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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/
Å weakness
Å fatigue
Å difficulty 

concentrating
Å poor work 

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

mortality



Å The impairment that affected the greatest number of people in 
2015 was anaemia, with 2.36 billion (2.35ς2.37 billion) 
individuals affected

Å 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

ÁфпфΩппф ǇŀǘƛŜƴǘǎ ƻŦ нп ǎǘǳŘƛŜǎ ŀƴŀƭȅȊŜŘ 

Á39% of patients were anemic (WHO definition)

ÁAnemia was associated with
Á Perioperative mortality ç - OR 2.90 (2.30 ς3.68, p< 0.001)
Á Acute kidney injury ç - OR 3.75 (2.95 ς4.76, p< 0.001)
Á Infections ç - OR 1.93 (1.06 ς1.55, p< 0.01)
Á Stroke in cardiac surgeryç - OR 1.28 (1.17 ς3.18, p< 0.01)
Á RBC transfusion ç - OR 5.04 (4.12 ς6.17, p< 0.001)



US Veterans Database (NSQIP)όƴҐннтΩпнрύ

Anaemia όƴҐсфΩннфΤ олΦп҈ύ

30 day mortality

30 day composite morbidities (9 defined areas)

Multivariate regression analysis

(9 defined subgroups)

(56 confounders)



ÅPreoperative anemia: 30.4%

ÅMild anemia æOR mortalityç: 1.4 (1.3 ς1.5)

ÅMild anemia æOR morbidity ç: 1.3 (1.3 ς1.4)

ÅRBC trans. æOR mortality ç: 2.0 (1.8 ς2.2)

ÅRBC trans. æOR morbidity ç: 1.8 (1.7 ς1.9)

Musallam, K.M., et al., Preoperativeanaemiaandpostoperative outcomesin non-cardiac surgery: a retrospective
cohort study. Lancet, 2011.



Effect of Anemiaon 
Mortality and Composite Morbidity

Musallam, K.M., et al., Preoperativeanaemiaandpostoperative outcomesin non-cardiacsurgery: a retrospectivecohort
study. Lancet, 2011.
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KassebaumNJ 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:

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

Å17.8 million suffering from anaemia,
Åpredominantly in neonates and children, 
Åwomen in the reproductive age and the elderly. 
Åalso a high prevalence of HIV-related anaemia, anaemia of 

inflammation, malarial anaemia and anaemia from intestinal 
parasite infestations. 

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

Åoutcomes 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:

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

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

Å 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

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

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

on bed occupation and a healthcare budget under extreme pressure.



ά¦ƴŎƻƴǘǊƻƭƭŜŘ ƘŜƳƻǊǊƘŀƎŜ ƛǎ ǘƘŜ 
only defense of the unconscious 
patient against the incompetent 
ǎǳǊƎŜƻƴΦέ

William Stewart Halsted  

1852 ς1922

Johns Hopkins University

Bleeding



Major blood loss associated with increased

ÅMortality (3 -fold)

ÅMajor morbidity (3 -fold)

ÅICU and hospital length of stay

ÅLikelihood of transfusion 

Causes

ÅOn average 75 ð90% local surgical interruption or vessel interruption

Å10ð25% acquired or congenital coagulopathy

Shander A. Surgery 2007

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

Vivacqua et al Ann Thorac Surg2011

Christensen et al J Thorac CardiovascSurg2009

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

ṎNew infectious agents
ṎHBV variants (vl)

ṎHEV (vl)

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

ṎHTLV variants (t)

ṎInfluenza A and B viruses (other than H5N1 (t)

ṎJapanese encephalitis virus (t)

ṎLa Crosse virus (t)

ṎLassa virus (t)

ṎLymphocytic choriomeningitis virus

ṎMarburg virus (t)

ṎMonkeypox virus (t)

ṎMumps virus (t)

ṎPapillomaviruses (t)

ṎPolyomaviruses (t)

ṎPorcine endogenous retrovirus (t)

ṎPorcine parovirus (t)

ṎRhabdovirus (a)

ṎSARS coronavirus (t)

ṎTick-borne encephalitis virus complex (vl)

ṎTorque teno (TTV/TTLV/SEN-V)

ṎVaccinia virus (t)

ṎVariola virus (t)

ṎWestern equine encephalitis virus (t)

ṎXMRV?

Ṏand what is next ?

