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History of Patient Blood Management

Learoyd P. Transfus Med. 2012 Oct;22(5):30-14.
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AD23 – AD79
Gaius Plinius Secundus describes how spectators 
rushed into the arena to drink the blood of dying 
gladiators. These people believed the gladiator’s 
qualities of strength and bravery were present in blood 
and could be transmitted by drinking their blood.

AD129
Birth of Claudius Galenus
• Advised that the drinking of the blood of a weasel or a dog was a cure for rabies.
• Galenism: Influenced by the ‘humorism’ theory of Hippocrates: the body is filled with four 

basic substances (‘humours’: black bile, yellow bile, phlegm and blood). They are in balance in a 
healthy person, but a deficit or excess of any one is the cause of all diseases and disabilities. Each 
humour can increase or decrease in the body (as well as ebb and flow around the body) dependent 
upon diet or activity, affecting the person’s personality and physical death.

1242
Ibn al-Nafis in ‘Commentary on Anatomy in Avicenna’s 
Canon’ describes for the first time how blood comes 
to the left ventricle not through the septum, 
but from the right ventricle through the pulmonary 
artery, lungs, and the pulmonary veins.

AD150 – 16th century
Galenism

1490
According to Pasquale Villari (1827 – 1917), Pope 
Innocent VIII was “transfused” (probably drank) the 
blood of three 10-year old boys by Abraham Meyre.
This act is by many quoted as being the ‘first 
transfusion’, although this has been the subject of 
much debate and controversy.
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1545
Andreas Vesalius describes a new 
view of the human body in ‘De 
humani corporis fabrica’

1628
William Harvey first discovered the circulation 
of blood and described in “Exercitation Anatomica 
de Motu Cordis et Sanguinis in Animalibus” how 
arteries and veins form a complete circuit

1667
• 1665: First animal-to-animal transfusion by Sir Richard Lower
• 1667: First animal-to-human transfusion by Jean Baptiste Denis

1818
James Blundell in “Experiments on the Transfusion of Blood by the Syringe”
• Dismissed animal-to-human transfusion as an option
• Created of a technical means to collect and transfuse human blood (‘impeller’)
• First human-to-human transfusion
• First physician who used transfusion for a legitimate reason – to save 

the life of an esxanguinating patient (obstetric hemorrhage)

1880
Understanding of the blood’s function or of the role of transfusion 
remained limited. Marshal Hall in “Researches principally related to the morbid an 
curative effects of loss of blood”: ”to what conditions of accident or disease it is 
applicable; wheter blood or some other fluid should be employed, alone or mixed, 
interchangeable, if blood is necessary, whether animal or human…”

1656
First intravenous injection by Sir Christopher Wren

Learoyd P. Transfus Med. 2012 Oct;22(5):30-14.
Learoyd P. Transfus Med. 2012 Dec;22(6):372-6.



History of Patient Blood Management

Jean Baptiste Denys. First animal-to-human transfusion. 1667. Left: Blundell J. Observations on Transfusion of Blood. Lancet. 1828.
Right: The Gravitator invented by James Blundell. Science Museum London.



History of Patient Blood Management

Spence RK, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):11-5.
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1907
Carrel & Crile described surgical 
techniques to attach the donor’s artery 
to the recipient’s vein

1901
Landsteiner’s discovery of blood types

1937
• First blood bank at the Cook 

County Hospital in Chicago
• Landsteiner & Wiener’s discovery 

of Rh types

1914
First transfusion of citrated blood

1942
In an opinion paper, Adams & Lundy
stated the “10/30 rule” to be the 
ideal transfusion thresholds

1943
Arnold Griswald’s development of the 
first cell salvage autotransfusion 
device

1953
John Gibbon first-ever succesfully used 
cardiopulmonary bypass for open heart surgery

1977
Denton Cooley reported a 20-year experience 
in cardiovascular surgery in Jehovah’s 
Witnesses without blood transfusion

1983
The U.S. blood banking groups issue 
their first warning about Acquired 
Immune Deficiency Syndrome (AIDS)

1990’s
Organizations promoting bloodless programs
• 1993: National Assocation for Bloodless 

Medicine and Surgery (NAMBS)
• 1998: Network for Advancement of 

Transfusion Alternatives (NATA)
• 2001: Society for the Advancement of Blood 

Management (SABM)

2005
James Isbister coined the term 
‘patient blood management’, 
noting that the focus should be changed 
from the product to the patient

Modern blood management



5 drivers shifting the paradigm

Product-focused
transfusion practice

Patient
Blood Management

I. Supply driver

• Ageing of the population
• Changes in travel pattern

• Donors’ population ↓
• Demand of blood products ↑

• Guidelines with indications 
and thresholds for blood 
products

• Hemovigilance programs

Hofmann A, et al. Oncologist. 2011;16 Suppl 3:3-11.
Flaherty G, et al. J Travel Med. 2017 May 1;24(3).



5 drivers shifting the paradigm

Hofmann A, et al. Oncologist. 2011;16 Suppl 3:3-11.
Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

II. Cost driver

• Blood product procurement
• In-house logistics
• Multiple lab tests and services
• Pretransfusion examinations

• Administration and monitoring 
of transfusion

• Cost of treating transfusion 
reactions

Product-focused
transfusion practice

Patient
Blood Management

• Guidelines with indications 
and thresholds for blood 
products

• Hemovigilance programs



5 drivers shifting the paradigm

III. Safety driver (direct / deterministic transfusion hazards)

• Infectious hazards
• Viral
• Bacterial
• Protozoan / Prion

• Non-infectious hazards
• Immunological
• Non-immunologicalProduct-focused

transfusion practice
Patient

Blood Management

• Guidelines with indications 
and thresholds for blood 
products

• Hemovigilance programs

Hofmann A, et al. Oncologist. 2011;16 Suppl 3:3-11.
Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

Bolcato M, et al. Transfus Apher Sci. 2020 Aug;59(4):102779.



5 drivers shifting the paradigm

IV. Clinical driver – a triad of independent risk factors

Product-focused
transfusion practice

Patient
Blood Management

• Guidelines with indications 
and thresholds for blood 
products

• Hemovigilance programs

• Mortality
• Multisystem organ failure
• Stroke
• Renal impairment / failure

• Immunomodulation
• Cancer recurrence
• Thromboembolism
• Increased length of stay

Hofmann A, et al. Oncologist. 2011;16 Suppl 3:3-11.
Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

Bolcato M, et al. Transfus Apher Sci. 2020 Aug;59(4):102779.



5 drivers shifting the paradigm

V. Efficacy driver

• RCTs (TRICC, TRACS) 
showing non-inferiority of 
restrictive transfusion 
tresholds 

• Practice variability

Product-focused
transfusion practice

Patient
Blood Management

• Guidelines with indications 
and thresholds for blood 
products

• Hemovigilance programs

Hofmann A, et al. Oncologist. 2011;16 Suppl 3:3-11.
Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.
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Isbister J. Updates in Blood Conservation and Transfusion Alternatives. 2005;2:3-7.



What
is

Patient blood management?



Definition(s)

World Health Organization (WHO). WHO Global Forum for Blood Safety: patient blood management. Published 2011.

“Patient blood management (PBM) is a “patient-focused, evidence-based and 
systematic approach to optimize the management of patients and transfusion of 
blood products for quality and effective patient care. It is designed to improve 
patient outcomes through the safe and rational use of blood and blood products 
and by minimizing unnecessary exposure to blood products…”



Definition(s)

https://sabm.org

“Professional definition: Patient Blood Management (PBM) is the timely 
application of evidence-based medical and surgical concepts designed to maintain 
hemoglobin concentration, optimize hemostasis and minimize blood loss in an 
effort to improve patient outcome.

