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Patient Blood ManagementPatient Blood Management
Correct preoperative anemia

Iron (iv) + EPO, (autologous predonation)
Reduce perioperative RBC loss

Surgical technique 
Cell salvage and re-transfusion
Acute normovolemic hemodilution
Coagulopathy (anti-fibrinolyt., fibrinogen, F XIII, PCC)
Low CVP, no hypertension, normothermia, 

Optimize anemia management
Tolerate low hemoglobin values
FiO2 
Iron (iv) + EPO postoperatively

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216
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Farrugia A. Transfusion (2011) 51: 216Farrugia A. Transfusion (2011) 51: 216
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Patient Blood Management: WHY ?Patient Blood Management: WHY ?

RBC transfusion do compromise the 
outcome of your patient
Patient Blood Management measures can 
be implemented and render most RBC 
transfusions unnecessary
Treating your patient without RBC 
transfusions is attractive – ask your 
patients
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Concerns vis-à-vis RBCsConcerns vis-à-vis RBCs
RBC transfusions are associated with 
major adverse outcome also in OS

Mortality 
Major morbidity (ischemia) 
Infection 
TRALI, TACO 
Transfusion reaction
Tumor growth promotion 
Costs 
Non-Hodgkin lymphoma 
Spahn D. R. et al. Anesthesiology (2008) 109: 951

Farrugia A. Transfusion (2011) 51: 216
Spahn D. R. et al. Anesthesiology (2008) 109: 951

Farrugia A. Transfusion (2011) 51: 216
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Pedersen A. B. et al. BMC Musculockeletal Disord (2009) 10: 167Pedersen A. B. et al. BMC Musculockeletal Disord (2009) 10: 167

Multicenter (n=15) observational study (Danish Hip Arthroplasty Registry)
Patients (n=28’087) primary THR
Groups (propensity score): Transfused vs. non-transfused (n=2254 each)
Outcomes within 90 days: 

Death
Pneumonia
DVT/PE
Cardiovascular complications with hospitalization

Results:
Transfusion rate = 32%

Multicenter (n=15) observational study (Danish Hip Arthroplasty Registry)
Patients (n=28’087) primary THR
Groups (propensity score): Transfused vs. non-transfused (n=2254 each)
Outcomes within 90 days: 

Death
Pneumonia
DVT/PE
Cardiovascular complications with hospitalization

Results:
Transfusion rate = 32%
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Pedersen A. B. et al. BMC Musculockeletal Disord (2009) 10: 167Pedersen A. B. et al. BMC Musculockeletal Disord (2009) 10: 167

1 RBC Mortality OR 2.7 (1.2 – 5.7)
Mortality: 0.8% 1.7%
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Anemia and PBM in orthopedic surgeryAnemia and PBM in orthopedic surgery
Preoperative anemia:

THA / TKA (29‘068 patients): 24±9%
Hip fracture (6‘366 patients): 44±9%

Transfusion rate
THA / TKA (29‘068 patients): 45±25%
Hip fracture (6‘366 patients): 44±15%

Preoperative anemia (and ABT)
Infection rate 
Length of hospital stay
Mortality (hip fracture)

Spahn D. R. Anesthesiology (2010) 113: 482Spahn D. R. Anesthesiology (2010) 113: 482
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Shander A. et al. Surg Inf (2009) 10: 277Shander A. et al. Surg Inf (2009) 10: 277

1034 orthopedic and 455 cardiac 
surgery patients
Postoperative infections + / - RBC 
transfusion (including timing)
Cost outcomes
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Infection and cost outcomeInfection and cost outcome
Infections: Cardiac > orthopedic
RBC transfusion independently 
Postoperative infections (OR 1.7)
Postoperative infections

86 during hospitalization
81 in the follwoing 4 weeks

Costs in orthopedic surgery:
Postoperative infection cost by 
7’000 – 10’000$ at total costs of 14’000$

Shander A. et al. Surg Inf (2009) 10: 277Shander A. et al. Surg Inf (2009) 10: 277
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Cost of a RBC transfusion

Shander A. et al. COBCON I Transfus Med Rev (2005) 19: 66

Shander A. et al. Best Pract Res Clin Anaesthesiol (2007) 21:271

Acquisition cost
1unit of RBC = 212 CHF
Process cost analysisPatient Blood Management 
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Process cost analysis (PCA)

Shander A. et al. Transfusion (2010) 50:753
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684 CHF
450 €

“unknown” costs for 
donation and RBC 

production, and the treatment 
of adverse effects such as 
postoperative infections, 

TRALI, tumor growth 
promotion, hemovigilance
programs, litigation and 

(mortality)

True costs of 1 u of RBC in surgery

+

Shander A. et al. Transfusion (2010) 50:753
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Castillo J. J. et al. Blood (2010) 116: 2897
Cerhan J. R. Blood (2010) 116: 2863

