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Abstract  

Platelet transfusion constitutes an important part of modern transfusion medicine and serves an important 

purpose for prophylaxis and treatment of bleeding complications in thrombocytopenic, platelet 

dysfunction, trauma, surgical, and hematological disorders. The new advances in platelet biology have 

made cold storage (1–6°C) once again relevant for this purpose. Platelets stored under cold conditions 

demonstrate lower rate of metabolic decline, improved adhesiveness and aggregation, enhanced thrombin 

generation, and better ability to form clots. They are especially useful for the treatment of bleeding due to 

trauma, surgery, and emergency situations. Cold storage, however, promotes faster elimination of platelets 

after transfusion, making them less suitable for preventive purposes. This review discusses the biological 

influence of storage temperature on platelet biology (structural, metabolic, activated, and functional). 

Furthermore, it highlights benefits and disadvantages of storing platelets under ambient or cold conditions, 

their effect on the clinical outcome, and current problems in the application of platelet transfusions. Lastly, 
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it outlines modern developments, clinical studies, and research efforts directed to improvement of platelet 

transfusions through better platelet storage conditions. 

Keywords: Cold-stored platelets, Platelet storage, Platelet transfusion, Platelet function, Room-

temperature platelets. 

 

1. Introduction  

Platelet transfusion is one of the most significant and important therapeutic methods in current transfusion 

medicine [1]. Since the first successful platelet transfusion, which occurred in the middle of the last 

century, progress in the techniques of blood component separation, the storage of platelets, and transfusion 

practice has greatly refined the management of patients who are at risk of bleeding. Platelets play a vital 

role in the processes of primary hemostasis, causing adhesion, activation, aggregation and supporting the 

coagulation process [2]. Therefore, most common causes for using platelet transfusions to treat and prevent 

bleeding are low blood platelet counts, poor platelet function, trauma, major surgery, haematological 

malignancies, and bone marrow failure disorders. Platelet concentrates are one of the most commonly used 

blood products in the world today, and are key to patient care [3]. 

In most clinical environments, platelets can not be administered directly after collection, necessitating the 

use of effective storage systems to guarantee product availability and timely support of patients. Platelet 

Storage maintains cellular viability and function during the time between the collection of platelets and 

their transfusion. In contrast to red blood cells, platelets undergo progressive biochemical, structural, and 

functional alterations while being stored; these changes are collectively referred to as the platelet storage 

lesion. These alterations can affect platelet quality, post-transfusion recovery and clinical efficacy. Thus, 

the use of platelet transfusion is greatly dependent on the storage conditions such as temperature, storage 

medium, movement and storage period [4]. 

The earliest methods of platelet storage were to keep the blood products at cold temperatures of 1 to 6°C, 

mainly due to the fact that these cold temperatures were known to reduce bacterial growth and maintain the 

blood product.  There is considerable debate in relation to the best temperature for platelet storage. Platelets 

stored in the refrigerator have a slightly longer lifespan, and they seem to maintain better hemostatic 

activities, with a reduced risk of bacterial growth, when compared to room temperature storage [5]. The use 

of cold-stored platelets for major transfusion operations, heart surgery, trauma treatment, and military 

medicine has gained popularity. The bleeding in these locations must be stopped quickly. Therefore, the 

careful balancing act between platelet survival and functional haemostatic performance is the main focus of 

current transfusion research. The main focus of this research is the relationship between storage 

temperature and platelet biology, function, and clinical performance. The paper explores the differences 

and similarities between cold-stored and room-temperature platelets, how they affect transfusion outcomes, 

and the mechanisms behind these variations. 

2. Platelet Biology and Hemostatic Function  

Platelets are tiny, nucleus-free blood cells that are crucial for preserving vascular integrity and haemostasis. 