Public description: Patient Blood Management (PBM) is the scientific use 
of safe and effective medical and surgical techniques designed to prevent anemia 
and decrease bleeding in an effort to improve patient outcome.”

https://sabm.org/


Definition(s)

https://ifpbm.org

“Patient blood management (PBM) is an evidence-based bundle of care to 
optimise medical and surgical patient outcomes by clinically managing and 
preserving a patient’s blood.”

https://ifpbm.org/


Definition(s)

https://www.isbtweb.org

“Patient Blood Management (PBM) is an evidence-based, multidisciplinary 
approach aimed at optimising the care of patients who might need transfusion. It 
puts the patient at the heart of decisions made around blood transfusion, 
promoting appropriate use of blood and blood components and the timely use of 
alternatives where available. PBM represents an international initiative in best 
practice for transfusion medicine.”

https://www.isbtweb.org/


Definition(s)

https://www.aabb.org

“Patient blood management (PBM) is an evidence-based, multidisciplinary 
approach to caring for patients who might need a blood transfusion. PBM 
encompasses all aspects of the transfusion decision-making process, beginning 
with the initial patient evaluation and continuing through clinical management. 
These techniques are designed to ensure optimal patient outcomes, while 
maintaining the blood supply to guarantee that blood components are available 
for patients when they are needed.”

https://www.aabb.org/


• Important elements
• … is the timely application …
• … of evidence-based medical and surgical concepts…
• … in the care for patients who might need a blood transfusion…
• … putting the patient at the heart of decisions made around blood transfusions…
• … in an effort to improve patient outcome…
• … through the appropriate, safe and rational use of blood products… and alternatives where 

available…
• … minimizing unnecessary exposure to blood products…
• … while maintaining the blood supply to guarantee that blood components are available for patients 

when they are needed.

Definition(s)



• Quality of healthcare:
• “The application of medical science and technology in a manner that maximises its benefit to health without 

correspondingly increasing the risk” (Donabedian, 1980)
• “The degree to which health care services for individuals and populations increase the likelihood of desired 

outcomes and are consistent with current professional knowledge” (Insitute of Medicine, 1990)
• “Health service quality is defined as the provision of care that exceeds patients expectations, achieves the 

highest possible clinical outcome with the resources available” (Øvretveit, 1992)

Definition(s)

Donabedian A: The Definition of Quality and Approaches to Its Management, vol 1: Explorations in Quality Assessment and Monitoring. Ann Arbor, Mich, Health Administration Press, 1980.
Institute of Medicine Medicare: A Strategy for Quality Assurance .Volume I . K.N.Lohr, editor. , ed. Washington, D.C.: National Academy Press, 1990. 
Øvretveit J, Townsend C. Health Service Quality: An introduction to quality methods for health services, Blackwell scientific publications.



• “Quality of care is the degree to which health services for individuals increase the 
likelihood of desired health outcomes. It is based on evidence-based professional 
knowledge and is critical for achieving universal health coverage.

• “Quality health care can be defined in many ways but there is growing acknowledgment 
that quality health services should be”:
• Effective – providing evidence-based healthcare services to those who need them;
• Safe – avoiding harm to people for whom the care is intended; 
• People-centred – providing care that responds to individual preferences, needs and values;
• Timely – reducing waiting time and sometimes harmful delays;
• Equitable – providing care that does not vary in quality on account of gender, ethnicity, geographic 

location, and socio-economic status;
• Integrated – providing care that makes available the full range of health services throughout the life 

course;
• Efficient – maximizing the benefit of available resources and avoiding waste.

Definition(s)

World Health Organization. https://who.int/health-topics/quality-of-care#tab=tab_1. Last accessed Oct 2nd 2021. 
Institute of Medicine (IOM). Crossing the Quality Chasm: A New Health System for the 21st Century. Washington, D.C.: National Academy Press; 2001.

https://who.int/health-topics/quality-of-care


• Effective – providing evidence-based 
healthcare services to those who need them;

• Safe – avoiding harm to people for whom the 
care is intended;

• People-centred – providing care that 
responds to individual preferences, needs and 
values;

• Timely – reducing waiting time and 
sometimes harmful delays;

• Equitable – providing care that does not 
vary in quality on account of gender, ethnicity, 
geographic location, and socio-economic status;

• Integrated – providing care that makes 
available the full range of health services 
throughout the life course;

• Efficient – maximizing the benefit of available 
resources and avoiding waste.

“Patient blood management (PBM) is a “patient-focused, evidence-based and systematic 
approach to optimize the management of patients and transfusion of blood products for 
quality and effective patient care. It is designed to improve patient outcomes through the 
safe and rational use of blood and blood products and by minimizing unnecessary exposure 
to blood products…”

“Patient Blood Management (PBM) is an evidence-based, multidisciplinary approach aimed 
at optimising the care of patients who might need transfusion. It puts the patient at the 
heart of decisions made around blood transfusion, promoting appropriate use of blood and 
blood components and the timely use of alternatives where available. PBM represents an 
international initiative in best practice for transfusion medicine.”

“Patient blood management (PBM) is an evidence-based, multidisciplinary approach to 
caring for patients who might need a blood transfusion. PBM encompasses all aspects of the 
transfusion decision-making process, beginning with the initial patient evaluation and 
continuing through clinical management. These techniques are designed to ensure optimal 
patient outcomes, while maintaining the blood supply to guarantee that blood components 
are available for patients when they are needed.”

Definition(s)

World Health Organization (WHO). WHO Global Forum for Blood Safety: patient blood management. Published 2011.
American Association of Blood Banks. https://aabb.org/news-resources/resources/patient-blood-management. Last accessed: Oct 2nd 2021. 
International Society of Blood Transfusion. https://isbtweb.org/working-parties/clinical-transfusion/pbm-resource-chapters-1-5/. Last accessed: Oct 2nd 2021. 

Patient Blood Management

=

quality health care

https://aabb.org/news-resources/resources/patient-blood-management
https://isbtweb.org/working-parties/clinical-transfusion/pbm-resource-chapters-1-5/


Three risk factors

&

Three pillars



Three risk factors for adverse outcomes

Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

Induces or 
aggravates

Triggers

Triad of Risk Factors 
for Adverse 
Outcomes

Anemia

Blood loss
Allogeneic 

blood 
transfusion



Harness
and optimize

tolerance
of

anemia

Optimize
RBC mass

Minimize
blood loss

Perioperative multidisciplinary multimodal patient-specific team approach

The 3 pillars of Patient Blood Management

Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

Pillar 1 Pillar 2 Pillar 3

Improving patient outcomes
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The 3-pillar-9-field matrix of perioperative PBM

Pillar 1: Optimize red cell mass Pillar 2: Minimize blood loss Pillar 3: Harness & optimize tolerance of anemia

Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

• Detect anemia
• Identify underlying disorder(s) causing anemia
• Treat underlying disorders
• Manage anemia
• Refer for further evaluation if necessary
• Note: anemia is a contraindication for elective 

surgery

• Timing of surgery with hematological 
optimization

• Stimulate erythropoiesis
• Be aware of drug interactions that can increase 

anemia

• Identify and manage bleeding risk
• Minimize iatrogenic blood loss
• Preoperative autologous blood donation (in 

selected cases)

• Meticulous hemostasis and surgical techniques
• Blood-sparing surgical techniques
• Anesthetic blood conserving strategies
• Autologous blood options
• Pharmacological/hemostatic agents

• Vigilant monitoring and management of 
postoperative bleeding

• Avoid secondary hemorrhage
• Rapid warming/maintain normothermia
• Autologous blood salvage
• Minimze iatrogenic blood loss
• Hemostasis/anticoagulation management
• Prophylaxis of upper GI hemorrhage
• Be aware of adverse effects of medication

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

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

• Formulate patient-specific plan using blood 
conservation modalities to minimize blood loss, 
optimize red cell mass and manage anemia

• Restrictive transfusion thresholds

• Optimize cardiac output
• Optimize ventilation and oxygenation
• Minimize oxygen consumption
• Restrictive transfusion thresholds

• Optimize anemia reserves
• Maximize oxygen delivery
• Minimize oxygen consumption
• Avoid/treat infections promptly
• Restrictive transfusion thresholds



Patient Blood Management
&

Evidence-Based Practice



Implementation?

https://www.perthnow.com.au/news/. Last accessed Oct 10th 2021.

