
Performed by a multi-disciplinary clinical Team = 

Patient Blood Management 
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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 
preop.(%)*

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
Gombotz et al: TRANSFUSION 2007;47:1468-1480.



Measures to optimize the use of blood components in 

selected surgical procedures in Austrian hospitals
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Predictors of Transfusion

• Type of surgery/surgeon

• Baseline hemoglobin and RBC mass

• Actual blood loss • Actual blood loss 

• Co-morbidities

• Tolerable blood loss ând transfusion trigger 

(individual)



Statistical Analysis (II)

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

Austrian hospitals

Distribution of hemoglobin by gender
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Red blood cell (RBC) mass versus transfusion rate

Moskowitz et al: Ann Thorac Surg 2004;77:626 –34



Measures to optimize the use of blood components 

in selected surgical procedures in Austrian hospitals

Consequences of Preoperative Anemia

N pts. Anemic 

pts.

II p-value

CABG 777 24% 48% 76% <0.001

I

HECO 148 30% 11% 58% <0.001

THR 1401 16% 28% 54% <0.001

TKR 1296 18% 28% 60% <0.001

total 3622 19% 32% 62% <0.001

I = % non-anemic pts. transfused with allogeneic RBCs, 

II = % of anemic pts. transfused with allogeneic RBCs

Fisher‘s exact test

Gombotz et al: TRANSFUSION 2007;47:1468-1480.



30-day composite morbidity, by anaemia

and risk factor status

Mussallam et al: www.thelancet.com Published online October 6, 2011 DOI:10.1016/S0140-6736(11)61381



30-day mortality, by anaemia and risk 

factor status

Mussallam et al: www.thelancet.com Published online October 6, 2011 DOI:10.1016/S0140-6736(11)61381
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Statistical Analysis (III)

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

Austrian hospitals

Distribution of lost red cell volume by gender



ESTIMATED AND CALCULATED BLOOD 

LOSS IN DIFFERENT TYPES OF SURGERY

Hip       Knee      Spine      General   CAGB   Urologic



Adjusted Odds Ratio for Mortality and Preop. Hb.

and Decline in Hb. Stratified by Cardiovascular Disease 

(n=1080)
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The influence of baseline hb concentration on tolerance 

of anemia in cardiac surgery

The relationship between 

maximum decrease in Hb 

concentration

and adverse outcomes was 

Karkouti et al: TRANSFUSION 2008;48:666-672.

and adverse outcomes was 

independently associated

with increased risk!!



Predictors of Transfusion

• Type of surgery/surgeon

• Baseline hemoglobin and RBC mass

• Actual blood loss• Actual blood loss

• Co-morbidities

• Tolerable blood loss and transfusion trigger 

(individual)



Retrospective study 7759

Prevalence of anemia 39%



Fleisher, L. A. et. al. N Engl J Med 2001;345:1677-1682



Major Cardiac Event Rates by the Revised 
Cardiac Risk Index

P. A. Grayburn, and L. D. Hillis, Ann Intern Med. 2003;138:506-511



Predictors of Transfusion

• Type of surgery/surgeon

• Baseline hemoglobin and RBC mass

• Actual blood loss• Actual blood loss

• Co-morbidities

• Tolerable blood loss and transfusion trigger 

(individual)



ROC for Hbmin, Hbpreop and 

blood lossrel



Baseline RBC 
mass, 

Individual 
transfusion 
trigger and 
comorbidities

Probability of Transfusion

70-80% 

(estimated)

+

Mercuriali 

Algorithm

Type of surgery 
(surgeon) and baseline 
hemoglobin

Sex, body weight, 
BMI

mass, 
expected 
blood loss

comorbidities

+

+

Calculation of RBC mass 

to be transfused or generated



Transfusion Algorithm
(Mercuriali F., Inghilleri G.: Curr. Med. Res. Opin. 13, 465-478, 1996)

Transfusion Transfusion needsneeds = = 

PredictedPredicted RBC RBC lossloss -- tolerable RBC tolerable RBC lossloss

Predicted RBC loss = C-RBC-Vpreop - C-RBC-VPOD5 + RBC transfused

Tolerableblood loss = (PBVx hctbaseline) - (PBV x hctmin. acc)

