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Patient Blood Management

PBM is seen as a new paradigm in transfusion medicine

The aim of this workshop is

- to explain the rationals and fundamentals of PBM

- to help to implement this strategy

- to improve patients‘ outcome and to reduce costs 





Illustration of the benchmarking 
process

Apelseth et al: Transfusion Medicine Reviews, Vol 0, No 0 (Month), 2011: pp 1-12



Potential uses of benchmarking
in transfusion medicine.

Apelseth et al: Transfusion Medicine Reviews, Vol 0, No 0 (Month), 2011: pp 1-12



Reduction in Patients or UnitsTransfused by Intervention

Tinmouth et al: Arch Intern Med. 2005;165:845-852



Durability of change in transfusion practice —
inappropriate transfusions

Tinmouth A: TRANSFUSION 2007;47:132S-136S

Multiple interventions evaluated 3 years 
after start of interventions: guidelines, education, 
new transfusion form, prospective audit



• 5th highest RBC utilization per capita
• Extreme inter-center transfusion variability for matched patients
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What is patient blood management?

• PBM views a patient‘s own blood as a valuable and unique
natural resource that should be conserved and managed
appropriately.

• PBM employs a patient-specific perioperative multi-• PBM employs a patient-specific perioperative multi-

disciplinary, multimodal team approach to optimising, 
conserving and managing patients own blood. 

• PBM aims to identify patients at risk of anemia and provide a 
managed plan aimed at reducing or eliminating the need for

allogeneic transfusion with an acceptable risk of anemia. 



Helm et al: Ann Thorac Surgery 98: 65, 125-136



Measures to optimize the use of blood components in selected 

surgical procedures in Austrian hospitals

Predictors of RBC transfusions

Procedure THR TKR CABG

Independent
Variable

Odds ratio
(95% CI)

Odds ratio
(95% CI)

Odds ratio
(95% CI)

Hemoglobin 
0.65 (0.60;0.70) 0.68 (0.63;0.73) 0.69 (0.63;0.75)

Hemoglobin 
preop.(%)*

0.65 (0.60;0.70) 0.68 (0.63;0.73) 0.69 (0.63;0.75)

Min. hemoglobin 
postop.(%)*

1.50 (1.38;1.64) 1.48 (1.35;1.63) 1.52 (1.36;1.70)

Lost RBC-volume 
(%) **

1.82 (1.64;2.01) 1.81 (1.62;2.02) 1.81 (1.58;2.07)

Center rank‡ 1.34 (1.24;1.46) 1.35 (1.25;1.46) -

Correctly classified 
(%)

97.4% 97.2% 97.0%

* Percentage of WHO cut-off values

** Percentage of the preoperatively circulating RBC volume

‡ Centers ranked according to the mean perioperative RBC loss



Principle of PBM
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© Axel Hofmann Vienna Vifor 09-2010
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Expected
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© Axel Hofmann Vienna Vifor 09-2010
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•Keep pt. normovolemic

•FiO2 100%

•Minimising metabolic

demand

Scenario 2 –

Patient 

treated

w/ PBM 
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JAMA, November 2, 2011—Vol 306, No. 17



WHA63.12 adopted
by resolution May 21, 2010:

„Bearing in mind that patient blood management means that before surgery 

every reasonable measure should be taken to optimize the patient’s own blood 
volume, to minimize the patient’s blood loss and to harness and optimize 
the patient-specific physiological tolerance of anaemia following WHO’s 

guide for optimal clinical use (three pillars of patient blood management)“



United States

© Axel Hofmann ÖGARI Wien 09-2011



Australia

NHMRC Guidelines Development:

© Axel Hofmann ÖGARI Wien 09-2011

Module 1 - Critical Bleeding/Massive Transfusion 

Module 2 - Peri operative

Module 3 – Medical

Module 4 - Intensive Care

Module 5 – Obstetric

Module 6 - Paediatric/Neonates

http://www.nba.gov.au/guidelines/review.html
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Blood supply issues
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Impact of the Ageing Population on Blood Demand

• The 70- to 80-year-olds have an eightfold 

higher RBC consumption than 20- to 40-year-
olds.