“THE WA Department of Health has paid almost $4 million to two 
Jehovah’s Witnesses, neither of whom is a medical doctor, to roll out a 
statewide program to cut blood transfusions to thousands of patients being 
treated in public hospitals.
The Sunday Times can reveal the two men … – whose religion is 
vehemently opposed to blood transfusions – won the lucrative five-year 
contract in 2008, with an American associate, without having to bid for the 
job.”
“The contract was approved by the Health Department for exemption 
from the usual open-tender rules because, according to the department, 
the trio were the only ones with the skills to plan and implement a “patient 
blood management” (PBM) program in WA.”
…
“During the term of the M&E contract, it is also apparent that …received 
payments as consultants or guest lecturers from the pharmaceutical 
companies that make the often expensive drugs used as substitutes for 
blood transfusions.
Mr … has declared payments or travel support for consulting or lecturing 
from at least 14 pharmaceutical companies. Mr … has declared that he 
received lecturing or consulting payments or travel support from at least 
six pharmaceutical or related companies.”

Patient Blood Management

=

quality health care ?

https://www.perthnow.com.au/news/wa/how-two-jehovahs-witnesses-were-paid-millions-to-restrict-wa-blood-transfusions-ng-e1e492c81f8b744031e788b571759c05


• “The systematic use of evidence-based methodologies should be the new standard to evaluate (cost-) effectiveness of 
medical treatments in order to avoid recommendations based on expert opinion solely and/or strongly held opinions on 
religious (e.g. Jehovah Witnesses) or commercial (e.g. pharmaceutical companies) grounds.”

Implementation?

Van Remoortel H, et al. Vox Sang. 2020 Jan;115(1):60-71.



• “Evidence Based Medicine (EBM) is the conscientious, explicit, and judicious use of 
current best evidence in making decisions about the care of individual patients. The 
practice of EBM means… the integration of individual clinical expertise with the best 
available external evidence… and patient’s choice (values and expectations).” 

Evidence-Based Practice

Sackett DL, et al. BMJ. 1996 Jan 13;312(7023):71-2.

David L. Sackett

Clinical 
expertise

Patient
preference

Best
evidence

EBM

Context



Ask

Acquire

AppraiseApply

Assess

Evidence-Based Practice

Sackett DL, et al. Evidence-based medicine: how to practice and teach EBM (2nd ed.), Churchill Livingstone, New York (2000).

1. Identification of uncertainty & translation into 
answerable clinical question.

2. Find the best evidence

3. Evaluate the evidence
for its validity and usefulness

4. Integrate the results with your 
clinical expertise and your 

patient’s values/local conditions

5. Evalute the effectiveness 
of the process



1. Ask
• Identification of uncertainty & translation into answerable clinical question.

Evidence-Based Practice

• What is the current evidence for Patient blood management (PBM), and what 
clinical recommendations can be derived for its implementation?

• In patients undergoing elective surgery [Population], should the concept of Patient blood management 
[Intervention] be used by anesthesiologists [Professionals] to improve patient outcome [Outcome]?
• Patient population: patients undergoing elective surgery
• Intervention: Patient blood management
• Professionals: anesthesiologists
• Outcome: patient outcome (mortality ↓, morbidity ↓ : stroke, renal failure, infection, thromboembolism, 

myocalength of stay…)
• Healthcare setting: tertiary health care in Belgium



2. Acquire
• Find the best evidence.

Evidence-Based Practice

https://www.cdlh.be

https://www.cdlh.be/


Evidence-Based Practice

2. Acquire
• Find the best evidence.

Methods:

• Searched databases: see next slide
• Search terms: “blood management”, “transfusion”, “preop* AND anemia”, “preop* AND anaemia”, “bleeding”, 

“hemorrhage”, “haemorrhage”
• Study design: include: clinical guidelines; exclude: primary research articles, consensus statements
• Search date: articles published in the last 10 years 
• Language restrictions: include: articles written in English or Dutch; exclude: all other languages
• Population: include: adults; exclude: children, neonates
• Intervention: include: articles with the topic blood transfusion OR patient blood management OR blood 

conservation techniques OR preoperative anemia treatment; exclude: non-surgical settings



2. Acquire
• Find the best evidence.

Evidence-Based Practice

Clinical guideline databases
National guideline databases National associations & societies
• Ebpracticenet
• Belgian Health Care Knowledge Centre (KCE)
• Domus Medica

• Belgian Society of Anesthesiology, Resuscitation, Perioperative 
Medicine and Pain Management (BeSARPP)

• Belgian Quality in Transfusion (BeQuinT)

International guideline databases International associations & societies
• (Turning Research Into Practice (TRIP) Medical Database)

• National Guideline Clearinghouse (USA)
• National Institute for Health and Care Excellence (NICE) (UK)
• World Health Organization (WHO) guidelines
• The Guidelines International Network (GIN)

• European Society of Anaesthesiology & Intensive Care (ESAIC)
• American Society of Anesthesiologists (ASA)
• European Association of Cardiothoracic Anaesthesiology and 

Intensive Care (EACTAIC)
• Obstetric Anaesthetists’ Association (OAA)
• Network for the Advancement of Patient Blood Management, 

Haemostasis and Trombosis (NATA)

https://www.ebp-guidelines.be/
https://kce.fgov.be/nl/alle-kce-rapporten
https://www.domusmedica.be/richtlijnen
https://www.besarpp.be/en/guidelines/
https://www.health.belgium.be/nl/enquete-et-materiel
https://www.tripdatabase.com/
https://www.ahrq.gov/research/publications/search.html
https://www.evidence.nhs.uk/
https://www.who.int/publications/i
https://g-i-n.net/
https://www.esaic.org/guidelines/
https://www.asahq.org/standards-and-guidelines
https://www.eactaic.org/
https://www.oaa-anaes.ac.uk/Clinical_Guidelines
https://nataonline.com/


Evidence-Based Practice

Results
Year Society Country Discipline Timing Title Ref.

2011
Network for Advancement of 

Transfusion Alternatives International Orthopaedics Preop
Detection, evaluation, and management of preoperative anaemia in the 
elective orthopaedic surgical patient: NATA guidelines

Goodnough LT, Maniatis A, Earnshaw P, Benoni G, Beris P, Bisbe E, Fergusson DA, 
Gombotz H, Habler O, Monk TG, Ozier Y, Slappendel R, Szpalski M. Detection, 
evaluation, and management of preoperative anaemia in the elective orthopaedic 
surgical patient: NATA guidelines. Br J Anaesth. 2011 Jan;106(1):13-22.

