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INTRODUCTION 
 
The prevalence of anaemia amongst major surgical populations is significant 1,2. One of the most 
pertinent risk factors for major postoperative complications amongst European and US surgical 
populations is preoperative anaemia (PA) 2,3. The aim of this booklet, is to raise awareness 
amongst anaesthetists, of the prevalence and consequences of PA, and how we may approach 
PA to improve patient outcome. 

 

DEFINITION OF ANAEMIA 
Anaemia is described as a decrease in red blood cell (RBC) mass, as provided by analysis of 
radiolabelled erythrocytes 4. During the perioperative period, RBCs are essential for oxygen 
delivery to tissues. Erythrocytes contain haemoglobin (Hb) molecules. Haemoglobin is an iron-
containing protein, that transports oxygen to tissues and carbon dioxide back to the lungs5. 
Anaemia describes a condition when the number of erythrocytes (and hence their oxygen-
carrying capacity) is insufficient to meet physiologic needs.4  The World Health Organisation 
(WHO) defines anaemia as an Hb measurements of <12g/dL in females and <13 g/dL in males.4 

The WHO grades anaemia into mild, moderate and severe groups based on Hb thresholds 
(severe anaemia: Hb < 8 g/dL in females and males; moderate anaemia: Hb 8-10.9 g/dL in 
females and males, and mild anaemia: Hb 11.0-11.9 g/dL in females, and Hb 11.0-12.9 g/dL in 
males)4 . We apply this same definition and grading of anaemia in the peri-operative setting6, 
however trigger levels for interventions may differ.  

 

PREVALENCE OF ANAEMIA AND PREOPERATIVE ANAEMIA 
A significant 32.9% of the global population is affected by anaemia7. A South African National 
Health Survey revealed that between 12.2% and 22% of the General SA population are anaemic 
8. However, this study only involved participants living in occupied households, and excluded 
certain individuals, namely those in old-age homes, hospitals and homeless people. It is possible 
that the prevalence of chronic diseases, as well as poverty and associated nutritional deficiencies 
may be higher in these populations, and therefore the baseline Hb for the general population may 
be lower than that currently reflected. In addition to this consideration, it is likely that the 
prevalence of anaemia in surgical populations is much greater than that of the general population 
6. Munoz et al. demonstrated that the prevalence of pre-operative anaemia (PA) in surgical 
populations is much higher than that of the general population.6   

Several studies observing mixed surgical populations reported a significant prevalence of 
anaemia 2,3,9,10. Baron and colleagues performed a sub-analysis of the European Surgical 
Outcomes Study (EuSOS) and reported a 28.7% prevalence of PA 3. A meta-analysis of PA and 
postoperative mortality (PM) by Fowler et al found that 39.1% of non-cardiac surgery patients had 
PA 10. In a large multicentre study of PA and postoperative outcomes, Musallam and colleagues 
showed a 30.44% prevalence of PA in non-cardiac surgery patients 2. In South Africa, several 
studies have reported a significant prevalence of PA amongst various surgical populations1,9,11. 
Marsicano and colleagues conducted a secondary analysis of the South African Surgical 
Outcomes Study (SASOS) and observed a 47.8% prevalence of PA9.  

 A recent study by Jadhunandan, Moodley and Gopalan, reported a 71% prevalence of anaemia 
amongst patients undergoing open intra-abdominal surgery1. Another recent study by Meyer, 
Torborg, Cronje and colleagues, conducted a secondary analysis of the South African Paediatric 
Surgical Outcomes study (SAPSOS), and demonstrated a 46.2% prevalence of PA amongst the 
paediatric surgical population11. 

Considering that PA is associated with MPC, there is a potentially high percentage of surgical 
patients who are at risk of MPC because they have PA.   
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WHY IS PREOPERATIVE ANAEMIA IMPORTANT TO THE ANAESTHETIST? 
Several studies have demonstrated greater morbidity and mortality with PA across most surgical 
specialities1,2,3,9,10. In addition, the risk of major non-cardiac postoperative complications 
(respiratory, urinary, wound, septic, and thromboembolic complications) is increased2. Evidence 
has also demonstrated that PA has a negative effect upon functional recovery, length of hospital 
stays, and quality of life12.  

Musallam et al., performed a large multicentre study of 227 425 non-cardiac surgery patients (of 
which 30.4% had PA)2. They found that in comparison to non-anaemic patients, patients with PA 
of any severity had increased rates of most morbidities (cardiac, respiratory, urinary, wound, 
sepsis, venous thromboembolism). They found that patients with PA had a 45-77% higher risk of 
cardiac complications, a 33-70% higher risk of respiratory complications, a 5-16% higher risk of 
neurological complications, and 24-88% higher risk of sepsis. Perioperative transfusion was 
linked to a greater risk of morbidities and mortality.  

