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Case study 1



Β thalassaemia minor



Iron studies

• Serum iron 37 μg/dl (40 – 150)
• Ferritin 12 ng/ml (>40)
• TSAT  11% (> 25)





Case study 1

• Assumed iron overloaded
• Proceeded to pancreaticoduodenectomy
• Blood loss 650 ml
• Transfused 3 units packed cells in peri-operative phase
• Physician declined iron replacement (“unsafe in ICU”)
• Discharged day 18 with Hb 8.9
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Farmer SL., Towler SC, Leahy MF, Hofmann A. Best Pract Res Clin Anaesthesiol, 2013. 27(1): p. 43-58.



2nd Pillar  
Minimise blood loss

& bleeding

3rd Pillar  
Harness & optimise

physiological  
reserve of anaemia

• Optimise erythropoiesis
• Be aware of drug interactions thatcan  

increase anaemia

• Vigilant monitoring and managementof  
post-operative bleeding

• Avoid secondary haemorrhage
• Rapid warming / maintainnormothermia  

(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 bleedingrisk
• 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 bloodloss

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

1st Pillar  
Optimise red cell mass

Peri-operative 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



Anaemia



• 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).



Prevalence of anaemia and IDA

GBD 2013 Mortality and Causes of Death Collaborators. Lancet 2015;385:117–71
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ID is the global #1 cause of anaemia



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

§ 949 449 patients in 24 studies analyzed

§ 39% of patients were anaemic (WHO definition)

§ Anaemia 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 < 0.001)
§ RBC transfusion - OR 5.04 (4.12 – 6.17, p < 0.001)



Effect of Anaemia on Peri-operative 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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Anaemia incidence ~ 50%

Mortality increased by 66%

ICU stay increased by 50%



Kassebaum NJ et al. Blood, 2014;123: 615-24
Axel Hofmann Beijing 10-2016

50 % of anaemias are IDA
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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



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.



“[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.



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





Mortality Risk of Anaemia and Transfusion  
Clearly Adressed

Preoperative anaemia is  
independently associated with an  
increased risk of morbidity and  

mortality.

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

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

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

cardiac surgery

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

longer stays in hospital and ICU





2018 Frankfurt Consensus Conference 
highlights
• Pillar 1

• Recommendations based on weight of evidence & safety – efficacy profiles
• Strong recommendation for detection & management of anaemia before 

major elective surgery
• Conditional recommendation for iron supplementation in adult pre-operative 

patients with IDA
• Route and iron formulation to be individualized
• Conditional recommendation against routine EPO in anaemic pre-operative 

adult patients 
• Conditional recommendation for combination od IV iron and EPO in pre-

operative adult orthopaedic patients with Hb < 13

Mueller MM, van Remoortel H, Meybohm P et al. JAMA 2019; 32(10): 983 - 997



2018 Frankfurt Consensus Conference 
highlights
• Further consensus recommendations

• Transfusion triggers in a variety of high risk, haemodynamically stable 
scenarios 7 – 8 g/dL

• Abandonment of less restrictive transfusion targets
• Worldwide implementation of PBM programmes

Mueller MM, van Remoortel H, Meybohm P et al. JAMA 2019; 32(10): 983 - 997



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



The anaemia epidemic

National/regional/ 
international strategies

Individual patient 
strategies

Anaemia detection 
and diagnosis

Anaemia management

Screen your high-risk 
patient



HYPOXIA

IRON

1-2 mg

von Drygalski, A Adamson J. Iron Metbolism in man. Journal of Parenteral and Enteral Nutrition 2013 (37) 599 – 606



von Drygalski, A Adamson J. Iron Metbolism in man. Journal of Parenteral and Enteral Nutrition 2013 (37) 599 – 606



Body iron ± 3 – 4 g 

Liver and the 
reticuloendothelial system 
and spleen (approximately 

200 –300 mg in adult women 
and 1 g in adult men)

Cells contain small 
concentrations in 
iron - containing 

proteins 

Muscle contains iron 
predominantly in 

myoglobin(300mg).

Erythrocyte 
haemoglobin (2–3 g)

Foetus 1g



Iron deficiency

• Sequence of events
• Inefficient energy metabolism in all cells especially muscle (FATIGUE)

• “the 100 hungry enzymes”
• Use of iron stores with normal haematopoiesis
• Making smaller cells with normal Hb conc (microcytosis – MCV)
• Making small cells with reduced Hb conc (hypochromia – MCHC)
• Poor reticulocyte response

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Misconceptions in iron deficiency

1. A normal ferritin excludes IDA
• Wide range of normal ferritin values (~40 – 500 ng/ml)

• < 30 ng/ml – always iron deficiency
• Ferritin – acute phase reactant – released by liver in inflammatory states
• Levels of 30 – 100 with evidence of inflammation (CRP) usually ID

• Check tsat – if < 20% = ID
• Levels of > 100 with microcytosis / hypochromia

• Defect of iron utilization
• Usually need iron with erythropoietin (EPO)

• Iron therapy at higher ferritin levels – CCF; CKD; cancer – all tend to have 
elevated hepcidin & intestinal absorption / storage release block 

