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Where there is love of medicine,
there is love of humankind.

~ Hippocrates

AZ QUOTES Q,-g%

"Hippocrates." AZQuotes.com. Wind and Fly LTI, 2020, 25 September 2020 https://www.azquotes.com/quote/ 1426748

Objectives

& Discuss the proposed clinical benefits of whole blood for
trauma resuscitation

& Describe the logistical advantages/concerns to using whole
blood for trauma resuscitation

& Discuss theoretical risks of whole blood for trauma
resuscitation

& Summarize current literature supportive or dismissive of
whole blood use for trauma resuscitation




Component Therapy Review

1)
» Red Blood Cells

« Platelets

« Fresh Frozen
Plasma

Rationale for RBC Transfusion

® Increase oxygen delivery

% ] 2 Red blood G
& 02 bound to Hgb in RBCs el Viom I

7 : Oxygen released
% Anemia can lead to + delivery wtssiecells - g
@ Most patients can compensate

@ T cardiac output by T heart rate e sicin
. . iy l\g b o
and/or stroke volume increases O2 delivery malecules
A aot [AT06 TECOrY, Oxygen bonded .
& At rest large reserve with }:umuglu\i:in molecules
® O2 delivery is 4x greater than consumption
& If volume maintained, T in CO, R shift in O2 dissociation curve, T extraction at tissue level all
compensates for L in Hgb
©® When Hgb at 5-6 g/dL or lower.....healthy patients unable to compensate (blood failure)

& RBCs push platelets to vessel walls
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Normal Hemostasis — Intricate Balance &
Interaction of Multiple Elements

Procoagulant
Proteins

Fibroblast; Tissue I
Collagen Exposure

Formation of a Clot

» Inured blood vessel contracts or becomes smaller

so less blood escapes

» Platelets attracted to site = become activated =

adhere to vessel = secrete molecules to attract
more platelets = platelet plug

> Clotting factors also recruited. By a series of
activation of clotting proteins = thrombin
generated = fibrinogen converted to fibrin
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Building a Clot = Building a Wall at the Injury Site

Rl

P - /ciivated Platelet = “BRICK”

= Activated Clotting Factors AND
Thrombin to make Fibrin = “MORTAR”

What 1s Whole Blood?

¢ Not all WB is created equal

¢ Warm Fresh Whole Blood - Walking Donors — Mil only — 24
hr shelf life

& Stored Whole Blood/Cold Whole Blood — Refrigerated Whole
blood — usually CPD (21 day shelf life)

¢ Low Titer O Whole Blood — Blood type O donor, tested for
amount of anti-A and B antibodies (can be WFWB (ROLO)
or SWB) *Different titer methods and cutoffs.

& Platelet sparing leukoreduced vs. non-leukoreduced
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PERCENT MASSIVE TRANSFUSION

Why Whole Blood?

& Better understanding of trauma related coagulopathy.
Back to the future for the solution. Military use since
1917. (WWI, WWII, Korea, etc.) Largely LTOWB.

® Recent military experience with Warm Fresh Whole
Blood and retrospective analysis suggesting improved
survival with 1:1:1 ratio component therapy.

OIF/OEF Experience 2002-2012

OMT % & MT: %MORTALITY

O MT: RBC + FWB -0 MT: PLT RATIO
= NO MT:RBC + FWB =& MT: FFP RATIO

&
3

o

» @
OLLYY 11d + 444 3IDVHIAY

PERCENT MT MORTALITY

transfusion in @pera
and platelet
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Probability of Death
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OIF/OEF Experience 2002-2012

Low FFP, High FFP, Low FFP, High FFP,
Transfusion Ratio Low PLT Low PLT HighPLT High PLT

Odds ratio (95% confidence 1.000 0.759 0.343 0.220
interval)

n 1,369 1,197 82 980
Nonsurvivors, % 17 17 16 12%
ISS 16 21% 22+ 26t
IQR 10-22 14-29 14-29 18-34

*p=10.015, Tp < 0.001 compared with the low-FFP/low-PLT group.