Baron et al., showed that patients with PA had a greater length of hospital stay and postoperative 
admissions to ICU 3.  

The meta-analysis by Fowler et al., demonstrated that patients with PA were at an almost 3-fold 
higher risk of PM. PA was also associated with acute kidney injury and infection. Anaemic patients 
were more frequently transfused10. 

Several overseas studies report PA as one of the most important risk factors of major 
postoperative complications in surgical populations2,3,10. However, published data on PA in South 
African patients is sparse. Amongst the South African literature, Marsicano and colleagues found 
PA to be independently associated with PM, increased postoperative critical care requirements 
as well as increased length of hospital stay9. patients with PA had a 49% higher risk of needing 
critical care postoperatively. 

Jadhunandan et al., looked at a sample of the major surgery population group1. They found that 
although the results of the above-mentioned studies contributed to our understanding of PA, these 
studies were performed in mixed surgical populations. Of these mixed surgical studies which 
reported surgery grade, only 22.3%-27.8% of patients had undergone major surgery.  Major 
surgery is traditionally affiliated with a greater risk of postoperative complications. Furthermore, 
patients undergoing these procedures often have underlying disease pathologies which can 
predispose them to PA. The authors therefore seeked to determine the prevalence of PA and its 
impact on PM in patients undergoing major surgical procedures elective open intra-abdominal 
surgery (OIAS). They demonstrated a much higher prevalence of PA in these major surgical 
patients, as well as in keeping with the above studies showed that PA was associated with 
increased PM 1. 

Meyer et al., looked at the paediatric surgical population, and found that in children presenting for 
non-cardiac surgery, PA was independently associated with all postoperative complications 
(including infective, cardiovascular complications, respiratory and renal) 11. 

Another important reason why PA is significant to us, is that patients with PA are more likely to 
be transfused. However, blood transfusion itself has been linked to an increase in major 
postoperative complications 3,13,14,15. Perioperative transfusion has been shown to be linked to 
increase morbidity and mortality, even with just a unit of red cell transfused2. Several studies have 
noted increased morbidity and mortality rates with blood transfusions2,14,16. This was also noted 
in the large multicentre study by Musallam et al2. Furthermore, red cell transfusion is associated 
with increased costs. Therefore, identification and management of PA as part of patient blood 
management is critical. 
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ANAEMIA 

Types of anaemia 17 
Anaemia may be evaluated by measuring the reticulocyte count. A high reticulocyte count may 
indicate blood loss or haemolysis. Whilst, a low reticulocyte count may be further classified 
according to the Mean Cell Volume (MCV), as microcytic, normocytic or macrocytic. Microcytic 
anaemia is often caused by iron deficiency, whilst normocytic anaemia is often associated with 
anaemia of chronic disease, or renal and hepatic disease. Macrocytic anaemia is further classified 
as megaloblastic and non-megaloblastic. Megaloblastic Anaemia may be caused by folate and 
vitamin B12 deficiency, whilst non- megaloblastic Anaemia may be associated with alcohol abuse, 
thyroid or liver disease. As we can see, several underlying diseases may cause anaemia, and 
these diagnoses may affect the clinician’s management of the patient, therefore diagnosing the 
underlying cause of PA is important. 

 

Figure 1: Types of Anaemia 17 

Proposed algorithm for aetiological diagnosis of Preoperative Anaemia. U&E, urea and electrolytes; LFT, 
liver function tests; LDH, Lactate dehydrogenase; AED, antiepileptic drugs. 

 

Causes of anaemia: Why is this important to the anaesthetist? 
Anaemia may be an indicator of poor nutrition and poor health18, and in patients undergoing major 
surgery, it may be a marker of an underlying disorder19. It may therefore be important for the 
clinician to recognize and determine the type of anaemia in order to identify a possible cause. 
Globally, iron deficiency is the leading cause of Anaemia, and is responsible for at least 50% of 
all anaemia cases18. In South Africa, there appears to be a deficiency of data regarding the causes 
of Anaemia. However, those studies that exist regarding anaemia in SA populations demonstrate 
iron deficiency and chronic diseases as the most common causes of Anaemia 20,21. South Africa 
faces a significant burden of chronic infections including HIV and tuberculosis, making anaemia 
of chronic disease common, and hospitalized patients may have a combination of nutritional 
deficiency as well as chronic inflammation.  
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ACD is the most prevalent type of anaemia amongst hospitalised patients 22. In the surgical 
patient, this may be due to their underlying disorder, such as gastrointestinal blood loss in 
colorectal cancer, or indirectly due to their chronic disease. We will have a closer look at ACD as 
this may be seen in our surgical population. 

 

Figure 2: Classification of Preoperative Anaemia 30 

 

Suggested algorithm to aid classifying preoperative anaemia and identifying underlying 
aetiology. 

