— Massive Transfusion Protocols
— Damage Control Surgery

Could whole blood serve a role in civilian trauma care?
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Civilian Resistance to Whole Blood

ABO Compatibility & Hemolysis
Typical emergency release/universal blood units:

Type O Donor Universal Blood
Whole Blood Components
Red Cells 0 Donor O Donor

O Donor Plasma Safety?
- Low Anti-A, Anti-B Antibody Titers
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Civilian Resistance to Whole Blood

Leukoreduction

Many blood centers provide near-universal leukoreduction

Reduces immune-mediated side effects, disease transmission

How to leuko-reduce whole blood?

- Platelet-sparing leukoreduction filters
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Civilian Resistance to Whole Blood

Shelf Life

Red Cells 40+ days

5 days

Whole Blood 21 - 35 days
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3. Establishing “Universal” Whole Blood
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Whole Blood Re-Enters Civilian Medicine

PAPERS OF THE 133RD ASA ANNUAL MEETING

A Randomized Controlled Pilot Trial of Modified Whole Blood
versus Component Therapy in Severely Injured Patients
Requiring Large Volume Transfusions

Bryan A. Cotton, MD, MPH,"t Jeanette Podbielski, BSN,t Elizabeth Camp, MSPH,t Timothy Welch, NREMT-P, t
Deborah del Junco, PAD,} Yie Bai, MD, PhD, Rhonda Hobbs, MT (ASCP),} Jamie Scroggins, MT (ASCP),§
Beth Hartwell, MD,§ Rosemary A. Kozar, MD, PhD,” Charles E. Wade, PhD,"t and John B, Holcomb, MD"t an

behalf of The Early Whole Biaod Investigators
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Whole Blood Re-Enters Civilian Medicine

TABLE 5. Sensitivity Analysis Evaluating the Primary and
Secondary Outcomes in Those Patients Without Severe
Bl

WB Group  COMP Group
=33 n=3)
Median 24-hr RBC 402.6)
transfusions, U
Median 24-hr plasma 427
transfusions, U

6(2,13)

612, 14)

Median 24-br platelct 0@ 10.2)
mansfusions, U
10(5,17) 161(4,41)

24-he mortality, %
30-d mortality, %

«

dizn with 2518 and 7588
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Validation of Civilian Whole Blood

2019 EAST Popium PAPER

Safety profile and impact of low-titer group O whole blood for
emergency use in trauma

James Williams, BS, Nicholas Merutka, BS, David Meyer, MD, MS, Yu Bai, MD, PhD, Samuel Prater, MD,
Rodolfo Cabrera, BSN, EMT-P, John B. Holcomb, MD, Charles E. Wade, PhD,
Joseph D. Love, DO, and Bryan A. Cotton, MD, MPH, Houston, Texas
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Validation of Civilian Whole Blood

TABLE 6. Multivariate Logistic Regression Models Evaluating the Impact of LTO-WB on 30-Day Survival and Post-£D Blood
Product Transfusions
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5w 1

10104767
0958 0,958
071229
09851010
10481221
Qam-2572
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02390841
09741008
102 109%
09861008
0949-1.08
08233608
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A “Universal” Resuscitation...
Low Titer O Negative Whole Blood “LTO-WB”

Type O > > > Universal ABO compatibility

Rhesus Negative > - > No alloimmunization

Low Titer - > -  Minimized anti-A/B antibodies

T8 UNIVERSTTY OF KANSAS HEALTH SYSTEM
LTO-WB...Not Sustainable

Type O Negative = Not sustainable
—Narrow donor pools
—Competition with other O Neg products

Type O Positive = Risk of alloimmunization
—Females of child-bearing age
—Pediatric patients

11
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The Switch to LTO+WB

[ [wowsumis [Aviamiers | expation | eigihiepatienss

Pre-hospital 0
In-hospital 4

Pre-hospital 0
In-hospital 2

Pre-hospital 2
UT San Antonio In-hospital 4+

Pre-hospital 2

Uiicuson [ hospiala
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Validating LTO+WB vs. LTO-WB

<1:50

2021 EAST Popium

21d

Males > 18 years
Females > 50 years

Males > 18 years
Females > 55 years

Males > 10 years
Females > 50 years

All Males
Females > 50 years

Can RH+ whole blood be safely used as an alternative to
RH- product? An analysis of efforts to improve the sustainability
of a hospital’s low titer group O whole blood program

€. Cameron McCay, MD, Kelsey Montgomery, MD, Madeline E. Cotton, BS, David E. Meyer, MD, MS,

Charles E. Wade, PhD, and Bryan A. Cotton, MD, MPH, Houston, Texas
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1/30/2023

12



1/30/2023

BT UNIVERSITY OF KANs

TABLE 8, Complications, Outcomes, and Resource Utilizatien Comparison Between Rh+ and Rh— LTO-WB Groups Based on Recipient

Rit LTOWB (1 = 448) Ri= LTO W (n= 189)
Ru+ Recipient (11— 407)_[Rh- R n- p | b+ Recipient (1~ 170)__Rh Recipient (n - 19)

e

11020,
19024

20014-30)
%
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The Switch to LTO+WB...
The New “Universal”?

