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Red Cross pathogen-reduced (PR) platelets and LVDS-36 platelets
are suspended in PAS-C

Crystalloid nutrient media that replaces a portion of plasma in platelet collections

American Red Cross
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There and back again:

Valery J. Kogler and Moritz Stolla

the once and current developments in donor-derived platelet products for hemostatic therapy
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Kotwal R., Howard R. et al. The Effect of a Policy on the Morbidity and Mortality of Combat Casualties. JAMA, Surg. 2016;151(1):15-24.

Policy Saved U.S.
Lives In Afghanistan

M http://www.militaryblood.dod.mil/ViewContent.aspxgcon_id_pk=1968&fr=hs
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Primary Cause of Death by Timing of Death

Hypovolemic shock, n (%)
Hypoxia, n (%)

Cardiac dysfunction, n (%)
TBI, n (%)

Anoxic brain injury, n (%)
Pulmonary embolism, n (%)
Sepsis, n (%)

Multiple organ failure, n (%)
Other, n (%)

Unknown, n (%)

Spinal cord injury, n (%)

Missing, n (%)

<24h
n=334

129 (38.6%)
3(0.9%)
3(0.9%)

164 (49.1%)
10 (3.0%)
0(0.0%)
0(0.0%)
1(0.3%)
3(0.9%)
19(5.7%)
2 (0.6%)

0(0.0%)

24-1T72h

n=81
2 (2.5%)

0(0.0%)

0(0.0%)

71 (87.7%)

6(7.4%)
0(0.0%)
0(0.0%)
0(0.0%)
1(1.2%)
0(0.0%)
1(1.2%)

0(0.0%)

Ann Surg. 2015 Mar;261(3):586-90
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n=109
3(2.8%)

3(2.8%)

0(0.0%)

71 (65.1%)

16 (14.7%)

0(0.0%)
5 (4.6%)
4(3.7%)
1(0.9%)
0(0.0%)
1(0.9%)

5(1.0%)

Total
n=571

134 (23.5%)

8(1.4%)

4(0.7%)

314 (55.0%)

33(5.8%)
1(0.2%)
5(0.9%)
7(1.2%)
6 (1.1%)

21(3.7%)
4(0.7%)

34(6.0%)




Evolution of Resuscitation from 1666 to 2023 2022; Hazelton demonstrates low R,

titer type O whole blood has survival
(/ Trauma Acute Care Surg. 2023; 95: 464-471) benefit when used in civilian trauma

1666: Lower WW I ; Earliest | | 1973; Shires describes 2010; tranexamic acid || 2015;
Elerfgrms first acc;”"tsblﬂf . ability to expand shown to decrease Balanced
00 modern bloo extracellular volume mortality in bleeding transfusion of || 5018. yse of

transfusion in collection . . . blood .
- - using crystalloid trauma patients prehospital
canine model techniques components plasma found

demonstrate to be

1818; Blundell WW Il ; First large- 2007: Holcomb coins optimal associated

Performs first scale civilian phrase “Damage res.uslc'ltaa{t'lp.n with decreased 2023-
human to human blood collection Control R tation” ratio in civilian mortality in Multlple
blood transfusion sites emerge ontrot Resuscitation trauma

civilian trauma gnguing clinical
trials to assess
blood products
in civilian
trauma with

1864; First 1971; First description 2007; Borgman 2014 ; warm fresh 2017 ; early_mnrtallty
accounts of whole of acute coagulopathy describes benefit of whole blood Prehospital blood as primary
blood transfusion in of trauma balanced ratios in becomes regarded product outcome
combat scenario in combat casualties as optimal transfusion

two soldiers during resuscitative demonstrates
the UC Civil War product for improved survival
combat casualties in combat
casualties

1700 1800 1900 202

1667; Baptiste 1918; US Army 1994: Bickell describes 2009; Spinella describes
and Lower_ adopts whole blood mortality benefit mortality benefit associated 2020 ; “Diamond of Death” coined,
Eﬁ]gzrms first ;ﬂa';zf:rsd'op"rﬁaé?itse associated with WE”E ftrESh WTE"E blood in which incorporated hypocalcemia