In addition to their role in blood coagulation, platelets release granules containing bioactive molecules that 

play a role in inflammation, immune defense, angiogenesis, tissue repair, wound healing, and cellular 

communication [6]. Activated platelets release growth factors, cytokines, chemokines, coagulation factors, 

and anti-microbial peptides which govern the repair of the vessels and host defense. Platelets play a role in 

the pathological processes, including thrombosis, atherosclerosis and tumor progression but their main 
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action is to prevent bleeding through adhesion, platelet activation, aggregation and interaction with 

coagulation cascade [7]. The classical and contemporary ideas concerning hemostasis are shown in Figure 

1(a,b). The classical model is one in which vasoconstriction is followed by platelet plug formation and then 

by stabilization of the fibrin clot. The modern model, however, shows that there are interactions between 

vascular, platelet, and coagulation processes, all of which operate at the same time and continuously to 

provide effective hemostasis. 

 

Figure 1: A schematic representation of the haemostatic process. (A) The traditional view of haemostasis 

as a three-step process that includes vasoconstriction and primary and secondary haemostasis as separate 

and sequential occurrences. (B) Current understanding of haemostasis as a complicated process in which 

the vascular wall, platelets, and coagulation system interact and continually impact one another. 

2.1 Structure and Physiology of Platelets 

Platelets are tiny, anucleated cytoplasmic fragments generated by megakaryocytes of bone marrow and are 

important mediators for the maintenance of vascular homeostasis. Platelets have a diameter size of about 2-

4 μm and a circulating life of 8-10 days. Platelet counts in healthy adults normally vary between 150–400 × 

10⁹/L. In their physiologic state, platelets remain circulating in a discoid form and constantly survey the 

vascular system through various receptors and adhesion molecules [8]. During vascular damage, they 

quickly become activated and change their form into an amoeboid one having several pseudopodia that 

help with adhesion, aggregation, and clot formation (Figure 2). 
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Figure 2: Schematic image of platelets. 

Structurally, platelets have a unique plasma membrane enveloped by the negatively charged glycocalyx 

layer made up of glycoproteins and glycolipids [9]. The glycocalyx suppresses platelet aggregation and 

regulates their interactions with other cells. Platelets' membranes include a broad range of receptors 

involved in adhesion, activation, and aggregation, making them very sensitive to vascular damage. Platelets 

have an open canalicular system (OCS), which is made up of invaginated membranes that come into touch 

with the external environment. The OCS dramatically increases membrane area and allows for the fast 

release of granule contents [10]. Platelets have a distinctive structure called the dense tubular system 

(DTS). 

Platelet surface receptors are the primary means by which platelets conduct their numerous tasks (Table 1.). 

Adhesion receptors such as GPIb-IX-V, GPVI, and collagen-binding integrins help platelets adhere to the 

damaged endothelium. Activation receptors such as protease-activated receptors (PAR-1 and PAR-4), 

P2Y1/P2Y12, and thromboxane receptors react to a variety of agonists including thrombin, ADP, and 

thromboxane A2. The GPIIb/IIIa (αIIbβ3) integrin is essential for aggregation since it promotes fibrin [11]. 

Table 1. Major Platelet Receptors and Their Functions in Hemostasis 

Function Receptors Major Ligands 

Platelet adhesion GPIb-IX-V von Willebrand factor (vWF) 

 GPVI Collagen 

 α2β1 Collagen 

 α5β1 Fibronectin 

 α6β1 Laminin 

Platelet activation PAR-1, PAR-4 Thrombin 

 P2Y1, P2Y12 ADP 

 TPα, TPβ Thromboxane A₂ 

Platelet aggregation αIIbβ3 (GPIIb/IIIa) Fibrinogen, vWF 
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When activated, platelets release biologically active compounds that are stored in their unique membrane-

bound compartments inside the cell known as granules. Lysosomal granules, δ-granules, and α-granules are 

the three types of compartments. The majority of α-granules, which include proteins for blood coagulation, 

wound healing, inflammation, vascular formation, and immunological response, are found in platelets of 

the former type [12]. Platelet factor 4, fibrinogen, von Willibrand factor, P-selectin, growth factors, 

cytokines, and chemokines are examples of these granules. ADP, ATP, serotonin, calcium, magnesium, 

and polyphosphates are among the small organic and inorganic molecules that make up the second group, 

δ-granules, which have less than 10 per platelet [13]. Hydrolytic enzymes such cathepsins, phosphatases, 

and arylsulfatases are found in lysosomal granules and help restructure the extracellular matrix and resolve 

thrombus in the last phases of wound healing. Platelets react quickly to vascular damage because of the 

coordinated action of membrane receptors, intracellular signal transmission, and lysosomal granule release. 