» Performance in prehospital resuscitation

+ Shelf life & coagulation performance

* Logistics compared to component MTP

+ Safety across all trauma patients
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Advancing Access to Whole Blood

THE AMERICAN ASSOCIATION FOR THE

PREHOSPITAL WHOLE BLOOD TRANSFUSION IS ASSOCIATED WITH INCREASED
SURVIVAL AND LESS BLOOD TRANSFUSIONS

Cameron MeCoy MD, Kelsey Montgomery BS, James Williams MD, David Meyer, Charles Wade,
Bryan A. Cotton MD,MPH
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Prehospital Whole Blood

Patients 220 146

Iss 27 19 <0.05
Arrival SBP 92 102 0.028
Lactate 4.4 3.4 0.051

Pre-hospital Whole Blood
- Survival OR 2.18 (p<0.05)
- Reduction in transfusion 58% (p<0.05)
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Age of Whole Blood Matters

AAST 2020 Popium PAPER

The prehospital use of younger age whole blood is associated with
an improved arrival coagulation profile

Thomas Clements, MD, Cameron McCoy, MD, Scott Assen, MD, Jessica Cardenas, PhD, Charles Wade, PhD,
David Meyer, MD, aid Bryan A. Cotton, MD, MPH, Houstan, Texas

TABLE 3. Aival Vit Sigres and Laboratory Vakues of Patients
- Receiving Young (<14 Days of Cold-Storage Time) and Ok (>14
TABLE 4. ED and Post-ED Blood Products Administered to Days of Cold-Storage Time) Units of B
Patients Receiving Young (<14 Days of Cold-Storage Time) and P e T TR VA
Old (>14 Days of Cold-Storage Time) Unis of WB
YONG@=1) _ otba=en | p
ED REC, ity 105 105 0237
ED plasma,units 105 206 00
ED plaelt, unes o 0o 036
ED WB, uits 00, 000, 0359
postED REC, units 1o 005 0506
post-ED plasema, units 002 002) ons
posLED pla o) 002 o301

Duts e prsered o i nmberof
s n e
RIC, oo el

42
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Popular rapid infuser used
for hemorrhage The Belmont® Rapid Infuser
resuscitation o perer i ioame

for the administration
of platelets
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Whole Blood Logistics
|______[easeline _fiter__]Beimont70_[Belmont100 | FitersPressure |

Platelet Cnt. 168 134 97* 94* 130
A-angle 72 74 71 71 74
MA 63 65 58 59 65
ETP 803 781 813
60.8
18.1

(*p<0.05)
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Is Whole Blood for All Trauma Patients?

Prehospital low-titer cold-stored whole blood: Philosophy for
ubiquitous utilization of O-positive product for emergency
use in hemorrhage due to injury

Wallssan, MBA,
srie. VD,

Many centers will not administer LTO+WB to female patients < 50 years

Hemolytic Disease of the Fetus & Newborn

1/30/2023
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LTO+WB for Young, Rh- Patients?

» 80% of the general population is Rh+
» Over 30 months, 124 MTPs were performed
» 26 (21%) female patients
> 18 of 26 (15% of study population) were of child-bearing age
> 16 of 18 underwent type & screen
> 1 of 16 women was Rh-

» In the setting of severe trauma
anti-D conversion is likely 3-30%

> Therefore risk of alloimmunization is 0.012 to 0.12
patients/year

Ultimately, is Whole Blood Better?

SOUTHERN SURGICAL ASSOCIATION ARTICLES

Impact of Incorporating Whole Blood into
Hemorrhagic Shock Resuscitation: Analysis of 1,377
Consecutive Trauma Patients Receiving Emergency-
Release Uncrossmatched Blood Products

Jason B Brill, M, Brian Tang, B
€ Cameron McCoy,

abrielle Hatton, M, Krislynn M Mueck, MD,
M, Lillian § Kao, M. M. FACS, Bryan A Cotton, MD, MPH, FACS
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Reduction in 24-Hour Blood Use

Amang All Patients

& induced immunosuppression,
o7

Table 6. Multivariable Analyses Evaluating the Impact of Low-Titer Group O Whole Blood on 24-Hour Blood Product Use