. . . combpal Casualties . I .
transfusion in for soldiers in shock hypotens_we _r?S_USEltatmn as fDI_JI:Eh pillar to the “lethal triad
human using strategy in civilian trauma of death” in trauma (coagulopathy,

canine blood acidosis, hypothermia)
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Transfusion of Plasma, Platelets, and Red Blood Cellsin a 1:1:1 vs a 1:1:2 Ratfio and Mortality in Patients With Severe Trauma The PROPPR Randomized Clinical Trial.
John B. Holcomb, MD et al. JAMA. 2015;313(5):471-482.
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Trauma 7t edition. New York McGraw-Hill,2013, 725-746
Damage control resuscitation: the new face of damage control. Juan C Duchesne et al. J Trauma. 2010 Oct;69(4):976-90
Early coagulopathy predicts mortality in trauma. Jana B A MaclLeod et al. J Trauma. 2003 Jul;55(1):39-44.
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Early coagulopathy predicts mortality in trauma. Jana B A MaclLeod et al. J Trauma. 2003 Jul;55(1):39-44.
Acute tfraumatic coagulopathy. Karim Brohi et al. J Trauma. 2003 Jun;54(6):1127-30.
Early coagulopathy in multiple injury: an analysis from the German Trauma Registry on 8724 patients. Marc Maegele et al. Injury. 2007 Mar;38(3):298-304.
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v Holcomb JB, Jenkins D, Rhee P, et al : Damage control resuscitation : directly addressing the early coagulopathy of trauma. J Trauma 2007 ; 62 : 307-310.

v Holcomb JB, Wade CE, Michalek JE, et al : Increased plasma and platelet o red blood cell ratios improves outcome in 466 massively fransfused civilian frauma patients. Ann Surg 2008 ; 248 : 447- 458.

v Holcomb JB, Pati S : Optimal frauma resuscitation with plasma as the primary resuscitative fluid : the surgeon's perspective. Hematology American Society of Hematology Education Program 2013 ; 2013 : 656-659.

v Holcomb JB, Tilley BC, Baraniuk S, et al : Transfusion of plasma, platelets, and red blood cellsina 1 : 1: 1vsa 1 : 1 : 2rafio and mortality in patients with severe trauma : the PROPPR randomized clinical frial. JAMA 2015 ; 313 : 471-482.
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v Shackelford SA, Del Junco DJ, Powell-Dunford N, et al : Association of Prehospital Blood Product Transfusion During Medical Evacuation
of Combat Casualties in Afghanistan With Acute and 30-Day Survival. JAMA 2017 ; 318 : 1581-1591.

v/ Pidcoke HF, Aden JK, Mora AG, et al : Ten-year analysis of fransfusion in Operation Iraqi Freedom and Operation Enduring Freedom :
increased plasma and platelet use correlates with improved survival. The journal of frauma and acute care surgery 2012 ; 73 : S445-452.
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Table 2. Platelet Transfusion Usage in Various Hospital Groups

R/ éﬂ%@[ﬁﬂd\*}ﬁ [f[lOD@-Z PAEREDN S, IEMBNOFERANZ N DI,

VASILVA and WV.Miller, Platelet Transfusion Survey in a Regional Blood Program.
Hemostasis™ Prophylaxis* Undetermined Total* Transfusion.,1977.1 7(3)3[3.255-260

University hospitals 477 (3) 307 793 (3)
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*In parentheses are the number of plateletpheresis concentrates transfused.
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Murphy, S and FH Gardner, Effect of storage temperature on maintenance of platelet viability--deleterious effect of
refrigerated storage. N. Engl. J. Med.; 1969. 280(20): p. 1094-1098. 16
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Hypothesis: Cold-stored platelets are equally
effective at reducing postoperative bleeding
as room temperature-stored platelets

=ONRIEAlT COBEIPAS-PCDpilot trial

Anesthesiology 2020; 133:1173-83

ANESTHESIOLOGY

A Pilot Trial of Platelets
Stored Cold versus at
Room Temperature for

Platelet storage
stage 1: Randomized

Cold-stored
(up to 7 days, n = 25)

Adults undergoing

Room temperature-stored
(up to 7 days, n = 25])

Stage 2

Cold-stored

slective or semi-urgent
omplex cardiothoracic
surgery received
platelet transfusion per
study protocol

Primary outcome

Clinical effect
(chest drain output)

Complex Cardiothoracic
surgery Geir Strandenes, M.D.