Castillo J. J. et al. Blood (2010) 116: 2897
Cerhan J. R. Blood (2010) 116: 2863

Meta-analysis on the association 
with previous RBC transfusion 
and development of NHL
RR: 1.2 (1.07 – 1.35, p < 0.01)
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Patient Blood ManagementPatient Blood Management
Correct preoperative anemia

Iron (iv) + EPO, (autologous predonation)
Reduce perioperative RBC loss

Surgical technique 
Cell salvage and re-transfusion
Acute normovolemic hemodilution
Coagulopathy (anti-fibrinolyt., fibrinogen, F XIII, PCC)
Low CVP, no hypertension, normothermia, 

Optimize anemia management
Tolerate low hemoglobin values
FiO2 
Iron (iv) + EPO postoperatively

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216
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Kulier A. et al. Anaesthesist (2001) 50: 73Kulier A. et al. Anaesthesist (2001) 50: 73
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Preoperative evaluation
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WHO anemia definition
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Anemia and PBM in orthopedic surgeryAnemia and PBM in orthopedic surgery
Preoperative anemia:

THA / TKA (29‘068 patients): 24±9%
Hip fracture (6‘366 patients): 44±9%

Transfusion rate
THA / TKA (29‘068 patients): 45±25%
Hip fracture (6‘366 patients): 44±15%

Preoperative anemia (and ABT)
Infection rate 
Length of hospital stay
Mortality (hip fracture)

Spahn D. R. Anesthesiology (2010) 113: 482Spahn D. R. Anesthesiology (2010) 113: 482
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Anemia and PBM in orthopedic surgeryAnemia and PBM in orthopedic surgery

Preoperative iron treatment:
Allogeneic blood transfusion rate 
Infection rate 

Preoperative rHuEPO (ESA)
Allogeneic blood transfusion rate 

Cell salvage
Allogeneic blood transfusion rate 
Length of hospital stay

Spahn D. R. Anesthesiology (2010) 113: 482Spahn D. R. Anesthesiology (2010) 113: 482
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Goodnough L. T. et al. Br J Anaesth (2011) 106: 13Goodnough L. T. et al. Br J Anaesth (2011) 106: 13
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Theusinger O.M. et al. Anesthesiology (2007) 107: 923Theusinger O.M. et al. Anesthesiology (2007) 107: 923

20 patients
Major orthopedic surgery
Iron deficiency anemia (WHO)

Hb men < 13.0 g/dL
Hb women < 12.0 g/dL
Ferritin < 100 μg/l or
Ferritin < 300 μg/l and TSat < 20% 
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Theusinger O.M. et al. Anesthesiology (2007) 107: 923Theusinger O.M. et al. Anesthesiology (2007) 107: 923

21% patients were anemic
100% iron deficiency anemia 
3 x 300 mg iv iron sucrose 
over 10 days
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Theusinger O. M. et al. Anesthesiology (2007) 107: 923Theusinger O. M. et al. Anesthesiology (2007) 107: 923
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Theusinger O. M. et al. Anesthesiology (2007) 107: 923Theusinger O. M. et al. Anesthesiology (2007) 107: 923
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Rosencher N. et al. Can J Anesth (2005) 52: 160Rosencher N. et al. Can J Anesth (2005) 52: 160

100 patients - orthopedic surgery
HCT 30-39%
Prospective randomized trial
EPO 40’000 U / week + oral iron
ABD + oral iron
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Increase in HCT due to EPO treatmentIncrease in HCT due to EPO treatment

Rosencher N. et al. Can J Anesth (2005) 52: 160Rosencher N. et al. Can J Anesth (2005) 52: 160
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Increase in HCT due to EPO vs. iv ironIncrease in HCT due to EPO vs. iv iron

Rosencher N. et al. Can J Anesth (2005) 52: 160
Theusinger O. M. et al. Anesthesiology (2007) 107: 923

Rosencher N. et al. Can J Anesth (2005) 52: 160
Theusinger O. M. et al. Anesthesiology (2007) 107: 923

● ●
● ●
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Patient Blood ManagementPatient Blood Management
Correct preoperative anemia

Iron (iv) + EPO, (autologous predonation)
Reduce perioperative RBC loss

Surgical technique 
Cell salvage and re-transfusion
Acute normovolemic hemodilution
Coagulopathy (anti-fibrinolyt., fibrinogen, F XIII, PCC)
Low CVP, no hypertension, normothermia, 

Optimize anemia management
Tolerate low hemoglobin values
FiO2 
Iron (iv) + EPO postoperatively

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216
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In your personal practice
key questions

In your personal practice
key questions

How many of your patients (elective 
orthopedic surgery) are anemic 
preoperatively ?
What is your blood loss in standard 
orthopedic operations ?
What is the transfusion rate of your 
patients undergoing elective standard 
orthopedic operations ?
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Henry D.A. et al. Cochrane Database of Systematic Reviews  
(2011) No. CD001886 doi:10.1002/14651858.CD001886.pub4.
Henry D.A. et al. Cochrane Database of Systematic Reviews  
(2011) No. CD001886 doi:10.1002/14651858.CD001886.pub4.
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Efficacy and Safety of TAEfficacy and Safety of TA
252 trial with > 25’000 patients
RBC transfusion by 39%
Safety: OK, “ … appears to be free of 
serious adverse effects”

Henry D.A. et al. Cochrane Database of Systematic Reviews  
(2011) No. CD001886 doi:10.1002/14651858.CD001886.pub4.

