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 Recognize the evidence for excessive, unnecessary 

transfusions in the past. 

 Explain the elements of PBM and how they are 

implemented in the clinical setting.

 Describe the drivers for conservative blood use and 

the evidence basis for patient-centered blood 

management (PBM). 

 Discuss the various clinical setting in PBM may be 

implemented and the data that supports this.

Objectives
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Universal Declining RBC Usage

U.K. SHOT Report 2016 Swiss Red Cross 2016

United States NBCUS Surveys

Australian Red Cross 2015



– Recession – economic influences
• Reduced hospital census

• Reduced number of surgeries

– Medical innovation
• CABG vs. percutaneous coronary artery stents

• Robotic surgery

– Patient-centered  blood management & 

evidence-based medicine
Reduced blood use per case Red Cell Demand 

Negative Drivers of Demand

In the US, decline started in 2008
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 An evidence-based, multi-disciplinary approach to 

optimizing the care of patients who might need 

transfusion in order to improve outcomes.

 Patient-centered blood management aims to 

change medical practice and physicians’ 

behavior.

 Requires physician and administrative champions, 

extensive physician education, awareness-building, 

and change management to alter organizational 

behavior.

What is Patient-centered Blood 

Management?
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Evidence of National Blood Overuse:

Variations in Primary CABG

6
Bennett-Guerrero, et al. PNAS 2010;304:1568.

RBC transfusion rates

varied from 7.8% – 92.8%

Platelet transfusion rates

varied from 0.4% – 90.4%

Plasma transfusion rates

varied from 0.0% – 97.5%

RBC transfusion rate do 

not correlate with risk-

adjusted mortality



Evidence of Blood Use Variation in Total 

Hip Replacement in a Single Hospital
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Yazer & Waters. Transfusion 2012;52:1640.



 Optimize patient baseline condition before surgery

– Avoid preoperative autologous blood collections

– Minimize phlebotomy blood loss

– Preoperative anemia and coagulopathy assessment and 

treatment

 Avoid allogeneic transfusion

– Single unit transfusions

– Perioperative cell salvage programs

– Optimal surgical technique, anti-fibrinolytic agents & POCT

– Transfusion triggers

• Evidence-based criteria for transfusion

 Harness physiological anemia tolerance

– Lower discharge target hematocrit

Principles of Blood Management

Minimize unnecessary transfusions
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 Patient outcomes that are at least as good, 

and possibly better with less transfusion.

 Conservation of a valuable resource

– Blood is increasingly viewed 

as a commodity and an 

opportunity for cost savings.

 Medical evidence suggesting

harm from transfusion.

Drivers for Patient-centered Blood 

Management
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Reducing 
Risk

Lowering 
Costs

Improving 
Outcomes



Economic Argument for Blood Management
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Marques, et al. Transfusion 2012;52:1857.

University of Alabama 

Medical Center
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Efficacy of RBC Transfusion in the Critically ill: 

A Systematic Review of the Literature

Marik & Corwin. Crit Care 2008;36:2667.

ARDS Infectious Complications

Death

RBC transfusions are

associated with poor outcomes,

but do RBC transfusions

cause the poor outcomes?

Bleeding and anemia are probably 

the true causes of bad outcomes



Evidence Basis for Restrictive RBC Use
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Hebert, et al. NEJM 1999;340:409.



 Average daily Hb             

8.5 vs. 10.7 g/dL

 Restrictive group 

used 54% fewer RBCs

 33% of restrictive 

group not transfused 

vs. 0% of liberal group

 Restrictive group 

used an average of 
2.6 ± 4.1 RBC units

 Liberal group used 
an average of 5.6 ±

5.3 RBC units 

A Multicenter, Randomized, Controlled Clinical 

Trial of Transfusion Requirements in Critical Care
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Hebert, et al. NEJM 1999;340:409.



Restrictive Liberal p value

30-day 

mortality
18.7 23.3 0.11

In-hospital 

mortality
22.2 28.1 0.06

APACHE <20 

mortality
8.7 16.1 0.03

Age <55 

mortality
5.7 13.0 0.02

Complications:

Cardiac 13.2 21.0 <0.01

MI 0.7 2.9 0.02

Pulmonary 

edema
5.3 10.7 <0.01

ARDS 7.7 11.4 0.06

A Multicenter, Randomized, Controlled Clinical 

Trial of Transfusion Requirements in Critical Care
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Hebert, et al. NEJM 1999;340:409.