Factors Associated with Survival Outcomes: Effect of Transfusion Ratio on Sunval Status
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[] 12 18 10 20
Time to Death From Randomization, h Time 1o Death From Randonuzation, d

2322 304 296 291 286 261 253
38 327 318 305 300 297 95 269 263
b JB, Tilley BC, Baraniuk S, et al. Transfusion of Plasma,
Platelets, and Red Blood Cells ina 1:1:1 vs a 1:1:2 Ratio and Mortality
in Patients With Severe Trauma: The PROPPR Randomized Clinical
Trial. JAMA. 2015;313(5):471 . doiz10.1001 /jama.2015.12
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Warm Fresh Whole Blood (WEFWB) (<48 hours)

Published m final odiied form as:
J Trauma 2009 Apnil ; 6614 Suppl): S69-576. doi:10.1097/TA 0b01 3c3 18 193851b.

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

<
=

Survival

Philip C. Spinella, MD,
United States Army Institute of Surgical Research, Fort Sam Houston, Texas, Connecticut
Children’s Medical Center, Hartford, Connecticut

Jeremy G. Perkins, MD,
United States Amy Institute of Surgical Research, Fort Sam Houston, Texas: Walter Reed Ammy
Medbcal Center, Bethesda, Maryland

Kurt W. Grathwohl, MD.

Brooke Ammy Medical Center, Fort Sam Houston, Texas - ' . + : '
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Fig. 1.
John B. Holcomb, ND Kaplan-Mcicr curve of 30.dsy survival according to study group.
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® Great but WFWB i1s not FDA approved. Is SWB as

good?

Variables

LTOWB/SWB

Component Therapy Only

Received WB

n=8)

n=42

Stat (95% Clor IQR)

Stat 95% Clor IQR

Age at adinit

Race (%, white)
Hispanic
Hypertension

Smoking
AleoholismSubatance ubuse
Blunt injusies

155

HR

RR

SBP

ICU LOS, d

Hospital LOS, d

Venrilator days

440 (19748 3)
T
A9
B
X
1™
25%
19%
6%
* (62320
" (93-109.4)
23744 (21-264)

7.7* (06-17.3)
-4

439%* (40.1-51.7)
0.13
0.29
o1l
048
0
0.03

2817 (229.333)
102.3%* (91,3-1 [
2194240
344 (108.7-135.8)
28 (1.5-70)
57003133
2 {1-3.8)

YORS atc reporicd with medians () and 95% Cls are seportad with mcans (%)
155, Injury Scverity Seore, 1R, heart rate; RR, respuratory rate: S, systolic blood pressure: LOS, longh of stay; 9% (1, 957 confidonce imtorval.

Demogtapties and Clacal Classcirmivacs ou Presemaoon

Elizabeth

mpared with component thera

0.1097/TA.0 00000002687

Journal of Trauma and Acute Surgery: /2020 0 89 -

Issue 1
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LTOWB/SWB

— Componenttherapy
= Whole blood

t Surviving

Percen

8 12 16
First 24 Hours of Hospital Stay

n, Alexandra ) H
eiber, Martin MD'Lar

LTOWB/SWB

— Componenttherapy

— Wheole blood

Percent Surviving

Gallaher, Jared Robert MD, MPH;
1an, Andr
with compon
5 doi: 10.1
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& If no improvement, why switch?

LTOWB/SWB + Prehospital

LTO-WB COMP
Patients (n = 198)  Patients (n = 152) P

41 (26, 56) 38(24.51) 0121
2% 69% 0.493
27 (24, 29) 26(23. 30) 0424
1% 65%% 0.231
White race 45% 35% 0.059
Median head AIS score 30,4) 2(0,4) 0.367
Median chest AIS score 30, 4) 2(0,3) 0,027
Median abdomen AIS score 20, 3) 040, 3) 0.201
Median extremity AIS score 2(0.3) 240,3) 0.280
Median 1SS 25 (16, 36) 22(16, 34) 0.203
ABO blood 1ype
5% 445 0.137
3%
13%