2011
Society of Thoracic Surgeons

Society of Cardiovascular 
Anesthesiologists

USA Cardiothoracic Periop
2011 Update to The Society of Thoracic Surgeons and the Society of 
Cardiovascular Anesthesiologists Blood Conservation Clinical Practice 
Guidelines

The Society of Thoracic Surgeons Blood Conservation Guideline Task Force: Ferraris 
VA, Brown JR, Despotis GJ, Hammon JW, Reece B, Saha SP, Song HK, Clough ER; The 
Society of Cardiovascular Anesthesiologists Special Task Force on Blood Transfuion: 
Shore-Lesserson LJ, Goodnough LT, Mazer CD, Shander A, Stafford-Smith M, Waters 
J; The International Consortium for Evidence Based Perfusion: Baker RA, Dickinson 
TA, FitzGerald DJ, Likosky DS, Shann KG. 2011 Update to The Society of Thoracic 
Surgeons and the Society of Cardiovascular Anesthesiologists Blood Conservation 
Clinical Practice Guidelines. Ann Thorac Surg. 2011 Mar;91(3):944-82.

2011 National Blood Authority Aus/NZ All Periop
Patient Blood Management Guidelines – Module 1: Critical bleeding / Massive 
transfusion

https://www.blood.gov.au/pbm-module-1

2012 National Blood Authority Aus/NZ All Periop Patient Blood Management Guidelines – Module 2: Perioperative https://www.blood.gov.au/pbm-module-2

2012 National Blood Authority Aus/NZ Medical N.A. Patient Blood Management Guidelines – Module 3: Medical https://www.blood.gov.au/pbm-module-3

2013 National Blood Authority Aus/NZ Critical Care Postop Patient Blood Management Guidelines – Module 4: Critical Care https://www.blood.gov.au/pbm-module-4

2015 National Blood Authority Aus/NZ Obstetrics Periop Patient Blood Management Guidelines – Module 5: Obstetrics and Maternity https://www.blood.gov.au/pbm-module-5

2015
Royal College of Obstetrians & 

Gynaecologists UK Obstetrics Periop Blood Transfusion in Obstetrics. Green-Top Guideline No 47 https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg47/

2015
American Society of 

Anesthesiologists USA All Periop
Practice Guidelines for Perioperative Blood Management: An Updated 
Report by the American Society of Anesthesiologists Task Force on 
Perioperative Blood Management

American Society of Anesthesiologists Task Force on Perioperative Blood 
Management. Practice Guidelines for Perioperative Blood Management: An Updated 
Report by the American Society of Anesthesiologists Task Force on Perioperative 
Blood Management. Anesthesiology 2015 Feb; 122(2):241-75.

2015 British Society for Haematology UK All Preop
British Committee for Standards in Haematology Guidelines on the 
Identification and Management of Pre-Operative Anaemia

Kotzé A, Harris A, Baker C, Iqbal T, Lavies N, Richards T, Ryan K, Taylor C, Thomas 
D. British Committee for Standards in Haematology Guidelines on the Identification 
and Management of Pre-Operative Anaemia. Br J Haematol. 2015 Nov;171(3):322-31.

2016 National Blood Authority Aus/NZ Paediatrics Periop Patient Blood Management Guidelines – Module 6: Neonatal & Paediatrics https://www.blood.gov.au/pbm-module-6

2016 Association of Anaesthetists UK All The Use of Blood Components and Their Alternatives
Klein AA, Arnold P, Bingham M, Brohi K, Clark R, Collis R, Gill R, McSporran W, 
Moor P, Baikady RR, Richards T, Shinde S, Stanworth S, Walsh TS. The Use of Blood 
Components and Their Alternatives. Anaesthesia. 2016 Jul;71(7):829-42.

https://www.blood.gov.au/pbm-module-1
https://www.blood.gov.au/pbm-module-2
https://www.blood.gov.au/pbm-module-3
https://www.blood.gov.au/pbm-module-4
https://www.blood.gov.au/pbm-module-5
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg47/
https://www.blood.gov.au/pbm-module-6


Evidence-Based Practice

Results
Year Society Country Discipline Timing Title Ref.

2016
European Society of 

Anaesthesiology Europe All Periop
Management of severe perioperative bleeding: guidelines from the European 
Society of Anaesthesiology: First update 2016

Kozek-Langenecker SA, Ahmed AB, Afshari A, Albaladejo P, Aldecoa C, Barauskas G, 
De Robertis E, Faraoni D, Filipescu DC, Fries D, Haas T, Jacob M, Lancé MD, Pitarch 
JVL, Mallett S, Meier J. Molnar ZL, Rahe-Meyer N, Samama CM, Stensballe J, Van der 
Linden PJF, Wikkelsø AJ, Wouters P, Wyffels P, Zacharowski K. Management of 
severe perioperative bleeding: guidelines from the European Society of 
Anaesthesiology: First update 2016. Eur J Anaesthesiol. 2017 Jun;34(6):332-395.

2017
European Association of 

Cardiothoracic Anaesthesiology 
and Intensive Care

Europe Cardiothoracic Periop
2017 EACTS/EACTA Guidelines on patient blood management for adult 
cardiac surgery

Pagano D, Milojevic M, Meesters MI, Benedetto U, Bolliger D, von Heymann C, 
Jeppsson A, Koster A, Osnabrugge RL, Ranucci M, Ravn HB, Vonk ABA, Wahba A, 
Boer C. 2017 EACTS/EACTA Guidelines on patient blood management for adult 
cardiac surgery. Eur J Cardiothorac Surg. 2018 Jan 1;53(1):79-111.

2018
American Academy of 
Orthopaedic Surgeons USA Orthopaedics Intraop

Tranexamic Acid Use in Total Joint Arthroplasty: The Clinical Practice 
Guidelines Endorsed by the American Association of Hip and Knee 
Surgeons, American Society of Regional Anesthesia and Pain Medicine, 
American Academy of Orthopaedic Surgeons, Hip Society, and Knee Society

Fillingsham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Bini SA, Clarke HD, Schemitsch 
E, Johnson RL, Memtsoudis SG, Sayeed SA, Sah AP, Della Valle CJ. Tranexamic Acid 
Use in Total Joint Arthroplasty: The Clinical Practice Guidelines Endorsed by the 
American Association of Hip and Knee Surgeons, American Society of Regional 
Anesthesia and Pain Medicine, American Academy of Orthopaedic Surgeons, Hip 
Society, and Knee Society. J Arthroplasty. 2018 Oct;33(10):3065-3069. 

2018 Association of Anaesthetists UK All Intraop
Association of Anaesthetists guidelines: cell salvage for peri-operative blood 
conservation 2018

Klein AA, Bailey CR, Charlton EJ, Evans CE, Guckian-Fisher M, McCrossan R, Nimmo 
AF, Payne S, Shreeve K, Smith J, Torella F. Association of Anaesthetists guidelines: cell 
salvage for peri-operative blood conservation 2018. Anaesthesia. 2018 Sep;73(9):1141-
1150.

2018 British Society for Haematology UK All Periop
The use of viscoelastic haemostatic assays in the management of major 
bleeding

Curry NS, Davenport R, Pavord S, Mallett SV, Kitchen D, Klein AA, Maybury H, 
Collins PW, Laffan M. The use of viscoelastic haemostatic assays in the management of 
major bleeding. Br J Haematol. 2018 Sep;182(6):789-806.

2018
European Society for Medical 

Oncology Europe Oncology Periop
Management of anaemia and iron deficiency in patients with cancer: ESMO 
Clinical Practice Guidelines

Aapro M, Beguin Y, Bokemeyer C, Dicato M, Gascon P, Glaspy J, Hofmann A, Link H, 
Littlewood T, Ludwig H, Österborg A, Pronzato P, Santini V, Schrijvers D, Stauder R, 
Jordan K, Herrstedt J, ESMO Guidelines Committee. Management of anaemia and iron 
deficiency in patients with cancer: ESMO Clinical Practice Guidelines. Ann 
Oncol. 2018 Oct 1;29(Suppl 4):iv96-iv110.

