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Å Risks of blood transfusion

ïBlood storage lesion

Å Variability in the use of blood

ÅAre cardiac patients ñspecial?ò

Å Proper utilization of RBC

Objectives
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Risks of Blood Transfusion

ÅReactions ïAcute and Delayed

ÅTransfusion Transmitted Disease

ÅTRALI ïTransfusion Related 

Acute Lung Injury

ÅTACO ïTransfusion Associated 

Circulatory Overload

ÅTRIM ïTransfusion Related 

Immune Modulation

ÅBlood Storage Lesion
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Busch MP, et al.  JAMA 2003; 289:959-962

Decline in Human Immunodeficiency Virus and Hepatitis B and 
Hepatitis C Risks of Transmission Through Transfusion

HIV = 1:1,800,000

HCV=1:1,600,000

HBV= 1:82,000-1:220,000
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Transfusion-related 

Immunomodulation (TRIM)

ÅTransfusion of allogeneic blood results in the infusion of 

large amounts of foreign cells, antigens, and biological 

response modifiers

ÅLeads to at temporary suppression of the immune 

system due to transfusion

ÅDose - response relationship

ïIncreased risk of mortality 

ïIncreased risk of infection

ïIncreased length of stay
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Allogeneic Blood & Length of Stay

Å 576 trauma patients enrolled 

after 48 hours in ICU

Å 74% Male, Mean Age 44

Å Mean APACHE II score = 16.9

Å Baseline Hgb = 11.1 2.4 g/dL

Å 55% transfused

Å Mean pretransfusion Hgb =     

8.9 1.8 g/dL

Shapiro MJ, et al.  J Trauma 2003: 55;269-73



Copyright © 2010 Haemonetics Corporation

Blood Storage Lesion

ÅWhat is it?

ïRBC age more rapidly during refrigeration outside the body

ÅAt 24 hours, only 75% of the cells                                                       are 

viable

ïATP declines

ïRBC shape changes stiffer

ïLoss of membrane lipid

ï2, 3-DPG is undetectable at 1 week 12-24 hours to 

regenerate after transfusion

ÅMore difficult for RBC to deliver O2 to tissues
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Microvascular perfusion upon exchange transfusion with stored 

red blood cells in normovolemic anemic conditions (hamsters)

Changes in arteriolar (shaded bars) and venular 

(unshaded bars) blood flow after moderate 

hemodilution (Level 2) and in the two 

experimental groups: fresh and stored RBC.

Comparison of microvascular oxygen 

distribution in arterioles, venules, and 

tissue after hemodilution and the two 

experimental groups: fresh (gray) and 

stored RBC (black). 

Tsai AG, et al. Transfusion 2004;44: 1626-34
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Å All transfusions 14 Days 2,872 patients 8,802 units

Å All transfusions 15 Days 3,130 patients 10,782 units

Koch CG, et al.  N Engl J Med 2008; 358:1229-39

ñOldò RBC Worsen Clinical 
Outcomes

14 Days 15 Days p

In-hospital 

mortality

1.7% 2.8% 0.0004

Prolonged 

ventilation

5.6% 9.7% 0.001

Renal 

failure

1.6% 2.7% 0.003

1 year 

mortality

7% 11% 0.001
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Effect of Blood Transfusion on Long-

Term Survival After Cardiac Operation

Å 1,915 first-time isolated 

coronary artery bypass 

patients (34% transfused)

Å 3024 consecutive isolated 

CABG patients 1999 ï2001  

Liverpool, UK

Estimates of survival based on equal 

propensity scores of any transfusion 

(XFN) versus no transfusion (No 

XFN). 

Engoren MC, et al.  Ann Thorac Surg

2002; 74:1180ï6

Risk adjusted survival following 

CABG - Excluding 30-day mortality

Kuduvalli M, et al.  Eur J Cardiothorac 

Surg 2005; 27:592-8
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Stover EP, et al.  Anesthesiology 1998; 88:327-333

Variability of Blood Transfusion in Cardiac Surgery
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Avoiding RBC transfusion

ÅTransfusion risks + lack of benefit + poorer outcomes in 

transfused patients + variability = need to avoid 

transfusion

ÅResponse to anemia

ïIncreased cardiac output

ïIncreased oxygen extraction

ÅLower (eliminate) transfusion triggers

ÅBlood conservation strategies ïlimit blood loss, blood 

salvage, targeted treatment of coagulopathy, etc.

HOW?
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What About Hgb 6 ï10 g/dL?

ÅThe use of allogeneic transfusion is variable

ÅFew randomized clinical trials (only 10 met criteria for 

Cochrane Review)

Å Carson JL, et al.  Transfusion Triggers: A Systematic Review of the Literature.  

Transfusion Medicine Reviews 2002; 16:187-189

ïRestrictive practice

ÅReduced the probability of receiving RBC by 48%

ÅReduced the volume of RBC received by 0.93 units

ÅHct values were 5.6% lower

ÅMortality, cardiac events, morbidity and LOS were not affected



Copyright © 2010 Haemonetics Corporation

Hebert P, et al.  N Engl J Med 1999; 340:409-17

TRICC Study
Kaplan-Meier Estimates of Survival in the 30 Days after Admission to the 
Intensive Care Unit in the Restrictive-Strategy and Liberal-Strategy Groups

7-9 g/dL

10-12 g/dL
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a. Hgb 10g/dL threshold
b. Transfusion symptom driven (Hgb < 8.0 g/dL)

End point Liberala, n=1005 

(%)

Restrictiveb, 

n=1008 (%)

Isolated troponin elevation 6.2 5.9

In-hospital mortality 2.0 1.4

MI, unstable angina, or death 4.3 5.2

Carson JL. American Heart Association 2009 Scientific 

Sessions; November 16, 2009; Orlando, FL.

Secondary end points in FOCUS trial

In-hospital events
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How should ischemic heart disease 

influence transfusion decisions?
Å Anemia is an independent 

predictor of CV mortality, AMI, 

and recurrent ischemia in 

patients with acute coronary 

syndromes

Wu WC, et al.  N Engl J Med 2001; 345:1230-1236

Sabatine MS, et al.  Circulation 2005; 111:2042-2049

Slides adapted from Gross I.  Transfusion ñtriggersò in 

ischemic heart disease.  SABM 2009 New England 

Regional Blood Management Conference
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Wu W et al. N Engl J Med 2001;345:1230-1236

Kaplan-Meier 30-Day Survival Curves According 
to Hematocrit Category
78,974 patients with acute myocardial infarction
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The Heartôs Response to 

Anemia

ÅAnaerobic metabolic state.

ÅCoronary blood flow is shifted from the endocardium to 

the epicardium

ÅIncreased risk of ischemia and subendocardial infarction.

Does transfusion improve the outcome of IHD patients with 

anemia?