3% 1%

9% 21%
P P

Williams, James BS; GiD ater, Samucl
MD; Cabrera, Rodolfo BSN, EMT-P; Holcomb, John gle hD; Joseph D.
stton, Bryan A. MD, MPH Safety profile and i off low group O w blood for
ney use in trauma, Journal of Trauma and Acute Care S > January 2020 - Volume 88 - Issue
3 doi: [0.1097/TA _0000000000002498
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LTOWB/SWB + Prehospital

LTO-WB
Patients (n = 198)

CcCOoMP
Patients (n = 152) P

Scene transport 90%
Helicopter transport 45%
Median scene HR 114 (86, 130)
Median scene SBP 106 (85, 132)
Median scene DBP 65(52,82)
Median scene GCS 13 (3, 15)
Median scene GCS-motor 6(1,6)
Prehospital (+) FAST 31%
Prehospital intubation 45%

81% 0.013
30% 0.027

101 (80, 126) 0.063
129 (98, 141) 0.085
70 (54, 93) 0.237
12(3.15) 0.387
5(1.6) 0.664
26% 0.306
2% 0.073

Comparison of Preanval Physiology Between Patients Recerving WH and COMP Tansfusons

e
102498

Davi
MID; Cabrera, Rodolfo BSN, EMT- leomb, Joht
DO;: Cotton, Bryan A. MD, MPH'S:

d MDD, : Bai, Yu MDD, PhD; Pratcr, Samuel
3. MID: Wade, Charl ; Loy oh I
'ty profile and impact of low-titer group O ¢ blood for

use 1n trauma, Journal of Trauma and Acute Care Surgery: January 2

LTOWB/SWB + Prehospital

LTO-WB Patients (n = 198)

COMP Patients (n = 152)

) - Volume 85 - Issue

Median arrival HR
Median arrival SBP
Median arrival DBP
Median arrival GCS
Median arrival GCS-motor
ED (+) FAST

MTP activation

Median arrival hemoglobin
Median arrival platelet et
Median arrival pH

Median arrival base excess
Median arrival lactate

110 (83, 128)
94(75.123)
59440, 7%)
3(3.15)
4(1.0)
29%
0%
128 (11.2, 14.1)
221 (176, 275)
722(7.11.729)
=T¢11,-4)
5103.1,7.5

97 (84, 122)

105 (88, 132)
65(52,81)
8(3.13)
6(l.0)

25%

%
11.9110.3. 13.8)
212(173,251)
7.2617.18.7.33)

-5 (-9, ~3)
3.5(23,50)

Companson of Arrival Physiology and Shock Parameters Between Patients Receiving WB and COMP Tramsfusicns

Williams, James BS; Merutka, Nicholas

i, David MDD, MS: Bai, Yu MD, PhD; Prater, Samuicl

MD: Cabrera, Rodolfo BSN, EMT-P; Holcomb; John B: MD: Wade, Charles E PhD; Lo Juseph .

I

m, Bryan A. MD, MPH Safety profile and impaet of Iy
ournal of Trauma and Acute Care Surg January Volume 88 - [ssue

1000000000002

1le blood For
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LTOWB/SWB + Prehospital

LTO-WB COMP
Patients (n = 198) Patients (n=152) p

Median ED RBC, U 1(0,3) 2(0, 6) 0.040
Median ED plasma, U 1(0,3) 2(0, 5) 0.065
Median ED platelets, U 0(0, 1) 0 (0, 1y* 0.216
Median ED WB, U 1(0,1) 0(0,0) <0.001
Median post-ED RBC, U 0(0,3) 2 (0, 6) <0.001
Median post-ED plasma, U 0(0,1) 1(0, 3) 0.018
Median post-ED platelets, U 00, 0) 0(0, 1) 0.231
Median post-ED products, U 00,4 3(0,10) 0.001

Companson of ED and Post-ED Transfusions Berween Panents Recenang WB and COMP Transfusions