2018 ICC PBM Frankfurt 2018 Group International All Periop
Patient Blood Management: Recommendations From the 2018 Frankfurt 
Consensus Conference

Mueller MM, Van Remoortel H, Meybohm P, Aranko K, Aubron C, Burger R, Carson 
JL, Cichutek K, De Buck E, Devine D, Fergusson D, Folléa G, French C, Frey KP, 
Gammon R, Levy JH, Murphy MF, Ozier Y, Pavenski K, So-Osman C, Tiberghien P, 
Volmink J, Waters JH, Wood EM, Seifried E, ICC PBM Frankfurt 2018 Group. Patient 
Blood Management: Recommendations From the 2018 Frankfurt Consensus 
Conference. JAMA. 2019 Mar 12;321(10):983-997.

2019 British Society for Haematology UK Obstetrics Periop UK guidelines on the management of iron deficiency in pregnancy
Pavord S, Daru J, Prasannan N, Robinson S, Stanworth S, Girling J, on behalf of the 
BSH Committee. UK guidelines on the management of iron deficiency in pregnancy. 
Br J Haematol. 2020 Mar;188(6):819-830.

2019 Association of Anaesthetists UK All Periop
Association of Anaesthetists: Anaesthesia and peri-operative care for 
Jehovah’s Witnesses and patients who refuse blood

Klein AA, Bailey CR, Charlton A, Lawson C, Nimmo F, Payne S, Ruck Keene A, 
Shortland R, Smith J, Torella F, Wade P. Association of Anaesthetists: Anaesthesia and 
peri-operative care for Jehovah’s Witnesses and patients who refuse blood. 
Anaesthesia. 2019 Jan;74(1):74-82.



Evidence-Based Practice

Results
Year Society Country Discipline Timing Title Ref.

2019
Task Force for Advanced Bleeding 

Care in Trauma Europe Trauma Periop
The European guideline on management of major bleeding and coagulopathy 
following trauma: fifth edition

Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, Komadina R, 
Maegele M, Nardi G, Riddez L, Samama CM, Vincent JL, Rossaint R. The European 
guideline on management of major bleeding and coagulopathy following trauma: fifth 
edition. Crit Care. 2019 Mar 27;23(1):98.

2019
Network for Advancement of 

Transfusion Alternatives International
Paediatrics

Cardiothoracic Periop
Patient Blood Management for Neonates and Children Undergoing Cardiac 
Surgery: 2019 NATA Guidelines

Faraoni D, Meier J, New HV, Van der Linden PJ, Hunt BJ. Patient Blood Management 
for Neonates and Children Undergoing Cardiac Surgery: 2019 NATA Guidelines. J 
Cardiothorac Vasc Anesth. 2019 Dec;33(12)3249-3263.

2020
Eastern Association for the 

Surgery of Trauma USA Trauma Periop
Thromboelastography and Rotational Thromboelastometry in Bleeding 
Patients with Coagulopathy: Practice management guideline from the Eastern 
Association for the Surgery of Trauma

Bugaev N, Como JJ, Golani G, Freeman JJ, Sawhney JS, Vatsaas CJ, Yorkgitis 
BK, Kreiner LA, Garcia NM, Aziz HA, Pappas PA, Mahoney EJ, Brown ZW, Kasotakis 
G. Thromboelastography and Rotational Thromboelastometry in Bleeding Patients 
with Coagulopathy: Practice management guideline from the Eastern Association for 
the Surgery of Trauma. J Trauma Acute Care Surg. 2020 Dec;89(6):999-1017.

2020
National Institute for Health and 

Care Excellence UK All Periop Perioperative care in adults https://www.nice.org.uk/guidance/ng180

2021 Society of Thoracic Surgeons USA Cardiothoracic Periop Update to the Clinical Practice Guidelines on Patient Blood Management
Tibi P, McClure RS, Huang J, Baker RA, Fitzgerald D, Mazer CD, Stone M, Chu D, 
Stammers AH, Dickinson T, Shore-Lesserson L, Ferraris V, Firestone S, Kissoon K, 
Moffatt-Bruce S. Update to the Clinical Practice Guidelines on Patient Blood 
Management. Ann Thorac Surg. 2021 Sep;112(3):981-1004.

https://www.nice.org.uk/guidance/ng180


3. Appraise
• Evaluate the evidence for its validity and usefulness.

Evidence-Based Practice

• “Clinical practice guidelines (‘guidelines’) are systematically developed 
statements to assist practitioner and patient decisions about appropriate 
health care for specific clinical circumstances.”

• “The potential benefits of guidelines are only as good as the quality of the 
guidelines themselves. Appropriate methodologies and rigorous strategies 
in the guideline development process are important for the succesful 
implementation of the resulting recommendations.”

• “The Appraisal of Guidelines for REsearch & Evaluation (AGREE) 
Instrument was developed to address the issue of variability in guideline 
quality. To that end, the AGREE instrument is a tool that assesses the 
methodological rigour and transparency in which a guideline is developed.

https://www.agreetrust.org/agree-ii/



4. Apply
• Integrate the results with your clinical expertise and your patient’s values/local conditions.

Evidence-Based Practice

• “By individual clinical expertise we mean the proficiency and judgment that individual clinicals acquire through 
clinical experience and clinical practice.”

• “External clinical evidence can inform, but can never replace, individual clinical expertise, and it is this expertise that 
decides whether the external evidence applies to the individual patient at all and, if so, how it should be integrated 
into a clinical decision.”

• “Similarly, any external guideline must be integrated with individual clinical expertise in deciding whether and how 
it matches the patient’s clinical state, predicament, and thus whether it should be applied.”

Sackett DL, et al. BMJ. 1996 Jan 13;312(7023):71-2.



Three risk factors?



Three risk factors for adverse outcomes

Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

Induces or 
aggravates

Triggers

Triad of Risk Factors 
for Adverse 
Outcomes

Anemia

Blood loss
Allogeneic 

blood 
transfusion

What is t
he evidence?



• Does 1) preoperative anemia, and/or 2) blood loss, and/or 3) allogeneic blood 
transfusion increase the risk for adverse patient outcomes?

• “In patients undergoing elective surgery [Population], does 1) preoperative anemia, and/or 2) blood loss, 
and/or 3) allogeneic blood transfusion [Intervention/Exposure], increase the risk of adverse outcomes 
[Outcome], in comparison with their absence [Comparison]?”
• Population: patients undergoing elective surgery
• Intervention/Exposure: 1) preoperative anemia, and/or 2) blood loss, and/or 3) allogeneic blood transfusion
• Comparison: absence of 1) preoperative anemia, and/or 2) blood loss, and/or 3) allogeneic blood transfusion
• Outcome: mortality, morbidity

• Which primary study design would yield the best evidence?

Three risk factors for adverse outcomes

Intervention/Exposure Best primary study design
1) Preoperative anemia Prospective cohort study

2) Blood loss Prospective cohort study

3) Allogeneic blood transfusion Randomized controlled trial



Study designs to investigate etiology

P

I/C

O

P

I C

O O

P

O+ O-

I IC C I

O

Time

P

Randomized controlled trial Prospective cohort study Case-control study Cross-sectional study

• In a population [Population], does the presence of a certain feature (risk factor) [Intervention/Exposure], change 
the risk for a certain outcome [Outcome], as compared to its absence [Comparison]? 



1) Preoperative anemia

• “Thirty-five cohort studies assessed whether preoperative anemia was associated with adverse events in patients 
scheduled for cardiac and noncardiac surgery. 

• Meta-analyses showed an association between preoperative anemia and:
• in-hospital mortality (pooled odds ratio [OR], 2.09 [95% CI, 1.48–2.95]),
• 30-day mortality (pooled OR, 2.20 [95% CI, 1.68–2.88]),
• acute myocardial infarction (AMI) (pooled OR, 1.39 [95% 0.99–1.96]),
• acute ischemic stroke or central nervous system complications (pooled OR, 1.19 [95% CI, 1.02–1.39]), and
• acute kidney injury, renal failure/dysfunction, or urinary complications (pooled OR, 1.78 [95% CI, 1.35–2.34]).”