ANAEMIA OF CHRONIC DISEASE22 
Anaemia of chronic disease (ACD), also known as anaemia of inflammation, is a type of anaemia 
that affects patients who have chronic conditions that may be associated with inflammation, such 
as infections, auto-immune diseases, cancer, and chronic kidney disease. ACD may be present 
in conditions including obesity, diabetes mellitus, congestive heart failure, and major trauma. 
Medical conditions, especially those involving inflammation, may directly impact on the pathway 
of iron absorption and metabolism which results in a state of iron deficiency and anaemia. The 
pathophysiology of ACD is multifactorial and may vary depending on the aetiological cause. 
Mechanisms may include decreased erythropoietin production, blunted response to EPO, 
reduced activity of bone marrow, and decreased RBC lifespan. The cytokines TNF, IL1, IL6 and 
IFN, as well as the acute phase protein hepcidin appear to be central to the pathogenic process 
of ACD. 
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Figure 3: Causes of Anaemia of chronic disease 71 

 
Table illustrates a list of the potential causes of anaemia of chronic disease, and their relevant 
prevalence. 

 

Anaemia of chronic disease and Functional iron deficiency: The role of Hepcidin 22,23 
Hepcidin is a 25 amino acid glycoprotein hormone and is crucial to iron absorption and 
metabolism. Hepcidin is produced in the liver. Under normal physiological conditions, hepcidin is 
increased by feedback from elevated iron stores. Hepcidin regulates iron homeostasis, to reduce 
iron transport necessary for erythropoiesis. Ferroportin is a membrane iron transporter present in 
duodenal enterocytes and macrophages. Hepcidin breaks down ferroportin, thus inhibiting dietary 
iron absorption from the duodenal enterocytes in the gut. Hepcidin likewise causes sequestration 
of iron in hepatocytes and macrophages. This reduces iron availability for erythropoiesis. 

Inflammation stimulates and up-regulates hepcidin release and hence creates a functional iron 
deficiency. Therefore, although there may be normal, or elevated, body iron stores, these cannot 
be transported or used, which creates a situation in which there is functional iron deficiency. 
Functional iron deficiency is frequently seen in patients with renal and cardiac disease and has 
been increasingly noted as a source of anaemia in patients presenting for surgery.  
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Figure 4: The role of Inflammation and Hepcidin in Anaemia of Chronic disease23 

Inflammation increases interleukin 6, which increases hepcidin. Hepcidin prevents release of 
iron from macrophages and prevents iron absorption from the intestine.TF, transferrin; Fe, iron; 

DMT1, divalent metal transporter 1. 
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Figure 5: Pathophysiology of Anaemia of Chronic disease 23 

Diagram showing mechanisms contributing to anaemia of chronic disease.  

 

ANAEMIA IN CHRONIC KIDNEY DISEASE: 22,24 
Anaemia is common in patients with chronic kidney disease (CKD), with over 90% of patients on 
dialysis having anaemia. It has been linked with increased cardiovascular disease, increased 
hospitalizations, cognitive impairment as well as significant mortality. Anaemia in CKD is 
multifactorial and may be due to a combination of relative erythropoietin (EPO) deficiency, 
absolute and functional iron deficiency, folate and vitamin B12 deficiencies, decreased RBC 
lifespan, and uraemic induced inhibitors of erythropoiesis. 

CKD patients on haemodialysis have increased iron loss due to frequent phlebotomy, uraemia 
associated platelet dysfunction causing chronic blood loss, and blood trapping in dialysis 
apparatus.  

Along with actual iron deficiency, CKD patients may also suffer functional iron deficiency. In CKD 
patients, hepcidin levels have been noted to be markedly increased possibly as a result of 
inflammation and decreased renal clearance. 
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Figure 6: Mechanisms involved in anaemia of chronic kidney disease (CKD) 24 

 
The liver produces hepcidin, which influences intestinal iron absorption and availability from 
macrophages. In patients with CKD (especially end stage renal disease renal replacement 
therapy), inflammation and decreased renal clearance of hepcidin results in largely elevated 
hepcidin levels which leads to a functional iron deficiency. CKD also results in other processes 
which may cause anaemia such as preventing the production of EPO by the kidney; inhibition of 
erythropoietin by circulating uremic metabolites; decreasing RBC lifespan; and coagulopathy 
resulting in blood loss. Black and gray arrows show normal physiology. Colored arrows show 
effects of CKD (blue for activation, red for inhibition). RBC, red blood cell. 

