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The triad of independent risk 
factors for adverse patient 

outcome

www.ifpbm.org



Anaemia



68.36m YLD or 

8.8% of total for
all conditions
[globally]

Associated w/
• weakness
• fatigue
• difficulty 

concentrating
• poor work 

productivity
• infection
• heart failure
• preterm labor
• low birth weight
• child and maternal 

mortality



• The impairment that affected the greatest number of people in 
2015 was anaemia, with 2.36 billion (2.35–2.37 billion) 
individuals affected

• The prevalence of iron-deficiency anaemia alone was 1.46 
billion (1.45-1.46 billion).



Fowler A.J. et al. Br J Surg (2015) 102: 1314

▪ 949’449 patients of 24 studies analyzed 

▪ 39% of patients were anemic (WHO definition)

▪ Anemia was associated with
▪ Perioperative mortality  - OR 2.90 (2.30 – 3.68, p< 0.001)
▪ Acute kidney injury  - OR 3.75 (2.95 – 4.76, p< 0.001)
▪ Infections  - OR 1.93 (1.06 – 1.55, p< 0.01)
▪ Stroke in cardiac surgery - OR 1.28 (1.17 – 3.18, p< 0.01)
▪ RBC transfusion  - OR 5.04 (4.12 – 6.17, p< 0.001)



US Veterans Database (NSQIP) (n=227’425)

Anaemia (n=69’229; 30.4%)

30 day mortality

30 day composite morbidities (9 defined areas)

Multivariate regression analysis

(9 defined subgroups)

(56 confounders)



• Preoperative anemia: 30.4%

• Mild anemia  OR mortality: 1.4 (1.3 – 1.5)

• Mild anemia  OR morbidity : 1.3 (1.3 – 1.4)

• RBC trans.  OR mortality : 2.0 (1.8 – 2.2)

• RBC trans.  OR morbidity : 1.8 (1.7 – 1.9)

Musallam, K.M., et al., Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective
cohort study. Lancet, 2011.



Effect of Anemia on 
Mortality and Composite Morbidity

Musallam, K.M., et al., Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective cohort
study. Lancet, 2011.
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Kassebaum NJ et al. Blood, 2014;123: 615-24 
Axel Hofmann Beijing 10-2016



PBM has the potential to address several health care related 
challenges that are specific to South Africa:

• First, the population of South Africa totals 57.8 million in 2018 
and includes an estimated

• 17.8 million suffering from anaemia,
• predominantly in neonates and children, 
• women in the reproductive age and the elderly. 
• also a high prevalence of HIV-related anaemia, anaemia of 

inflammation, malarial anaemia and anaemia from intestinal 
parasite infestations. 

• In hospitalized patients, the prevalence of anaemia is even 
higher than in the general population and it is an independent 
predictor for adverse

• outcomes including morbidity and mortality.











HB threshold for transfusion
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Blood demand



there is also an overall economic argument for the implementation 
of PBM:

• Unmanaged or poorly managed anaemia impairs the cognitive 
development of children and

• adolescents, reduces the ability to concentrate and diminishes work 
productivity with losses in some countries of up to 9% of the gross 
domestic product.

• Programs promoting oral iron therapy may be effective in specific 
subpopulations, but in patients with profound iron deficiency and iron 
deficiency anaemia, who require therapy for immediate correction, an

• appropriate dose of intravenous iron is the best option, while 
treatment of the underlying cause produces a cure. 

• Improvements in patient outcomes with the concomitant savings as
• seen in previous studies, could lead to a significant decrease in pressure 

on bed occupation and a healthcare budget under extreme pressure.



“Uncontrolled hemorrhage is the 
only defense of the unconscious 
patient against the incompetent 
surgeon.”