Three risk factors for adverse outcomes

Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.



1) Preoperative anemia
• eFigure 2. Study-Specific Association Between Preoperative Anemia and Hospital Mortality 

Three risk factors for adverse outcomes

Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.



1) Preoperative anemia
• eFigure 3. Study-Specific Association Between Preoperative Anemia and 30-day Mortality

Three risk factors for adverse outcomes

Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.



1) Preoperative anemia
• Correlations or associations found in cohort studies do not necessarily imply causation
• Confounding variable: a third variable (not the exposure or outcome variable of interest) that distorts 

the observed relationship between the independent variable (exposure of interest) and the dependent 
variable (outcome of interest)

Three risk factors for adverse outcomes

Shander A et al. Br J Anaesth. 2011 Dec;107 Suppl 1:i41-59.

Independent variable
e.g. alcohol use

Confounding variable
e.g. smoking

Dependent variable
e.g. lung cancer

Relationship of interest

Association Risk factor

Preoperative anemia

Age, underlying disease, 
treatment, blood transfusion…

Mortality



1) Preoperative anemia

Three risk factors for adverse outcomes

Olsen J, et al. Eur J Epidemiol. 2019 Jun;34(6):537-541.

Sir Austin Bradford Hill

Bradford Hill criteria of causality
1. Strength of association Stronger associations are more likely to be causal

2. Temporality Causes must precede effect

3. Consistency of findings Multiple studies showing the same finding (across populations, study designs, 
times, locations, investigators, etc.) increases the credibility of the finding

4. Biological plausibility There must be a rational and theoretical basis for the finding

5. Biological gradient Dose-response relationship: greater amounts of exposure should result in 
greater amounts of harm

6. Experiment Experimental evidence make as a causal inference more plausible

7. Coherence Cause-effect relationship doesn’t conflicht with what is known and there are no 
other competing hypotheses

8. Specificity Effect has only one cause

9. Analogy A commonly accepted phenomenon in one area can be applied to another area

“None of my nine viewpoints can bring indisputable evidence for or against the 
cause-and-effect hypothesis and none can be required sine qua non”



1) Preoperative anemia

Three risk factors for adverse outcomes

Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.

Clinical recommendation Level of evidence
Detection and management of preoperative anemia early enough 
before major elective surgery

Strong recommendation, low certainty in the evidence of effects

• Rationale for the recommendation
• “Despite the overall low certainty in the effect estimates, the panel formulated a strong recommendation based on 

the magnitude of undesirable effects of preoperative anemia on critical outcomes such as mortality, and the absence 
of any risk and a clear balance of effects.”



2) Blood loss
• Prospective (and retrospective) cohort studies
• Blood loss is associated with adverse outcomes in:

• Colorectal surgery1

• Resection of hepatocellular carcinoma2

• Resection of lung cancer3,4

• Cardiac surgery5-7

• …

• Re-exploration for bleeding in cardiac surgery is associated with adverse outcomes8,9

Three risk factors for adverse outcomes

1. Charalambides M, et al. Int J Colorectal Dis. 2021 Oct 26.
2. Katz SC, et al. Ann Surg. 2009 Apr;249(4):617-23.
3. Nakamura H, et al. Ann Thorac Cardiovasc Surg. 2015; 21(1):18-23.
4. Li S, et al. BMC Surg. 2018;18:29.
5. Karkouti K, et al. Transfusion. 2004 Oct;44(10):1453-62.
6. Ranucci M, et al. Ann Thorac Surg. 2013 Aug;96(2):478-85.
7. Al-Attar N, et al. J Cardiothorac surg. 2019 Apr 2;14(1):64.
8. Ruel M, et al. J Thorac Cardiovasc Surg. 2017 Sep;154(3):927-935.
9. Elassal AA, et al. J Cardiothorac Surg. 2021;16:166.



2) Blood loss
• Correlations or associations found in cohort studies do not necessarily imply causation
• Confounding variable: a third variable (not the exposure or outcome variable of interest) that distorts 

the observed relationship between the independent variable (exposure of interest) and the dependent 
variable (outcome of interest)

Three risk factors for adverse outcomes

Charalambides M, et al. Int J Colorectal Dis. 2021 Oct 26.

Independent variable
e.g. alcohol use

Confounding variable
e.g. smoking

Dependent variable
e.g. lung cancer

Relationship of interest

Association Risk factor

Blood loss

Surgical complexity, allogeneic 
blood transfusion, anemia…

Mortality



3) Allogeneic (red) blood transfusion
1. Risks of undertransfusion
2. Risks of (over)transfusion

A. “Direct” or “deterministic” transfusion risks

B. “Probabilistic” transfusion risks

Three risk factors for adverse outcomes

Carson JL, et al. N Engl J Med. 2017 Sep 28;377(13):1261-1272.
Bolcato M. Transfus Apher Sci. 2020 Aug;59(4):102779.

Direct / deterministic transfusion risks

1. Infectious risks (viral, bacterial, protozoan, prion)

2. Non-infectious risks

• Immunological Immediate • Acute hemolytic reaction (AHTR)
• Febrile non-hemolytic reaction (FNHTR)
• Anaphylactic shock
• Transusion-related acute lung injury (TRALI)
• Transfusion-associated dyspnea (TAD)

Delayed • Delayed hemolytic reaction
• Transfusion associated graft-versus-host disease (TAVGHD)
• Transfusion associated microhimerism (increased risk in trauma)
• Post transfusion purpura
• Alloimmunization and HLA
• Transfusion-related immunomodulation (TRIM)

• Non-
immunological

Immediate • Transfusion-related circulatory overload (TACO)
• Hypotension – hypertension
• Non-immunological hemolysis
• Hypocalcemia, hyperkalemia
• Hypothermia

Delayed • Martial overload / hemochromatosis (iron overload)



3) Allogeneic (red) blood transfusion
1. Risks of undertransfusion
2. Risks of (over)transfusion

B. “Probabilistic” transfusion risks
• Observational studies consistently find a dose-dependent assocation between transfusion and

“probabilistic risk factors”

Three risk factors for adverse outcomes

Ming Y, et al. Anesth Analg. 2020 Feb;130(2):488-497.

Probabilistic transfusion risks

Mortality

Morbidity

Multisystem organ failure

Stroke

Renal impairment/failure

Immunomodulation

Cancer recurrence

Development of Non-Hodgkin lymphoma

Venous arterial thromboembolism

Venous arterial thromboembolism

Vasospasm

Bleeding requiring reoperation

Increased hospital length of stay

Increased ICU length of stay

Increased admission to ICU



3) Allogeneic (red) blood transfusion
1. Risks of undertransfusion
2. Risks of (over)transfusion

B. “Probabilistic” transfusion risks
• Correlations or associations found in cohort studies do not necessarily imply causation

Three risk factors for adverse outcomes

Bolcato M. Transfus Apher Sci. 2020 Aug;59(4):102779.

Independent variable
e.g. alcohol use

Confounding variable
e.g. smoking

Dependent variable
e.g. lung cancer

Relationship of interest

Association Risk factor

Blood transfusion

Sicker patient (anemia), 
blood loss…

Mortality

Probabilistic transfusion risks

Mortality

Morbidity

Multisystem organ failure

Stroke

Renal impairment/failure

Immunomodulation

Cancer recurrence

Development of Non-Hodgkin lymphoma

Venous arterial thromboembolism

Venous arterial thromboembolism

Vasospasm

Bleeding requiring reoperation

Increased hospital length of stay

Increased ICU length of stay

Increased admission to ICU



3) Allogeneic (red) blood transfusion
1. Risks of undertransfusion
2. Risks of (over)transfusion

B. “Probabilistic” transfusion risks

Three risk factors for adverse outcomes

Kendall J. Emerg Med. 2003 Mar; 20(2):164-168.

