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Platelet transfusions are crucial for curative or prophylactic supportive treatments to 
lower the risk of haemorrhage. Haemorrhage is associated with oncological diseases and 
their treatment, myelosuppression or during transplantation of haematopoietic stem 
cells, and with most invasive surgical procedures. In these cases, transfusion is then the 
only effective treatment. 
Transfusion of platelets is generally safe and largely beneficial to patients. Inactivation of 
pathogens in platelet concentrates (PCs) lowers the risk of bacterial transfusion-transmitted 
infections, and platelet-related transfusion reactions in general. Platelets that have been 
treated with inactivation of pathogens are clearly distinct from platelets that have not 
been treated. Recent randomised controlled trials, however, found that transfusing 
pathogen-reduced platelets did not worsen outcome when compared to transfusing 
regular platelet components for preventing bleeding episodes1. 
Although rare, recipients of blood transfusions can experience adverse reactions, for 
which clinical signs can appear during the transfusion or within hours (h) to days 
following the procedure. The role of PCs in such serious adverse reactions (SAR) could be 
related to the inf lammatory function of platelets. Indeed, besides their contribution to the 
haemostatic response, platelets are innate immunity cells that lead to pro-inf lammatory 
events2-7. On rare occasions, SAR occur with clinical presentation of acute inf lammation.  
Transfusion-related acute lung injury (TRALI) is among the most common cause of 
fatal transfusion reactions. TRALI is characterised by acute respiratory distress and 
non-cardiogenic lung oedema developing during, or within 6 h, of transfusion8. The 
pathophysiology of this transfusion complication brings complex cellular communication 
into play. The role played by blood platelets in TRALI pathophysiology, particularly in 
TRALI-related inf lammatory processes, remains a subject of debate9. 
The primary role of platelets is to maintain haemostasis10. However, they can also be 
actively involved in the inf lammatory response by interacting with endothelial cells and 
circulating leukocytes. Platelets prepared for transfusion suffer stress-induced lesions 
during collection, preparation and storage4. Ex vivo processing of platelets may inf luence 
the secretion of biological response modifiers (BRM) and alter both platelet structure 
and function4. Recently, McVey et al. demonstrated that extracellular vesicles (EVs) 
derived from stored platelets cause TRALI as a consequence of their elevated ceramide 
and decreased sphingosine-1-phosphate (S1P) content. Their study provides new insights 
into helping reduce TRALI incidence and severity11 by inhibiting ceramide formation or 
supplementing platelet concentrates with S1P. Their identification of platelet-derived EVs 
as a potential therapeutic target in TRALI is an important finding11. 
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Even though platelets are typically considered to be the chief 
mediators of haemostasis, there is increasing evidence of a 
continuum between thrombosis and immunity4,6,12. Several 
studies support the current observations highlighting the 
interconnections between platelets, endothelial cells and 
immune cells in the context of sterile inflammation, such as 
transfusion13, or of infectious inflammation4,14. The various 
data found in the literature consolidate the hypothesis that 
platelet activation in concentrates may play a direct role in an 
inflammatory response within the recipient, depending on 
the storage lesion resulting in a range of BRM accumulation, 
including sCD40L, mitochondria, microparticle-associated 
molecules, lipid mediators, soluble danger associated 
molecular patterns (DAMPS)4,6,12. The discovery of platelet 
toll-like receptor molecules (TLR) expression15-17 allowed 
a paradigm change in the understanding of platelet 
contribution to pathophysiological processes, putting 
platelets in a continuum of innate and adaptive immunity, 
at the crossroad of haemostasis and thrombosis. Since 2005, 
functional platelet TLR4 has been the most extensively studied 
molecule of the TLR family18,19; platelets do express functional 
levels of TLR4, which contribute to the modulation of LPS-
induced thrombocytopenia. One of the characteristic studies 
of this paradigm showed that soluble high mobility group box 
1 (HMGB1) levels are also heavily associated with SAR20. It is 
worth noting that HMGB1 present in platelet concentrates is a 
receptor for advanced glycation end-products (RAGE), TLR-2, 

