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OVERVIEW

o New studies (2023-2024)

o Concepts:
Donor Exposures
Dose Effect
Timing
Cost

Survival
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SURVIVAL




MORGAN ET AL, CRIT CARE MED
JULY 2024

Adults and children

Inception through Dec 2023

PubMed, CINAHL, and Web of Science
Excluded: military, non-LTOWB product type

|4 studies reported early (<24h) mortality and 22 studies reported late
(28d, 30d, in-hospital) mortality




Early mortality

Risk Ratio %
Study (95% ClI) Weight
Anand 2021 —t—o— 1.03 (0.93, 1.15) 747
Aoki 2023 — 106(1.01,1.12) 1074
Bohan 2021 | ‘ 0.95 (0.81, 1.11) 463
Braverman 2021 % - 1.12(0.98, 1.28) 553
Gaines 2023 - 1.15 (0.94, 1.40) 3.32
Gallaher 2020 -~ I - 0.97 (0.7, 1.22) 2.61
Hanna 2020 | —m— 112(1.06,1.18)  10.57
Hazelton 2019 1 0.93(0.75, 1.17) 2.77
Hazelton 2022 - - 1.25 (1.17, 1.34) 9.59
Lee 2022 —Lo— 1.04 (0.95, 1.13) 8.30
Seheult 2018 —-‘—0— 1.04 (0.96, 1.13) 8.53
Shea 2023 —'—0—- 1.14 (1.05, 1.24) 8.53
Sperry 2023 | - 1.06 (0.94, 1.19) 6.43
Torres 2023 —"o— 1.01(097,1.08)  11.29
Overall, DL (¥ = 66.6%, p = 0.000) I 1.07(1.03,1.12)  100.00

T | T
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Decreased survival Increased survival

Compared to CT, LTOWB was associated with improved:

24-hour survival (RR [95% CI] = 1.07 [1.03-1.12])
Late survival (RR [95% CI] = 1.05 [1.01-1.09])

Late mortality

Risk Ratio %
Study (95% CI) Weight
Anand 2021 —l+— 1.05(0.91, 1.21) 450
Andrade 2022 thoracotomy cohort : e — 1.27 (1.11, 1.46) 4.59
Andrade 2022 laparotomy cohort Lb— 1.07 (0.99, 1.15) 7.88
Aoki 2023 I-i-o— 1.10 (1.01, 1.20) 717
Barmparas 2022

— 1.14(0.74,1.75)  0.80
Bohan 2021 ' 0.88(0.74,1.05) 353
Braverman 2021 _+_—t:-0— 1.10(0.95,1.28)  4.29
Brill 2022 . 0.99(0.93,1.05) 859
Duchesne 2021 —j:' 092(0.80,1.06)  4.51

1

'
Gaines 2023 | T -+ 1.31 (0.80, 2.14) 0.61
!
Gallaher 2020 -+ - 0.79 (0.53, 1.18) 0.89
Gerard 2023 0.97 (0.81,1.17) 3.22

|
|
Hanna 2020 | —— 1.17 (1.08, 1.26) 7.66
1
|

Lee 2022 J:: 1.15(1.00, 1.32) 4.80

McLoughlin 2023 _ 1.10 (0.90, 1.36) 275
Niemann 2022 —l— 0.94 (0.80, 1.11) 3.65
Perea 2023 » . 1.00 (0.72, 1.40) 1.25
Seheult 2018 -J-i:—_ 1.08 (0.95, 1.22) 5.20
Shea 2023 - 1.10 (0.98, 1.24) 5.59
Siletz 2021 j-:_— 1.08 (0.93, 1.26) 4.21
Sperry 2023 - 1.04 (0.94, 1.16) 6.27
Torres 2023 ! 0.83 (0.68, 1.01) 292
Williams 2019 —JHh 0.99 (0.88, 1.13) 512
Overall, DL (I* = 47.6%, p = 0.006) 0 1.05(1.01,1.09)  100.00

T T

5 1 2

Decreased survival Increased survival

Forest plot of studies reporting late (28-d. 30-d. or in-hospital) survival rates in trauma patients who received low-
titer group O whole blood (LTOWB) compared with component therapy (n = 54,762). LTOWB was significantly
associated with improved late survival compared with component therapy (relative risk [95% CI] = 1.05 [1.01-1.09],
»=0.014). DL = DerSimonian and Laird.