William Stewart Halsted  

1852 – 1922

Johns Hopkins University

Bleeding



Major blood loss associated with increased

• Mortality (3-fold)

• Major morbidity (3-fold)

• ICU and hospital length of stay

• Likelihood of transfusion 

Causes

• On average 75 – 90% local surgical interruption or vessel interruption

• 10–25% acquired or congenital coagulopathy

Shander A. Surgery 2007

Ranucci M et al. Ann Thorac Surg 2013; 96:478

Vivacqua et al Ann Thorac Surg 2011

Christensen et al J Thorac Cardiovasc Surg 2009

Spence et al  Am J Surg 1990

Stokes, M.E., et al BMC Health Serv Res, 2011

Ye, X., et al BMC Health Serv Res, 2013

Alstrom, U., et al Br J Anaesth, 2012



Blood transfusion: most common procedure performed 
during hospitalizations in 2011 (12% of stays with a 
procedure); rate of hospitalizations with blood 
transfusion more than doubled since 1997.

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf


Maternal Mortality



Infectious Agents in the Blood Supply

✔HIV, HCV, HBV

✘New infectious agents
✘HBV variants (vl)

✘HEV (vl)

✘Herpes viruses (other than CMV, EBV, HHV-8) (t)

✘HTLV variants (t)

✘Influenza A and B viruses (other than H5N1 (t)

✘Japanese encephalitis virus (t)

✘La Crosse virus (t)

✘Lassa virus (t)

✘Lymphocytic choriomeningitis virus

✘Marburg virus (t)

✘Monkeypox virus (t)

✘Mumps virus (t)

✘Papillomaviruses (t)

✘Polyomaviruses (t)

✘Porcine endogenous retrovirus (t)

✘Porcine parovirus (t)

✘Rhabdovirus (a)

✘SARS coronavirus (t)

✘Tick-borne encephalitis virus complex (vl)

✘Torque teno (TTV/TTLV/SEN-V)

✘Vaccinia virus (t)

✘Variola virus (t)

✘Western equine encephalitis virus (t)

✘XMRV?

✘and what is next ?

✘Prions (vCJD)

✘Dengue (DENV)

✘Babesia species

✘Chikungunya (CHIKV)

✘St Louis encephalitis virus (SLEV)

✘Leishmania species

✘Trypanosoma cruzi

✘Prions (Chronic wasting disease)

✘Human herpesvirus 8 (HHV-8)

✘HIV variants

✘Human parovirus B19

✘Influenza A virus, subtype H5N1

✘Simian foamy virus (SFV)

✘Borrelia burgdorferi

✘Hepatitis A virus

✘Borna disease virus (t)

✘Classical CJD

✘Colorado tick fever virus (vl)

✘Crimean-Congo hemorrhagic fever virus (t)

✘Eastern equine encephalitis virus (t)

✘Ebola virus (t)

✘Enteroviruses (t)

✘Epstein-Barr virus (vl)

✘GB/HG viruses (a)

✘Hantavirus New World (t)

✘Hantavirus Old World (t)

Stramer, SL et al. Emerging infectious disease agents and their potential threat to transfusion safety. Transfusion, 2009. 49 
Suppl 2: p. 15-295                                                                                   

However, pathogens in the blood pool are 
just the tip of the iceberg when looking at 
the problem of adverse transfusion 
outcomes …



“[M]ore patients have died in any one year owing to 
transfusion immunomodulation’s side effects than died
in the entire transfusion transmitted AIDS epidemic”

Blumberg, N. and J.M. Heal, Immunomodulation by blood transfusion: an evolving scientific and clinical challenge.  
Am J Med, 1996. 101(3): p. 299-308. 
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The Multi-Billion Dollar Question:

Does transfusion do what it is intended to do—improve 
outcome or prevent adverse outcomes?

Spiess, B.D., Risks of transfusion: outcome focus. Transfusion, 2004. 44(12 Suppl): p. 4S-14S.

◼ There are few if any articles that support transfusion 
actually improving patient outcomes.