Williams, James BS: Meru Nicholas BS; Meyer, David MD, MS; Bai, Yu M), PhD; Prater, Samuel
orera, Rodolfo BS ] ] . John B. MD; Wade, Charles E. PhD: Love, Joseph D,
; Cotton, Bryan A. MD, MPH Safety profile and impact of low-titer group O whole blood for
emergency use in trauma, Journal of Trauma and Acute Care Surgery: January 2020 - Volume 88 - Issue
1 - p 87-93 doi: 10.1097/TA.Q00Q000O0002498:

LTOWB/SWB + Prehospital

Odds Ratio 95% C1

T 119 10104767

097 0.958-0995

098 0.790-1.229

0w 09851010

Arrival base value 113 10491221

Bhum mechanisn 109 0.470-2.572
Post-ED blood mansfisions

—“'\\_ Odds ratio 95% C1
Y 0.239-0941
0% 0.974-1.008
106 1.029-1.09
09 0.956-1.008
Lo 0849 1,083
Blunt mechanism Ln 0.623-3.608
95t C1, 937 confidence amenval
iaivarnts Loguis: Regremute Modehs Evalasin e Impact of LTO-WE oa 30-Dey Survival aad Pour ED Biood Prodoct Traamforons

ai, Yu MD, PhD; Prater, Samucl
C harles E. PhD; Love, Joseph D
); Cotton, Brvan A, MDD Safety profile and im of 1 group O whole blood for
cmergeney use in trawma, Journaliof Trauma and Acute Care Surgery: Janus ) - Volume 88 - Issue
3 doi: 10,1097 /TA.0000000000002498
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LTOWB Logistics

© LTOWRB has only refrigerated storage requirement vs. multiple shelf lives and storage
conditions. This facilitates forward deployment for EMS and ED based storage.
& Do the cold stored platelets and clotting factors in SWB work as well? For how
long?
¢ Platelets and clotting factors as good if not better (platelets are pre-activated) for 14 days

shelf life, after which WB can be spun down into a pRBC. 14 day cold stored apheresis
platelets available now (very limited).

& LTOWRB is more concentrated. 2 fewer liters transfused on average. Significantly
less citrate. Probably less K+. 13 products vs. 4-5.

Component vs FWB as only source of plts

Kaplan-Meier Survival out to 24 hours Kaplan-Meier Survival out to 30 days

aPLT
aPLT

Log Rank Log Rank

aPLT vs FWB p = 0.51 E aPLT vs FWB p=0.28

1216 20 24 10 15 20 25 30
Days

6/29/2021
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Potential Risks/Questions to LTOWB Transfusion

® This WILL create patient ABO typing issues
> True, hospitals MUST get a pretransfusion sample if possible. May need to transfuse with O’s
fora lem, time

& What about Rh alloimmunization?

& The odds are low (1-1.5%) that a trauma victim needing LTOWB will be an Rh neg female of
hild bearing potential. Only 20% of these patients will develop anti-D alloantibodies to Rh pos
pRBCs, and of these only 20% will develop severe HDEN. At RMC up of the 5 units wsl]
be O neg, and preferentially transfused to child bearing age females, if available from the
su pplier to further mitigate this risk.

¢ What about minor ABO incompatibility with out of group transfusion (Anti-A, Anti-B
and Anti-A,B in type O donor plasma given to non-O patients)

Transfusion of Platelets Containing ABO-Incompatible Plasma: A Survey of 3156 North American
Laboratories

Mark K. Fung, MD, PhD, FCAP, Katharine A. Downes, MD, FCAP, and Ira A. Shulman, MD, FCAP

Anli-A or Anti-B

Recipient  Donor
Titer

Source, ¥ Growp  Growp Companent Transfuned Reaction

Age of
Kecipient

o,
2002 d in the other

transfusion -
reaction, including e

death have been

associated with : G Ciapeinpalo L

2040 alinen

ABO I'ninOI' ‘;;'=“ i : -‘“. J He - « ey 4 ¢ V;.i p 16 354 [IAT)
§ telet Severe hemlysis 312 rsalined

mismatch platelet s e s o
transfusion E s e et

Severe llem()lytlc SHOT Soovving u;:-:i platciess . \.:?. "T]. I.-;, 0 e hov..‘;‘ W ;:Ih;;;.h;."1'“;];?:»:.\{.-{

Noat staned
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Some Immunohematologic Results of Large Transfusions of Group O Blood in Recipients of Other
Blood Groups

A Study of Battle Casualties in Korea
WILLIAM H. CROSBY LT.COL. and JOSEPH H. AKEROYD LT.COL.