Tolerable 
Blood  Loss

Surgical
Blood Loss

Transfusion 
Requirement



2nd Pillar2nd Pillar
Minimise blood loss

3rd Pillar3rd Pillar
Harness & optimise physiological 

tolerance of anaemia

P
re

o
p
e
ra

tiv
e

• Timing surgery with haematological
optimisation

• Meticulous haemostasis and surgical 
techniques

• Blood-sparing surgical techniques
• Anaesthetic blood conserving 

strategies

• Optimise cardiac output
• Optimise ventilation and oxygenation
• Restrictive transfusion strategies 

• Detect anaemia
• Identify underlying disorder(s) 

causing anaemia
• Manage disorder(s)
• Refer for further evaluation if 

necessary
• Treat iron deficiency/anaemia of 

chronic disease/iron-restricted 
erythropoiesis

• Note: Anaemia is a contraindication 
for elective surgery

• Identify and manage bleeding risk
• Minimising iatrogenic blood loss
• Procedure planning and rehearsal
• Preoperative autologous blood 

donation (in selected cases or when 
patient choice)

• Other

• Assess/optimise patient’s 
physiological reserve and risk factors

• Compare estimated blood loss with 
patient-specific tolerable blood loss 

• Formulate patient-specific 
management plan using appropriate 
blood conservation modalities to 
minimise blood loss, optimise red 
cell mass and manage anaemia

• Restrictive transfusion strategies 

In
tra

o
p
e
ra

tiv
e

1st 1st PillarPillar
Optimise patient‘s own

red cell mass

• Stimulate erythropoiesis
• Be aware of drug interactions that 

can increase anaemia

• Vigilant monitoring and 
management of post-operative 
bleeding

• Avoid secondary haemorrhage
• Rapid warming / maintain 

normothermia (unless hypothermia 
specifically indicated)

• Autologous blood salvage
• Minimising iatrogenic blood loss
• Haemostasis/anticoagulation 

management
• Prophylaxis of upper GI 

haemorrhage
• Avoid/treat infections promptly
• Be aware of adverse effects of 

medication

• Optimise tolerance of anaemia
• Maximise oxygen delivery
• Minimise oxygen consumption
• Avoid/treat infections promptly
• Restrictive transfusion strategies

optimisation
Anaesthetic blood conserving 
strategies

• Autologous blood options
• Pharmacological/haemostatic agents

Optimise ventilation and oxygenation
• Restrictive transfusion strategies 

In
tra

o
p
e
ra

tiv
e

P
o
sto

p
e
ra

tiv
e



Patients for elective surgery should 

present  at the preoperative ambulance 

as soon a possible (4 weeks before their 

surgery).

Transfusion Needs

PBM PLANNING



Transfusion Algorithm
(Mercuriali F., Inghilleri G.: Curr. Med. Res. Opin. 13, 465-478, 1996)

Transfusion Transfusion needsneeds = = 

PredictedPredicted RBC RBC lossloss -- tolerable RBC tolerable RBC lossloss

Predicted RBC loss = C-RBC-Vpreop - C-RBC-VPOD5 + RBC transfused

Tolerable blood loss = (PBVx hctbaseline) - (PBV x hctmin. acc)

Tolerable 
Blood  Loss

Surgical
Blood Loss

Transfusion 
Requirement



Predictability of Patient Specific Transfusion 

Requirements

ROC Curve of ATR ROC Curve of baseline hct

ROC = Receiver Operating Characteristics

Hackl et al: EJA , 20, Suppl 30, A-303, 2003



Prävalenz der (präoperativen) Anämie

Nach Grunderkrankung  

Diabetes 14 - 15 % 

Herzinsuffizienz 10 - 80 % 

Akuter Myokardinfarkt 6 - 18 % 

Infektionen  bis zu 95% 

Tumorerkrankungen bis zu 77% 

Autoimmunerkrankung bis zu 71% Autoimmunerkrankung bis zu 71% 

Nierenerkrankungen bis zu 50% 

COPD 23% 

  

Präoperativ  

ASA I und ASA  II 1 % 

Knie- und Hüftoperation 20 - 35 % 

Allgemeinchirurgische Eingriffe bis zu 40 % 

Colonchirurgie 25 - 70 % 

Herz- und Gefäßoperationen 16 - 40 % 

 