Morgan et al, Crit Care Med. July 2024



BIAS

No publication bias

No small study bias

Risk of bias = subjective

Domains ranged from low (deviation
from intended intervention) to
serious (confounding)

Overall = moderate

eTable 4. Risk of Bias in Non-Randomised Studies- of Interventions (ROBINS-I):
review authors’ judgements about each risk of bias item

Author D1 D2 D3 D4 D5 Dé D7 Overall

Anand et al. (2021) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Andrade et al. (2022) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Aoki et al. (2023) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Barmparas et al. (2022) Moderate Low Low NI Low | Moderate | Moderate
Bohan et al. (2021) Moderate | Moderate | Moderate | Low NI Low | Moderate | Moderate
Braverman et al. (2021) | Moderate | Moderate Low Low NI Low | Moderate | Moderate
Brill et al. (2022) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Duchesne et al. (2021) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Gaines et al. (2021) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Gallaher et al. (2020) Moderate Low Low NI Low | Moderate | Moderate
Gerard et al. (2023) Moderate | Moderate Low Low | Moderate | Low | Moderate | Moderate
Hanna et al. (2020) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Hazelton et al. (2019) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Hazelton et al. (2022) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Lee et al. (2022) Moderate | Moderate Low Low NI Low | Moderate | Moderate
l\gzlégughﬁn etal. Moderate | Moderate Low Low NI Low | Moderate | Moderate
I{Vr'em;nn etal. (2022) Moderate Low Low NI Low | Moderate | Moderate
Perea et al. (2023) Moderate | Moderate Low Low NI Low | Moderate | Moderate
Seheult et al. (2018) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Shea et al. (2023) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Siletz et al (2021) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Sperry et al. (2023) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Torres et al. (2023) Moderate | Moderate Low Low Low Low | Moderate | Moderate
Williams et al (2020) Moderate | Moderate Low Low NI Low | Moderate | Moderate

NI: no information

Domain 1: Bias due to confounding; Domain 2: Bias due to selection of participants; Domain 3: Bias in classification of interventions;
Domain 4: Bias due to deviations from intended interventions; Domain 5: Bias due to missing data; Domain 6: Bias in measurement
of outcomes; Domain 7: Bias in selection of reported result




SENSITIVITY ANALYSES

By analysis type (unadjusted vs adjusted)
Early survival — no change in magnitude, direction or significance of outcomes
Late survival — no longer significant
By age group
Adult only = early morality
Children only = early and late mortality
By product type
Adding modified LTOWB (n=2), both early and late mortality still significant




VAN DER HORST ET AL, JTACS
AUG 2023

Adults age >15 years

Through Jan 2023

Medline, Embase, Cochrane library, CINAHL,Web of science
Studies conducted in civilian setting (n = 20 total)

Mortality timepoints:

Early (4 hours, 6 hours, and emergency department)

24 hours
Late (28 days, 30 days, in-hospital)




“Early” mortality
(4h, 6h, ED)

N=6 studies

24h mortality

N=11 studies

A

Whole Blood Blood Components Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Guyette 2022 5 40 8 46 9.4% 0.95[0.27, 3.39] —
Hazelton 2019 2 a1 16 182 6.8% 0.23 [0.05, 1.04]
Hazelton 2022 41 1180 24 443  57.2% 0.63 [0.38, 1.05] —l
Lee 2021 5 169 5 130 9.6% 0.76 [0.22, 2.69] _—sl
Seheult 2018 4 135 5 135 8.5% 0.79 [0.21, 3.02) =]
Yazer 2021 4 92 5 92 8.4% 0.79 [0.21, 3.04] I
Total (95% CI) 1707 1028 100.0% 0.65 [0.44, 0.96] k3
Total events 61 61
Heterogeneity: Tau® = 0.00; Chi*=2.44, df =5 (P =0.79); = 0% ‘n.m 0=1 1 1=0 ‘IUEI:

