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BEST study Design

Donations <2h from
each other

Pool & split to identical units <4h

Store at 18-25°C <8
n=32

3 (1-5h) 24 (20-26h)




NHS

Blood and Transplant

BEST #41 plasma

 All tested at single site (England)

 PT/APTT

* Fibrinogen (Clauss)

 Factors Il, V, VII, IX, X, Xl, Xl - one stage -clotting assay
« Antithrombin, protein C, FXIIl - chromogenic assay

* Protein S — free antigen

 Thrombin generation — calibrated automated
thrombogram

BPAC meeting May 2012



screening tests
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Factor assays

APTT based assays
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20% loss of FVIII activity, 27/32>0.70 IU/ml = 84%



Inhibitors/anticoagulants
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Protein S

Free Protein S all centres

p<0.0001

% difference (8 v 24 hr)
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Thrombin (nM)

Real time thrombin generation
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Minutes

Thrombin generation

a) Endogenous thrombin potential
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NHS Blood & Transplant

Supply 100% platelets & red cells in England
— 250,000 platelets (80% apheresis)
— 1,800,000 red cells

Supply most plasma for transfusion
— 260,000 FFP

— 100,000 cryoprecipitate

— 20,000 MB FFP

SD FFP from Octapharma (19% of FFP in England)

Introduced ambient storage of WB in 2008
— Driver was male only FFP (TRALI) & efficiency
— 80% of FFP now produced on day 1
— 24 hour post-thaw shelf-life



Current processing methods, England

Day of collection (day 0) or after After 4°C storage (day 1)
ambient storage (day 1)

Whole blood Whole blood

\ v / \ /
Buffy coat /&
Red cells l Fresh- Red cells platelets / Fresh\
frlozen frozen
plasma

plasma
platelets



Validation studies

80 whole blood donations

n=60 n=20
No active cooling, standard NBS Active cooling,
transport bags 5 hours Compocool I

No storage

RCC + FFP <8 hours
from donation

L,//—f”””///”//7Ki:;\Ea\\\\\\\\\\* n=20

4°C

290C 22°C

|

) RCC + FFP produced 24 hours from

donation




FFP data

Fibrinogen | Factor V FVIIL Pilgirgi%e/ﬁh
(g/L) (IU/mL) (IU/mL) F\./'III lovels
2.76 0.96 1.17
Day 0 (2.50-3.02)| (0.91-1.01)| (1.10-1.25) 100%
B,C,D
2.65 1.00 0.98
Day 1, Ambient, .
: (2.47-2.84)| (0.95-1.06) | (0.87-1.09) 85%
no cooling
C A, D
Day 1, Ambient, 2.61 0.87 0.92 4894
cooling plates (2.39-2.83)| (0.79-0.92) (O.82—I13.00) ()
2.76 0.89 0.74
Day 1, 4°C (2.52-3.00)] (0.84-0.95)| (0.65-0.83) 35%
A, B, C

N=20 for each group, 10 group O, 10 A

Data from a further 126 units 22°C hold, no cool FVIIl =
0.97 (SD 0.38)

From Wilshire et al, Transfusion 2008; 48: 2338-2347



FFP from routine production-
22°C storage WB

* Unpaired samples

1504 |, p=0.030 | | p=0.040
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101 2888, :_ﬂi. Mt we < n=40day 0or 1
§ |t TeE HEL SRR D
£ o — Day 0 8hr (4-11)
y  50-
- — Day 1 21hr (16-26)
) — . , | * Day 1 values 7%
A lower by either
< < v v
B method



After 4°C storage of WB

TABLE 2. Coagulation inhibitors in plasma frozen less than 8 hours from donation or after storage of whole blood at
4°C overnight (18-24 hr from donation) compared with reference ranges®

FFP storage time Basad on standard hematolody referance ranges

Factor <8 hr (n=20) 18-24 hr (n= 20) Range Parcentage of Day 1 units In range
ATHI (IL/mL) 096010 095+010 0.80-1.20 95
PC (IU/mL) 098 +0.23 0.96 +0.22° 0.70-1.30 95
o,-AP (U/mL) 1.02 +0.08 0.97 £0.11° 0.80-1.20 95
PS Bloclot (IL/mL) 099013 0.91+0.09° 0.55-1.60 100
PS Staclot (IlU/mL) 112016 1.00 £0.16* 0.77-1.43, men 100

0.55-1.23, women
PS free antigen (ILVmL) 0.80£015 0.77 £015* 0.70-1.48, men 100

0.50-1.34, women

* Data are ghven as mean (SD). *p < 0.05 and %p < 0.01 compared with FFP separated less than 8 hours. Data from FFP saparated less than
8 and 18 to 24 hours are palred. FFP was LD with a RZ2000 whole-blood fiiter.

3-9% reduction in PS clotting activity dependent on assay
4% reduction in free antigen

From: Cardigan et al, Transfusion 2005; 45:1342-1348



Storage of WB at 4°C

Table 1 Levels of coagulation factors and physiclogical inhibitors in fresh-frozen plasma (FFP) (for all ABO blood groups)

- all male donors, unpaired

Analyte Day 0 (n = 82) Day 1 (n=99) Day O vs. Day 1
Prothrombin time (second) 120 (11-7-12:5) 1241(11-8-12:5) HS
Activated partial thromboplastin time (second) 2748 (26:9-290) 29-1(27-4-311) P = 0-0007
Fibrinagen (g/l) 2:54(2:28-2:79) 2:51(2-21-2:78) NS