 Gombotz et al: AINS 2011 Jul;46(7-8):466-74



Anaemia prevalence by age range

Size of the symbol is proportional

to the size of the cohort (inset scale) Gaskell et al. BMC Geriatrics 2008, 8:1



Distribution of types of anemia in persons 65 
years and older

Guralnik et al: Blood. 2004;104:2263-2268

30%



30-day composite morbidity, by anaemia

and risk factor status

Mussallam et al: www.thelancet.com Published online October 6, 2011 DOI:10.1016/S0140-6736(11)61381



30-day mortality, by anaemia and risk 

factor status

Mussallam et al: www.thelancet.com Published online October 6, 2011 DOI:10.1016/S0140-6736(11)61381



Influence of Erythrocyte Transfusion on the Risk of

Acute Kidney Injury after Cardiac Surgery Differs in

Anemic and Nonanemic Patients

Karkouti et al: Anesthesiology 2011; 115:523–30



Modify surgery?



Treatment of Iron Deficit (Ganzoni Formula)

Total iron deficit: (target Hg – actual Hb) x body weight x 2.4 + iron reserve

Iron reserve <35kg 15mg/kg, >35kg 500mg, only for nonanemic (pts.)

e.g.: 13 - 9.5 x 75 x 2.4 + 500 = 1.130mg iron

Ganzoni AM. Schweiz Med Wochenschr 1970;100(7):301-3.Ganzoni AM. Schweiz Med Wochenschr 1970;100(7):301-3.



Detection, evaluation, and management of preoperative anaemia in 

the elective orthopaedic surgical patient: NATA guidelines.

Goodnough et al: Br J Anaesth 2011; 106(1):13-22



Clinical Use of Intravenous Iron: Administration, 

Efficacy, and Safety

Auerbach et al: Hematology 2010, 338-347



Short-term benefits and risks of intravenous 

iron: a systematic review and meta-analysis

Notebaert et al: TRANSFUSION 2007;47:1905-1918.

No increase in transferrin saturation was observed. 

Meta-analysis of the allergic and hemodynamic reactions was not possible

as most studies did not clearly describe these outcomes.    

Reduction of anemia



Präop. Aufklärung AKH Linz

"Sollten Sie unter Anämie leiden, weisen wir Sie darauf hin, 

dass eine präoperative Anämiebehandlung diverse Risiken, 

die mit der Operation verbunden sind (z.B erhöhte 

Transfusionsrate, erhöhte Infektionsrate und Infarktrate und Transfusionsrate, erhöhte Infektionsrate und Infarktrate und 

damit verbunden ein längerer Krankenhausaufenthalt), 

wesentlich reduzieren würden. Aus diesem Grund empfehlen 

wir bei allen elektiven, also nicht ganz dringlichen Eingriffen 

eine entsprechende Behandlung."





Storage iron and red cell volume expansion in 

patients undergoing EPO-therapy
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r = 0.6

p = 0.02



Baseline hemoglobin and transfusion-free 

surgery in orthopedic patients
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Circulation 2005;112;1681-1683



2nd Pillar2nd Pillar
Minimise blood loss

3rd Pillar3rd Pillar
Harness & optimise physiological 

tolerance of anaemia
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• Timing surgery with haematological
optimisation

• Meticulous haemostasis and surgical 
techniques

• Blood-sparing surgical techniques
• Anaesthetic blood conserving 

strategies

• Optimise cardiac output
• Optimise ventilation and oxygenation
• Restrictive transfusion strategies 

• Detect anaemia
• Identify underlying disorder(s) 

causing anaemia
• Manage disorder(s)
• Refer for further evaluation if 

necessary
• Treat iron deficiency/anaemia of 

chronic disease/iron-restricted 
erythropoiesis

• Note: Anaemia is a contraindication 
for elective surgery

• Identify and manage bleeding risk
• Minimising iatrogenic blood loss
• Procedure planning and rehearsal
• Preoperative autologous blood 

donation (in selected cases or when 
patient choice)

