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Introduction 
 
Since the 80’s, there was a global movement to replace whole blood for components (packed red cells, 
platelets, fresh frozen plasma), providing to patients exactly what was needed for transfusion. 
 
Although the component therapy has proved quite effective to support most of patients on a global scale, 
recent studies in the military field and in some trauma patients are raising the possibility that whole blood 
transfusion should also be taken into consideration for supporting a group of selected patients. This 
manuscript will cover only the possible role of whole blood in the civilian field, once the author has no 
experience in the military scenario. 
 
 
Indications for whole blood transfusion  
 
Prehospital transfusions 
 
Owing to the logistics and limitations associated with transfusion in the pre-hospital environment, damage 
control resuscitation, either remotely (RDCR)1,2 or at the hospital level (DCR)3 has played a considerable 
development and research for implementation of both whole blood and blood components therapy. 
 
Whole blood in civilian hospital has recently been coined as civilian whole blood (CWB); if utilization takes 
place before 48 hours of collection, it is also arbitrarily defined as cold fresh whole blood (CFWB). If 
maintained at 22o – 26oC for <24 hours (quite unusual in the civilian field), then it is known as warm whole 
blood (WWB) 4. In one sense, whole blood provides a more balanced amount of plasma, RBC and maybe 
platelets than reconstituted isolated components in a 1:1:1 or 1:1:2 ratio 5, which might be useful as early 
therapy in civilians (e.g., trauma, where massive transfusion is likely to be expected) 
 
Under normal conditions, civilian use of whole blood is quite restricted, despite recent studies showing its 
potential feasibility for well-defined cases. On the other hand, the blood supply might be vulnerable to 
natural (hurricanes, earthquakes with or without accompanying tsunamis) or man-made disasters 
(explosions or destruction due to terrorism or war combat in civilian buildings or settlements), leading to 
the disruption, of well established blood services. In this situation, a prompt action might resuscitate the 
use of fresh whole blood programs 6,7.  
 
Actually, PRBCs and, to a lesser extent, plasma are the most widely available components in the civilian 
pre-hospital setting, because of their ability to be transported in cold storage containers (‘coolers’). The 
greatest limitation in achieving DCR in a 1:1:1 ratio in the pre-hospital setting currently lies in the storage 
requirements of PLTs. 
 
There is some active experience in the military field of utilization of dry plasma 8, which is gradually 
extending to the civilian medicine, particularly for remote prehospital conditions, allowing freedom of 
utilization regardless any logistical constraints to other blood components 9. 
  
On the other hand, if there are no acceptable alternatives to utilization of other blood components, 
particularly in austere environments, such as on board of cruiseliners10, use of ABO compatible whole 
blood cannot be discarded for life saving situations in the civilian field, provided certain technical 
requirements are met (e.g. low hemolysin antibody titers and proper infectious disease screening)11. Such 
measures are usually accompanied with other therapeutic agents, like tranexamic acid.  
 
Keeping WB at room temperature is not feasible for long term RBC storage, hence the use of low 
temperatures for decades; moreover, there is an increased risk of bacterial contamination if kept at room 
temperature. The increased metabolic activity leads to a substantial accumulation of lactate and 
consequently, lowering the pH, which decreases the platelet viability. On the other hand, platelets are quite 
susceptible to storage low temperatures - platelet storage lesion 12. The classical papers by Murphy & 
Gardner 13,14 showed that refrigerated platelets have a half-life approximately 66% lower than stored at 
room temperature. Although most platelet recipients are oncological patients, usually requiring multiple 
platelet transfusions to overcome their prolonged thrombocytopenia, it is now accepted that some platelet 
function might be preserved for short time, which might be applicable to acute bleeding patients, 
particularly when no other units are available 15,16.  
 
Unfortunately, there is no definitive answer whether cold-stored platelets actually impair the clinical 
outcome of patients undergoing acute hemorrhage episodes, particularly in trauma cases, which quite 
frequently lead per se to coagulopathy disorders4, 17. The study by Ho &Leonard 18, using 353 patients 
undergoing massive transfusions where a group of 77 patients received a mean of 4 units of non-
refrigerated whole blood did not show any reduction of allogeneic blood products or rFVIIa, neither a 30-
day mortality nor long term survival. So far, most of in vitro studies have demonstrated a non-inferiority in 
cold-stored platelets 19,20. On the other hand, it seems promising that FDA has recently allowed storage of 
refrigerated non-agitated apheresis platelet only for acute bleeding patients. In addition, there is no 



definitive answer whether there is an increase of thrombotic events in these patients. So far, the only 
evidences come from the military field, where no relation has been demonstrated so far.    
 
Given that O WB contains 200- 250 mL of plasma with the presence of anti-A and anti-B (both IgG and 
IgM), there is always a considerable risk of hemolysis if given to non-O recipients, particularly if 
administered in large volumes to the recipients. Although there is not a universal recognized 
standardization, one way to circumvent this problem is to select only low-titer donors (usually below 100 -
200 by the saline method) 21, 22. 
 