 

ANAEMIA IN CANCER PATIENTS 25 

Anaemia is frequently encountered in cancer patients, with 30-90% of all cancer patients being 
anaemic. Anaemia may be due to the tumour itself, and the chemotherapeutic regimen used to 
treat the cancer. Tumour cells may infiltrate bone marrow and suppress haematopoiesis. Tumour 
cells may release cytokines, which may result in a functional anaemia. Blood loss from the tumour 
site may lead to progressive anaemia. Cancer patients lose appetite, leading to nutritional 
deficiencies. Gastrointestinal tumours may cause malabsorption. Immune-mediated antibodies 
and changes in coagulation can also lead to haemolysis.  
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Figure 7: Common mechanisms contributing to anemia and iron deficiency in cancer 
patients41 

 
Diagram illustrates common mechanisms causing anemia and iron deficiency in cancer patients. 
Mechanisms may include Blood loss from tumour site or following surgery. Nutritional deficiencies as a 
result of due to cachexia and malnutrition may result in an absolute iron deficiency (ID). Inflammation as 
well as therapy with erythropoietin stimulating agents (ESA) may cause functional ID. Tumour cells may 
infiltrate bone marrow. Chemo and radio therapy may cause myelosuppression. Chronic kidney disease 
(CKD) may also cause anaemia in these patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 12 of 25 

Figure 8: Criteria for diagnosing iron deficiency in cancer patients72 

 
Algorithm showing criteria for the diagnosis of iron deficiency in cancer patients. How to differentiate 
between absolute and functional iron deficiency. ACD, anaemia of chronic disease; CHr, reticulocyte 
haemoglobin content; HYPO, hypochromic red cells; IDA, iron deficiency anaemia; TSAT, transferrin 
saturation. 

 

PATHOPHYSIOLOGY 17,26,27 
Delivery of oxygen to tissues (DO2) depends on the oxygen carrying capacity of blood and the 
cardiac output (CO) as shown by the formula: 

DO2= CO[(HbxSaO2x1.34) + (paO2x0.003)] 

Most of the oxygen carried in blood is transported by Haemoglobin. Anaemia therefore leads to a 
decrease in oxygen delivery to tissues.  

In response to anaemia, the body may activate compensatory mechanisms which include: 

1. Increased oxygen extraction: certain tissues such as the kidneys and skeletal muscle may 
increase, and skin can increase the amount of oxygen they extract. However, organs 
including the brain and heart already have a high extraction percentage and are not able 
to compensate by this mechanism. 

2. Redistribution and increase in CO: An increase in CO may occur, due to a drop in systemic 
vascular resistance, as well as sympathetic activation. Anaemia decreases blood viscosity, 
which in turn decreases SVR, leading to an increase in CO. Hypoxaemia may activate 
chemoreceptors which may stimulate the sympathetic nervous system.  

A redistribution of CO to essential organs also occurs (brain and heart). 

3. Anaemia results in a rightward shift of the oxygen dissociation curve. There is an increase 
in 2,3-diphosphoglycerate and hydrogen ions. This decreases the affinity of haemoglobin 
for oxygen and increases release to the tissues. 

If these responses are not sufficient to provide an adequate supply of oxygen, then there is a 
metabolic shift to anaerobic metabolism.  
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Perioperatively, these compensatory mechanisms are often saturated. This may lead to an 
oxygen supply demand imbalance, which results in tissue ischaemia and adverse events. This 
aids in explaining the link between PA and PM.  

The metabolic stress response to operation and injury results in an increase in total energy 
requirements. This response consists of a brief ebb phase and then a long flow phase. The initial 
brief ebb phase is a period of traumatic shock, which lasts a few minutes to hours, in which there 
is decreased energy requirements. Thereafter the long flow phase, which lasts   three to eight 
days after surgery, is a catabolic and hypermetabolic and energy requiring stage. Oxygen plays 
an important role in this latter stage, and hence oxygen requirements will be increased in the 
perioperative period. Since red blood cells are essential in carrying oxygen, patients with 
moderate or severe anaemia may suffer greater degrees of hypoxia and tissue ischaemia 
resulting in adverse events such as myocardial ischaemia and acute kidney injury28,29. This may 
increase their risk of PM.  

Improving perioperative tissue oxygen delivery may improve postoperative outcomes in major 
surgery patients. 

 

OPTIMISATION OF PRE-OPERATIVE ANAEMIA IN PATIENTS BEFORE ELECTIVE MAJOR 
SURGERY: 

Who should be optimized: 
The recent international consensus statement on the perioperative management of anaemia and 
iron deficiency suggests that all patients for elective surgery in whom blood loss is expected to 
be moderate to high (> 500 ml) should have their Hb checked pre-operatively and if anaemic, 
should be investigated further30. 

Specific patient groups: 
In particular certain surgical populations commonly presenting to the anaesthetist appear to be 
most susceptible to PA. Amongst these are cancer patients, orthopaedics, cardiac surgery 
population, and obstetric patients.  

Oncology 

Anaemia may be present in 39–54% of cancer patients15. The European Cancer Anaemia Survey 
(ECAS) was a prospective survey conducted in 34 European countries, which revealed a 
significant prevalence of anaemia amongst cancer patients, with 39% at enrolment and 68% of 
patients becoming anaemic within a 6-month period31. 