© Axel Hofmann ÖGARI Wien 09-2011
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• Blood supply issues

• Cost of blood• Cost of blood

• Transfusion practice variability

• Transfusion safety and effectiveness
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Shander A, Hofmann A, Ozawa S, Theusinger O, Gombotz H, Spahn D. 

Activity-Based Costs of Blood Transfusions in Surgical Patients at Four Hospitals. Transfusion Vol. 50, April 2010



The cost of blood transfusion inWestern Europe 

as estimated from six studies

Ivo Abraham and Diana Sun     doi: 10.1111/j.1537-

2995.2011.03532.x
TRANSFUSION **;**:**-**.



© Axel Hofmann AIC Graz 09-2010



Frequency and outcomes of blood products transfusion across procedures and 

clinical conditions warranting inpatient care: an analysis of the 2004 healthcare 

cost and utilization project nationwide inpatient sample database.

• Retrospective cohort study of all hospitalisations in the US in 2004 
(n=38.66 million) to assess in-hospital outcomes associated with blood 
transfusion.

• 5.8% (2.33 million) transfused

• After adjustment for age, gender, comorbidities, admission type or 
DRG transfusion associated with:DRG transfusion associated with:

• 1.7 increased odds of death (P<0.0001)

• 1.9 increased odds of infection (P<0.0001)

• 2.5 days longer LOS

• $17,194 higher charges (P<0.0001)

Morton et al: Am J Med Qual. 2010 Jul-Aug;25(4):289-96. Epub 2010 Jun 
7,2010

���� $40.1 billion more charges for txed pts!



Rationale for PBM

• Blood supply issues

• Cost of blood• Cost of blood

• Transfusion practice variability

• Transfusion safety and effectiveness



Observed Variation in Hospital-Specific 

Transfusion Rates for Primary Isolated CABG 

Surgery With Cardiopulmonary Bypass During 

2008 (N=798 Sites)



Measures to optimize the use of blood components 
in selected surgical procedures in Austrian hospitals

RBC loss (%) and % patients transfused in THR and TKR

Mittleres verlorenes Ery-Volumen (relativ)
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Gombotz et al: TRANSFUSION 2007;47:1468-1480.



Practice against guidelines/literature

(WA-Blood Project)

ASA

STS/SCA

CAP

TRICC

NHMRC etc

Practice guidelines for perioperative blood transfusion and adjuvant therapies: an updated report by the American Society of Anesthesiologists Task Force on Perioperative Blood Transfusion and Adjuvant Therapies. Anesthesiology 2006;105:198-208.
Ferraris et al. Perioperative Blood Transfusion and Blood Conservation in Cardiac Surgery: The Society of Thoracic Surgeons and The Society of Cardiovascular Anesthesiologists Clinical Practice Guideline. Ann Thorac Surg 2007;83:S27– 86  
Simon TL, Alverson DC, AuBuchon J, et al. Practice parameter for the use of red blood cell transfusions: developed by the Red Blood Cell Administration Practice Guideline Development Task Force of the College of American Pathologists. Arch Pathol Lab Med 1998;122:130-8.
Hebert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, controlled clinical trial of transfusion requirements in critical care. Transfusion Requirements in Critical Care Investigators, Canadian Critical Care Trials Group. N Engl J Med 1999;340:409-17.
National Health and Medical Research Council and Australasian Society of Blood Transfusion. Clinical Practice Guidelines on the Use of Blood Components (red blood cells, platelets, fresh frozen plasma, cryoprecipitate).Commonwealth of Australia 2002:34,35



Red cell transfusion and gender

Orthopedic Surgery

Absolute hemoglobin values in females were significantly lower throughout the perioperative 
course, whereby relative hemoglobin values were nearly identical before surgery 
but considerably higher on postoperative day 5 (p<0.001) ESA 2008



Rationale for PBM

• Blood supply issues

• Cost of blood• Cost of blood

• Transfusion practice variability

• Transfusion safety and effectiveness



Source of swine flu discovered!!