Test for overall effect: Z=2.19 (P = 0.03)

B

Favours Whole Blood Favours Blood Components

Whole Blood  Blood Components Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bohan 2021 33 121 22 95 11.1% 1.24 [0.67, 2.32] B i
Cotton 2014 6 55 5 52 4.8% 1.15[0.33, 4.03] — 1
Gallahar 2020 12 42 22 83 84% 1.11 [0.48, 2.54] N
Guyette 2022 6 40 8 46  5.4% 0.84 [0.26, 2.66] S T
Hanna 2020 48 280 2054 8214 16.4% 0.62 [0.45, 0.85] B
Hazelton 2019 2 52 8 115 3.3% 0.54 [0.11, 2.61] S S
Hazelton 2022 167 1180 138 443 17.3% 0.36 [0.28, 0.47] -
Lee 2021 18 169 18 130 10.0% 0.74 [0.37, 1.49] -
Seheult 2018 12 135 17 135 8.9% 0.68 [0.31, 1.48] i
Shea 2020 7 44 9 42 5.9% 0.69 [0.23, 2.07] ST
Yazer 2021 13 92 14 92 8.5% 0.92 [0.40, 2.08] — g
Total (95% CI) 2210 9447 100.0% 0.71 [0.52, 0.98] -
Total events 324 2315
Heterogeneity: Tau? = 0.13; Chi? = 24.09, df = 10 (P = 0.007); |2 = 58% 5001 0?1 3 1:0 100’

Test for overall effect: Z =2.09 (P = 0.04)

Whole Blood Blood Components

van der Horst et al, JTACS. Aug 2023



MEIZOSO ET AL JTACS

Adults age > 15 years

Through May 2023

Excluded military and pediatrics

Medline, Embase, Cochrane CENTRAL, CINAHL Plus, and Web of Science
Included 21 studies total

Mortality timepoints = “early”, 24-hour, “late” and “in-hospital”

Included LR without platelet-sparing filter and “modified” VWB with supplemented
room temperature platelets

Secondary outcome: blood product transfusion volume, ICU length of stay,
infectious complications




MORTALITY

A

Whole Blood Component Therapy Odds ratio Odds ratio Risk of Blas

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDESF
.

Duchesne 2021 7 73 4 180 85% 467[1.32,16.46) (T X EEX ) N=7 Studles (Early)
Hazelton 2022 41 1" 24 436  245% 0.62[0.37 , 1.04] - 0002720
Kemp Bohan 2021 20 121 12 95 16.7% 1.37(0.63,297) do— 0007?2720
Lee 2022 5 169 5 130  8.5% 0.76 (0.22, 2.69] —_—t 000?220 .
Seheult 2018 4 135 5 185 7.8% 0.79(021,3.02] — @220 N - I O d 24 h
Sperry 2023 50 624 32 427 264% 1.080.68 , 1.71] o TEXEEXE ) StU IeS - OU I"
Yazer 2021 4 92 5 92 7.7% 0.79[0.21, 3.04] —— [N N BN ]
Total (95% CI) 2385 1495 100.0% 1.03 [0.68 , 1.56] — o
Total events: 131 87 * N —8 stUd|es (Late)
Heterogenelty: Tau* = 0.11; Chi* = 10.07, df = 6 (P = 0.12); I* = 40% 001 01 1 10 100
Test for overall effect: Z = 0.13 (P = 0.89) Favours whole blood Favours component therapy
Test for p diffe Not appli . .
oot togens N=10 studies (In-hospital)
()] bias)
B) blas)
(C) Blinding of participants and p bias)
(D) Incomplete outcome data (attrition bias)
(E) Selective reporting (reporting bias)
(F) Other bias
B Whole Blood Component Therapy Odds ratio Odds ratio Risk of Blas
Study or Subgroup Events Total  Events Total  Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCODEF
Cotton 2013 6 55 5 52 54% 1.15(0.33,4.03) —_— e e e
Gallaher 2020 12 a2 22 83  85% 1.11(0.48 , 2.54) — 72720
Hanna 2020 48 280 2054 8214 139% 0.62[0.45,0.85] - 2720
Hazelton 2022 167 1N 138 436 14.4% 0.36(0.28 ,047) - 2720
Kemp Bohan 2021 33 121 22 95 106% 1.24(0.67,2.32) oo 72720
Lee 2022 18 169 18 130 98% 0.74 (0.37 , 1.49] —t 72?20
Seheult 2018 12 135 17 135 90% 0.68(0.31, 1.48] —t 772@
Shea 2020 7 44 9 42  64% 0.69(0.23,2.07] —— 220
Sperry 2023 82 624 49 427 133% 1.17(0.80, 1.70) + 2720
Yazer 2021 13 92 14 92 86% 0.92(0.40 , 2.08] —4— 772@
Total (95% CI) 2733 9706 100.0% 0.78 (0.54,1.12] @
Total events: 398 2348
Heterogenelty: Tau* = 0.21; Chi* = 36.63, df = 9 (P < 0.0001); I* = 75% 001 01 1 10 100
Test for overall effect: Z = 1.36 (P = 0.17) Favours whole blood Favours component therapy