Patients with abdominal/pelvic cancers, in particular patients with colorectal cancer (CRC) or 
gynaecological cancer, often present to the anaesthetist for intra-abdominal surgery. This was 
noted in the study by Jadhunandan et al., where cancer was the most common indication for intra-
abdominal surgery (42.1%) in the study sample1. 

PA is very common in patients with colorectal cancer (CRC)32. Iron deficiency and functional iron 
deficiency was found in 80% of anaemic patients in this group. It has been demonstrated that this 
was associated with increased postoperative complications, right sided tumours, higher ASA 
classification, and advanced tumour stage.  Anaemia occurs more frequently in patients with 
tumour recurrence, patients on antitumoral treatment and those with advanced disease (40% of 
patients with early-stage colon cancer vs almost 80% of patients with advanced disease)32. 
Several studies have shown PA to be associated with adverse outcome in this group32,33. PA has 
been shown to be associated with poor outcomes in CRC patients, including decreased overall 
survival as well as decreased relapse-free survival32,33. 
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A large multicentre database analysis showed in patients undergoing colon and rectal surgery 
showed that severe, moderate and even mild PA was an independent risk factor postoperative 
mortality, increased length of hospital stays, and postoperative complications including 
myocardial infarction, stroke, and renal impairment34. 

Management of anaemia in cancer patients may include blood transfusions, Erythropoiesis 
stimulating agents (ESA) or intravenous iron supplementation. However, several studies across 
various types of cancer patients show reduced survival rates, and increased risk of tumour 
recurrence with blood transfusions35,36.  Blood transfusions may also increase risks of stroke, 
myocardial infarction, acute renal failure. Routine monitoring for PA and iron deficiency in CRC is 
advised, and international cancer guidelines recommend management of preoperative iron 
deficiency and anaemia in this group of patients37-39. 

In addition, patients with cancer may suffer tumour hypoxia due to anaemia. Oxygen is needed 
for the cytotoxic effects of chemotherapy and radiotherapy. Thus, in the anaemic cancer patient, 
antitumoral therapy may have less effect15. 

Anaemia may be present in as many as 50% of patients with gynaecological cancers. Anaemia 
in this population may be caused by direct blood loss from the tumour; impaired renal function 
due to chemotherapy; or bone marrow suppression due to chemotherapy or radiotherapy32,33. 
Many patients may also have iron deficiency anaemia 40.  

As noted, anaemia may be a common side effect of chemotherapy. The risk of anaemia may be 
linked to the duration of chemotherapy41. There have been many studies addressing 
chemotherapy induced anaemia (CIA). Studies suggest that providing i.v. iron during 
chemotherapy improves Hb concentration and decreases the need for red blood cell transfusion 
in patients on chemotherapy 42-44. Many cancer society and consensus guidelines have 
recommended the administration of IV iron in CIA patients. The National Comprehensive Cancer 
Network (NCCN) guidelines recommended IV iron over oral iron therapy in CIA, and subsequent 
annual updates continue to recommend IV iron37. The European Society for Medical Oncology 
(ESMO) originally recommended IV iron in their 2010 guideline and confirmed the utility of IV iron 
in their 2018 update39. Another European society (European Organization for the Research and 
Treatment of Cancer, EORTC) agreed with these recommendations in their 2008 publication 45. 

Anaemia amongst cancer patients may decrease their survival time and impact on local tumour 
control 15. Treatment of anaemia may have a remarkable impact on survival and quality of life in 
this group. 

Orthopaedics 

PA may be present in 15-40% of the orthopaedic surgery population15. The majority of 
Orthopaedic surgery is elective, making it the ideal speciality to optimise PA. Many patients 
presenting for orthopaedic procedures are elderly, requiring hip and knee surgery, or revision 
procedures, which are commonly associated with blood loss and the need for transfusion. Several 
studies amongst the orthopaedic surgery population have shown that treatment of PA and having 
a patient blood management programme have increased patients’ Hb preoperatively and reduced 
requirements for blood transfusions46,47. Patients booked for major elective orthopaedic surgery 
should be screened for PA and optimised accordingly. 

