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PBM – INITIAL PLAN “OPTIMAL BLOOD USE”

Expecting clinicians to be gatekeepers of the blood supply is wrong.
We need better patient blood management based on a solid understanding of 
pathophysiology and better evidence for transfusion efficacy.
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A Global Definition of Patient Blood 

Management. Anesth Analg. 

2022;135(3):476-488.
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Up to now:
Product-centred approach



Shander A, Hardy JF, Ozawa S, et al. A Global Definition of Patient Blood 

Management. Anesth Analg. 2022;135(3):476-488.

Latest strategy:
Patient-centred approach



Shander A, Hardy JF, Ozawa S, et al. A Global Definition of Patient Blood 

Management. Anesth Analg. 2022;135(3):476-488.



Pillar One
1. Iron, EPO, Iron and EPO
 How, when, why?
2. Diagnosis of reasons for anaemia?
3. Alternatives for anaemia treatment?
Pillar Two
4. POC coagulation monitoring?
5. Adequate coagulation therapy?
6. Cell salvage?
7. Antifibrinolytics?
Pillar Three
8. How to measure anaemia tolerance?
9. Optimal transfusion triggers?

Shander A, Hardy JF, Ozawa S, et al. A Global Definition of Patient Blood 

Management. Anesth Analg. 2022;135(3):476-488.



PBM Implementation and Education
             



PBM Implementation and Education

• personal experience

• professional judgement

• convention

• habit

• personal insight and deduction



PBM Implementation and Education

Why facts don’t change our minds?

Kolbert, The New Yorker, 2017



TEAMWORK AND LEADERSHIP - PRECONDITIONS 
FOR SUCCESS



PBM Implementation and Education



PBM IMPLEMENTATION



HELP of IT



IMPLEMENTATION

Frietsch T, Wittenberg G, Horn A, Steinbicker 

AU. Implementation of a "Patient Blood 

Management" program in medium sized 

hospitals: Results of a survey among German 

hemotherapists. Health Sci Rep. 2022 Nov 

18;5(6):e924.



INEXPENSIVE
EASY TO UNDERSTAND 
VISIBLE

•  Improved communications

•  Implementing restrictive transfusion criteria 

•  Massive transfusion protocol

•  Reducing TI using a single unit strategy

•  1 g TRANEXAMIC ACID on induction

SHORT - TERM WINS



Maximum Surgical Blood Ordering Schedule 
(MSBOS)

RBC transfusions can be predicted in 94% of elective surgical interventions
• Hgb level
• Possible blood loss
• Transfusion trigger

Gombotz H (2011) Patient blood management is key 

before elective surgery. Lancet 378(9800):1362–1363



Tranexamic acid – TXA – reducing transfusion rate?

Hong P, Liu R, Rai S, Liu J, Ding Y, Li J. Does Tranexamic Acid Reduce the Blood Loss in Various Surgeries? An Umbrella Review of State-of-the-

Art Meta-Analysis. Front Pharmacol. 2022 May 19;13:887386. 



Routine use of POC coagulation devices will reduce 
transfusion rate 

Serraino GF, Murphy GJ. Routine use of viscoelastic blood tests for diagnosis and treatment of coagulopathic bleeding in cardiac surgery: updated 

systematic review and meta-analysis. Br J Anaesth. 2017 Jun 1;118(6):823-833. 

Heubner L, et al. Point of care coagulation management in anesthesiology and critical care. Minerva Anestesiol. 2022 Jul-Aug;88(7-8):615-628. 



Intraoperative blood salvage (IOS) 
• IOS, also known as cell salvage, is a major form of 

autologous blood transfusion. 

• It involves recovering blood lost during surgery and 
re-infusing it into the patient.

TAAA Crawford I
Loss of 17,5 L of blood
Cell saver 12,5 l (autologous blood 6282 ml)
ALL together: 26 RBC, 7 FFP, 16 Platelets, 
19 g Fibrinogen, 4000 ij. PCC, FXIII 3000 ij.





Intraoperative blood salvage (IOS) 

Neef V, et al The association between intraoperative cell salvage and red blood cell transfusion in cardiac surgery - an observational 

study in a patient blood management centre. Anaesthesiol Intensive Ther. 2021;53(1):1-9. 



Anemia is present in up to 90% of patients in the immediate postoperative 
period after major surgery.