Test for subgroup differences: Not applicable




Reduced 4-hour and 24-hour
RBC transfusion volume

Reduced 4-hour plasma
transfusion volume

A

‘Whole blood Component therapy Mean difference Mean difference Risk of Blas
Study or Subgroup  Mean sD Total Mean 50 Total Welght IV, Random, 95% CI IV, Random, 95% Cl A BCDEF
Hazelion 2018 3 7 a1 4 8 182 139%  -1.00[-2.85, 0.85] e LN N NN
Hazallon 2022 1 5 1180 3 q 443  18.9% -2.00[-2.47 . -1.53] - L N N A
Kemg Bohan 2021 2 F 87 2 Z @ 18.6% 0.00 [-0.58 , 0.58] + a8 ® 7 78
Siletz 2021 4 4 38 7 4 32 138% -3.00[-4.88,-1.12] N L N N AN
Sperry 2023 4 8 624 5 ] 427 168%  -1.00[-2.11,0.11] — LN N AN ]
Torres 2023 T T 432 n 12 2353 17.9% -4.00[-4.82,-3.18) - N N N ]
Total (95% CI) 2452 3532 100.0% -1.82 [-3.12, -0.52] &
Heterogeneity: Taw' = 2.28; Chi* = 68.44, df = 5 (P < 0.00001); F = 93% ) ) )
Test for overall effect Z = 2.74 (P = 0.006) 10 5 a 5 10
Test for subgroup differences: Not applicable Favours whole blood Favours component therapy
Risk of bias legend
{A) Random sequence genaration (selection bias)
(B} Allacation concealment (selection blas)
{C) Blinding of participants and personnel {performance bas)
(D) Incomplete outcome data (attrition bias)
(E) Selective repoming (reporing blas)
{F) Other bias
B Whole Blood Component Therapy Mean difference Mean difference Risk of Blas
Study or Subgroup  Mean SO0 Total Mean s Total Welght IV, Random, 5% CI IV, Randam, 95% CI ABCDETF
Hazalton 2019 2 T 91 2 a 182 15.1% 0.00 [-1.68 . 1.68] — L N B B ]
Hazslion 2022 o 4 1180 2 5 443  15.4% -2.00 252, -1.48] - LK N BN
Kemp Bohan 2021 2z ) 87 2z 2 95 183%  000[-0.58,0.58 -+ (N N BN |
Slletz 2021 0.5 2 28 35 6.5 32 127%  -3.00 534, -0.66) LK N B2 N
Sparry 2023 3 g 624 a 4 427  17.4%  0.00 [-0.87 , 0.87] ~+ LN N A
Torres 2023 4 [ 432 & 10 2353 18.1% -4.00 [-4.70, -3.30) - o9 ® T 1 @
Total (95% CI) 2452 3532 100.0%  -1.47 [-2.94, -0.00] s
Heterogeneity: Tau® = 2.98; ChP* = 92,41, df = 5 [P < 0.00001); " = 95%
Test for overall effect: Z = 1.96 (P = 0.05) 1 % o 5 10