Blood 1954 9:103-116,

& “Clinically the hemolytic disease on the | Tamv: 2--Reapanse to Large Transfusians of Grong O Blood
basis of such transfused isoantibodies o | Gomis | e P B e s
while causing destruction of native red - - AR AR, ) ﬂ:ﬁrn .
cells did not threaten the lives or impede ! vt I Ll i bl I
the recovery of these patients. No '
reactions were encountered and none
were heard of in Korea that might have
been ascribed to a dangerous universal
donor. The partition of group O blood
into high titer and low titer on the basis of
dilution of 1:200 to 1:256 has proved in
practice to be safe.”

IIM.

LTOWB/SWB + Prehospital

LTO-WB Patients (a = 198} COMP Patients (2 = 152)

Meduan amval creatining 12(LL 1S 12409.1.6)
Mediar ICU ercatinine L1105 LA 10407, 1.3)
Median 24-h creatinioe : 4907, 1.4)
Median 45-h creatinive . 0907.11)
Median arrna’ K= 3 , 4.] 37(33,43)
Median ICL K+

4708 44)

40136, 4%

NA

Nedan ICU bilinsha 107,15
Mdedian 24-h bilindan LU

LLYUENTT)

Na NA
461 (293, 695) 39 (69,4800
4920301, 590
456001, $13)
NA

Meddian JCU haptogobin wiss, 13y EYOREN
Mexdan 24-h haptogebin 67030 1121 19, 134)

T (6t 171) 167 (72,211}

3144230, a50) 3299, 53)
Medun ICU PF ratio 381 €227, 481) XS (20, 468
Median 24-h BF i 375, 442) 333 {195, 426)
Median 48 PT i 325 (247, 408) WD I

e unit.

Camparnoa & Femohon Fael 1l ¥ F Bons Treadh O o7 e Fira 11 Fioaes Aes Asrs: 2) Haworn Bariests Brervivng W H snd € DA Tramsfimaons

Williams, James BS; Merutka, Nicholas BS; Mever, David MD, MS; Bai, Yu MD, PhDD; Prater, Samucl
MD; Cabrora, Rodolfo BSN, EMT-P; Holcomb, John Bl MD; Wad harles E D; Love bh [
DO; Cotton, Bryan A, MD, MPH Safcty profile and impact of low-titer group O whole blood for
sency use in trauma, Journal of Trauma and Acute ¢ Surgery: January 2 - Nolume 88 - Issue
7-93 doi: 10. 1097/ TA 0000000000002498
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Nationwide analysis of whole blood
hemostatic resuscitation in civilian trauma

Hanna, Kamil MD; Bible, Letitia MD; Chehab, Mohamad MD; Asmar, Samer MD; Douglas, Molly MD;
Dititlo, Michael DO; Castanon, Lourdes MD; Tang, Andrew MD; Joseph, Bellal MD
Author Information ©

lournal of Trauma and Acute Care Surgery: August 2020 - Volume 89 - issue 2 - p 326-335
doi: 10.1097/TA.0000000000002753

Safety

& Analysis of TQIP data from 2015-2016
@ 8,494 patients of which 280 received WB
® On regression analysis, WB was independently associated with:

¢ Reduced 24-hour mortality (odds ratio [OR], 0.78 [0.59-0.89]; p =
0.006)

¢ Reduced in-hospital mortality (OR, 0.88 [0.81 -0.90]; p = 0.011)
¢ Reduced major complications (OR, 0.92 [0.87-0.96]; p = 0.013).
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