1/30/2023

Unweighted analysis

Welghted analysis
24hour blood product use

Rate ratio (95% CI) P Value Rate ratio (95% C1)

Whele blood group losg21-070) 0.002 0.93 (09109

Age, per year

1.00 (0.99-1.02) 0.602 0.996 (01.995-0.997)
Male sex

1.80 (0.98-3.26) 0.055 1.22 (1.18-1.26)

<0.001

1SS, per point 1.07 (1 09) <0.001 1.023 (1,022-1.024)

<0001
<0.001

Scene SBI: per mmHg 0.99 (0.99-1.01) 0.639 0.998 (0.998-0.991)

112 (1.02-1.25) 0.01% 1.038 (1.036-1.039)

<0.001

ity Scare; SBI sytalic blood pressure; W, whol

<0.001

16
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Improved 30-day Survival

Table 5. Multivariable Analyses Evaluating the Impact of Low-Titer Group O Whole Blood on 30-Day Survival Among Al
Patients

Unweighted analysis
30-day survival Odds ratio (95% CI)
[41002.227.4%)
0.97 0.96-0.08]

Weighted analysis
Odds ratio (5% CI)
1.59 (1.28-1.98)
0001 0.9 (0.95-0.99)
0018 0,77 (0.60-0.98)
9 <0.001 0,95 (0.94-0.96)
e SBP. per mmHg

b Value

p Value
<0.001

<0.001
<0001
0.04
<0.001
<0.001

1.009 (1.006-1.012)
0.89 (0.87-0.92)
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Outline

4. Implementation of Whole Blood Transfusion
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Future Considerations

Can Whole Blood serve as the
civilian trauma resuscitation of choice?

- Is WB feasible for other healthcare systems?

- What other modalities are competing with WB?

17
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Future Considerations

ole Blood Feasibility

- Cost compared to components?

-> Sustainability across US healthcare systems?
—Critical access, rural locations
—Prehospital access to whole blood
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Future Considerations

Will whole blood find applications outside trauma?

- Non-traumatic hemorrhagic shock

-Gl bleeding
->Obstetric hemorrhage
-> Elective surgical bleeding
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How are we doing it?

TYPE 1 TRAUMA PROTOCOL:

For patients that are activated as a Type 1 trauma, blood bank transports a cooler containing:

1. For male patients > 18 years of age and female patients > 50 years of age: 3 units group O whale blood (see
below for monitoring protocol)

. For all other patients, if age unknown, or if whole blood is unavailable: 3 units group O red blood cells and 3 units
of group A or AB plasma.

This doas not represant an activation of the MTP. To obtain additional blood products in an axpedited fashion, the

massive transfusion protocol must be activated (see below)

18
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How are we doing it?

WHOLE BLOOD SAFETY MONITORING PROTOCOL:

Whoale blood (WB) is a blood product that adds approximately 500 mL of O-positive WB to
a preservative anticoagulant. Whole blood is leukocyte reduced via a platelet sparing fil-
ter. WB is low titer (Anti A, Anti B < 1:100), CPD anticoagulated with a shelf life of 21
days and is stored at 1-6C. As an O-positive product with low titer levels of Anti A and
Anti B, a low risk of hemolytic transfusion reaction exists when used in an un-cross-
matched fashion.
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How are we doing it?

Serial hemolysis labs must be obtained on all patients who receive whole blood:

Whale Blood Hemolysis Manitoring Laboratory Panel:

& Labs:
= Haptogiobin
o Total & Direct Billrubin
te Dehydrogenase (LDH)
nine

< Panel will be ordered:
o On arival to the it (floor, ICU, other location following initial frauma stabilization
24 hours following on
o 4B hours following n

The trauma surgery or SICU be for ordering the necessary labs, monitaring results of the:
hemolysis panel and regort transfusion reactions to ransfusion services.

Should a patient wha received whole biood be ready for discharge prior to 48 hours, the third hemalysis
manitoring panel may be cancelled il he prior two panels do nat demonsirate evidence of hemolysis
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How are we doing it?

- Trauma 1 Protocol is an easy starting point...3 units

-> Establish provider comfort with use and institutional safety
data in a well-known population (adult male trauma
patients)

- Once established, discuss expansion of inclusion criteria
and other patient populations/service lines

19
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Conclusions
- Whole blood is an old therapy with new interest

- LTOWB has demonstrated improved blood
utilization, earlier access to balanced transfusion
and improved patient outcomes

-> Universality will require overcoming age/gender
barriers and establishing feasibility across
systems
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Questions?

@cameronmccoy

cmccoy5@kumc.edu
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