Cardiac surgery 

Studies have shown that PA is common before cardiac surgery, and is also independently 
associated worse outcomes, increased length of stay in ICU and hospital, and mortality48,49. The 
most frequent cause of anaemia in this group of patients is functional iron deficiency. Cardiac 
surgery patients may be at risk of PA and its consequences, due to their underlying comorbidities 
and cardiac lesion, their risk of peri-operative blood loss, and the haemodilution associated with 
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cardio- pulmonary bypass. A recent study in the UK by the Association of Cardiothoracic 
Anaesthetists found 23–45% of cardiac surgical patients had pre-operative anaemia 48. They 
found that anaemic patients had a higher predicted mortality by the Euro SCORE and that during 
the cardiac surgery anaemic patients spent longer on cardiopulmonary bypass and had longer 
cross-clamp times. PA was strongly associated with postoperative death in cardiac surgical 
patients. This association was related to the severity of anaemia. This same study showed that 
Hb concentration was independently linked to poor outcomes and found that even mild anaemia 
was linked to a significant increased risk of transfusion. Just a 10g/dl drop in Hb was linked to a 
43% increase in odds of transfusion and 16% increase in odds of mortality. Several studies on 
cardiac surgery patients have shown that PA is linked to worse outcomes 48,49. However, we are 
aware that blood transfusion independently associated with poor outcome 48. Treatment of PA in 
this group of patients is a potential intervention which may improve outcomes. 

Obstetrics 

Pregnant patients are an important population with regards to PA, as anaemia is common during 
pregnancy, and a surgical procedure with the risk of blood loss (caesarean section or postpartum 
haemorrhage), may be needed. Anaemia is common in pregnancy and the prevalence may be 
as much as 80% in developing countries50. Normal physiological changes in pregnancy lead to a 
reduction in Hb concentration, and hence the Hb parameters for defining anaemia in this group 
of patients is lower than in non-pregnant patients. Anaemia in pregnancy is defined as an Hb < 
110 g.l1, Hb < 105 g.l1 during the second and third trimesters, respectively and < 100 g.l 
postpartum 15. There is an increased requirement of iron in pregnancy, and therefore Iron 
deficiency anaemia is the most common cause of anaemia in this group. Anaemia in pregnancy 
is associated with increased morbidity for both the mother and baby50. Investigation and 
management of anaemia in pregnancy should be carried out. Management is commonly with oral 
iron supplements. However, in certain instances i.v. iron may be indicated15. 

 

When should patients be screened and optimized: 
NICE guidelines suggest that patients presenting for elective surgery should be screened for PA 
at least 14 days before operations 51. The European Society of Anaesthesiology suggest that 
patients at risk of blood loss are screened for anaemia 4-8 weeks prior to surgery, as this time 
period will provide time to treat anemia52. The NATA guidelines (Network of Advancement of 
Transfusion alternatives) recommend determining Hb level 28 days before surgery53. The latest 
International Consensus statement recommends that patients at risk for moderate-to-high blood 
loss (> 500 ml) and a transfusion risk of > 10% should be investigated for PA30. They recommend 
that Laboratory investigations for PA need to be performed as soon as possible preoperatively in 
order to allow time for appropriate correction. There are several occasions where PA may be 
detected or investigated, such as at the primary care facility or the surgical clinic whilst the patient 
is on the waiting list or being booked. Waiting until the pre-anaesthetic visit is too late and does 
not allow time for intervention and may cause unnecessary postponement. It is suggested that 
patients presenting for major, non- urgent surgery should possibly be postponed permitting the 
diagnosis and management of PA 30. 

How should we go about screening and optimization for PA: 
There are several management algorithms available for the screening and management of PA. A 
fast and efficient means of screening for anaemia is to use point-of- care testing via Haemocue 
test54.  If anaemia (haemoglobin < 130 g.l1) is detected, then laboratory tests should be done. 
The international consensus states that tests for PA workup should including full blood count, 
serum ferritin, transferrin saturation, vitamin B12 and folate, inflammatory markers such as CRP 
(which may be useful if suspecting functional iron deficiency), and serum creatinine to assess 
renal function 30. 
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Figure 9: Suggested management of surgical patients 30 

 

 
Algorithm from the International consensus guidelines on Preoperative Anaemia, suggesting appropriate 
management of surgical patients.1, Initial tests should include a full blood count, serum ferritin, transferrin 
saturation, a marker of inflammation (serum C-reactive protein) and a marker of renal function (serum 
creatinine); 3, Haematinic deficiencies: ferritin < 100ug/l, vitamin B12 < 270pg/ml, folate < 3pg/ml ; 4, 
nonelective surgery includes patients presenting late prior to surgery and surgery which cannot be deferred 
(e.g. surgery for malignancy). 

 

Iron Supplementation: 
Patients with iron deficiency anaemia can be managed with iron supplementation. Several trials 
have demonstrated that treatment of anaemia with oral or IV iron increased HB and decreased 
the proportion of patients who require blood transfusion51,55,56,57. 

The International Consensus states that patients with iron deficiency should receive oral iron if 
time provides, where surgery is 6-8 weeks after diagnosis30. They recommend 40–60 mg oral iron 
daily or 80–100 mg every other day. There may however be several issues encountered with oral 
iron. Patients with poor gastrointestinal absorption, chronic diseases with functional iron 
deficiency and those with ongoing blood losses may not respond to oral iron.  Poor compliance 
may occur due to gastrointestinal adverse effects. Hb should be checked again 4 weeks after 
treatment with oral iron15. 