So far, there is no recent RCT using non-modified WB for civilian patients, particularly because 
leukodepletion has a considerable role in preventing transfusional reactions. Studies evaluating the use of 
WB in comparison with blood components are yet contradictory; two studies in children undergoing 
pediatric cardiac surgery showed discrepant use of WB units, including clinical outcome. In addition, 
confounding variables were not clearly adjusted 23,24. On the other hand, one study in severely injured 
patients, utilizing modified leukoreduced and PLT-depleted cold-stored WB with the addition of platelets 
(apheresis or random donor pool), showed no remarkable differences between study and control group, 
unless severe traumatic brain injury cases were removed 25.    
 
Although platelet survival is reduced when stored in cold temperatures (1-6o C), this is not equivalent to 
reduced hemostatic function. Despite some evidences that cold-stored platelets maintain their hemostatic 
capacity (sometimes even increased when compared to room temperature storage), all available data 
come from in vitro studies at the moment 26,27,28,29. This field shows a considerable development recently, 
and will demand some RCT in order to endorse final conclusions.   
 
Recent studies in trauma patients have demonstrated that never frozen plasma might play an important 
role in blocking endothelial permeability, thus, reducing pulmonary effects in these patients30. This opens a 
new perspective in civilian trauma patients, given that most of these patients require not only RBC to treat 
life-threatening anemia, but also plasma in order to prevent coagulopathy. Thus, it is also quite imperative 
to evaluate the potential use of whole blood in these cases.  
 
   
In-hospital transfusions 
 
The study by Yazer  et al.31 showed the feasibility of providing up to 2 WB units in the civilian trauma 
patients, with no differences in biochemical data, clinical effects or even mortality rate. However, this study 
used as a control, retrospective data, which still brings some potential confounding factors in the final 
conclusion.  
 
Despite the intense research and gain of experience in this novel field, there are still several remaining 
questions to be answered, such as: 
 

• How long can we store WB for civilian use? There are still different policies from centres 
evaluating this topic, and storage varies from 2 to 10 days 32,33.  

 
• Should refrigerated WB kept with or without agitation for preventing platelet clumping and blood 

bag adherence? If agitation is required, then which kind should be adopted, manual, horizontal, 
etc?   

 
• Is WB for selected civilian cases a cost-effective strategy? Data is still unavailable 

 
 
What are the possible advantages of whole blood transfusions compared with component therapy? 
 
Clearly, no therapy in medicine has the ultimate and definitive point, nor is devoid of disadvantages when 
compared to different alternatives. Thus, use of whole blood in the civilian setting is still under a series of 
debates and consideration. The main advantages and disadvantages 20,32,33 are outlined below: 
 
Advantages: 
 

• Treating symptomatic anemia with large-volume deficits 
• Simplifies the complications of transfusing multiple blood products to the same patient 
• Mitigates the dilutional effect of crystalloid solution 
• Limits the number of exposures to donor component blood products 
• Recommended for treating microvascular bleeding refractory to individual blood components 
• Replete with plasma clotting factors 
• Reduced risk of hypercalcemia 

 
Disadvantages: 
 

• Risk of bacterial contamination or bacterial overgrowth 
• Resource-intensive process 
• Required safety testing is time-consuming 



• Microchimerism (< 5% engraftment of donor lymphocytes, with unknown consequences; may 
persist for decades) 34. 

• Increased risk of transfusion-associated graft-vs-host disease (prevented by gamma irradiation) 
• Immunosuppresion (prevented by leureduction) 
• Requires a minimum of 30 minutes to collect/process before transfusion 
• Pathogen reduction methods are still not applicable to for WB (pending license in the civilian field) 

 
 
Practical transfusion issues 
 
 
Screening for infectious agents. 
 
 
There is no justification in the civilian field, even in austere situations that the current policy widely applied 
for prevention of transfusion-transmitted diseases is not followed. The World Health Organization (WHO) 
states that “All whole blood and apheresis donations should be screened for evidence of infection prior to 
the release of blood and blood components for clinical or manufacturing use”. It also defines that screening 
should be mandatory for HIV-1 and HIV-2; HBV, HCV, Syphilis; screening for other infections, such as 
malaria, Chagas disease or HTLV, should be based on local epidemiological evidences 35. 
 
In order to mitigate infectious risks in the military field it is advocated routine pre-testing for HIV and 
syphilis, and previous vaccination for Hepatitis A Virus (HAV) and Hepatitis B Virus (HBV) 36, but without 
mention about HCV or malaria. On the other hand, civilian WBB donors can be routinely tested for 
infectious diseases with rapid tests for HIV, HBV, HCV, malaria or syphilis. These tests will require no 
more than 60 minutes to be performed, as long as utilized for a small number of WB units at a given time. 
However, this policy does not prevent donors from being tested for Chagas disease 37, HTLV 38, or NAT for 
several markers (HIV, HCV, HBV, WNV, and more recently, ZIKV in the US). This might lead to eventual 
transmission of infectious diseases that are usually prevented when routine conditions are met. 
 
Although pathogen reduced methods are available for components in certain countries (amotosalen, 
riboflavin, solvent-detergent, nanofiltration and UV light), none are licensed so far for whole blood 
utilization. This is an interesting concept that would certainly be useful in this field once released by 
regulatory agencies. 
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