Patients die from complications of fluid overload



A Multicenter, Randomized, Controlled Clinical 

Trial of Transfusion Requirements in Critical Care
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Conclusions

A restrictive strategy of RBC transfusion is at least as 

effective as, and possibly superior to, a liberal strategy in 

critically ill patients with the possible exception of patients 

with acute MI and unstable angina.

Hebert, et al. NEJM 1999;340:409.



History of:

 angina, 

 myocardial infarction
 congestive heart failure

 peripheral vascular 

disease

Effect of Anemia and Cardiovascular Disease on 

Surgical Mortality and Morbidity

30 day mortality in 1,958 patients who refused transfusion. 

1.3% mortality at 12 g/dL and 33.3% at < 6 g/dL

Carson et al. The Lancet 1996: 348 

A low preoperative hemoglobin or a substantial operative blood loss increases 

the risk of death or serious morbidity more in patients with cardiovascular 

disease than in those without.



Liberal or Restrictive Transfusion in 

High Risk Patients after Hip Surgery
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Carson, et al. NEJM 2011;365:2453.



 59% of restrictive group did not receive a transfusion 

vs. 3% of liberal group. 

 Restrictive group received 65% fewer transfusions

 Primary outcome was not different 

– Liberal 35.2% vs. Restrictive 34.7%

 Conclusions: It is reasonable to withhold transfusion 

post-surgery in the absence of anemia symptoms or 

until Hb <8 g/dL, even in the elderly with underlying 

cardiac disease

Liberal or Restrictive Transfusion in High 

Risk Patients after Hip Surgery
Mean age: 81.6 yrs, 62.9% had CVS disease
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Carson, et al. NEJM 2011;365:2453.



 921 patients randomized 

 Restrictive strategy Hb <7 g/dL, target 7-9 g/dL

 Liberal strategy Hb < 9 g/dL, target 9-11 g/dL

 Transfusion administered any time symptoms of 

anemia developed, massive bleeding occurred, or 

surgical intervention was required

 49% patients had peptic ulcer, 23% esophageal 

varices; 31% cirrhoses

 51% of restrictive group received no transfusion vs. 

15% in liberal group (p <0.001)

Transfusion for Acute Upper G.I. Bleeding

Villanueva et al. NEJM  2013: 368;11-21



Transfusion in Acute Upper G.I. Bleeding
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Villanueva et al. NEJM  2013: 368;11-21



Villanueva et al. NEJM  2013: 368;11-21

• Portal pressure rose 

significantly with 

liberal strategy

• Survival was 

significantly better 

in the restrictive 
group in patients 

with cirrhoses

• A restrictive 

transfusion strategy 

results in 

significantly better 

outcomes in acute 
upper GI bleeding 
patients than a 

liberal strategy

Transfusion in Acute Upper G.I. Bleeding



Lower versus Higher Hb Threshold for 

Transfusion in Septic Shock in ICU
No important outcome differences between Hb levels of 7.0  and 9.0 g/dL. 

998 patients with septic shock.

Holst LB et al. N Engl J Med 2014;371:1381-1391

 Among patients with septic shock, 
mortality at 90 days and rates of 
ischemic events and use of life 
support were similar among those 
assigned to blood transfusion at a 
higher hemoglobin threshold and 
at a lower threshold. 

 The latter group received fewer 
transfusions.



 Hb maintained at 8.7 ± 0.4 and 10.8 ± 0.5 g/dL (P<0.001)

 Multiple-organ dysfunction syndrome developed in 12% of 

both groups (absolute risk reduction,0.4%; 95% C.I., –4.6 to 5.4). 

 There were 14 deaths in each group within 28 days.

 No significant differences were found in other outcomes.

Transfusion Strategies for Patients in 
Pediatric Intensive Care Units (TRIPICU)
637 stable, critically ill children within 7 days of ICU admission. 

7.0 g/dL (restrictive) vs. 9.5 g/dL (liberal) threshold.

La Croix et al. NEJM 2007 364:1609



Restrictive (%) Liberal (%)) P value

Overall aggregate 331/944 (35.1) 317/962 (33.0) 0.30

Infectious outcomes 238/936 (25.4) 240/954 (25.2) 0.83

Ischemic outcomes 156/911 (15.7) 139/991 (14.0) 0.26

Acute Kidney Injury (AKI) 140/989 (14.2) 122/989 (12.3)

Mortality at 90 days 42/1000 26/1003 0.045

Liberal or Restrictive Transfusion after 
Cardiac Surgery
1,906 patients, multicenter study in non-emergency cardiac surgery.

Transfusion threshold of 9.0 or 7.5 g/dL.

Murphy et al. NEJM Volume 372(11):997-1008 

• No differences in primary outcome.

• More deaths in the restrictive group than in the liberal group.