• PREVENTING UNNECESSARY BLOOD DRAWINGS

• REDUCING THE VOLUME OF BLOOD COLLECTION TUBES

• ADJUST FREQUENCY OF DRAWINGS

• REDUCE THE „DISCARD” VOLUME



Which blood sample volume is needed?

Avoidable Blood Loss in Critical Care and Patient Blood 

Management: Scoping Review of  Diagnostic Blood Loss Philipp 

Helmer, J. Clin. Med. 2022, 11, 320



Siegal DM, et al. Small-Volume Blood Collection Tubes to 

Reduce Transfusions in Intensive Care: The STRATUS 

Randomized Clinical Trial. JAMA. 2023 Nov 

21;330(19):1872-1881. doi: 10.1001/jama.2023.20820. 

Small-Volume Blood Collection 
Tubes to Reduce Transfusions 
in Intensive Care: 
The STRATUS Randomized 
Clinical Trial

Conclusions and relevance:
Use of small-volume blood 
collection tubes in the ICU may 
decrease RBC transfusions 
without affecting laboratory 
analysis.



SPECTRUM OF PBM ACTIVITIES





• We recommend that patients at risk of bleeding are assessed for anaemia well before surgery in order to permit 
time for anaemia correction if needed. 1B 

• In noncancer patients with pre-operative anaemia scheduled for elective major surgery, we recommend postponing 
surgery until anaemia has been corrected. 1A 

• We recommend defining an internal hospital algorithm for a comprehensive differential diagnosis of pre-operative 
anaemia. 1C

• We recommend the use of intravenous iron in preference to oral iron. 1C 
• We recommend against pre-operative RBC transfusion to mask pre-operative mild-to-moderate anaemia. 1C
• We suggest a time interval of 1 to 2 weeks following parenteral stimulation of erythropoiesis and uncomplicated 

cause of anaemia, whereas 3 to 8 weeks may be required for oral correction of IDA and complex cause of anaemia. 2C 



    PREOPERATIVE ANEMIA

Fowler  Br J Surg. 2015;  Muñoz Anaesthesia. 2017; Dunkelgrun Am J Cardiol. 

2008;  Karkouti Circulation. 2008; Richards PLoS One. 2015



ANEMIA IS DANGEROUS AND RISKY

Clevenger, B., Mallett, S. V., Klein, A. A., & Richards, T. (2015). Patient blood 

management to reduce surgical risk. British Journal of Surgery, 102(11), 1325-1337. 



TREATMENT OPTIONS



TRANSFUSION is an independent, dose-dependent and additive risk factor for 
morbidity, average  LOS and mortality in most clinical settings.

Daniel J. Johnson, et al; Morbidity and Mortality after High-dose Transfusion.  

Anesthesiology 2016; 124:387–395



TRANSFUSION IS NOT A GOOD SOLUTION

Seong H,et al.. Impact of preoperative red blood cell transfusion on long-term mortality of liver 

transplantation: A retrospective cohort study. Medicine (Baltimore). 2023 Sep 15;102(37):e34914.



TRANSFUSION IS NOT A GOOD SOLUTION

Shannon AB, Song Y, Davis Rivera LB, et al. Preoperative Transfusion for Anemia in Patients Undergoing 

Abdominal Surgery for Malignancy. J Gastrointest Surg. 2021;25(6):1534-1544.



TREATMENT OPTIONS



THE STANDARD ALGORITHM
IRON

IRON + EPO

EPO

Muñoz M, Gómez-Ramírez S, Kozek-Langeneker S, et al. 'Fit to fly': 

overcoming barriers to preoperative haemoglobin optimization in 

surgical patients. Br J Anaesth. 2015;115(1):15-24.



TREATING ID ANEMIA WITH IV IRON INCREASES Hb 
…NOT ENOUGH? 
• Preop IV IRON

• 4 to 21 days before surgery

• Doses ranging from 900 
mg to 1,2g 
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Study design –RCT / 487 pt
•P Anemia (M < 130 g/L; F < 120 g/L)
                   10 –42 days pre-operatively
 Major open abdominal surgery
•I IV iron 1000 mg 
•C Placebo (double-blind)
•O Primary
 Risk of any blood transfusion or death
 No. of any blood transfusions from randomization
                    to  30 days post-op
 Secondary  
 Hb, Complications, LOS, QoL



TREATING ID ANEMIA WITH IV IRON INCREASES Hb 
…NOT ENOUGH? Pre-op IV IRON improves post-op Hb levels



Zarychanski R, Houston DS. Anemia of chronic disease: a harmful disorder or an 

adaptive, beneficial response? [published correction appears in CMAJ. 2008 Aug 

26;179(5):449]. CMAJ. 2008;179(4):333-337.



