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The future of blood transfusmn
in austere settlng
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The transfusion chain

DONOR BLOOD BANK PATIENT

anor ! Blood preparation = Quality controls | | Blood delivery Post-transfusion
recruitment Blood donation Blood donation follow-up
and eligibility screening

m m\ Hemovigilance system




Pathophysiology of trauma-related hemorrhagic shock

Blood Product pRBC Plasma Platelets Aloiilierzem |- Ui
= - cryo Blood

' Oxygen debt
Haemorrh
-53"’;\,"-9#3”——J (oxygen content and delivery)

m Endotheliopathy
= (glycocalyx, leukocytes adhesion, barrier)

Coagulopathy
(fibrinolysis, factors, clot formation)

1. Transfuse as soon as possible N 20 — 30% of mortality

Yiatelat activation & dysfunction ]

. Transfuse plasma and not crystalloids N 20 — 30% of mortality

Endogenous heparini ed clotting factor aclivity

. Each minutes count > 5% of mortality / min

Hyperfibrinolyss
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4. Transfuse platelets N 20% of mortality

5. Obtain a RCC: plasma: platelets ratio close to 1:1:1 \ 50 of

| Trauma-associated factors ]L"> <:f][ Resuscitation-associated factors |
]

( Coagulation factor loss [ Coagulation factor diution ] mortal |ty '
e . ——— ool Core 205
— Cardenas et al. Blood Adv 2018

Holcomb, et al. JAMA 2015
Traumatic coagulopathy Shackelford et al. JAMA 2017

Sperry et al. NEJM 2018




Current organization of remote blood transfusion

> Short time to transfusion
> End of surgery within 10h

> 11 blood products
transfused

> Strategic evacuation
within 24h

Forward Medical Support | Forward Surgical Support

Early Strategic Medical Evacustion

Aloird et al. Transfusion 2022
Martinaud et al. Transfusion 2019




The road to winning: Low Titer group O Whole Blood
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Future needs: identify and fill the gaps

No harm, no worsening

Rapid reconstitution/availability

Small carry weight

Ease of portability without

requiring cold storage and

special conditions

5. Universally applicable no type
matching.

6. Easy delivery
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Blood substitutes? Existing products?




Red Blood Cells Substitutes

No shortage
No need of typing/matching

Long lifetime
Sterile F
) F
1. O, transportation
= Hemoglobin <=> metHb

2. CO, transportation
— Erythrocyte carbonic anhydrase

3. Free radical scavenging
= SOD and CAT

Jansman et al. Adv Coll Interf Sci 2018
Mohanto et al. /] Pharm Invest 2022
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Enhanced oxygen carriers: Perfluorocarbons
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O, transportation
Immiscibility => require emulsification
Size << red cells: microcirculation
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Red Blood Cells Substitutes: Hemoglobin-Based Oxygen

Carriers (HBOCs)

1.

2.

Double hemisynthetic

systems

Heme for O,transport
* Human

* Bovin
 Recombined

« Carrier »

e Chemical

e Polymers

* Microparticule

Morandi et al. Art Blood Subs 2016
Mohanto et al. J Pharm Invest 2022
Gupta et al. Shock 2017
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HBOCs formely/currently investigated
* HemoPure®
* HemAssist®
v Stopped late 90’s
v" Mortality 72% during clinical trial
 PolyHeme®
v No approval (FDA, 2009)
v' Compagny gave up (2009)
* HemoSpan®
v Toxicity led to end of the phase lll trial

Hydrophilic Hydro
‘Ft\mﬁ
~,, Amphipmuc Block

f“ & copolymer
Cha

.,},44,,, : \,;3?_3!.- ' Polymersome
Abi s encapsulated Hb




Red Blood Cells Substitutes: Hemoglobin-Based Oxygen
Carriers (HBOCs)
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Platelets substitutes

Synthoplate Thrombosomes
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United we stand: improvement of lyophilized plasma

Meledeo et al. ] Trauma 2019
Valade et al. Front Imm 2021

PARIS SOF-CMC conference Fall 2022



Old product, new idea: cold-stored platelets

PLATELET PRESERVATION®*

Effect of Storage Temperature on Maintenance of Platelet Viability —
Deleterious Effect of Refrigerated Storage

Scorr Mureny, M.1D., AxD Fraxk H. Garoxer, M.D.