◼ The majority of database papers show associations 
between transfusion utilization and with 
immunosuppression, increased infection, increased 
renal failure, multisystem organ failure, and death.

of ≈150 million allogeneic blood components per year 



PLASMA

RED CELL STORAGE LESIONS

Haemolysis
Bilirubin
LDH
Iron

Jaundice

Thrombosis

Procoagulants
Other adverse 
effects of leukocytes

Cleavage/activation 

of plasma proteins

Kinins
Complement
Histamine

Hypotension
Flushing
Anxiety
GIT symptoms
Pain
Proinflammatory

Fever
Neutrophilia
Flushing
Proinflammatory
Capillary leak
TRALI/ARDS
MOF

Cytokines

Thrombosis
?ARDS
RES Blockade
Microvascular 
Pathology

Microaggregates

Acidosis
K+, Na+,NH4+
Hypothermia
Glucose
Plasticisers

Chemical, 
Metabolic &
Physical

RED 
CELLS

BUFFY 
COAT

Acknowledgement: Prof. James Isbister





Zimmerman et al. Anesth Analg 2017.



Hofmann Zurich 2017-06-12



Hofmann Zurich 2017-06-12
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The Rationale behind PBM:
Defeating the Triad

www.ifpbm.org



Triad of

Independent 

Risk Factors

for

Adverse 

Outcomes

Anemia 

& Iron 

Deficiency

Blood Loss 

&

Bleeding

Transfusion

Farmer SL., Towler SC, Leahy MF, Hofmann A. Best Pract Res Clin Anaesthesiol, 2013. 27(1): p. 43-58. 



Optimise

red cell

mass

Minimise

blood loss 

& bleeding

Harness & 

optimise

physio-

logical 

reserve of 

anaemia

Anemia,

Iron 

Deficiency

Blood Loss 

&

Bleeding

Transfusion

MODIFYING THE RISK FACTORS



2nd Pillar

Minimise blood loss

& bleeding

3rd Pillar

Harness & optimise 

physiological 

reserve of anaemia

• Optimise 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

• Minimise iatrogenic blood loss

• Haemostasis/anticoagulation 

management

• Prophylaxis of upper GI haemorrhage

• Avoid/treat infections promptly

• Be aware of adverse effects of medication

• Time surgery with haematological 

optimisation 

• Optimise cardiac output

• Optimise ventilation and oxygenation

• Identify and manage bleeding risk

• Minimise iatrogenic blood loss

• Procedure planning and rehearsal

• 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

1st Pillar

Optimise red cell mass

Perioperative multidisciplinary multimodal patient-specific team approach
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Hofmann et al. Current Opinions in Anaesthesiology 2012

• Meticulous haemostasis and surgical 

techniques

• Blood-sparing surgical devices

• Anaesthetic blood conserving strategies

• Autologous blood options

• Maintain normothermia

• Pharmacological/haemostatic agents

• Optimise anaemia reserve

• Maximise oxygen delivery

• Minimise oxygen consumption

• Avoid/treat infections promptly

• Restrictive transfusion thresholds

• Detect anaemia

• Identify underlying disorder(s) causing 

anaemia

• Manage disorder(s)

• Refer for further evaluation if necessary

• Treat suboptimal iron stores/iron 

deficiency/anaemia of chronic 

disease/iron-restricted erythropoiesis

• Treat other haematinic deficiencies

• Note: Anaemia is a contraindication for 

elective surgery



PBM DEFINITION

Patient Blood Management (PBM) is an 
evidence-based bundle of care to 

optimize patient outcomes 
by managing and preserving a patient's 

blood



Anaemia and Bleeding

Management 

of Patient Blood 
=managing the patient‘s own blood 

to save lives and improve overall 
outcomes

with Donor Blood
= saving lives by correcting Hb-values 

with transfusion
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PBM Results

www.ifpbm.org



• 3Y interventional cohort study 2012-2014 (n=101‘794)
• Interventions

• Mandatory guidelines 2012-04
• PBM monitoring and feedback program 2014-01

• Outcome parameters
• Units transfused (RBC, FFP, PLT)
• Total transfusion cost
• Clinical outcomes

