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How does the clinician look at 
blood? 

Fresh Stored 



Does the RBC storage lesion exist? 

• Retrospective/observational studies 
suggest older RBC units associated with: 
– Increased risk of pneumonia 
– Longer length of stay 
– Increased mortality 
– Decreased recurrence of colorectal cancer 
– Decreased alloimmunization 



Purdy et al., Can J Anaesth 1997 



Vamvakas et al., Transfusion 1999 

RBC age in cardiac surgery patients 

N = 216 transfused 
patients 



Vamvakas et al., Transfusion 2000 

RBC age in cardiac surgery patients 

N = 268 patients 



RBC age in cardiac surgery patients 

Basran et al., Anesth Analg 2006 



Age of blood and mortality 

• Compared cardiac 
surgery patients who 
received only blood 
≤14 days (“fresh”) vs. 
only blood stored >14 
days. 
 

• Older blood 2.8% 
mortality vs. 1.7% in 
“fresh” blood 

Koch et al., NEJM 2008 

N = 6002 



Basran et al., Anesth Analg 2006 



N = 2732 

RBC age in European cardiac 
surgery patients 

Van de Watering et al., Transfusion 2009 



More European data 

Edgren et al., Transfusion 2010 

N = 405,000 



News from the Antipodes: ICU patients 

Pettila et al., Crit Care 2011 

N = 757 



Where does this leave us? 



• Stored RBCs harmful: 18 studies 
 

• Stored RBCs not harmful: 14 studies 



 How do RBCs change over 
their shelf-life? 

 
 What does that mean to the 

patient? 



RBC changes with storage 

• Decreased 2,3-DPG, pH 
• Increased lactate, potassium 
• Signs of RBC damage 
• Morphological changes 
• Increased adhesion to endothelial cells 
• Decreased SNO 
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Electrolyte changes with storage 

Bennett-Guerrero et al., PNAS 2007 



RBC changes with storage 

• Decreased 2,3-DPG, pH 
• Increased lactate, potassium 
• Signs of RBC damage 
• Morphological changes 
• Increased adhesion to endothelial cells 
• Decreased SNO 

 
 



Decreased RBC CD47 at 42 days 

Anniss & Sparrow, Trans Apher Sci 2002 



Increased Annexin V Binding 

Cardo et al., Transfus Apher Sci 2008 



Ubiquitin levels rise in stored RBCs 

Patel et al., J Surg Res 2006 



PAMPs and DAMPs 



Mitochondrial DNA release 

20.00

22.00

24.00

26.00

28.00

30.00

32.00
0 5 10 15 20 25 30 35 40 45

#Days of Storage

C
t

R02861
R02862
R02864
R02866
R02867
R02869
R02870



Mitochondrial DNA release 

1 14 42

24

26

28

RBC Storage Day

C
T

p<0.0001 
p<0.01 



RBC changes with storage 

• Decreased 2,3-DPG, pH 
• Increased lactate, potassium 
• Signs of RBC damage 
• Morphological changes 
• Increased adhesion to endothelial cells 
• Decreased SNO 

 
 



RBC morphology changes with 
storage time 

Anniss & Sparrow, Transfusion 2006 

Day 1 Day 21 



RBC deformability decreases 

Bennett-Guerrero et al., PNAS 2007 



RBC changes with storage 
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Lectin binding changes with RBC storage  

Sparrow et al., Transfusion 2007 



RBC-EC adhesion increases with 
storage time 

Anniss & Sparrow, Transfusion 2006 



RBC changes with storage 
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Decreased SNO 

Bennett-Guerrero et al., PNAS 2007 



Decreased SNO 

Reynolds et al., PNAS 2007 



 How do RBCs change over 
their shelf-life? 

 
 What does that mean to the 

patient? 



Recipient effects of RBC storage 

• Blood flow in transfused tissues 
 

• Effects on the clotting cascade 
 

• Activation of recipient immune system 
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Decreased vascular flow with stored 
blood transfusion (hamsters) 

Tsai et al., Transfusion 2004 



Lower tissue oxygenation with 
stored blood (hamster model) 

Tsai et al., Transfusion 2004 



Vasodilation rescued by SNO 
repletion (canine coronary artery) 

Reynolds et al., PNAS 2007 



Dog pneumonia model 

Natanson et al., Blood 2013 



Cerebral oxygenation in men 
with traumatic brain injury 

Leal-Noval et al., Crit Care Med 2008 
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Recipient effects of RBC storage 

• Blood flow in transfused tissues 
 

• Effects on the clotting cascade 
 

• Activation of recipient immune system 



Russel’s viper venom time 
decreases 

Cardo et al., Transfus Apher Sci 2008 



Recipient effects of RBC storage 

• Blood flow in transfused tissues 
 

• Effects on the clotting cascade 
 

• Activation of recipient immune system 



Neutrophil priming increases 

Cardo et al., Transfus Apher Sci 2008 



Priming activity in RBC supernatant 

Cardo et al., Transfus Apher Sci 2008 



Activation of the recipient 
immune system 

Hod et al., Blood 2010 



Do humans act like mice? 
 Yes! Yes! 

No! 

Hod et al., Blood 2011 



Prospective studies 



ABLE pilot study 

Hebert et al., Anesth Analg 2005 



Pilot randomized trial in ICU, Australia 
patients 

Aubron et al., Transfusion 2011 



All hospitalized patients: Canada 
INFORM-P 

Excluded  
sickle cell  N = 910 
massive transfusion 
outpatients 

Heddle et al., Transfusion 2012 



Are the trials powered appropriately? 



Conclusions 
• Retrospective studies of the age of 

blood have mixed results 
 

• Prospective studies of age of blood and 
clinical outcome are ongoing 
 

• It’s possible that aged blood may have 
patient population-dependent effects 
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