Test for subgroup diffierences: Not applicable

Favours whole blood Favours component therapy



PRACTICE MANAGEMENT GUIDELINE FROM
THE EASTERN ASSOCIATION FOR THE
SURGERY OF TRAUMA

“Seven authors (64%) voted for a conditional recommendation, and four authors (36 %) voted that they could not

recommend for or against. Thus, we conditionally recommend using WB in adult civilian trauma patients receiving

blood transfusions, recognizing that data are limited for certain populations, including women of childbearing age,
and therefore, this guideline may not apply to these populations.”

“[LTOWB] should be considered in any bleeding adult male or postmenopausal female patient who presents to a
trauma center where WB is immediately available.”



WOMEN

“The potential risk of fetal harm in women of childbearing age is a particular concern related to WB
transfusion and was considered when formulating the recommendations. However, several studies
evaluating the preferences of women regarding emergency lifesaving transfusions, even when there is
a small potential risk of fetal harm, have reported that most women would accept this risk.”

Emergency Transfusion in Females with
Childbearing Potential: Mitigating the Risks of

Hemolytic Disease of the Fetus and Newborn

November 19-20, 2024 | Hyatt Regency Bethesda




DONOR EXPOSURES




MCLOUGHLIN ET AL
JTACS 2023

TQIP database 2017-2019
Age >12 years, transfusion within 4 hours
390 patients (109 LTOVVB, 281 CT)

Lower total product volumes

LTOWB cohort = fewer blood product units
(~donor exposures)



DOSE EFFECT

Whole Blood / Total Transfusion Volume

WAB/TTV Ratio




DORKEN-GALLASTEGI ET AL, ANN SURG
MAY 2024

TQIP database (2020-2021) 13% decrease in odds of 4-hour mortality for

o/ i - . .
Adults with shock index >1 who received each 10% increase in the WB:TTV ratio

>4 combined units of red blood cells

(RBC) or WB within 4 hours of arrival o | waon %3] B

12,275 patients were included (WB: S=

2,884 vs. component-only: 9,391) R R {——-———-————--} -----------
Higher WB:TTV ratios were significantly §§°"' {

associated with lower 4-hour, 24-houir, Sw

and 30-day mortality g

4-hour r'nortality 24~hourlmortality 30-day ;nortamy



AOKI ET AL, CRIT CARE
JUL 2024

ACS-TQIP (2020 - 2021) o WBR groups
4087 adults received WB within 4h of arrival \ . 35‘1’23:32'%:»
\ 3 aaa2000%

o
0
|

Categorized into four groups based on the
quartiles of WB:TTV ratio

o
=]
|

Primary outcome: 24-h mortality

WB units transfused = 2 (2-4)

Survival probability

o
~
|

The highest WBR quartile had lower Log-rank test: P<0.01
HR, 0.82; 95% CI, 0.76-0.88, P<0.01
24-h mortality (AOR 0.61, 95% Cl 0.46-0.81) 9B , , | l
30-day mortality (AOR 0.58; 95% Cl 0.45-0.75) 0 5 10 15 20

Time, h



CAMPWALA ET AL JTACS
SEP 2024

70

ACS-TQIP database 2020-202 |

60

4323 children (age <18 years) who received any blood transfusion
within 4 hours of hospital arrival

Calculated WB/TTV ratio

50

40

30

Any WB transfusion was associated with:

42% decreased odds 4 h mortal (aOR = 0.58 [0.35-0.97]; p = 0.038)
54% decreased odds 24h mortal (aOR, 0.46 [0.33—-0.66]; p < 0.001)

24-hour predicted mortality (%)
20

10

o . . . . . o
Each 10% increase in WB/TTV ratio was associated with a 9% decrease 3 B B M H @ @ % 1%
in 24-hour mortality WB:TTV ratio (%)

Fractional polynomial model for the relationship between WB/TTV and the estimated probability of 24-hour mortality.
Gray area represents 95% CI for the fractional polynomial model.