From: A Pilot Trial of Platelets Stored Cold versus at Room Temperature for

Complex Cardiothoracic Surgery
Anesthesiology. 2020;133(6):1173-1183. doi:10.1097/ALN.0000000000003550
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18 to 14 days, n = 15)

MMedian difference 75 mL

COSINRG S 720 mL (485-11707)

Median difference 30 mL

690 mL (500-1880°)

Median chest drain cutput

Mo significant difference between groups {*interquartile range)
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H%E (RCT) o

Cold Stored Platelet in , EIRD A EEMS
Hemorrhagic 200% thn i

Shock “CriSp-HS” O REAR R
(NCT04667468)3KE (omgs) | %) SR LD TR ofc Chrisine 3.

the Cold Stored Platelet for Her > Shock (CRISP-HS) Study Group
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Apheresis Platelets in Cardiac
Surgery Patients “CHASE”
(NCT05220787) K [E

Delayed Cold-Stored
Platelets “PLTS-1”
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Cold Versus Room Temperature
Storage of Platelets for Bleeding in
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Dose ABO and RhD matching matter for platelet transfusion ?

RISKS ASSOCIATED WITH INCOMPATIBLE PLATELET TRANSFUSIONS

Mechanism:

Donor ABO antibody incompatible
with recipient RBCs

Donor:
Anti-A and Anti-B
antibodies

:-.‘;-‘-

Recipient:
RBCs express A antigen
Populations at risk:
Recipients of donor plasma that is
ABO incompatible with recipient
red blood cell ABO antigens
(e.g., O donor, A recipient)

RED CELL HEMOLYSIS

Mechanism:

Clearance of PLTS expressing ABO
antigen by recipient ABO antibodies

| ]

Recipient:
Anti-A and Anti-B
antibodies

Donor:
PLTS express B antigen

Populations at risk:

Recipients of donor PLTS with ABO
antigens that are incompatible with
recipient plasma ABO antibodies
(e.g., B donor, O recipient)

LOWER INCREMENTS

Mechanism:

Exposure to passenger Rh positive
RBCs elicits immune response and
formation of anti-D antibody

' Recipient:
Forms Anti-D antibody

—

Donor:

RBCs express D antigen
Populations at risk:

Rh negative recipients of Rh
positive PLTS that may include Rh
positive RBCs

(e.g., OPOS donor, ONEG recipient)

ALLOIMMUNIZATION

\ETY Op
O

.. American Society o« Hematology
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¥

Helping hematologists conquer blood diseases worldwide




Out-of-Group Platelets in Plasma

ABO Minor Incompatibility —Previous studies

- Hemolysis is low (50/million) =0.005%

- No universal agreement on critical titer that defines safe level for minor

iIncompatible platelet fransfusion

- NIH defines high ftiter as reactivity at 1 : 250 plasma dilution

- 25% of Group O platelets

* Titer are not predictive of hemolytic reactions

Nancy M Dunbar,NM., et al(2012) ,ABO incompatible platelets: risks versus benefit. Curr Opin Hematol, 19: 475-9.

Maftthew S Karafin MS., et al(2012), ABO antibody fiters are not predictive of hemolytic reactions due to plasma-incompatible platelet transfusions, Transfusion, 52(10):2087-93.
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aehahandl | « Pothogen Reduced Cold-Stored Platelets
v LVDS Platelets

are suspended in
(65% PAS-C+35% Plasma)
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Total protein level in PAS-C versus plasma PLT supernatants.

