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Learning Objectives 

 

• Definition of anaemia 

• Scale of the problem 

• Causes of anaemia 

• Consequences 

• Pre-operative treatment 

 

 

 



 



Pillar One 

• Identify, assess and treat anaemia 

• Consider postponing elective non-urgent 
surgery if anaemic 

• Time surgery with optimization of red blood 
cell mass 

 

 



Definition 

 

 

• WHO: 13 g/dL men, 12 women (1968) 

 



Gender bias 

• Should be we aiming for an Hb > 130 g/L in 
men and women? 

• Women are smaller than men 

• Women have smaller body surface area and 
less blood 

• Women bleed just as much as men! 



Population Demographics 
 

• Increasing age 

• More comorbidities 

• More healthcare 

• Epidemic of anaemia? 



Data from 1995 - 2005 

 

Patel KV et al. Semin Hematol 2008; 45: 210-7. 



Incidence of anemia 

• Increases with age 

Gaskell H et al. BMC Geriatrics 2008; 8: 1. 



Causes of anaemia 

• Nutrient deficiency 

– Iron 

– Folate 

– B12 

• Renal failure 

• Chronic disease 
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• 55-45 mg/kg (3-4g) iron in the body 

• Iron turnover less than 1-2mg/day: 

 Lasocki et al. Anesthesiology 2011; 114: 688-94 
 



• Iron losses:  
– Desquamation of skin and urinary cells 
– Sloughing of intestinal cells 
– Sweat 
– Blood loss 

 
• Iron absorbed from the diet into intestinal cells 

and exported into blood via ferroportin. 
• Transferrin transports iron from stores 

(macrophages, hepatocytes) to utilisation sites 
(bone marrow, muscles) 
 



Causes of Iron Deficiency 
A. Increased demand 

 Growth during infancy and childhood  
 Treatment with erythropoiesis-stimulating agents 

B. Limited supply  

 Poor intake 
 Inappropriate diet with deficit in bioavailable iron and/or ascorbic acid  
 Malabsorption  
- Gastric resection  
- Helicobacter pylori infection (even without significant bleeding)  
- Malabsorption syndromes (Crohn's disease and celiac disease) 
 Drug interference (gastric anti-acid agents and anti-secretory drugs) 

C. Increased losses  

 Phlebotomy  
- Blood donation  
- Dialysis (particularly haemodialysis) 
 Haemorrhage  
- Surgery  

- Trauma  
- Gastrointestinal bleeding  
- Genitourinary bleeding  
- Respiratory tract bleeding 



Anaemia of chronic disease 

• Inflammation 

 

• Iron deficiency – relative or absolute 

 

• Impaired erythroid cell proliferation  

• Dysregulation of iron metabolism 

• Blunted erythropeitin synthesis 



Hepcidin 

• Central regulator of iron homeostasis 

• Small 25-amino acid peptide produced mainly 
in the liver. 

• Acts by binding to Ferroportin. 

• Blocks Ferroportin in intestinal cells leading to 
iron deficiency. 

• Blocks Ferroportin in macrophages leading to 
inhibition of iron release and iron-restricted 
erythropoiesis. 

 

 



Hepcidin synthesis 

• Induced by iron overload and INFLAMMATION via 
interleukin-6 
 

• Repressed by iron deficiency, hypoxia and 
erythroid expansion. 
 

• Cleared by the kidney. 
 

• Ageing is a pro-inflammatory state in which iron 
absorption is impaired via Hepcidin. 
 
 
 



Hepcidin 

• Increased due to inflammation 

• Also elevated in chronic kidney disease due to 
reduced renal clearance. 

• Leads to iron-restricted erythropoiesis 

• “Anaemia of chronic disease” 

 



All the same! 

• Anaemia of chronic disease 

 

• Functional iron deficiency 

 

• Iron restriction anaemia 



Incidence 

 

1463 out of 2688 patients (54.4%) anaemic from 2008-2009 



 

 

 

 

 

• Anaemic patients more likely to be transfused, 
higher mortality and stay longer in ICU and 
hospital. 

• INCREASED COST 





• All adult patients undergoing cardiac surgery 
at 12 ACTA-accredited UK centres, 2010-2012 





National variation in  
prevalence of anaemia 
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US Veterans Database (NSQIP) (n=227,425) 

 

Anaemia    (n=69,229; 30.4%) 
 

30day mortality 

30day composite morbidities (9 defined areas) 

 

Multivariate regression  

 (9 defined subgroups) 

 (56 cofactors) 

 

 



Effect of Anaemia on Outcome 



 

 

 

 

 

• January 2012 to 2013 

• 200 anaemic cardiac surgical patients  

• Blood and bone marrow analysis  

• Primary outcome was days alive and out of hospital.  

 



Causes of anaemia in  
cardiac surgical patients  

• Folate/B12 deficiency 6% 

• Renal failure 10% 

• Iron deficiency 84% 

– Absolute iron deficiency 5% 

– Iron restriction (chronic disease) 79% 



Treatment 

• Oral Iron 

– Slow (2 – 3 months) 

– Poorly tolerated 

– absorption decreased by hepcidin therefore not 
effective in chronic disease 

– Effective in absolute iron deficiency 

 

 

 



Treatment – oral iron 

• At least 6-8 weeks before surgery 
• Oral iron supplementation and nutritional advice may be 

appropriate.  
• In iron deficient women, oral iron sulphate dose above 60 

mg stimulates hepcidin release, which results in lower iron 
absorption from the next dose.  

• Low-dose oral iron given on alternate days may maximise 
fractional iron absorption, increase dosage efficacy, reduce 
gastro-intestinal exposure to unabsorbed iron, and 
ultimately improve tolerance and adherence to treatment.  