Mehra et al. Transfusion 2015



• Recording of each transfusion and
• Recipient 
• Site of transfusion
• Physician responsible for the transfusion with his/her 

departmental affiliation
• Last Hb, PT, F-V and platelet count prior to transfusion

• Quarterly benchmark reports sent to department heads on
guideline conformity

• Thresholds transgressed >10% →meeting with DH for
specific explanation case by case

Mehra et al. Transfusion 2015

PBM Monitoring and Feedback Program at USZ



Milano 03-2016

Mehra et al. Transfusion 2015

Cost savings:
> 2‘000‘000 $

Total Blood Products -27%

RBCs -24%

PLTs -25%

FFP -37%
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A template for the world: 
Western Australia PBM Project

www.ifpbm.org



Results from the 
world’s largest PBM 
study (n=605’046)
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◼ Quality, safety, and effectiveness initiative 
with resource and economic implications. 

◼ Primary aim: improving medical and surgical 
patient outcomes while achieving significant cost 
savings by applying PBM principles

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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◼ Retrospective observational study to assess the impact on 
key outcome measures in all emergency and elective adult 
acute-care multi-day stay inpatients  (n=605,046) admitted 
to the 4 major adult tertiary-care hospitals July 2008 –
June 2014.

◼ Hospitals perform majority of high-complexity procedures 
performed in WA including cardiac, major trauma, burns, 
and obstetrics referral services

◼ Multivariate analysis to control for potential confounders 
and changes in patient case-mix

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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Key program performance indicators

Compared to baseline year, implementation was associated
in year 6 with:

■ 41% reduction in blood product usage (P<0.001) 

■ RBC txn Hb threshold decreased from 7.9 to 7.3 g/dL
(P<0.001)

■ Single-unit RBC txn increased from 33% to 64% (P<0.001)

■ Proportion admitted anemic decreased from 20.8% to 
14.4% (P=0.001)

■ Product acquisition cost savings of AU$18.5M

■ Estimated activity-based cost savings $80 - $100M

■ A one-time investment of $4.5M to cover 5-year change 
management and implementation process.

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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Key Patient Outcomes

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  

In-hospital mortality: 28%  (95% CI, 0.67 to 0.77; P<0.001)

Length of hospital stay: 15% (95% CI, 0.84 to 0.87; P<0.001)

Infection: 21% (95% CI, 0.73 to 0.86; P<0.001)

AMI/Stroke: 31% (95% CI, 0.58 to 0.82; P<0.001) 

Readmission:     6%  (95% CI, 1.02 to 1.10; P<0.001)

= additional non-valorized cost savings



Spahn DR. Transfusion 2017  
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PBM as a New Standard of Care

www.ifpbm.org



WHA63.12 adopted
by resolution May 21, 2010:

„Bearing in mind that patient blood management means that before surgery every 
reasonable measure should be taken to optimize the patient’s own blood volume, to 
minimize the patient’s blood loss and to harness and optimize the patient-specific 
physiological tolerance of anaemia following WHO’s guide for optimal clinical use (three 
pillars of patient blood management)“



Axel Hofmann Beijing 10-2016



Axel Hofmann Beijing 10-2016



Axel Hofmann Beijing 10-2016





https://www.nba.gov.au







Mortality Risk of Anaemia and Transfusion
Clearly Adressed

Preoperative anaemia is 
independently associated with an 

increased risk of morbidity and 

mortality.

1

In cardiac & non-cardiac surgery, RBC 
transfusion is independently associated 

with increased morbidity & mortality. This 
relationship is dose dependent.