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Misconceptions in iron deficiency

2. Non anaemic ID does not need intervention
• Huge iron deficit before Hb falls
• Fatigue & effort intolerance present before anaemia
• Proven benefit for iron therapy

• Athletes
• Blood donors
• Pregnant / menstruating women (ID - maternal / foetal adverse effects)
• Cancer (decreased thrombosis)
• CCF (energy; QOL; survival)
• Peri-operatively (ID - infection / transfusion / fatigue)
• Iron deficits 1 – 2 g – difficult to correct orally

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Misconceptions in iron deficiency

3. Oral iron is always efficacious if tolerated
• Deficits of > 1 g
• Can absorb < 5mg/day – 200 days + to correct (Hb rises not > 1 mg/dl/month)
• Need to continue for 3 months after correction of IDA to replenish iron 

reserves
• > 70% intolerance at doses > 100 mg/day
• PPI / antacids inhibit absorption
• Best approach for tolerability (greatest % absorption)

• Low doses
• Alternate days (oral iron increases hepcidin)

• The only indication is cost

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37

Useless peri-operatively



Misconceptions in iron deficiency

4. IV iron should be reserved for severe anaemia
• Critical anaemia requires blood transfusion until haemodynamics / ischaemia

resolve
• Hyperlactataemia
• Diastolic or global hypotension with tachycardia

• Must be followed by IV iron for maximum efficacy
• IV superior to oral in every situation and cost is the only interfering variable

• Well tolerated
• Rapid, sustained effect after 1 – 2 doses
• No Hb overshoot (unlike EPO)
• Many safe formulations

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Misconceptions in iron deficiency

5. IV iron has a high incidence of side effects
• Severe anaphylaxis rare < 1:250 000 (15 – 20 times lower than RBC transfusion). 

Tryptase diagnostic
• Fishbane reactions resembling allergy or myalgia / arthralgia more common and are 

generally self limiting without therapy – related to labile iron
• Choice of agent – FCM lowest
• Appropriate dilution
• Speed of administration

• Infusions must still be done in medically registered and resourced environments
• Hypophosphataemia
• Benefit far outweighs risk
• Deaths associated with IV iron usually multifactorial (CCF; sepsis; cancer)

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Misconceptions in iron deficiency

6. IV iron increases the risk of infection / oxidative stress
• Bacteria thrive on elemental (free / labile) iron

• Highest levels with transfusion
• Moderate levels with chronic / repeated iron therapy
• Short term iv iron risk ~ placebo
• Any iron therapy contra-indicated in severe systemic sepsis – evidence free zone
• Chronic iron therapy – advisable to use low doses (FCM < 400 mg/month)
• Sepsis risk from ID or IDA is orders of magnitude higher than that from free serum iron

• Oxidative stress – similar concerns with chronic iron therapy
• Use agents with lowest free iron concs and at lowest effective doses

Munoz M, Gomez-Ramirez S, Besser M et al. Blood Transfus 2017; 15: 422 - 37



Peri-operative management of ID

• Assess iron status on initial presentation (early morning)
• FBC & reticulocytes; CRP
• Serum iron; ferritin; tsat

• If overt ID / IDA / inflammation with ferritin < 100 ng/ml
• IV FCM / isomaltoside 1000 mg single infusion or 500 mg x 2 (<50 kg)

• Ideally > 3 weeks pre-op but any time better than no infusion
• Reassess Hb; reticulocytes 3 weeks after iron infusion and if Hb not increased > 2 g/dl, 

repeat infusion +/- EPO
• Reassess 3 weeks post-op in case further supplementation required

WA PBM guideline volume 2



Case study 2

• 50 year old female (medical doctor), 56 kg
• Years of lower abdominal pain, distension, fatigue and peri-

menopausal bleeding
• Huge retroperitoneal mass (? Sarcoma)
• Hb 9.9 g/dL
• Overtly iron deficient on iron studies
• Team and patient favoured brief delay in surgery for iron therapy



Case Notes

Day 22
Surgery
• Blood loss 1.9 L
• 650 mL cell 

salvaged packed 
cells reinfused

• No allogeneic 
transfusion 

Day 55
Bloods
• Hb 10.7 g/dL

Day 0
Treatment
• 1000 mg 

IV FCM

Day 26
Discharge
• Hb 10.2 g/dL
• On oral iron 

supplementation

Day 18
Bloods
• Hb 12.8 g/dL
• Reticulocyte count 

22%
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Minimise blood loss

& bleeding

3rd Pillar  
Harness & optimise

physiological  
reserve of anaemia

• Optimise erythropoiesis
• Be aware of drug interactions thatcan  

increase anaemia

• Vigilant monitoring and managementof  
post-operative bleeding

• Avoid secondary haemorrhage
• Rapid warming / maintainnormothermia  

(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  
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• Optimise cardiac output
• Optimise ventilation and oxygenation
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• 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
• Saves lives and morbidity
• Saves money
• Reduces hospital stay
• Reduces transfusion
• Is the right thing to do from an individual 

patient and societal perspective