The AUSTRALIAN RED CROSS discarded 33,600
liters of donated blood as the result of fears that it

was contaminated with dengue fever following an

outbreak of the disease in northern Queensland inoutbreak of the disease in northern Queensland in

late 2009 and 2010, according to a report in the

Sunday Herald Sun.

That loss ... accounted for about 7% of its overall

blood supply.



Ansteckungsweg über das Blut können Bluttransfusionen 

Alzheimer übertragen?

Alzheimerforscher haben Hinweise darauf gefunden, dass die Demenzerkrankung 

via Bluttransfusionen übertragen werden könnte. Unklar ist, in welcher 

Konzentration die mutmaßlichen Erreger ansteckend sein könnten.

Amerikanischen Neurowissenschaftlern soll es in einem Tierversuch gelungen 

sein, Alzheimer auf dem Blutweg von einer kranken Maus auf eine gesunde zu 

übertragen. Die Ergebnisse wurden allerdings noch nicht in einem seriösen 

Fachblatt veröffentlicht. Der Molekularbiologe Christian Haass von der Universität 

Focus online Sonntag, 12.02.2012, 11:05 

Fachblatt veröffentlicht. Der Molekularbiologe Christian Haass von der Universität 

München sagte FOCUS, es könnte möglich sein, dass die Ansteckung über 

Eiweißmoleküle im Blut verlaufe. …

Allerdings sei eine Altersbegrenzung für Blutspender „vielleicht sinnvoll“.

Der Präsident des Robert Koch-Instituts, Reinhard Burger, forderte im FOCUS, die 

Ergebnisse der Studie rasch zu überprüfen. Noch sei unbekannt, in welcher 

Konzentration die mutmaßlichen Erreger zur Ansteckung führen könnten. Voreilig 

ältere Menschen von der Blutspende auszuschließen, hält Burger für unlogisch und 

riskant, da sonst Versorgungsengpässe drohten. Patienten würden dann 

womöglich ohne lebensrettende Bluttransfusion bei Operationen oder nach 

Unfällen sterben



Overview of SHOT reports (366) 1996-1998

14%

2% 7%
6%

3%
Incorrect blood/component
transfused (191)

Acute transfusion reaction
(55)

Delayed transfusion

Risks of Blood Transfusion

52%

15%

Delayed transfusion
reaction (51)

Graft versus host disease
(8)

Acute lung injury (27)

Post transfusion purpura
(22)

Transfusion transmitted
infections (12)



A Multicenter, Randomized, Controlled Clinical Trial

of Transfusion Requirements in Critical Care

(Complications during ICU-stay)

Restrictive

(n=418)

Liberal

(n=420)

p-value

Cardiac 55 (13.2%) 88 (21.0%) <0.001

Pulmonary 106 (25.4%) 122 (29.0%) 0.22

Hebert P.C. et al: NEJM 340, 409-17, 1999

Pulmonary 106 (25.4%) 122 (29.0%) 0.22

Infectious 42 (10.0%) 50 (11.9%) 0.38

Gastrointestinal 13 (3.1%) 19 (4.5%) 0.28

Neurologic 25 (6.0%) 33 (7.9%9 0.28

Shock 67 (16%) 55 (13.1%) 0.23

Any 205 (49.0% 228 (54.3%) 0.12



Murphy G. J. et al. Circulation (2007) 116: 2544



Intraoperative Transfusion of 1 U to 2 U Packed Red Blood Cells Is 
Associated with Increased 30-Day Mortality, Surgical-Site 

Infection, Pneumonia, and Sepsis in General Surgery Patients

Propensity and risk adjusted odds ratios (95% CI) for 30-day mortality and morbidity by level of intraoperative 
transfusion. Both morbidity and mortality risks were substantially increased after only 1 U RBC transfusion 

intraoperatively and continued to increasewith increasing units. Circles, mortality; squares, morbidity.