• Other

• Assess/optimise patient’s 
physiological reserve and risk factors

• Compare estimated blood loss with 
patient-specific tolerable blood loss 

• Formulate patient-specific 
management plan using appropriate 
blood conservation modalities to 
minimise blood loss, optimise red 
cell mass and manage anaemia

• Restrictive transfusion strategies 
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1st 1st PillarPillar
Optimise patient‘s own

red cell mass

• Stimulate erythropoiesis
• Be aware of drug interactions that 

can increase anaemia

• Vigilant monitoring and 
management of post-operative 
bleeding

• Avoid secondary haemorrhage
• Rapid warming / maintain 

normothermia (unless hypothermia 
specifically indicated)

• Autologous blood salvage
• Minimising iatrogenic blood loss
• Haemostasis/anticoagulation 

management
• Prophylaxis of upper GI 

haemorrhage
• Avoid/treat infections promptly
• Be aware of adverse effects of 

medication

• Optimise tolerance of anaemia
• Maximise oxygen delivery
• Minimise oxygen consumption
• Avoid/treat infections promptly
• Restrictive transfusion strategies

optimisation
Anaesthetic blood conserving 
strategies

• Autologous blood options
• Pharmacological/haemostatic agents

Optimise ventilation and oxygenation
• Restrictive transfusion strategies 
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Blood loss – What‘s your estimate?

20 ml



A standardized method for calculating 

blood loss

Brecher et al: Transfusion 37, 1070, 1997Brecher et al: Transfusion 37, 1070, 1997



Calculating Blood loss (I)

Blood volume (BV) (Nadler et al.: Surgery 1962;51:224-32)

Male

BVm[ml] = [(0.3669 * height[m]3 + (0.03219 * weight[kg] + 0.6041] x 1000

Female

BVf[ml] = [(0.3561 * height[m]3 + (0.03308 * weight[kg] + 0.1833] x 1000 BVf[ml] = [(0.3561 * height[m]3 + (0.03308 * weight[kg] + 0.1833] x 1000 

Circulating red cell volume (preop)

RBCpre[ml] = BV[ml] * HCTpre[l/l] * 0.911

Circulating red cell volume (POD5)

RBC(POD5)[ml] = BV[ml] * HCT(POD5)[l/l] * 0.911 



Calculating Blood Loss (II)

Red cell volume (ml)

RBC(loss)[ml] = RBCpre[ml] – RBC(POD5)[ml] + RBC(transfused)[ml]

Red cell volume (% of RBCpre[ml] )

RBC(loss)[%] = RBC(loss)[ml] * 100/RBCpre[ml]



Relationships among haemoglobin level, packed red 

cell transfusion and clinical outcomes in patients after 

cardiac surgery.

• Low haemoglobin concentrations and transfusions in 

patients undergoing cardiac surgery are associated with 

increased morbidity and mortality. 

• Also, anemia and transfusions are associated with poor 

outcome. 

• Therefore, intra- and postoperative bleeding seem to be 

a risk factor in patients undergoing cardiac surgery

1216 Consecutive patients

Oliver at al: Intensive Care Med. 2009 Sep;35(9):1548-55. Epub
2009 Jun 23



The influence of baseline hb concentration on tolerance

of anemia in cardiac surgery

The relationship between 

maximum decrease in Hb 

concentration

and adverse outcomes was 

Karkouti et al: TRANSFUSION 2008;48:666-672.

and adverse outcomes was 

independently associated

with increased risk!!



General standards and advanced measures

Modify Surgery??





Comparisons of different blood 

conservation methods

Author PDAB ANH ANH+

EPO

EPO N/pts.(m/f) % pts.with

allogenic blood

P-value

Monk 1999 l l l --- 79 (79/0) 15-19-4 NS

Chun 1997 l l 120 (120/0) 9.6-9.7 NS

Gombotz 2000 l --- l l 60 (0/60) 40-30-20 NS

Stowell 1999 l --- --- l 428 (47/381) 19.2-12.9 NS

--- ---

Goodnough 2000 l --- ---l 48 (22/26) 0 - 17 NS



Up to 50% reduction of blood loss!!!Up to 50% reduction of blood loss!!!