In addition to their well-known activity in clotting, platelets have been connected to immunological 

processes, angiogenesis, tissue regeneration, inflammatory reactions, and infection defence [14]. 

Understanding platelets' structure and function is necessary to understand how storage impacts them.  

 

Figure 3: Ligands and receptors linked to platelet adhesion, activation, and aggregation. Some examples of 

existing and emerging antithrombotic therapies are shown in boxes. Adenosine diphosphate (ADP), 

cyclooxygenase-1 (COX-1), glycoprotein (GP), protease-activated receptors (PAR), and TP. 

2.2 Role of Platelets in Hemostasis  

Platelets play a crucial role in primary haemostasis, preventing blood loss from vascular injury. 

Haemostasis comprises three concurrent processes: platelet adhesion, activation, and aggregation [15]. 

Injury to the endothelium lining results in the exposing of subendothelial collagen and von Willebrand 

factor (vWF). Thus, platelets will attach to the injured surface, and in situations of elevated shear stress, 

such as in arteries, platelet adhesion transpires via the interaction between von Willebrand factor and GPIb-

V-IX receptor complexes. 

The activation of adhering platelets triggers signalling pathways that induce calcium influx and promote 

the release of potent agonists such as adenosine diphosphate (ADP), thromboxane A2 (TxA2), and 

thrombin. These agonists augment the recruitment and activation of platelets via an autocrine/paracrine 

mechanism. Moreover, platelet activation leads to the exposure of phosphatidylserine on the membrane 
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surface, creating a procoagulant environment conducive to thrombin production and the activation of the 

coagulation cascade [16]. 

The concluding phase entails platelet aggregation, triggered by the activation of glycoprotein IIb/IIIa 

(αIIbβ3) receptors and the binding of fibrinogen and von Willebrand factor, therefore forming a connection 

between neighbouring platelets. This results in the creation of a platelet block, subsequently reinforced by 

fibrin [17]. Endothelium-derived inhibitors such as nitric oxide and prostacyclin restrict platelet activity to 

damage sites, ensuring that the process stays localised. Figure 3. Schematic representation depicting the 

mechanism of platelet-mediated haemostasis, which encompasses platelet adhesion to exposed collagen 

and von Willebrand factor, intracellular activation via ADP, thromboxane A2, and thrombin, 

phosphatidylserine exposure, and platelet aggregation through glycoprotein IIb/IIIa. 

3. Clinical Implications of Platelet (Patho)Physiology 

The hemostatic balance is achieved with the help of platelets, and any imbalance in terms of the quantity or 

activity of the latter leads to a pathological state. Bernard-Soulier syndrome and Glanzmann 

thrombasthenia are two kinds of genetic conditions affecting platelets' ability to adhere or aggregate, 

leading to bleeding tendency [19]. Not only platelets have a primary function in the process of hemostasis, 

but they also contribute to coagulation by serving as a site for the activation of coagulation factors and 

release of procoagulant factors such as tissue factor, factor V, and von Willebrand factor. Any issues 

concerning both mechanisms result in increased risk of bleeding due to insufficient thrombin and clot 

generation [20]. Figure 4. Macroscopic representation of thrombi formed in different vascular beds. (A) 

Arterial thrombus consisting of rich platelet content with little amount of fibrin and erythrocytes. (B) 

Venous thrombus containing rich amount of fibrin with entrapment of erythrocytes. 

 
Figure 4: Macroscopic appearance of a (A) white thrombus in a patient with carotid artery occlusion and 

of a (B) red thrombus in a patient with deep vein thrombosis. 