• Total costs did not differ significantly between the groups.



Restrictive (%) Liberal (%)) P value

Overall aggregate 331/944 (35.1) 317/962 (33.0) 0.30

Infectious outcomes 238/936 (25.4) 240/954 (25.2) 0.83

Ischemic outcomes 156/911 (15.7) 139/991 (14.0) 0.26

Acute Kidney Injury (AKI) 140/989 (14.2) 122/989 (12.3)

Mortality at 90 days 42/1000 26/1003 0.045

Revised AKI 286/989 (28.9) 255/989 (25.8)

Revised Overall 477/959 (49.7) 440/970 (45.4) 0.045

Liberal or Restrictive Transfusion after 
Cardiac Surgery
Threshold of 9.0 or 7.5 g/dL after non-emergency cardiac surgery

Murphy et al. NEJM Volume 372(11):997-1008 

• Revised Acute Kidney Injury assessment according to laboratory 

values rendered primary endpoint significant.

• A restrictive transfusion threshold was not superior to a liberal 

threshold with respect to morbidity or health care costs.



 Liberal strategy received ≥ RBC to raise the Hb ≥10 g/dL. 

 Restrictive strategy received RBC for symptoms or Hb <8 g/dL. 

 Primary outcome was the composite of death, myocardial 

infarction, or unscheduled  revascularization within 30 days. 

 The mean number of units transfused was 1.6 in the liberal 

group and 0.6 in the restrictive group. 

 The primary outcome occurred in 6 patients (10.9%) in the 

liberal group and 14 (25.5%) in the restrictive group (risk 

difference = 15.0%; P = .054). 

 Death at 30 days was less frequent in liberal group (n = 1, 1.8%) 

compared to restrictive group (n = 7, 13.0%; P = 0.032).

 The liberal strategy was associated with a trend for fewer major 
cardiac events and deaths than restrictive strategy.

Liberal versus restrictive transfusion thresholds for

patients with symptomatic coronary artery disease

MINT Pilot Trial: 110 patients with acute coronary syndrome or stable 

angina undergoing cardiac catheterization

Carson et al. American Heart Journal 2013; 165: 964-71



 A successful Pilot study.

 MINT Trial is recruiting.

 3500 patients.

 Primary Outcome: 

Composite outcome of 

all-cause mortality or 

nonfatal myocardial 

reinfarction within 30 

days of randomization.

 Available at 
www.ClinicalTrials.gov.

Liberal versus restrictive transfusion thresholds for

patients with symptomatic coronary artery disease

MINT Pilot Trial: 110 patients with acute coronary syndrome or stable 

angina undergoing cardiac catheterization

Carson et al. American Heart Journal 2013; 165: 964-71



 Survival trend favoring a liberal transfusion strategy in patients 
with septic shock when compared with the restrictive strategy.

The Transfusion Requirements in Critically Ill 

Oncologic Patients Randomized Controlled Trial
300 adult cancer patients with septic shock in the first 6 hours of ICU admission. 

Liberal  (< 9 g/dL) or restrictive strategy (< 7 g/dL)

Bergamin, et al. Crit. Care  Med.  2017 45:766

• 28 days mortality rate in the liberal 

group was 45%  versus 56% in the 

restrictive group  (HR 0.74; p = 0.08). 

• 90 days mortality rate in the liberal 

group was lower (59% vs 70%) than 

in the restrictive group (HR  0.72;  p = 

0.03).



Clinical Condition
Favors 

Restrictive

No 

Difference
Favors Liberal

General ICU

Total Hip Replacement in Elderly

G.I. Bleeding

Pediatrics

Sepsis

Cardiovascular Surgery

Acute Coronary Disease

Oncology in ICU

Utility of Restrictive RBC Transfusion
Evidence-based decision making for Hb transfusion thresholds

Shah et al. Anaesthesia 2015:70;10-19



30

Carson, et al. Ann Int Med 2012;157:49.

AABB Clinical Practice Guideline
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Carson, et al. Ann Int Med 2012;157:49.

AABB Clinical Practice Guideline



 Patient-centered blood management is 

revolutionizing Transfusion Medicine as it forces 

physicians to avoid transfusion by taking better care 

of patients.

 When driven by economic imperatives, patients are 

at risk of under transfusion.

 Evidence-based medicine is need to expand PBM 

to all patient groups.

 Optimum transfusion practice is unclear in many 

groups, especially in the presence of 

Cardiovascular Disease and in Oncology patients 

where quality of life maybe more important.

Conclusions
Enough is Enough



.

Cape of Good Hope, South Africa 2011