Target 
population (P)

Sample 
population

Experimental 
group

Control
group

Exposed to 
intervention

Not exposed to 
intervention

Follow-up Outcome (O)

New treatment (I)

Control treatment (C)

Selection bias

Performance bias

Attrition bias

Detection bias

Publication bias

Internal validityExternal validity

PICO
P Anemic patients undergoing major surgery

I Allogeneic red blood transfusion

C Placebo

O Mortality



3) Allogeneic (red) blood transfusion
1. Risks of undertransfusion
2. Risks of (over)transfusion

B. “Probabilistic” transfusion risks

Three risk factors for adverse outcomes

Hébert PC, et al. N Engl J Med. 1999 Feb; 11;340(6):409-17.

PICO
P Anemic patients undergoing major surgery

I Restrictive strategy (transfusion if Hb < 7 g/dl)

C Liberal strategy (transfusion if Hb < 10 g/dl)

O Mortality

P

C

I

O



Three risk factors for adverse outcomes

Trentino KM, et al. BMC Med. 2020 Jun 24;18(1):154.

3) Blood transfusion



Trentino KM, et al. Anesth Analg. 2020 Dec;131(6):1950-1955.

3) Blood transfusion

• Small differences in units of RBC transfused;
• Small actual differences in hemoglobin concentrations
• RBCs transfused before randomization;
• variation in posttransfusion hemoglobin targets.



Apply?
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The 3-pillar-9-field matrix of perioperative PBM

Pillar 1: Optimize red cell mass Pillar 2: Minimize blood loss Pillar 3: Harness & optimize tolerance of anemia

Farmer SL, et al. Best Pract Res Clin Anaesthesiol. 2013 Mar;27(1):43-58.

• Detect anemia
• Identify underlying disorder(s) causing anemia
• Treat underlying disorders
• Manage anemia
• Refer for further evaluation if necessary
• Note: anemia is a contraindication for elective 

surgery

• Timing of surgery with hematological 
optimization

• Stimulate erythropoiesis
• Be aware of drug interactions that can increase 

anemia

• Identify and manage bleeding risk
• Minimize iatrogenic blood loss
• Preoperative autologous blood donation (in 

selected cases)

• Meticulous hemostasis and surgical techniques
• Blood-sparing surgical techniques
• Anesthetic blood conserving strategies
• Autologous blood options
• Pharmacological/hemostatic agents

• Vigilant monitoring and management of 
postoperative bleeding

• Avoid secondary hemorrhage
• Rapid warming/maintain normothermia
• Autologous blood salvage
• Minimze iatrogenic blood loss
• Hemostasis/anticoagulation management
• Prophylaxis of upper GI hemorrhage
• Be aware of adverse effects of medication

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

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

• Formulate patient-specific plan using blood 
conservation modalities to minimize blood loss, 
optimize red cell mass and manage anemia

• Restrictive transfusion thresholds

• Optimize cardiac output
• Optimize ventilation and oxygenation
• Minimize oxygen consumption
• Restrictive transfusion thresholds

• Optimize anemia reserves
• Maximize oxygen delivery
• Minimize oxygen consumption
• Avoid/treat infections promptly
• Restrictive transfusion thresholds



Preoperative anemia management

1. KCE - Welke preoperatieve onderzoeken heeft uw patiënt nodig?

Volledig bloedbeeld (COFO)
Rode bloedcellen (hemoglobine, 
hematocriet en telling), witte 
bloedcellen (telling en formule) en 
bloedplaatjes

Nierfunctietesten
Creatinine, eGFR, natrium en 
kalium

Hemostasetesten
Bij een geschiedenis van abnormale 
bloedingen, spontaan, of na trauma 
of chirurgie

https://kce.fgov.be/nl/news/welke-preoperatieve-onderzoeken-heeft-uw-pati%25c3%25abnt-nodig


Preoperative anemia management

1. Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.
2. KCE - Welke preoperatieve onderzoeken heeft uw patiënt nodig?
3. Kotzé A, et al. Br J Haematol. 2015 Nov;171(3):322-31.
4. Goodnough LT, et al. Br J Anaesth. 2011 Jan;106(1):13-22.
5. Patient Blood Management Guidelines: Module 2 Perioperative.
6. American Society of Anesthesiologists Task Force on Perioperative Blood Management. Anesthesiology. 2015 Feb;122(2):241-75.

Patient listed for surgery

Major surgery?1

Standard preoperative evaluation2Standard preoperative evaluation2

YesNo

Diagnosis of anemia (according to the WHO criteria)?3,4,5

1. Patient counselling about the relationship between anemia, morbidity and mortality3

2. Investigation of anemia3,4

• Sequential testing4,5, or
• Standard battery of tests3

• Repeat Hb, serum ferritin, transferrin saturation, vitamin B12 and 
folate, CRP

3. Manage & treat anemia3

Yes

Early patient referral1,

preferably when referral for surgery is first made3,
28 days before the scheduled surgery if possible4

“Elective surgery should be scheduled to allow optimisation of 
patient’s hemoglobin and iron stores”5

No action required4

vs.
Investigation of iron deficiency5

No

Is surgery urgent?Proceed to surgery Yes

Give the patient the 
opportunity to 

defer non-urgent 
surgery3

No

https://kce.fgov.be/nl/news/welke-preoperatieve-onderzoeken-heeft-uw-pati%25c3%25abnt-nodig
https://blood.gov.au/pbm-module-2


Preoperative anemia management

Kotzé A, et al. Br J Haematol. 2015 Nov;171(3):322-31.



Preoperative anemia management

Ng O, et al. Cochrane Database Syst Rev. 2019 Dec 7;12:CD011588.



Preoperative anemia management

Edwards TJ, et al. Br J Surg. 2009 Oct;96(10):1122-8.

P: Anaemic patients? 🤔

P: Iron deficient? 🤔

P: Patients excluded who 

could have benefited most? 🤔



Preoperative anemia management

Richards T, et al. Lancet. 2020 Oct 24;396(10259):1353-1361.

P: Anaemic patients? 👍

P: Iron deficient? 🤔



Preoperative anemia management

Van Remoortel H, et al. Transfus Med Rev. 2021 Apr;35(2):103-124.

“ABSTRACT
Patient Blood Management (PBM) is an evidence-based, multidisciplinary, patient-centred approach to 
optimizing the care of patients who might need a blood transfusion. This systematic review aimed to collect 
the best available evidence on the effectiveness of preoperative iron supplementation with or without 
erythropoiesis-stimulating agents (ESAs) on red blood cell (RBC) utilization in all-cause anaemic patients 
scheduled for elective surgery. Five databases and two trial registries were screened. Primary outcomes 
were the number of patients and the number of RBC units transfused. Effect estimates were synthesized by 
conducting meta-analyses. GRADE (Grades of Recommendation, Assessment, Development and 
Evaluation) was used to assess the certainty of evidence. We identified 29 randomized controlled trials 
(RCTs) and 2 non-RCTs comparing the effectiveness of preoperative iron monotherapy, or iron + ESAs, to 
control (no treatment, usual care, placebo). We found that: (1) IV and/or oral iron monotherapy may not 
result in a reduced number of units transfused and IV iron may not reduce the number of patients 
transfused (low-certainty evidence); (2) uncertainty exists whether the administration route of iron therapy 
(IV vs oral) differentially affects RBC utilization (very low-certainty evidence); (3) IV ferric carboxymaltose 
monotherapy may not result in a different number of patients transfused compared to IV iron sucrose 
monotherapy (low-certainty evidence); (4) oral iron + ESAs probably results in a reduced number of pa-
tients transfused and number of units transfused (moderate-certainty evidence); (5) IV iron + ESAs may 
result in a reduced number of patients transfused (low-certainty evidence); (6) oral and/or IV iron + ESAs 
probably results in a reduced number of RBC units transfused in transfused patients (moderate-certainty 
evidence); (7) uncertainty exists about the effect of oral and/or IV iron + ESAs on the number of pa- tients 
requiring transfusion of multiple units (very low-certainty evidence). Effect estimates of different 
haematological parameters and length of stay were synthesized as secondary outcomes. In conclusion, in 
patients with anaemia of any cause scheduled for elective surgery, the preoperative administration of iron 
monotherapy may not result in a reduced number of patients or units transfused (low-certainty evi-
dence). Iron supplementation in addition to ESAs probably results in a reduced RBC utilization (moderate-
certainty evidence).”