Platelet activation has been linked to arterial thrombosis, myocardial infarction, stroke, diabetes, and 

atherosclerosis, all of which are classified as thrombotic disorders. Venous thrombi are more fibrinous (and 

include more red blood cells), while arterial thrombi are more platelet-rich ("white thrombi") [21]. Platelets 

have traditionally been assumed to have more important roles in arterial thrombosis, although they may 

also play roles in venous thrombosis via interactions with coagulation factors, endothelial cells, and 

inflammatory pathways. The understanding of platelet physiology has aided in the creation of antiplatelet 

medications that impede platelet adhesion, activation, and aggregate. These medications are classified into 

four categories: COX-1 inhibitors, P2Y12 receptor inhibitors, protease-activated receptor (PAR) inhibitors, 
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and glycoprotein IIb/IIIa antagonists. These are still important treatments for the prevention and treatment 

of thrombotic cardiovascular diseases [22].   

3. Current Methods of Platelet Collection and Storage  

3.1 Platelet Collection Techniques 

Whole Blood-Derived Platelets: Donated whole blood is centrifuged and components are separated to 

give rise to whole blood-derived platelets. The PRP/buffy coat fractions are gathered and pooled from 

several ABO-compatible donors to achieve the therapeutic dose of platelets. This approach is favored 

because it is an economical option and provides an opportunity to produce all three blood products from a 

single donation, red blood cells, plasma and platelets [23].  

Apheresis Platelets: These are platelets that have been collected directly from one donor by using 

automated cell-separation devices. In the process, platelets are removed but the other blood components are 

returned to the donor. One donation will normally give a full therapeutic dose [24]. 

3.2 Storage Requirements 

Platelet storage is designed to preserve cell viability and haemostatic performance while minimising 

bacterial contamination. All worldwide regulatory organisations recommend rigorous storage conditions to 

ensure product safety and effectiveness. The best storage bag materials are often constructed of high gas 

permeability polyethylene bags, which permit the interchange of oxygen and carbon dioxide, supporting 

biological metabolism and regulating pH. During traditional storage, it is also critical to keep the goods 

under continual moderate agitation. Agitation improves gas exchange, reduces platelet aggregation, and 

promotes uniform nutrition distribution [25]. Pathogen reduction technologies are becoming increasingly 

popular to boost microbiological safety, and other processing techniques, such as irradiation, may be 

utilised to reduce the risk of transmission of graft-versus-host disease. 

3.3 Standard Room Temperature Storage 

Currently, platelet preservation at room temperature is the standard practice. Platelet concentrate is kept at 

20-24°C with agitation and has a shelf life of 5-7 days. Room temperature increases platelet lifetime and 

functioning after transfusion by preserving platelet cellular metabolism and cell membrane integrity [26]. 

Despite its popularity, there are a few disadvantages to using this kind of storage. Platelet storage lesions 

are unavoidable as a consequence of the ongoing metabolic process, which involves glucose depletion, 

increased lactic acid generation, pH reduction, and platelet dysfunction. Another significant disadvantage 

of keeping platelets at this temperature is the increased vulnerability to bacterial growth [27]. 

3.4 Alternative Storage Strategies 

Cold Storage: Refrigeration of platelets at 1-6°C is called cold storage, and was thought to be abandoned 

long ago because of the post-transfusion platelet survival problem, but now there is renewed interest 

because of its improved hemostatic properties and its minimal potential for bacterial growth. Cold-stored 

platelets are known to have better adhesion, aggregation and clot-formation characteristics especially in 

actively bleeding trauma and surgical patients. However, recent research has demonstrated that it is 

possible to store platelets at cold temperatures for as long as 14 days, and further research is in progress to 

see if longer storage times are possible [28]. 

Cryopreservation: Cryopreservation is another approach which allows long-term platelet storage at ultra-

low temperatures, usually with the use of a cryoprotectant like dimethyl sulfoxide (DMSO). Platelet 

products can be frozen for a number of years and are particularly useful in military applications, in remote 
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areas, and when supplies of platelets are low. But the freezing and thawing process can mess up platelet 

shape and function, making the use of platelets a common practice difficult [29]. 