Intravenous iron has been shown to be safe and effective. If oral iron is poorly tolerated or is 
ineffective (no increase in Hb after 4 weeks), or the patient has functional iron deficiency, or 
surgery needs to be performed in <6 weeks, then parenteral iron should be considered. 

Historically the concerns over the use of intravenous iron have been in particular anaphylaxis and 
infection. The risk of anaphylaxis with parenteral iron is approximately less than 1 in 200 000. It 
is almost negligible when compared to the risk of serious adverse events associated with red cell 
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transfusions (1 in 21 413) 58.Previously many reactions were related to dextran containing IV iron 
preparations, but several studies show good evidence for the efficacy and safety of novel IV iron 
formulations59,60. A large systematic review and meta-analysis was published in 2015, which 
looked at 103 trials that compared i.v. iron with placebo, no iron, oral iron or intramuscular iron59. 
They looked at severe adverse events, such as infections, cardiovascular, neurological, 
respiratory, gastro-intestinal, thromboembolic and constitutional severe reactions.  

 

They demonstrated that there was no increased risk of severe adverse effects with i.v. iron. In 
many surgical populations, the benefits of IV iron outweigh its risks61. A prior systematic review 
and meta-analysis by Litton et al., examining the safety and efficacy of IV iron in decreasing 
transfusion requirements, showed that parenteral iron was effective in raising Hb concentration, 
and significantly decreased the risk of needing blood transfusion62. They found, however that 
parenteral iron was associated with significant risk of infection. IV iron should thus still be used 
with caution. Patients on IV iron infusions require monitoring during and after the infusion (oxygen 
saturation, heart rate, non-invasive blood pressure), as well as the availability of resuscitation 
equipment and trained staff.  

This will require the appropriate environment. Patients for IV iron should be selected carefully, as 
IV iron may not be the solution in all patients. The recently published PREVENTT trial, was a 
randomised double blinded controlled trial, which looked at the effect of IV iron given to patients 
with PA before major open elective abdominal surgery. The authors found that although 
preoperative IV iron did increase Hb concentrations prior to surgery, it did not decrease 
transfusion requirements in this group63. They suggested that treatments targeting the underlying 
cause of anaemia may be needed in this high-risk group.  

 

Erythropoietin and Erythropoietin stimulating agents: 
Erythropoietin (EPO) has often been used in dialysis patients22. Although several studies have 
shown reduction in need for transfusion amongst other populations46,64, concerns over safety 
remain an issue. Adverse events may include hypertension, thrombosis and ischaemic events65. 
PBM guidelines suggest that in patients with PA where an ESA is indicated, it should be combined 
with iron therapy66. In patients with ACD, Erythropoietin stimulating agents (ESA) may be 
indicated. In particular, thromboembolic risks were noted in patients with CKD who received high 
doses of ESAs over extended periods, as well as in the critically ill and cancer patients. 
Thromboembolic events may result from increased blood viscosity and platelet concentrations. 
EPO is therefore contraindicated in patients with conditions such as uncontrolled hypertension, 
previous myocardial infarct or cerebrovascular accident, severe carotid artery disease and 
unstable angina, which may make them more susceptible to side effects. 

The FDA suggests the use of deep vein thrombosis prophylaxis in surgical patients receiving 
EPO67. Patients need to be monitored and Hb and haematocrit checked. Those with functional 
iron deficiency may benefit from the combined use of IV iron with EPO, however the routine use 
of erythropoietin has not been recommended. The recent NICE guidance states the risks of 
increase in mortality and thromboembolic complications outweigh the benefits of reduced 
transfusions51. NICE therefore suggested that EPO should not be utilised in patients presenting 
for surgery to decrease blood transfusion. Patients need to be evaluated on an individual basis 
and decisions made together with a haematologist22. 
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APPROACH TO THE PATIENT WITH PRE-OPERATIVE ANAEMIA 19,66,68 

Globally, there has been a shift from managing PA with transfusion, to a more holistic patient 
blood management (PBM) strategy, after the extensive literature showing risks and expenses of 
blood transfusion in the perioperative period. PBM is an evidence-based approach, which is a 
multidisciplinary, multimodal and patient-centred. It aims to decrease the use of blood products 
and improving patient outcomes. The three pillars of PBM are to 1. optimize haemopoiesis by 
identifying and treating PA; 2. Decrease blood loss perioperatively; and 3. Optimising 
physiological tolerance of anaemia and using restrictive evidence-based transfusion approaches. 
A large retrospective observational study of 605 046 patients, showed that after the 
implementation of a PBM program, there were improved patient outcomes, decreased blood 
product usage, and product related cost savings. (69) They found reductions in mortality, length 
of stay in hospital, infections, myocardial infarction and stroke. The World Health Organisation 
encourages PBM as a transfusion alternative where possible. The management of peri-operative 
anaemia is an important pillar of PBM. PBM strategies suggest patients be assessed long before 
surgery (30 days) to assess bleeding risk and PA.  