“Strenghts, limitations and recommendations for future research

Moreover, insufficient reporting, for example, on the iron-
deficiency status of the patients in the studies, hindered us 
from exploring the impact of the cause of anaemia on the 
results. It therefore must be emphasized that this review’s 
findings apply to the entire population of patients with 
preoperative anaemia, regardless of the causes of the 
anaemia (eg, iron-deficiency, renal insufficiency).”

Waarde?
Bij patiënten met preoperatieve anemie a.g.v. eender welke oorzaak:

lijkt de toediening van ijzer monotherapie niet te resulteren in een gedaald aantal getransfundeerde eenheden. 
(low-certainty evidence)

Ijzersupplementen in combinatie met ESAs resulteren waarschijnlijk wel in een gereduceerd RBC-verbruik.
(moderate- certainty evidence)



Preoperative anemia management

Spahn DR, et al. Lancet. 2019 Jun 1;393(10187):2201-2212.



Preoperative anemia management

Avau B, et al. Pharmacoeconomics. 2021 Oct;39(10):1123-1139.



Preoperative anemia management

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



• Expert opinion

Preoperative anemia management

Spahn DR, et al. Anesthesiology 2020 Jul;133(1):212-222.

Anemia Management Algorithm of the University Hospital of Zurich, Switzerland



Allogeneic red blood cell transfusion

Baker L, et al. Ann Surg. 2021 Jul 1;274(1):86-96.



• Iron therapy
• Iron therapy is indicated in anaemic patients with absolute or functional iron deficiency (Grade 1B).1
• Oral iron is indicated in iron deficient anaemic patients whose surgery is not urgent (Grade 1B).1
• Iron therapy is indicated for non-anaemic patients with low iron stores (ferritin <100 g/l and transferrin saturation <20%) scheduled to undergo surgery 

with predicted total perioperative erythrocyte loss >30 g/l (>1200 ml in a 70 kg adult), to protect against post-operative iron deficiency anaemia (Grade 
1C).1

• Treatment with intravenous iron is indicated when patients are intolerant of, or unresponsive to, oral iron. (Grade 1B)1

• Intravenous iron is indicated in functional iron deficiency or where the interval between detection of anaemia and surgery is predicted to be short. (Grade 
2B)1

• The agent chosen should take account of the surgical pathway and local circumstances. Where the time to surgery is short and/or when it is more 
practicable, agents that allow for single-dose treatment are appropriate. (Grade 2C).1

• Vitamin B12 and folate therapy
• Vitamin B12 and/or Folate deficiency may present with anaemia. These micronutrients also have other important functions and deficiency detected during 

the surgical preparation process should be treated (Grade 1C) (Australian National Blood Authority 2011a).1

• Erythropoiesis-stimulating agent (ESA) therapy
• Where transfusion avoidance is desirable (e.g. in patients who refuse blood or those with complex alloimmunization), erythropoiesis-stimulating agent 

(ESA) therapy may be indicated to treat pre-operative anaemia (Grade 2B).1
• The panel recommended that erythropoiesis-stimulating agents (ESAs) should not be used routinely in general for adult preoperative patients with 

anemia undergoing elective surgery (conditional recommendation, low certainty in the evidence of effects.)2

• The panel recommended that clinicians consider use of short-acting erythropoietins in addition to iron supplementation in adult preoperative patients 
with hemoglobin levels less thatn 13 g/dl undergoing elective major orthopedic surgery, to reduce transfusion rates (conditional recommendation, low 
certainty in the evidence of effects)2

• When ESA therapy is indicated pre-operatively, it should be given with iron supplementation to maximize its efficacy (Grade 1A).1
• Cost-effectiveness?

Preoperative anemia management

1. Kotzé A, et al. Br J Haematol. 2015 Nov;171(3):322-31.
2. Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.
3. Avau B, et al. Pharmacoeconomics. 2021 Oct;39(10):1123-1139.



Allogeneic red blood cell transfusion

Mueller MM, et al. JAMA. 2019 Mar 12;321(10):983-997.



Apply & assess



Implementation?

https://op.europa.eu. Supporting Patient Blood Management (PBM) in the EU. A practical implementation guide for hospitals. 2017.

Eight-step PBM implementation strategy according to 
the Kotter model

1. Create urgency for PBM,
2. Form a powerful PBM group as guiding coalition,
3. Create a vision for PBM,
4. Communicate the PBM vision,
5. Empower the PBM group and remove obstacles,
6. Create short-term wins of PBM,
7. Build on the change,
8. Anchor PBM in culture.

https://op.europa.eu/


• Obstakels
• Onvoldoende aandacht (?) voor de potentiële risico’s van preoperatieve anemie, bloedverlies en 

allogene bloedtransfusie bij preoperatieve oppuntstelling
• Op heden voornamelijk documentatie, maar geen investigatie en behandeling, mede t.g.v. drukte op RPL
• Preoperatieve oppuntstelling vraagt extra personeel en financiële ondersteuning
• è Herstructurering noodzakelijk

• Onvoldoende kennis over behandelingswijzen
• Nood aan educatie van zorgverleners

• Vroegtijdige verwijzing voor preoperatieve optimalisatie van de rode bloedcelmassa
• Chirurgen zouden vroeger moeten verwijzen om tijdig behandeling mogelijk te maken
• Samenwerking met huisartsen op heden niet bestaande
• Huisartsen beschikken niet over Belgische richtlijn voor preoperatieve optimalisatie van RBC-massa

• Geen optimale terugbetaling van medicatie noodzakelijk voor preoperatieve optimalisatie RBC-massa
• I.V. ijzer en ESAs: slechts terugbetaald onder zeer strikte voorwaarden
• ESAs: enkel terugbetaald indien voorgeschreven door nefroloog/hematoloog

Implementation?



• Continu rapporteringssysteem voor interne benchmarking

Assess?



• Patient Blood Management lijkt te streven naar kwalitatieve zorg.

• De beste evidentie toont op heden aan dat preoperatieve anemie, bloedverlies en allogene bloedtransfusie 
geassocieerd zijn met infauste patiëntenuitkomsten. Daarnaast lijkt een restrictieve bloedtransfusiestrategie 
niet minder veilig dan een liberale transfusiestrategie.

• Verschillende richtlijnen raadden daarom op heden aan:
• preoperatieve anemie tijdig op te sporen, te investigeren en te behandelen,
• bloedverlies te beperken door toepassing van verschillende technieken, en
• een restrictieve transfusiestrategie toe te passen.

• (PBM is dus meer dan enkel wat ijzer toedienen voor de ingreep!)

• Slotbedenking:
• Toepassing van PBM vergt een herstructurering van onze huidige praktijk

Conclusies