Bernard et al: J Am Coll Surg 2009;208:931–937



Intraoperative Transfusion of Small Amounts of Blood 
Heralds Worse Postoperative Outcome in Patients Having 

Noncardiac Thoracic Operations

Ferraris et al: Ann Thorac Surg 2011;91:1674–

8728 nonvascular thoracic operations in patients from 173 hospitals. Of 

these, 7875

(90.2%) did not receive intraoperative transfusions.



Association of RBC transfusions with mortality and 

morbidity in critically ill in observational studies

Tinmouth et al: TRANSFUSION 2006;46:2014-2027.



The International Consensus Conference 
on Transfusion Outcomes (ICCTO)

Phoenix, Arizona

April 3-5, 2009

Isbister, J.P., A. Shander, D.R. Spahn, J. Erhard, S.L. Farmer, Hofmann, A. 

Adverse Blood Transfusion Outcomes: Establishing Causation. Transfus Med Rev, 2011.



Observational Studies by Outcome
n > 10.000
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Adverse outcome Mixed



Observational Studies by Outcome
n < 10.000
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Components of PBM

� Evaluation of the actual blood usage (data management)

� Optimising blood ordering schedules

� Increasing tolerance of anemia� Increasing tolerance of anemia

� 3 pillar strategy

– Optimising preoperative red cell mass

– Minimising perioperative blood loss

– Reducing transfusion trigger



Components of PBM

• Evaluation of the actual blood usage (data management)

• Optimising blood ordering schedules

• Increasing tolerance of anemia

• 3 pillar strategy

– Optimising preoperative red cell mass

– Minimising perioperative blood loss

– Reducing transfusion trigger



Total units transfused per year

Data Management

Example from EMMC USA Total units 
transfused by year



Total units transfused per month  
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Pre & Post txn Hb
Centre # 1 ICU Centre # 2 ICU

Data Management

Pre txn Hb Post txn Hb

Mean 78 93

Median 74 94

Pre txn Hb Post txn Hb

Mean 86 97

Median 79 97

Units txd Post txn Hb rise

Mean 3.3 15 g/L

Median 2 19 g/L

Units txd Post txn Hb rise

Mean 3.4 11 g/L

Median 2 18 g/L



RBC transfusion rate and outcomes
Column chart without data table  
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Principal Diagnoses w/ +200 RBCs Transfused – Western Australia Metro 2010

(32 of 1,055 Principal Diagnoses w/ RBC Txns) 
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Components of PBM

• Evaluation of the actual blood usage (data management)

• Optimising blood ordering schedules

• Increasing tolerance of anemia

• 3 pillar strategy

– Optimising preoperative red cell mass

– Minimising perioperative blood loss

– Reducing transfusion trigger



Vergleich: Bereitstellung EK
EK pro Tausend PatientInnen
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Quantity of Type and Screens, Crossmatches and RBC 
Transfused

Surgical

Medical

C/TR Rate 3.6:1

C/TR Rate 1.7:1

CTR Rate Crossmatch vs. Transfusions

Medical

Total

20% 60% 100%

T&C

Crossmatch

Transf.

C/TR Rate 3.0:1

Goal at least 1,8:1



MSBOS
Maximum Blood Ordering Schedule

Authors Type of surgery CTR before CTR after

Rogers et al. 2006 Orthopedics 3.21 : 1 1.62 : 1

Mehra et al. 2004 Knee replacement 4.90 : 1 1.70 : 1Mehra et al. 2004 Knee replacement 4.90 : 1 1.70 : 1

Foley et al. 2003 Gynecology 2.25 : 1 1.71 : 1

Richardson et al. 1998 Various 1.80 : 1 1.80 : 1

1.7: 1 = reduction of ....€



Anesth Analg 2003;96:369 –75



Single RBC unit txns vs total units txd  

Data Management

Example from EMMC USA



Significant reduction of red blood cell transfusion requirements by changing from
a double-unit to a single-unit transfusion policy in patients receiving intensive

chemotherapy or stem cell transplantation

Berger et al: 
Haematologica

2012;97(1)116-122.