Elwatidy, S. et al. Spine (2008) 33: 2577
Alvarez, J. C. et al. Transfusion (2008) 48: 519

Henry D.A. et al. Cochrane Database of Systematic Reviews  
(2011) No. CD001886 doi:10.1002/14651858.CD001886.pub4.

Elwatidy, S. et al. Spine (2008) 33: 2577
Alvarez, J. C. et al. Transfusion (2008) 48: 519
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Patient Blood ManagementPatient Blood Management
Correct preoperative anemia

Iron (iv) + EPO, (autologous predonation)
Reduce perioperative RBC loss

Surgical technique 
Cell salvage and re-transfusion
Acute normovolemic hemodilution
Coagulopathy (anti-fibrinolyt., fibrinogen, F XIII, PCC)
Low CVP, no hypertension, normothermia, 

Optimize anemia management
Tolerate low hemoglobin values
FiO2 
Iron (iv) + EPO postoperatively

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216

Spahn D. R. et al. Anesthesiology (2008) 109: 951
Farrugia A. Transfusion (2011) 51: 216
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Adelaide 05-2011
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FOCUS trialFOCUS trial

Prospective randomized trial
Elderly patients with hip fracture and CAD / 
risk factors
N = 2016, 47 centers in US + Canada
Transfusion triggers (POD 0-3)

Hb < 10 g/dL
Symptoms of anemia or Hb < 8 g/dL

Outcome: MI, stroke, infections, function, 
mortality, fatigue, CHF, composite outcomes
Results: No difference

Carson J. et al., ??? (2011, in press)Carson J. et al., ??? (2011, in press)
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Q1: Is transfusion life saving?

FOCUS Transfusion Trigger Trial – Clinical 
implications:

”These results suggest that it is reasonable to 
withhold transfusion in post surgical patients 
in the absence of symptoms of anemia or a 
hemoglobin concentration > 8 g/dL, even in 
elderly patients with underlying 
cardiovascular disease or risk factors“

Jeff Carson, NATA Conference, Dublin, April 08, 2011 

Adelaide 05-2011
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Intra- and postop. iv Iron + EPOIntra- and postop. iv Iron + EPO

Na H. S. et al. Transfusion (2011) 51: 118Na H. S. et al. Transfusion (2011) 51: 118

Transfusion rate: 20 vs. 54%, p< 0.01 Transfusion rate: 20 vs. 54%, p< 0.01 

PRS in patients with iron deficiency undergoing bilateral TKA
Iv iron (200 mg) and sc rHU-EPO-β (3000u) intraoperatively
and up to 2 times postop if Hb = 7 - 8 g/dL
RBC transfusions at Hb < 7 g/dL

PRS in patients with iron deficiency undergoing bilateral TKA
Iv iron (200 mg) and sc rHU-EPO-β (3000u) intraoperatively
and up to 2 times postop if Hb = 7 - 8 g/dL
RBC transfusions at Hb < 7 g/dL
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Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451
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Patient Blood Management at EHPatient Blood Management at EH
Correct preoperative anemia

Iron (iv) + EPO, (autologous predonation)
Reduce perioperative RBC loss

Surgical technique 
Topical hemostatic agents
Cell salvage and re-transfusion
Acute normovolemic hemodilution
Coagulation monitoring (anti-fibrinolytics, desmopres.)
Low CVP, no hypertension, normothermia

Optimize anemia management
Tolerate low hemoglobin values (Hb 6-7 g/dL = OK)
FiO2 
Iron (iv) + EPO postoperatively

Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451
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Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451Moskowitz D. M. et al. Ann Thorac Surg (2010) 90: 451

Engelwood
- PBM

NJ – no PMB

Transfusion rate 10.6% 42.5%
Mortality 0.8% 2.5%
Major complications 11.1% 26%
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Conclusion 1Conclusion 1
Transfusions of blood products are 
associated with serious adverse 
outcome
Every transfusion should and most can 
be avoided
Patient Blood Management is the way
Cost saving potential is tremendous (1 
RBC = 684 CHF, 450 €)
Preoperative optimization starts 4 
weeks prior to the operation
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Conclusion - 2Conclusion - 2

RBC transfusion are associated / cause 
serious adverse outcome
Patient Blood Management is the way
Change is urgent
“Maintaining the clinical status quo 
under such circumstances would not 
be accepted in any other field of 
medicine in the context of current 
safety and quality standards.”

Spahn D.R. et al. Anesthesiology (2011) 114: 283Spahn D.R. et al. Anesthesiology (2011) 114: 283
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