Novel Preservation Technologies: The new developments in the technology of platelet preservation have 

been aimed at enhancing the quality of storage and shelf life. Partial substitutes for plasma used to maintain 

pH, reduce metabolic deterioration and reduce transfusion related adverse reactions: platelet additive 

solutions (PAS). The varying effect on platelet quality during prolonged storage that different PAS have 

shown has been reported [30].  

5. Room-Temperature Stored Platelets: Functional Characteristics  

4.1 Platelet Storage Lesion 

The combination of biochemical, metabolic, structural and functional alterations of platelets during ex vivo 

storage is termed as platelet storage lesion (PSL). These changes are gradually leading to platelet death and 

hemostatic dysfunction that affects the rate of recovery after transfusion and clinical outcomes. Platelets are 

metabolically active after being collected and can undergo many changes during storage, which depends on 

the conditions used in collection [31] . 

The importance of PSL is related to its direct effects on the quality of platelets. Platelets undergo 

membrane remodeling, activation of intracellular signaling pathways, loss of receptor functions and 

decreased responsiveness to physiological agonists during storage. Structural changes can involve changes 

in platelet shape, granule content, and membrane integrity. These changes may lead to reduced platelet 

survival after transfusion and to their decreased efficiency in hemostasis. 

4.2 Metabolic Alterations During Storage 

Platelets need a continuous supply of energy to keep their membranes and ion gradients intact and their 

functions operational. Thus, platelet storage lesion is characterized by metabolic changes which are one of 

the earliest changes to occur [32]. 

Glucose Consumption: Glucose serves as the primary energy substrate for platelets. Metabolism of 

glucose via glycolysis and oxidative phosphorylation still occurs in platelets during storage. Even at room 

temperature, metabolic activity is high and glucose is gradually depleted. Glucose utilization can be 

accelerated resulting in energy deficits that can negatively affect the function and viability of platelets. 

Cold storage on the other hand will slow down the metabolic reactions; this will help to decrease the 

amount of glucose used and will enable the preservation of more energy for a longer period. 

Lactate Production: During glycolysis, the metabolic by-product of glycolysis is lactate. The increased 

production of lactate is a feature of the storage lesion in platelets and is a reflection of the continued 

anaerobic metabolism. High levels of lactate can cause the storage medium to become more acidic, and are 

correlated with poor platelet quality. Several studies have shown that room temperature platelets 

accumulate more lactate than refrigerated platelets due to their higher metabolic rates. 

pH Changes: Maintenance of physiological pH is critical for platelet survival and function. Excessive 

glucose consumption and lactate production result in a gradual decrease in pH during storage. Acidic 

conditions have a negative effect on membrane integrity, enzyme activity and platelet responsiveness. If 

the pH is below 6.2 it is usually harmful and can cause permanent platelet damage. COLD STORAGE 

PRESERVES pH STABILITY: reduction of metabolic activity, and reduction of lactate production. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                       © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882 

IJCRT2606582 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f419 
 

4.3 Morphological Changes 

Platelet morphology is greatly affected by temperature of storage. Normal platelets are discoid in shape, 

which is necessary for normal circulation and function. Increased changes in the cytoskeletons and 

membranes of platelets cause them to gradually assume a spherical shape during storage [33]. 

Along with shape change, there is also membrane remodeling, such as phospholipid redistribution, receptor 

clustering and changes in membrane fluidity. These changes impact platelet adhesion to vascular surfaces 

and coagulation factors. Altered platelet architecture is also due to changes in the cytoskeleton (actin 

filaments and microtubules). Many of these changes are associated with an increased hemostatic 

responsiveness, but also with a decrease in circulatory survival in cold storage [34].  

4.4 Platelet Activation During Storage 

A characteristic feature of platelet storage lesion is spontaneous platelet activation. Storage related 

activation occurs even when the vascular injury is not present, and is increased progressively over the 

storage time [35]. A few markers of activation are: increased surface expression of P-selectin (CD62P), 

activated glycoprotein IIb/IIIa, and phosphatidylserine. These are markers of degranulation and alterations 

in platelet functional status. Platelet factor 4, β-thromboglobulin, ADP, serotonin and several cytokines are 

released from the α-granules and dense granules of activated platelets. These mediators are also involved in 

the hemostatic function, but release of these occurs too early in storage, resulting in decreased availability 

of granule contents after transfusion. One of the other effects of activation is the generation of platelet-

derived microparticles. The membrane vesicles are procoagulant-rich and contain coagulation proteins, 

both of which are abundant in these small vesicles. Microparticles are generated to a greater extent during 

storage and especially in activated platelets. Microparticles can stimulate the generation of thrombin, but an 

overproduction of them can be a sign of poor quality platelets [36]. 