TLR-4 and TLR-9 ligands4,14,20-23; as such, HMGB1 is considered 
a DAMP. It therefore seems possible that the membrane or 
intracytoplasmic expression of platelet TLRs plays a role in the 
recognition of DAMPs and pathogen-associated molecular 
patterns. We have now provided first evidence that levels of 
soluble HMGB1 are also strongly associated with SAR20.
To date, consequences of the preparation, storage, 
and delivering processes on the inf lammatory content 
of platelet concentrates has been underestimated, 
especially because of: 1) the absence of any systematic 
characterisation of platelet concentrates from the point 
of view of inf lammation; 2) the problems in making 
any robust claims of an association between one or 
more inf lammatory biomarkers with SAR; 3) the lack of 
strategies to counterbalance the inf lammatory content in 
platelet concentrates; and 4) the variable susceptibility of 
recipients to transfusion, which is difficult to anticipate. 
However, a better understanding of the platelet storage 
lesions, including the loss of haemostatic function and 
the increase in inf lammatory potential over storage time, 
would help optimise treatment of concentrates during 
storage and greatly benefit the transfusion recipients 
(Figure 1). Efforts should, therefore, focus on the fine 
characterisation of the inf lammatory potential of PCs and 
the development of new strategies to reduce it, including 
inhibitors of platelet-derived inf lammatory molecules, 
washing protocols that preserve platelet function, or 

Figure 1 - Transfusing the right platelet concentrate to the right patient in terms of  inflammation 
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additives to counterbalance the effects of inf lammatory 
molecules secreted by platelets during storage24 (Table I). 
Thanks to OMICs technology and data mining, the 
emergence of studies into the inf lammatory potential 
of platelet concentrates in transfusion will provide 
transfusion medicine experts with a variety of new 
toolsets to redefine the combination of donor and recipient 
characteristics, giving greater meaning to the concept of 
personalised transfusion medicine.
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Table I - Strategies to reduce the occurrence of serious adverse reactions (SAR) upon transfusion

Characterisation of the pro-
inflammatory/anti-inflammatory 
imbalance in PC

Technical procedures to 
counterbalance the inflammatory 
potential of PC

Recipient factors to be correlated 
with PC features for in silico 
modeling of SAR occurrence 

Recipient outcome upon PC 
transfusion

Proteomics
•	 soluble proteins (cytokines, 

chemokines) 
•	 membrane-bound proteins 

(receptors, integrins, 
phosphatidylserines)

Lipidomics
•	 Phospholipids
•	 Sterols

Metabolomics
•	 glycolysis 
•	 oxidative balance

Nucleic acids
•	 mRNA,
•	 mitochondrial DNA

Washing procedures 
(with additive solutions containing, 
or not, citrate dextrose-buffered 
saline)

Membrane filtration

Inhibitors
•	 antioxidants,
•	 ceramide inhibition
•	 extracellular vesicle inhibition

Indication for PC transfusion
•	 critical bleeding with platelet 

count <10-50x109/L 
•	 congenital or acquired functional 

platelet defects
•	 severe thrombocytopenia 

associated with chemotherapy 
and haematopoietic stem cell 
transplantation

•	 some invasive procedures (lumbar 
puncture)

Demographic characteristics
(age, BMI, smoking)

Biological and clinical values

Genetic polymorphisms related to 
platelet receptors or ligands

Occurrence of SAR
(yes/no)

Type of SAR
(fever, urticaria, pulmonary oedema)

SAR severity
(from isolated dysfunction, without 
clinical or biological manifestation, 
to death)

Imputability
(from excluded to certain)

Transfusion efficacy
(number of PC transfused, platelet 
yield, additional blood product 
used)

Extracellular vesicles
•	 Exosomes
•	 Microparticles
•	 Free mitochondria

Usual medication

Comorbidities

PC: platelet concentrate; BMI: Body Mass Index.
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