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Platelet shortages

Short shelf-life (5-7 days) due to RT storage

→ Inventory management and supply challenges:

• Increased appointment cancellation post-pandemic
• Regional hospitals – large distances - sometimes no supply at all

•  Weather events 

•  Shortage of specific HLA-matched donors (platelet refractoriness)

•  Surge capacity during domestic crises??

•  Military needs +/- surge



Refrigeration Cryopreservation

Alternative modes of platelet storage

➢ -80 °C (5% DMSO)

➢ > 2 year shelf-life

➢ 2 - 6 °C, no agitation

➢ Potential shelf-life of at least 

14 days 

➢ Approved in United States



Cold-stored platelets



Reduced metabolism ► longer shelf-life

Apheresis platelets in 100% plasma Apheresis platelets in 40% plasma/60% SSP+

Cold storage slows metabolism
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Adapted from Johnson et al., Transfusion 2021



• Cold-stored platelets initiate faster clot formation

• Clot strength maintained
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Cold storage results in faster initiation of clot formation

Arch Pathol Lab Med. 141(4):569-77; 2017
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Cold storage promotes platelet aggregation
Light transmission aggregometry

* p<0.05 between RT (day 7) and cold
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Cold-stored platelets have better clotting function in vitro

Figure from Nair et al., BJH 2017
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Sub-populations in cold-stored platelets

Platelet component

ImageStream: flow cytometry + confocal microscopy



Sub-populations mediate platelet phenotype

Cold

day 21

Procoagulant: PAC-1-/ CD42b+/AnnV+  (identified using A23187)
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Aggregating: PAC-1+/ CD42b+ /AnnV-   (identified using thrombin and collagen as controls)

PAC-1-/ CD42b+/AnnV+ PAC-1+/ CD42b+/AnnV-

Day 21: 9% were 

apoptotic: 
PAC-1-/CD42b-/AnnV+

Johnson et al., Transfusion Medicine 2022: 32 S3: 1-40 



Plasma or PAS for storage?

Reddoch-Cardenas et al, Transfusion 2021; Getz et al., Transfusion 2016



Cold-storage in PAS-E (SSP+) vs. PAS-F (Isoplate)

Johnson et al., Transfusion 2023
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Knowledge gaps: what is the optimum shelf-life?

Figures from Stolla et al., Transfusion 2020

No internationally recognised quality control specifications

No recommended shelf-life

What is the maximum shelf-life that provides haemostatic 
efficacy?

Clinical trials to provide this evidence

Are they still clinically effective?



Clinical evidence is mounting

1. Strandenes et al., Anesthesiology 2020; 2. Warner et al., Transfusion 2020; 3. Sperry et al., Ann Surg 2024; 280: 212-221; 4. www.clinicaltrials.gov 5. Zantek et al., Clin Trials 2023; 5.. US FDA 

Guidance for Industry release June 2023. 

• Norway - Pilot trial in bleeding cardiac surgery patients 

▪ Cold stored platelets prevented bleeding following 7 and 14 days of cold-storage

▪ No adverse events1

• Cold-stored platelets (delayed transfer to cold) used at Mayo Clinic during COVID-19 pandemic

▪  Safe and provided effective haemostasis2

▪ CriSP-HS: cold-stored platelets in haemorrhagic shock3

▪ Safe – no difference in VTE or AE
▪ No difference in 24 hr mortality; no effect due to storage age

• CriSP-TBI: cold-stored platelets in traumatic brain injury4

• CHIPS trial: conventional versus cold-stored platelets

▪ Will recruit 1000 adult and paediatric cardiac surgery patients

▪ Storage up to 21 days4,

• + FDA guidance – 14 day shelf-life in USA5



Cryopreserved platelets



Not new technology

• Technology developed in 1970s for US Navy – Dr Robert 

Valeri1,2

• Used in civilian or military settings in Netherlands, 

Australia, Czech Republic, France, Singapore and 

others3,4, 5,6

Advantages

• Shelf-life of up to 12 years at - 80 °C7

Disadvantages

• More expensive – DMSO cost

• Thawing time

1. Valeri  et al., Blood 1974; 2. Valeri et al., Tranfusion 2005; 3.; 4. Lelkens et al., 2006; 5. Noorman et al., Plos ONE 2016;  
5. Bondar et al., Transfusion 2014 (AABB abstract); 6. Cohn et al., Vox Sanguinis 2017; 7. Noorman et al., Transfusion 2013



Increased haemostatic potential

Multiple changes due to freeze-thaw damage

Adapted from Wood et al., Transfusion 2016; Johnson et al, Transfusion 2018; Tohidi-Esfahani et al., Vox Sanguinis 2017 (ISBT abstract) 

↑ PS externalisation ↑  Microparticle generation ↑ Thrombin generation
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Platelet damage following thawing 

From Dumont et al., Transfusion 2013; 53: 128-137.

Fresh platelets Thawed platelets



Preventing platelet damage 
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Other approaches

Deep eutectic solvents 

• e.g. proline-glycerol1

• Non-toxic

DMSO-free cryopreservation2 

1. Johnson et al., Cryobiology 2024; 116:104913; 2. Ehn et al., Int J Mol Sci 2023; 24:13097 
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University of Maryland

• > 1600 autologous cryopreserved platelets supported thrombocytopenic chemotherapy patients over 10 year 

period for times of shortage1

• Platelet increments achieved 

• An effective way to create an inventory of frozen platelets

Clinical evidence – in practice

1. Schiffer et al., Prog Clin Biol Res 1982; 2. Noorman et al., Plos ONE 2016 

Dutch military 

• Platelets prepared in advance to meet future transfusion needs

• 1043 cryopreserved platelets transfused in Afghanistan with no adverse effects2

• Fewer patients died after introduction of a massive transfusion protocol - more patients received frozen platelets2



Randomised clinical trials

Shlicter et al., Transfusion 2018

Cryopreserved platelets effective for bleeding thrombocytopaenic patients



Randomised clinical trials

1. Reade et al., Transfusion 2018; 2. McGuinness et al., Vox Sang 2022 

• CLIP: Cryopreserved vs. conventional platelets in bleeding cardiac surgery patients

▪ Pilot RCT, 41 patients 

▪ Safe and effective1

• CLIP-NZ: Similar outcomes2



Randomised clinical trials
Larger trials 

CLIP-II: 

▪ Phase III: Cryopreserved vs. conventional platelets in bleeding cardiac surgery patients

▪ Australia and New Zealand1

▪ Australian arm completed (202 patients)
▪ Results will be presented at AABB on Saturday 19 October: AM24-ST-22-L; 1.45-2.45pm

• CRYPTICS: Phase II/III cardiac bypass: USA2

• MAFOD: Massive transfusion: Netherlands3

1. Reade et al., BMJ Open 2022; 2. Whitman et al., JTCVS Open 2023; 3. Rijnhout et al., Trials 2023 



Summary

• Cold stored and cryopreserved platelets:

▪ Extend platelet shelf-life

▪ Enhanced haemostatic efficacy that suggests they may be better at stemming bleeding

▪ Clinical trials will provide evidence of efficacy and shelf-life

→ The right product at the right time for bleeding patients
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