4.5 Impact of Temperature on Cellular Metabolism 

Room-Temperature Storage 

The currently recommended method for platelet preservation is still the room-temperature storage (20-

24°C) which is known to yield better post-transfusion platelet recovery and circulation time. Platelets 

stored under these conditions, however, have a high metabolic rate. The development of storage lesion is 

due to continuous glucose utilization, lactate accumulation, pH decline and progressive activation. In 

addition, the room temperature storage allows favorable conditions for bacterial proliferation which 

reduces the shelf life to the range of 5-7 days [37]. 

Cold Storage 

Enzymatic activity and cellular metabolism are decreased during cold storage (1-6C) and so are glucose 

consumption and lactate production. Therefore, pH is more stable and several functional characteristics 

related to hemostasis are maintained. Platelets stored at refrigeration temperature exhibit greater adhesion, 

aggregation and thrombin-generating ability. But platelet survival is also shortened after transfusion due to 

cold-induced changes, which makes platelets less long-lived although they are more effective in the 

immediate post-transfusion period [38]. 
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4.6 Molecular Mechanisms Influenced by Temperature 

Platelet molecular biology is highly sensitive to temperature. Cold storage causes alterations to membrane 

glycoproteins that affect platelet adhesion and clearance, including alterations to GPIbα and integrin 

αIIbβ3. Increased clustering and conformational change help increase activation but also help increase the 

recognition of the receptors following transfusion to the hepatic macrophages. 

Intracellular signal transduction pathways that regulate calcium mobilization, protein kinases, and 

cytoskeletal pathways are also influenced by storage temperature. Platelets stored at cold temperatures have 

altered signaling responses that promote the speed of hemostatic activity. In addition, temperature affects 

apoptosis-related processes, such as mitochondrial dysfunction, phosphatidylserine exposure, and 

activation of caspase pathways. The molecular events involved in this decrease in platelet survival during 

extended storage. Knowing these temperature sensitive mechanisms is crucial for developing an optimized 

storage strategy and enhancing the clinical efficacy of platelet transfusion therapy [39]. 

6. Cold-Stored Platelets: Functional Characteristics  

6.1 Historical Perspective 

Platelets have been stored at refrigerated temperatures since early transfusion medicine. Previously, 

platelets were routinely kept at 1-6°C as it was deemed to slow down the growth of bacteria and preserve 

blood products. Research in the 1960s and 1970s however showed that cold stored platelets had a shorter 

post transfusion survival and very rapid clearance. This led to the introduction of room temperature storage 

(20-24°C with constant agitation) as standard method as it offered better platelet recovery and survival 

after transfusion [40]. 

In recent years, interest in cold-stored platelets has re-emerged. New knowledge about platelet biology has 

emerged that refrigerated platelets may have greater hemostatic activity, while circulating for a shorter 

period of time. Especially, the needs of trauma care, cardiac surgery, military medicine and massive 

transfusion protocols have fueled this resurgence of interest, as rapid hemostasis may be more crucial to 

survival than extended platelet survival. 

6.2 Mechanisms of Cold-Induced Changes 

 Membrane Remodeling 

Low temperatures cause structural changes in platelet membranes that cause platelets to become triggered. 

Chilling changes the fluidity of the membranes and leads to a redistribution of the membrane 

phospholipids, which therefore leads to changes in the plasma membrane architecture of these platelets. All 

of these changes promote enhanced platelet responsiveness and procoagulant activity [41]. 