ṎPrions (vCJD)

ṎDengue (DENV)

ṎBabesia species

ṎChikungunya (CHIKV)

ṎSt Louis encephalitis virus (SLEV)

ṎLeishmania species

ṎTrypanosoma cruzi

ṎPrions (Chronic wasting disease)

ṎHuman herpesvirus 8 (HHV-8)

ṎHIV variants

ṎHuman parovirus B19

ṎInfluenza A virus, subtype H5N1

ṎSimian foamy virus (SFV)

ṎBorrelia burgdorferi

ṎHepatitis A virus

ṎBorna disease virus (t)

ṎClassical CJD

ṎColorado tick fever virus (vl)

ṎCrimean-Congo hemorrhagic fever virus (t)

ṎEastern equine encephalitis virus (t)

ṎEbola virus (t)

ṎEnteroviruses (t)

ṎEpstein-Barr virus (vl)

ṎGB/HG viruses (a)

ṎHantavirus New World (t)

ṎHantavirus 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 
outcomesΧ



άώaϐƻǊŜ ǇŀǘƛŜƴǘǎ ƘŀǾŜ ŘƛŜŘ ƛƴ ŀƴȅ ƻƴŜ ȅŜŀǊ ƻǿƛƴƎ ǘƻ 
ǘǊŀƴǎŦǳǎƛƻƴ ƛƳƳǳƴƻƳƻŘǳƭŀǘƛƻƴΩǎ ǎƛŘŜ ŜŦŦŜŎǘǎ ǘƘŀƴ ŘƛŜŘ
ƛƴ ǘƘŜ ŜƴǘƛǊŜ ǘǊŀƴǎŦǳǎƛƻƴ ǘǊŀƴǎƳƛǘǘŜŘ !L5{ ŜǇƛŘŜƳƛŎέ

Blumberg, N. andJ.M. Heal, Immunomodulationbybloodtransfusion: an evolvingscientificandclinicalchallenge.  
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 doτimprove 
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 å150 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. AnesthAnalg2017.



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 PractRes ClinAnaesthesiol, 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

Å Optimise erythropoiesis

Å Be aware of drug interactions that can 

increase anaemia 

Å Vigilant monitoring and management of 

post-operative bleeding

Å Avoid secondary haemorrhage

Å Rapid warming / maintain normothermia

(unless hypothermia specifically 

indicated)

Å Autologous blood salvage

Å Minimise iatrogenic blood loss

Å Haemostasis/anticoagulation 

management

Å Prophylaxis of upper GI haemorrhage

Å Avoid/treat infections promptly

Å Be aware of adverse effects of medication

Å Time surgery with haematological 

optimisation 

Å Optimise cardiac output

Å Optimise ventilation and oxygenation

Å Identify and manage bleeding risk

Å Minimise iatrogenic blood loss

Å Procedure planning and rehearsal

Å Assess/optimise patientôs physiological 

reserve and risk factors

Å Compare estimated blood loss with 

patient-specific tolerable blood loss 

Å 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

Å Meticulous haemostasis and surgical 

techniques

Å Blood-sparing surgical devices

Å Anaesthetic blood conserving strategies

Å Autologous blood options

Å Maintain normothermia

Å Pharmacological/haemostatic agents

Å Optimise anaemia reserve

Å Maximise oxygen delivery

Å Minimise oxygen consumption

Å Avoid/treat infections promptly

Å Restrictive transfusion thresholds

Å Detect anaemia

Å Identify underlying disorder(s) causing 

anaemia

Å Manage disorder(s)

Å Refer for further evaluation if necessary

Å Treat suboptimal iron stores/iron 

deficiency/anaemia of chronic 

disease/iron-restricted erythropoiesis

Å Treat other haematinic deficiencies

Å 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 
ҐƳŀƴŀƎƛƴƎ ǘƘŜ ǇŀǘƛŜƴǘΨǎ 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



Å3Y interventionalcohortstudy2012-2014 (nҐмлмΨтфпύ
ÅInterventions
ÅMandatoryguidelines2012-04
ÅPBM monitoringandfeedbackprogram2014-01

ÅOutcome parameters
ÅUnits transfused(RBC, FFP, PLT)
ÅTotal transfusioncost
ÅClinical outcomes

Mehraet al. Transfusion 2015



ÅRecording of each transfusion and
ÅRecipient 
ÅSite of transfusion
ÅPhysician responsible for the transfusion with his/her 

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

ÅQuarterly benchmark reports sent to department heads on
guideline conformity
ÅThresholds transgressed >10% Ąmeeting with DH for

specific explanation case by case

Mehraet al. Transfusion 2015

PBM Monitoring and Feedback Program at USZ



Milano 03-2016

Mehraet al. Transfusion 2015

Costsavings:
Ҕ нΨлллΨллл Ϸ

Total Blood Products -27%

RBCs -24%

PLTs -25%

FFP -37%



42

4

A template for the world: 
Western Australia PBM Project

www.ifpbm.org



Results from the 
ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ t.a 
ǎǘǳŘȅ όƴҐслрΩлпсύ