I.V. IRON PLUS EPO IS EFFECTIVE

Kaufner L, von Heymann C, Henkelmann A, et al. Erythropoietin plus iron versus control treatment including placebo or iron for preoperative anaemic 

adults undergoing non-cardiac surgery. Cochrane Database Syst Rev. 2020;8(8):CD012451. Published 2020 Aug 13.

i.v. iron + EPO vs. control



EPO + IRON VS IRON

Preoperative EPO: 
which surgery?

Meta-analysis
(EPO+IRON vs IRON)

25 RCT, 4719 pts
RR transfusion 0.58

Kei T, Mistry N, Curley G, et al. Efficacy and safety of erythropoietin and 

iron therapy to reduce red blood cell transfusion in surgical patients: a 

systematic review and meta-analysis. Can J Anaesth. 2019;66(6):716-731. 



THE STANDARD ALGORITHM

Muñoz M, Gómez-Ramírez S, Kozek-

Langeneker S, et al. 'Fit to fly': overcoming 

barriers to preoperative haemoglobin 

optimization in surgical patients. Br J Anaesth. 

2015;115(1):15-24.



RCT: 505 cardiac surgery 
anemic patients

20 mg/kg ferric 
carboxymaltose  
40 000 U EPO-α

1 mg Vit B12  
5 mg folic acid p.o.

vs placebo

one working day before 
surgery



Spahn DR, Schoenrath F, Spahn GH, et al. Effect of ultra-short-term treatment of patients 

with iron deficiency or anaemia undergoing cardiac surgery: a prospective randomised 

trial. Lancet. 2019;393(10187):2201-2212. 



Anaemia tolerance

Rodrigues RDR etal. . Consensus of the Brazilian association of hematology, hemotherapy and cellular therapy on patient blood management: Anemia 

tolerance mechanisms. Hematol Transfus Cell Ther. 2024 Apr;46 Suppl 1(Suppl 1):S77-S82. doi: 10.1016/j.htct.2024.02.010. Epub 2024 Mar 19. 

➢ Relationship between oxygen 
delivery and demand.

➢ product of blood flow and arterial 
O2 content. 

➢ DO2 exceeds oxygen demand by 
about 4-fold  

➢ When the DO2 decreases below a 
critical point, O2 consumption is 
impaired, leading to anaerobic 
metabolism and lactic acidosis.

➢ One of the vital goals is ensuring 
the adequacy of DO2

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/blood-flow
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anaerobic-metabolism
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anaerobic-metabolism
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/lactic-acidosis


Anaemia 
tolerance

Rodrigues RDR etal. . Consensus of the Brazilian 

association of hematology, hemotherapy and cellular 

therapy on patient blood management: Anemia 

tolerance mechanisms. Hematol Transfus Cell Ther. 

2024 Apr;46 Suppl 1(Suppl 1):S77-S82. doi: 

10.1016/j.htct.2024.02.010. Epub 2024 Mar 19. 



Anaemia 
tolerance

Rodrigues RDR etal. . Consensus of the Brazilian 

association of hematology, hemotherapy and cellular 

therapy on patient blood management: Anemia 

tolerance mechanisms. Hematol Transfus Cell Ther. 

2024 Apr;46 Suppl 1(Suppl 1):S77-S82. doi: 

10.1016/j.htct.2024.02.010. Epub 2024 Mar 19. 



PREHABILITATION - enhancing the body's ability to 
use oxygen 

Roxburgh BH, Cotter JD, Campbell HA, et al. Physiological relationship between 

cardiorespiratory fitness and fitness for surgery: a narrative review. Br J Anaesth. 2023





• non-bleeding anaemic, critically ill patients with acute neurologic injuries

• Critically ill patients undergoing ECMO

• anaemic oncologic and haemato-oncologic critically ill patients

• elderly critically ill patients

Transfusion strategies in non-bleeding critically ill adults: a clinical practice guideline from the European Society of Intensive Care Medicine, Intensive Care 

Med (2020) 46:673–696









• Anaemia, bleeding and transfusions are killers! / avoid any of them
• Prehabilitation is better than rehab.
•   Need a strong and empowered team to implement a PBM program
• OUR GOAL- Optimal transfusion practice should provide enough RBCs to

maximize clinical outcomes while avoiding unnecessary transfusions.
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