 Glycoprotein Alterations 

Cold Storage has an impact on the expression and organisation of important platelet glycoproteins, such as 

glycoprotein Ibα (GPIbα), and glycoprotein IIb/IIIa (αIIbβ3). Clustering and conformational changes of 

these receptors promote adhesion to damaged vascular surfaces and recognition and clearance by liver 

macrophages following transfusion. 

 Enhanced Activation State 

Platelets have a partially activated phenotype in the refrigerator, with higher expression of activation 

markers like P-selectin and phosphatidylserine. This activation causes them to be better able to form clots 

but may shorten their lifespan after transfusion. 
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6.3 Advantages of Cold Storage 

 Preservation of platelet hemostatic function is one of the major benefits of cold storage. 

Refrigerated platelets have greater adhesion to collagen and von Willebrand factor, and have more 

robust aggregation activity than room-temperature-stored platelets. They have properties that allow 

them to be especially useful in actively bleeding patients. 

 Platelets that have been stored in the cold have more thrombin-generating capacity and are more 

likely to cause rapid clot formation. Functional tests such as thromboelastography have shown 

enhanced clot formation and clot stability that could lead to better bleeding control. 

 This is because the lower storage temperature greatly slows the growth of bacteria, which is a 

common problem in room temperature platelet storage. Therefore using refrigerated platelets 

provides better microbial safety and can reduce the risk of bacterial infection transmitted by platelet 

transfusion. 

 Cold storage will cause a metabolic retardation thus minimizing the rate of glucose consumption, 

lactate production, and pH decline. This may lead to a lower rate of metabolic deterioration, which 

may enable platelets to be stored for longer than the normal 5-7 days that they are stored at room 

temperature, some studies suggesting storage times of up to 14 days or more [42]. 

6.4 Limitations 

 Cold-stored platelets have increased hemostatic activity, but decreased survival following 

transfusion. The alterations in the membrane caused by refrigeration shorten the circulating life of 

platelets by increasing their clearance rate by the reticuloendothelial system. 

 Many activation markers, such as P-selectin and phosphatidylserine, have been found to be more 

highly expressed in cold storage. Such alterations enhance the clotting ability, but can cause a 

decrease in platelet recovery and survival after transfusion. 

 Regulatory and standardization concerns are limiting the use of cold stored platelets. It has been 

difficult to ensure a uniform adoption of this product due to differences in the storage procedures, 

shelf-life recommendations, and quality assessment criteria. Standardised guidelines can only be 

developed with further clinical evidence [43]. 

6.5 Emerging Evidence Supporting Cold Storage 

There is increasing evidence that platelets that are stored in the cold are clinically useful. Adhesion, 

aggregation, generation of thrombin and strength of the clot are consistently better than room-temperature-

stored platelets in the laboratory. Improved hemorrhage control and survival has been observed in animal 

models of traumatic bleeding. Initial clinical studies with cold stored platelets in trauma, cardiac surgery, 

and bleeding patients indicate that these platelets are effective at achieving hemostasis while being safe. In 

addition, some studies are currently under way to investigate their use in transfusion clinics and recent 

clinical trials have shown that refrigerated platelets may be useful for patients who need immediate 

hemostatic support [44]. The evidence is mounting and cold storage is becoming a more and more 

attractive approach to optimizing platelet transfusion therapy in bleeding patients. 

7. Impact of Storage Temperature on Clinical Transfusion Outcomes  

Storage conditions play a significant role in platelet viability, hemostatic function and clinical transfusion 

efficacy. Although room temperature (20–24°C) platelets are the standard product for routine transfusion of 

platelets for prophylaxis, there is a growing body of evidence that cold-stored platelets (1–6°C) may have 

important benefits in the care of bleeding patients [45]. 
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7.1 Hemorrhage Control 

Cold stored platelets have been shown to exhibit greater hemostatic activity and are therefore useful in 

emergency situations where prompt control of bleeding is needed. Platelets stored in a refrigerator have 

superior adhesion, aggregation and thrombin generation in trauma patients leading to quicker clot 

formation and stabilization. This has also been found in surgical procedures, particularly cardiac, vascular 

and major orthopedic surgeries where there is substantial blood loss. As a result, the use of cold-stored 

platelets is being evaluated for incorporation into massive transfusion protocols, in which rapid hemostasis 

is a critical component [46]. 