Weisberg,S.P., et al.(2018), PAS-C platelets contain less plasma protein, lower anti-
A and anti-B fiters, and decreased HLA antibody specificities compared to
plasma platelets. Transfusion, 58: 891-895
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iAltiE, IBI{Ed il : Plasma vs PAC-C

Anti-A and anti-B IgM titers in PAS-C
-8 Plasma versus plasma PLT supernatants.

Number of values

ﬂ'lﬁ!ldazdhd.ﬂﬁ:ﬁﬁd 24 32 40 56 64
anti-A titer anti-A titer

_—
=
1

#values
# values

LE ]
1

42 48 64 80 96 112 128 16 32 48 64 BD 9596 112 128
anti-B titer anti-B titer

Weisberg,S.P., et al.(2018), PAS-C platelets contain less plasma protein, lower anti-A and anti-B titers, and decreased HLA antibody specificities
compared to plasma platelets. Transfusion, 58: 821-895




iAltiE, IBI{Ed il : Plasma vs PAC-C

Isoagglutinin titers in plasma from whole blood (before PAS) and platelet components (after PAS). Out of
the 100 donor plasmas tested, the results for 85 donors with titers of 32 and greater are shown. Among the
samples before PAS, 26 samples had fiters exceeding the threshold of 250 (red dotted line); 25 of them
were group O (gray bars); except 1, all group B (yellow bars) and group A (blue bars) were below this
threshold. After PAS (red bars), only one sample remained with a titer exceeding 250. Titers of 16 or less
were found among the other 15 donors (not shown).
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Donor Samples

Tynuv M, Flegel WA. Quality improvement with platelet additive solution for safer out-of-
group platelet transfusions. Immunohematology. 2019; 35(3): 108-115.




PASH(CE# S Nz i/ (I e mEl RS hVis

Multi-center, non-randomized, open-label retrospective medical chart review involving 14,005 transfusion

: PAS-C . 100% Plasma
By All Transfusions (n=4.160) (n=9,845)
Allergic %
FNHTR %
overall %
. PAS-C 100% Plasma
By All Patients (n=1,444) (n=2,202)

Allergic %

FNHTR %
overall %

Cohn, C.S., et al. A comparison of adverse reaction rates for PAS C versus plasma platelet units.
Transfusion 2014, 54; 1927-1934
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PASKRICEBMENZI/IMRDAVU Y N (280ne s aEESBoHN)
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Getz TM., et al. (2016), Storage of platelets at 4°C in platelet additive solutions prevents
aggregate formation and preserves platelet functional responses. Transfusion 56: 1320-1328 3q
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Isoflurane 1-2%

P []

OO0

. |

liver bleeding by punch biopsy
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/ Arterial catheter for exsanguination

=== || Central venous catheter for albumin injection




$(CS) PAS-PCODIES

¥R 3-58, 7-9H, 10-14H®DSEPAS-PC
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(MRFRES RAFEERTFT—L EFHRX)

Reconstituted blood samples

- Type O RBC-LR
+ Type AB PPP (FFP-LR) FYEHICAEALH B & S IcPRE
SHALTYEHRKAPERTES

wRBC-LR

RT vs 4°C l"

PAS-PC

‘i
gb
+ Final platelet count : 15 104/uL (Calcein-AM)
» Het : $935-40 %

+ 3 mM Ca?+/ 1.5mM Mg2+
+ AF647-Fibrinogen

.
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3D image analysis of platelet-fibrin thrombus formation on collagen-tissue factor
surfaces under high shear rate conditions (1500 s?)

Platelet

Platelet Day 5 Day 10

Day 3

L] L ]
E E
= =]
=] @
1 1

Thrombus Volume {uma}

|

3 5 10 14
Storage time daya)

Flow
Fibrin{ogen)

Fibrin(ogen)

i

Thrombus Volume {uma}

|

3 5 10 14
Storage time (days)







	スライド 1: REVIVAL ー今何故、冷蔵血小板？－
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45