Factor Il (iufdl) 927 (85-4-99-8) 91-0 (857-100-5) NS

Factor V (iufdl) 1020 (92-4-115:6) 1019 (B6:5-112.9) NS

Factor V1 (iu/dl) 102:3 (91-0-114-6) 951 (82-3-107-5) P=0013
Factor VIl {iu/dl) elotting 83-5 (70-3-106-4) 684 [53-5-867) P < 00001
Factor VI (iufdl) chromogenic 92:5(77-6-1219) 755 (56-6-109-2) P=0-0008
von Willebrand factor:Ag (iufdl) 1158 (87-2-143-5) 1167 (88-5-1456) NS

Factor [X {ju/dl) 93-2 (83-8-1050) 882 (81-8-100-0) P=004
Factor X (jufdl) 102-6 (948-1132) 1037 (93-1-112:3) NS

Factor X1 (u/dl) 96-7 (38-6-1057) 936 (83-0-105:5) NS

Factor Xl {ufdl) 114-5(90-1-137-2) 1020 (89-3-131-9) NS

Factor X1 {ufdl) N5 (97-1-12241) 1132 (101-0-126-4) NS
Microparticles (nM, phosphatidylserine) 434 (2-93-5-51) 57 [455-7-19) P < 0-0001
C1 esterase inhibitor (w/dl) 1045 (97-0-119-7) 1046 [96-9-116-8) NS
o-macroglobulin:Ag (g/l) 1-30(1-04-1-78) 1:33(112-1-87) NS
tt-macroglobulin activity (g/l) 1-15(1-02-1-47) 117 (1-03-1-31) NS
Antithrambin- Il (iufdl) 98-4 (94-0-1048) 990 (93-4-103-8) NS
Protein C fiufdl) 104 (100-7-115-5) 109-3 (87-2-119-6) NS

Free protein 5:Aq (iu/dl 838 |761-952] 871(762-93 5] HES ]
Heparin cofactar Il 97-7 (86:3-111-7) 933 (86:3-103-4) NS
og-antiplasmin (ufdl) 101-6 (95-9-107-3) 102-2 (96-1-108-9) NS

Free tissue factor pathway inhibitor (ng/ml) 1046 (7-9-13-3) 11-4 (9-9-13-9) F=004

Data are presented as median values with the 25th-75th percentile range in parentheses.
Mann-Whitney U-test was employed to compare data derived from Day 0 and Day 1 samples.

NS. not sianificant at the 5% level.

From: Lawrie et al, Vox 2008; 45:306-314
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PS in final product

Free Protein S
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From: Cardigan et al 2005, Cardigan et al 2011, Lawrie et al 2010



Octaplas and PLAS+SD are not the same

PS (IU/ml) Reference
PLAS+SD |0.25 & 0.15 -lamholz
PLAS+SD |0.24 (0.14-0.37) |Solheim
PLAS+SD [0.20 & 0.15 Salge-Bartel
Octaplas 0.39 £0.02 Doyle
Octaplas 0.64 (0.55-0.71) |Solheim
Octaplas 0.64 (0.61-0.66) |Svae
Octaplas 0.58 (0.55-0.63) |Yarranton




Free Protein S (%)

Protein C (%)
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POST-THAW DATA

T MT MT e N=10 units
l i | i l « WB stored 22°C for 24
hrs
N o«»*' o@«' « FFP made
. * Plasma stored 4°C
S following thawing

il

e Large variation in
published studies on
effect of post-thaw
storage on PS




Post-thaw studies measuring PS

n Storage of WB Summary of findings Reduction Assay Reference
over 5-6
days
20 (5 of each <1 hr (apheresis) | Post-thaw (0.95) None Free ag Von Heymann
ABO) Day 6 (0.95) et al, 2009
9 not stated <8h? Post-thaw (0.85 £ 14) 26% Activity- Pati et al 2010
Day 5 (0.63 £ 14) free ag?
50 <6h apheresis 61% reduction in PS over | 61% Clotting Thiele et al
7 days 2011
5 one of each | <24hr 40C Post-thaw (0.86) 64% clotting Nifong et al
Day 5 (0.31) 2002
18 (5 of each <24hr 40C Post-thaw (0.74) 31% ‘activity’ Yaza et al,
AB, O, + Day 5 (0.52) 2008
3AB)
15 (5A, 5B, <8 hr FFP (0.97 £ 18) 7% for FFP | Clotting Scott et al,
50) <24hr 40C PF24 (0.92+ 18) 15% for 2009
Day 5 FFP (0.90+ 22) PF24
Day 5 PF24 (0.78+ 18)
30 (13 O: 17 < 8 hour n=14 Post-thaw (0.88 £ 14) 28% Free ag Matijevic et al
non-0) <24hr 40C n=16 Day 5 (0.64 + 14) 2011
15 (8A, 40, <24 hr FFP (1.02 £ 14) None Free ag Alhumaidan et
2B, 1AB) ‘room temp’ RT PF24 (1.04+ 11) al 2010

Post-thaw (0.65)
Day 5RT PF24 (0.72)




Thrombin generation (APC)

Real time thrombin generation

In absence/presence of activator of
protein C (Protac)

Increases sensitivity of method to
reductions in activity of protein C/S

Used to assess APC resistance
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Thrombin generation in presence of APC



Our experience

Storage of whole blood at 4°C for 24 hours
— 3-9% loss of PS paired study - depends on assay
— No difference in unpaired samples

Storage of WB at 22°C 24 hours

— 14% loss PS paired BEST study

— 7% loss unpaired study routine use

— Lower limit of range above lower limit in Octaplas

No loss of PS activity following subsequent 4°C storage
of thawed plasma for 7 days

Minimal effect of RT 24 hold on thrombin generation
Product used widely throughout Europe, labelled as FFP

PS activity lower in females

— Loss of PS due to WB storage might be offset by selection of
male only plasma

— Male plasma also less prone to contact activation