In cardiac & non-cardiac surgery, RBC 
transfusion is associated with significantly 

longer stays in hospital and ICU

Preoperative anaemia is associated with 
increased hospital length of stay in non-

cardiac surgery







PBM - Implementation Guide for Hospitals

EUROPEAN COMMISSION 

Directorate-General for Health and Food Safety 

Directorate B - Health systems, medical products and 

innovation 

Unit B.4 - Medical products: quality, safety, innovation

Authors

Hans Gombotz, Axel Hofmann,

Astrid Nørgaard and Peter Kastner

AIT Austrian Institute of Technology GmbH

Donau City Straße 1

1220 Vienna, Austria

www.ait.ac.at / www.europe-pbm.eu

http://www.ait.ac.at/
http://www.europe-pbm.eu/


PBM - Guide for Health Authorities

EUROPEAN COMMISSION 

Directorate-General for Health and Food Safety 

Directorate B - Health systems, medical products and 

innovation 

Unit B.4 - Medical products: quality, safety, innovation

Authors

Axel Hofmann, Astrid Nørgaard, Johann Kurz, Suma 

Choorapoikayil, Patrick Meybohm, Kai Zacharowski, 

Peter Kastner and Hans Gombotz

AIT Austrian Institute of Technology GmbH

Donau City Straße 1

1220 Vienna, Austria

www.ait.ac.at / www.europe-pbm.eu

http://www.ait.ac.at/
http://www.europe-pbm.eu/


Identifying PBM gaps with 
Donabedian’s model

Quality of 
Structure

Quality of 
Process

Quality of 
Outcome

What happens 
to the patient?

What is done to 
the patient?

What is the public  health 
care structure to care for 

the patient?

Donabedian’s quality framework:

Ensuring PBM as the new standard of care

Find more under chapter 4

Evidence 
demonstrates 

improved outcome 
and patient safety 

with PBM

Numerous hospitals 
worldwide including 
some EU-PBM pilot 

sites with well 
coordinated PBM 

processes    

Structural deficits 
represent major 

obstacle for health-
system wide PBM 
implementation   



Structural problems 

• PhD students – Structural Challenges 

• PhD Students- Educational Challenges 

Axel Hofmann 2017-03-25





Patient Blood Management 

a.PBM requires a basic data set 



PBM project feasibility
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PBM and the 
Transfusion Establishment:

Threat or Opportunity?



Huge opportunity to take on a pro-
active role in PBM:
Avoiding anaemia and bleeding 

disorders in general and 

particularly prior to 

hospitalizations



• Anaemia detection & 
management centers

• PBM 
experts/consultants

• PBM nurses
• PBM monitoring, data 

management and 
benchmarking

• PBM outcomes research 
• PBM education
• PBM online training 

courses/CME
• PBM certification
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The Global Health Care Crisis 
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Health Care Expenditures – All Providers 

(selected countries)

OECD Health Data 2017 
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Competing with 
• Housing
• Food
• Transportation
• Education
• Recreation
• Energy
• Insurance
• Social welfare ...

U.S.
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Health Care Expenditures – All Providers 

(selected countries)

OECD Health Data 2017 
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The Current Imperative:
Improve Productivity
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West Palm Beach 08-2017
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A Guide to Productivity:
Cost-effectiveness



Cost-Effectiveness Concept

B
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Cost-Effectiveness Concept
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A huge missed opportunity: 

As a standard of care, managing the patients’ own blood 

rather than resorting to donor blood!

→ PATIENT BLOOD MANAGEMENT
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Summary

www.ifpbm.org



THE CHALLENGES THE SOLUTION THE EXPANSION

• Anaemia, blood loss and transfusion are modifiable risk factors for adverse 
outcomes

• PBM addresses these risks:
• Reduced mortality
• Reduced morbidity
• Reduced transfusions, thus leading to improved safety 
• Reduced LOS
• Less cost

• PBM recommended as STANDARD OF CARE by the
WHO, EC/EU, NBA, NHS, ESA, EBA, ACSQHC, SABM, IFPBM, AABB, ARC Blood 
Service and others



PBM SA

• Guiding Coalition- Publication
• IT infrastructure integration
• Guidelines 
• Training of Blood service PBM champions 
• Creating awareness National, Provincial, Private, 

Patient groups 
• Visit NBA 
• Congress 
• Research projects 
• Training pre-graduate and post graduate level
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