The recent international consensus suggested 9 recommendations for best clinical practice for 
the perioperative management of anaemia and iron deficiency. (30) These recommendations 
included a diagnostic approach for PA, identifying patients suitable for treatment, advice on 
management and follow up. These recommendations aid in decreasing the risk of postoperative 
complications associated with PA.  

The first two recommendations suggest that PA should be identified and investigated in patients 
presenting for surgery with expected blood loss >500ml. The third recommendation suggests that 
serum ferritin measurements be used to investigate patients for the presence of iron deficiency 
anaemia. A serum ferritin level < 30 lg. l1 is very sensitive and specific for identifying absolute 
iron deficiency. They suggest that a ferritin level < 100 lg. l1 be used in conditions with 
inflammation (C reactive protein > 5 mg. l1) and/or transferrin saturation < 20%. 

Many studies are in agreeance with the early identification of patients with PA. Several studies 
including those performed locally by Marsicano et al., Jadhunandan et al. and Meyer et al., 
demonstrated significantly high prevalence of PA amongst south African surgical populations. 
(1,9,11) Early identification of PA will allow time for investigation and treatment. This will have 
important implications on patient outcome, as well as resource utilization in our setting.  

The fourth recommendation suggests that all major non-urgent surgery be postponed allowing 
time for diagnosis and management of PA and underlying disorders. 

The fifth recommendation states that target Hb should be >13g/dL in both males and females. 
This will aid decreased risk of transfusions and associated negative outcomes. 

Recommendations six to eight relate to the management of PA, via oral or IV iron 
supplementation. As discussed above, oral iron should be used for patients booked for surgery 
in 6-8 weeks. They state that much literature exists to support parenteral iron as effective and 
safe. They suggest that parenteral iron should be used as mainstay treatment in patients who fail 
to elicit a response to oral iron or are unable to tolerate its side effects, or if surgery is planned for 
< 6 weeks following the identification of iron deficiency. There may be sparse high-quality 
evidence that patients with PA presenting for major elective, who receive iron supplementation 
experience a decreased risk of PM. However, a recent meta-analysis by Schack et al., looked at 
the effect of perioperative iron therapy in major non-cardiac surgery patients, and examined its 
effect on blood transfusion and postoperative Hb levels. (70) They found a 50% decrease in PM 
when patients with PA were treated with iron therapy. 

The ninth recommendation reinforces early diagnosis and treatment of PA. 
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Figure 10: Treatment algorithm for Preoperative Anaemia 15 

 
Proposed algorithm for management of different types of anaemia from diagnosis of Preoperative 
anaemia until surgery 
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OTHER STRATEGIES TO REDUCE ANAEMIA RELATED POSTOPERATIVE MORTALITY19 
There are various other PBM strategies that may be applied to improve patient outcome, and 
prevent worsening of PA.  

1. Optimize erythropoiesis and red cell mass 

• detect and treat anaemia preoperatively 

• appropriate timing of surgery to optimization of Hb 

• nutritional and medical management of anaemia postoperatively 

2. Minimize blood loss 

• Identify patients at risk of blood loss 

• Review antiplatelet and anticoagulant medications 

• decrease iatrogenic blood loss 

• autologous blood donation 

• Good surgical techniques and haemostasis 

• blood-sparing surgical techniques 

• acute normovolaemic haemoilution 

• cell salvage 

• avoid hypothermia and coagulopathy 

• haemostatic agents and antifibrinolytics 

• avoid secondary haemorrhage postoperatively 

• minimize postoperative infections, and review anticoagulation 

 

3. Optimize physiological reserve 

• Assess and optimize comorbidities and physiological reserve. 

• optimize cardiopulmonary reserve 

• restrictive transfusion strategies 

• maximize oxygen delivery and minimize consumption 

• avoid and treat infections 
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CONCLUSION 
 
Several studies both globally and now in South Africa have demonstrated a high prevalence of 
PA amongst surgical patients and in particular patients presenting for major surgery who may be 
at risk of moderate to high blood loss1-3, 9-11. There is significant data to demonstrate that PA is 
associated with increased PM1-3,9,10. PBM guidelines have raised awareness regarding 
optimisation of PA. However, studies show that PA amongst major surgical patients is still 
significantly prevalent, and further awareness needs to be raised for PA. It appears reasonable 
to optimise Hb levels in patients that have PA prior to major elective surgery.  
Anaesthetists and peri-operative physicians should be encouraged to use the recommendations 
put forward by the international consensus, and hospital management should aid in implementing 
pathways and resources to address PA.  
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