DOSE

RESPONSE WHOLE BLOOD:TOTAL BLOOD PRODUCT RATIO
IMPACTS SURVIVAL IN INJURED CHILDREN

Adjusted for age, sex, mechanism

95 severely injured .. . .
of injury, injury severity score,

' S i children
Single -::entsetrL::c:ibservatlonal shock index, and GCS score
Y 0000
Pediatric recipients of low Higher WB:TTV
titer group O whole blood ratio independently associated with
_ increased survival
Calculated ratio: LTOWB comprised
0 -
Whole Blood 59% (33-100) of t(_jtal_ 38% decrease in-hospital mortality
Total Transfusion Volume blood product resuscitation

for each 10% increase in the
proportion of LTOWB (p<0.001)

Feeney et al, JTACS Oct 2024



LAMMERS ET AL TSACO APR 2024

Retrospective review, single center (2019-2022)
390 subjects who received 3+ units within 1 hour of arrival
WB to packed red blood cell ratios (WB:RBC)

Decreased 4-hour mortality in patients with a WB:RBC>1 at
1 hour (5.9% vs. 12.3%; OR 0.17, p=0.015)
2 hours (5.5% vs. 13%; OR 0.16, p=0.019)
3 hours (5.5% vs. 13%, OR 0.18, p<0.01)

Decreased 24-hour mortality with a WB:RBC>1 at 24 hours (7.9% vs. 14.6%, p=0.01)

Decreased 24-hour transfusion requirements with a WB:RBC>1 (12 vs. 24 units, p<0.01)



TIMING




TORRES ET AL JAMA SURG
APR 2024

Does timing of LTOWB impact survival? Results

E Survival within 30 d of WB transfusion
1.00+

ACS TQIP 2019-2020

1394 patients = Adults in shock who
received WB as an adjunct to MTP
within 24h of arrival

Every 1-minute increase in the time
to initial WB transfusion during the
first 4 hours = 1 mortality

Received WB earlier
0.90

0.80

Received WB later
0.70

Most prominent inflection point for
reduced survival = 14 minutes from

Survival probability, %

When was WB given during the MTP? o007 _
—> Early vs Later 0.50 ' ' ' ‘ A
0 5 10 15 20 25 30
- Time, d Whole blood given earlier vs later at
Received WB earlier 1238 1098 1087 1081 1072 1069 1067 ea Ch t|me po|nt was assoc|ated W|th

Received WB later 156 114 110 108 107 105 105

improved survival
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CIARAGLIA ET AL
JTACS JUL 2023

Pre-post implementation of LTOWB

Significantly lower mean cost/patient AND
cost/patient/mL at 4 hours, 24 hours and
overall

Net decrease in average annual spending of
more than $927,000 due to decrease in
mean annual costs associated with CT

Does not include storage, processing and
lab costs

SUsSD

SUsD

54,500.00
$4,000.00
53,500.00
53,000.00
52,500.00
$2,000.00
$1,500.00
51,000.00

5500.00

50,00

$14,00

£12.00

510,00

58.00

56.00

54.00

50.00

*
* Il
N

PH Cost

*
— —

PH Cost/mL

d-hour Cost

*

4-howr Cost/ml

24:-hour Cost

*

24hadr CosyfmL

Overall Cost

m Component

B TO+WE

Olverall ‘Costfml



LOOKING AHEAD




+yOWAR

Type O Whole blood and assessment of Age early Resuscitation trial

Trauma Resuscitation with Low-Titer
Group O Whole Blood or Products

MATIC®

MASSIVE TRANSFUSION IN CHILDREN
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