• Not effective in patients with inflammation or on-going 
blood loss  



Treatment – oral iron 

• Many patients will not respond to oral iron, especially 
those with functional iron deficiency and chronic illness 
or infection.  

• Other patients will not tolerate oral iron due to gastro-
intestinal side effects.  

• Once oral iron has been commenced, the Hb should be 
measured, at least 4 weeks before surgery.  

• In the absence of an increased Hb or if the patient is 
intolerant, iv iron is preferred.  

• If < 6 weeks remains before surgery (not enough time 
for oral iron to work), intravenous iron may also be the 
most effective option. 
 



Treatment 

• Intravenous Iron 

• Improves the anaemia-induced over-expression of 
hepcidin 

• Effective in functional iron deficiency (anaemia of 
chronic disease)  

• Excessive dose (exceeding transferrin iron-binding 
capacity) may promote free iron which can induce 
oxidant stress (?susceptibility to infection) 

• Recent meta-analysis – effective at increasing Hb by 13 
g/l, reduced risk for transfusion 0.74 (0.62 – 0.88) but 
increased risk of infection RR 1.3 (1.1-1.6) 

 
Litton E et al. BMJ 2013; 347 



Treatment – iv iron 

• Intravenous iron is highly efficacious at replenishing iron 
stores and increasing Hb in anaemia due to iron deficiency 
with or without inflammation. 

• A dose of 1000-1600 mg is sufficient in most surgical 
patients and can usually be given by slow infusion in one 
sitting or in two divided doses, depending on the 
preparation being used, over 15-30 minutes. 

• Most patients feel better in three days, with a rapid Hb 
response (50% at 5 days, 75% at 10-14 days, maximal at 3 
weeks).  

• Data linking this to increased patient welfare, reduced peri-
operative complications and length of hospital stay, and 
improved patient outcomes are incomplete.  



Treatment 

• Erythropoietin 

• Recommended before orthopaedic surgery in Europe. 

• Restricted by FDA to non-cardiac and non-vascular 
patients 

• Concern about association with increased risk of 
postoperative thrombosis after spinal surgery 

• Also some concern re. CVS and CVA (with higher Hb) 

• Much more effective at lower dose if combined with iv 
iron 

 

 



Inadequate Iron stores 

• Inability to sustain erythropoiesis to recover from 
blood loss at operation.  

• Indicated by the serum ferritin level; in a healthy 
adult, 1 ng.l-1 ferritin reflects approximately 8 mg 
stored iron.  

• As an example, a patient with a pre-operative 
ferritin <100 ng.l-1 may not have enough iron 
reserves to recover from a 30-40 g.l-1 Hb drop, 
while maintaining normal iron stores (ferritin >30 
ng.l-1).  

 



Iron Deficiency 

• True (absolute) iron deficiency without 
anaemia refers to a reduction in total body 
iron with normal Hb, as levels of erythroid iron 
are still sufficient for erythropoiesis.  



Diagnosis 

• A serum ferritin level <30 μg·l-1 is the most 
sensitive (92%) and specific (98%) cut-off level 
for the identification of true iron deficiency 
(with or without anaemia); no further 
laboratory work-up is needed. 



Diagnosis 

• In the presence of inflammation (CRP >5 mg.l-
1) and/or TSAT < 20% 

• Ferritin <100 μg.l-1 strongly suggests iron 
deficiency 

• It also indicates inadequate iron stores for 
surgery during which moderate-to-high blood 
loss is expected.   

 



Diagnosis 

• Low reticulocyte Hb content (CHr <28 pg)  

• Increase in hypochromic red cells (Hypo >5%, 
Low Density Hb),  

• Ratio of serum transferrin receptor level to the 
log of ferritin (sTfr/log Ft), the so-called 
ferritin index. A ferritin index >2 indicates iron 
deficiency 





Delaying surgery 

• Benign disease: 

• In major surgery, blood loss > 500ml, patients 
should be informed about the relationship 
between anaemia, morbidity and mortality, and 
should be given the opportunity to postpone 
non-urgent surgery until their anaemia is 
investigated and treated.  

• Several guidelines recommend postponing the 
operation for about four weeks to allow 
appropriate management of anaemia  



Iron deficiency without anaemia 

• Non-anaemic patients with iron deficiency or 
inadequate iron stores undergoing surgical 
procedures with expected moderate-to-high 
blood loss may benefit from pre-operative iron 
administration, to boost recovery from 
postoperative anaemia. 

• Oral iron should be considered.  

• Intravenous iron administration (e.g. 500 mg) if 
surgery is scheduled to take place < 4 wks or if 
the patient cannot tolerate oral iron  



The CArdiac and Vascular surgery Interventional Anaemia Response study 
Funded by ACTA, VASGBI and BJA via NIAA 

12 centres recruiting patients 
Functional outcomes before and after iv iron 

Changes in Hepcidin due to surgery and iron administration 



IV iron for Treatment of Anaemia before Cardiac Surgery 
Funded by NHMRC 

1000 patient RCT in Australia and UK (different formulations) 
Staring to recruit in July (Australia) and December (UK) 

Primary outcome – days alive and out of hospital 
 



Clinic set-up 

• Get FBC as soon as possible 

• Hb<13 = clinic visit 

 

• Full work up 

• Intravenous iron on Day Ward 

• 1 hour monitoring HR/SpO2/BP 

 

 



Conclusion 

• Increasing incidence 

• Many different causes 

• Significant healthcare burden 

• Large impact on outcomes 

• Associated with increased mortality and 
morbidity 

• Treatment is possible but will it improve 
outcome? 

• ANAEMIA CLINICS 