7.2 Platelet Count Increment 

One of the most important indicators of transfusion effectiveness is the Corrected Count Increment (CCI), 

which is a measure of platelet recovery after transfusion. The longer the circulatory survival of room-

temperature platelets, the higher the CCIs. Cold stored platelets, on the other hand, are removed faster from 

circulation due to the changes in membrane and glycoproteins caused by cold storage. Posttransfusion 

platelet increments, as determined by platelet recovery studies, have always been found to be lower with 

cold stored platelets than with the more active, fresh-frozen platelets [47]. 

7.3 Bleeding Prevention 

Platelets at room temperature are the most desirable for transfusion to prevent bleeding in the stable 

thrombocytopenic patient. They last for a long time, which means that they can help to support platelets for 

longer and so demand fewer platelet transfusions. The activity of cold-stored platelets in clot formation is 

excellent, but the platelets may lack the optimal ability to be used as a prophylactic due to their shorter stay 

in circulation [48]. 

7.4 Outcomes in Trauma and Emergency Medicine 

Cold-stored platelets have recently attracted considerable interest in resuscitation, military medicine and 

trauma treatment. These properties, such as improved hemostatic, decreased risk of bacterial contamination 

and longer storage time, make them desirable for prehospital and battlefield use. Platelets can be stored in 

the fridge and can be used in damage control resuscitation, where they can help to control the bleeding 

earlier and improve the management of trauma-induced coagulopathy [49]. 

7.5 Outcomes in Oncology and Hematology 

Chronic thrombocytopenia, hematologic malignancies, and chemotherapy-induced thrombocytopenia are 

situations that frequently require multiple platelet transfusions as prophylaxis. In the above environments 

room temperature platelet is still better since it offers better platelet count recovery and longer circulation 

time. There is currently no supporting evidence to support the routine use of cold-stored platelets for longer 

term platelet support in oncology and hematology patients [50]. 

8. Challenges in Clinical Adoption 

Although there is a growing interest in the use of cold stored platelets, there are several reasons for not yet 

having a broad clinical practice of these. A major challenge is the lack of clear knowledge about the 

clinical benefits of cold-stored and room-temperature platelets, based on large, randomized controlled trials 

in different patient groups [51] . Standardization is also a problem point because there are differences in the 

procedures for which platelets are stored, when they are refrigerated, how long they are stored, platelet 

additive solution, and the criteria used for quality assessment. The adoption process is more complex 

because the regulations differ from country to country. Secondly, blood banks have to solve the problem of 
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balancing the availability of room temperature platelets for prophylactic use and cold-stored platelets for 

active bleeding [52] . Defining indications, standardizing manufacturing methods and developing cost-

effective inventory management approaches will be key to the successful incorporation of cold-stored 

platelets into routine transfusion.. 

Conclusion 

Platelets are essential components of the haemostatic process, and the temperature at which they are stored 

has a direct association with their physiological characteristics. Currently, room-temperature storage is 

considered the gold standard because it ensures viability, recovery post-transfusion, and suitability for 

prevention of bleeding among patients with thrombocytopenia. Despite these benefits, room-temperature 

platelets demonstrate some negative outcomes, such as storage lesion formation, rapid depletion of 

metabolic capacity, and increased possibility of contamination. 

Conversely, lower storage temperatures have positive influence on platelet adherence, aggregation, 

thrombin generation, and clot formation; therefore, they are recommended for management of hemorrhagic 

events resulting from trauma or other emergency situations. Cold-platelets show poor circulation lifetime, 

however, new scientific data from laboratory experiments and preclinical and clinical trials indicate that 

cold-platelets might be used as a novel drug. Future research related to storage technology, use of additive 

solutions, pathogens reduction, and personalized transfusions can contribute to improvement in 

effectiveness of cold-platelets. The findings of randomised clinical trials will enable specialists to define 

potential applications of cold-platelets and give scientific suggestions about them. Overall, it is necessary 

to use two platelet types in order to satisfy patient requirements. 
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