The safety of aprotinin and lysine-derived antifibrinolytic 

drugs in cardiac surgery: a meta-analysis

� The addition of data from the BART study increased the relative risk of 

death with the use of aprotinin compared with the use of either 

tranexamic acid or epsilon aminocaproic acid. 

� The balance of evidence now favours the use of lysine analogues over 

aprotinin. This represents a shift in the conclusions of the Cochrane 

review, which was last updated in 2007. 

� Compared with aprotinin, lysine analogues are almost as effective, are 

cheaper and do not appear to increase mortality.

Henry D. et al: CMAJ 2009;180(2)183-93









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



^



Transfusion thresholds and other strategies for guiding

allogeneic red blood cell transfusion

• Restrictive transfusion strategies reduced the risk of receiving a red

blood cell (RBC) transfusion by a relative 42%. This equates to an

average absolute risk reduction (ARR) of 40%.

• The volume of RBCs transfused was reduced on average by 0.93 units.

• However, heterogeneity between these trials was statistically

significant (p<0.00001) for these outcomes.

• Mortality, rates of cardiac events, morbidity, and length of hospital stay

were unaffected. Trials were of poor methodological quality.

Hill SR, et al: The Cochrane Library, Issue 4, 2003.





Methods

• Patients in the liberal-strategy group received 1 unit of 

packed red cells and additional blood as needed to maintain a 

hemoglobin level of 10 g or more per deciliter. An assessment 

of the hemoglobin level after transfusion was required, and 

an additional unit of blood was transfused if the patient’s an additional unit of blood was transfused if the patient’s 

hemoglobin level was below 10 g per deciliter.

• Patients in the restrictive-strategy group were permitted to 

receive transfusions if symptoms or signs of anemia 

developed or at the discretion of their physicians if the 

hemoglobin level fell below 8 g per deciliter.



Lowest Daily Hemoglobin Levels



Hospital Outcomes



Outcomes at 30 Days and 60 Days



Effects of red blood cell transfusions on exercise tolerance 

and rehabilitation time after cardiac surgery.

• Two-hundred-seventeen patients who underwent cardiac 

surgery operations requiring packed red cells transfusions 

were studied during the rehabilitation stay. 

• The exercise tolerance (6-min walk test) was not dependent • The exercise tolerance (6-min walk test) was not dependent 

on the number of packed red cells units transfused. 

• Conversely, the length of stay in the rehabilitation hospital 

was independently associated (P=0.004) with the number of 

packed red cells transfused, with an increase of 0.6 days per 

each unit transfused.

Ranucci et al: Transfus Apher Sci. 2011 Dec;45(3):299-303. Epub 2011 
Oct 29





First Results



Retrospektiver Vergleich bei anämischen 

PatientInnen mit einseitigem Hüftgelenksersatz
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Anemia and Patient Blood Management in Hip and 

Knee Surgery

A Systematic Review of the Literature

Spahn D.: Anesthesiology 2010; 113:482–95



Study evaluating PBM Outcomes

Compared a cohort of 586 pts undergoing 

isolated CABG at an institution with a 

developed PBM Program (PBMP) with a 

propensity-score matched cohort of 586 

pts from institutions without a PBMP

Isolated CABG includes elective & urgent and primary & redo procedures



PBM strategies used:

1. Preop haemoglobin optimisation1. Preop haemoglobin optimisation

2. Intraop ANH and Intra & Postop cell salvage

3. Meticulous surgical technique

4. Endovascular vein harvesting

5. Point-of-care coagulation testing

6. Targeted haemostatic therapy

7. Tolerance of perioperative anaemia (60 – 70 g/L depending 
on patient-specific physiology)



CABG Outcomes PBMP vs Non-PBMP

Outcome PBMP cohort 

(n=586)

Non-PBMP cohort 

(n=586)

P-value

% Transfused 10.6% 42.5% <0.0001

Mortality 0.8% 2.5% 0.02Mortality 0.8% 2.5% 0.02

Serious complication 11.1% 18.7% 0.0002

Moskowitz et al. The impact of blood conservation on outcomes in cardiac surgery: is it safe and 

effective?

Ann Thorac Surg 2010;90:451-9



The Good News

More and more hospitals worldwide

start

to implement PBM

or comparable strategiesor comparable strategies