Abstract Standard refrigerated storage (at 4°C)  Platelets stored at this higher temperature should
resulted in 4 marked shortening of the life-span of  be adequate for transfusion purposes for as long as
platelets labeled with *'Cr and reinfused Into the 96 hours. The use of cold temperatures should be
origina! donor. Storage at ambient, room tempera-  abandoned in the preparation and storage of plate-
ture (22°C) preserved a normal platelet life-span.  lets for transfusion purposes.

The following exceptions or alternative procedures have been approved
under 21 CFR 640.120(a) during October 2021 - December 2021.

1. 21 CFR 606.65(¢) & 21 CFR 610.53(b)

To manufacture Apheresis Platelets, Leukocytes Reduced, suspended in 100% plasma
and stored at 1-6 °C for up to 14 days without agitation. The cold stored platelets
products are intended to treat actively bleeding patients through day 14 of storage when
conventional platelet products are unavailable, or their use is not practical.

Murphy et al. NEIM 1969

PARIS SOF-CMC conference Fall 2022



Old product, new idea: cryopreserved platelets

Hemoglobin (mmol/L)
Hematocrit (%)

Coagulation and HMGB-1
Thrombocytes (*10°/L)
Fibrinogen (g/L)

PT (sec)
HMGB-1 (ng/mL)

Endothelial leakage
Syndecan-1 (ng/mL)

Area FITC leakage-lung (%)
Area FITC leakage-kidney (%)

Cryo-PLT

RT-PLT

After 6 hours (T6)  After 6 hours (T6)

6.4 (5.8-6.6)
30 (27-31)

448 (376-509)™*
1.3 (L.1-1.6)*

139 (12.2-14.4)**

21.5(10.2-26.1)**

105.1 (86.4-150.8)**
14.3 (9.5-18.0)
25.6 (20.7-29.8)

6.3 (5.7-6.5)

4
30 (27-31) E
i

511 (399-654)**
L3 (1.0-1.4)*

142 (12.7-15.8)**

25.5(13.5-33.1)**

136.6 (108.7-173.1**
13.2(7.0-20.0)
20.0 (13.4-28.6)

Recovery (%)
8 8 8§ 8 8 3 8 8

Kleinveld et al. Transfusion 2020
Martinaud et al. Transf Clin Biol
Dumont et al. 2013

Richard et al. 2015

PARIS SOF-CMC conference Fall 2022



Massive hemorrhage and no blood?
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= () Ak -ease thrombin generat-

Table 3.—Coagulation Studies After Albumin Therapy
Albumin- Nonalbumin-
Trealed treated
Patients Patients
Fibrinogen, mg/dL* 238 + 106 405 - 181
Partial thromboplastin time,
Smith et al. Shock 2016 s 41+ 16 38 « 18
Prothrombin time, s beyond
Johnson et al. Arch Surg 1979 conirol 28+ 4 Ja4its
Maegele et al. Transf 2016 Platelet concentration,
| 1 x10 94 + 48 106 + 60




Up-scaling the blood supply: looking backward

REANIMATION « TRANSFUSION cans | ARMEE

ot e b
CONSTANTING

ALan
Rl
Myrry ety m Travfams
“"““" TuNIsIE
=8 =i
(G
024N
Conlry g Tun’

o e domey
L AraR0C

@

WHOLE 8LDOD SUPPLY
AND DISTRIBUTION SYSTEM

. \A
P o
R 3 b W
f &
. '
L . \
) | R
| R } !
\‘ \ - .~
) e
) ' ‘}
( 3
| (¢ {
~ L
ey . |
o~J 7
' \ = . - K !
\ -
=~ Y
- - g - —-
YA \.\ <
RN

% of avg
transfusion units/patient
43 4.3

16 7.1
36 7.5
24 6.5
50 6
16 3.9

Revue des corps de santé des armées, 1966

Vietnam studies, medical support 1965 — 1970, Neel 1991
Py et al. Transfusion 2022




Up-scaling the blood supply: team wins







