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INTRODUCTION

The prevalence of anaemia amongst major surgical populations is significant 2. One of the most
pertinent risk factors for major postoperative complications amongst European and US surgical
populations is preoperative anaemia (PA) %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 lungs®.
Anaemia describes a condition when the number of erythrocytes (and hence their oxygen-
carrying capacity) is insufficient to meet physiologic needs.* The World Health Organisation
(WHO) defines anaemia as an Hb measurements of <12g/dL in females and <13 g/dL in males.*
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)* . We apply this same definition and grading of anaemia in the peri-operative setting®
however trigger levels for interventions may differ.

PREVALENCE OF ANAEMIA AND PREOPERATIVE ANAEMIA

A significant 32.9% of the global population is affected by anaemia’. 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.®

Several studies observing mixed surgical populations reported a significant prevalence of
anaemia %3910 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 9. 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 populations™® 1.
Marsicano and colleagues conducted a secondary analysis of the South African Surgical
Outcomes Study (SASOS) and observed a 47.8% prevalence of PA®.

A recent study by Jadhunandan, Moodley and Gopalan, reported a 71% prevalence of anaemia
amongst patients undergoing open intra-abdominal surgery’. 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 population'".

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
specialities’?3910 In addition, the risk of major non-cardiac postoperative complications
(respiratory, urinary, wound, septic, and thromboembolic complications) is increased?. Evidence
has also demonstrated that PA has a negative effect upon functional recovery, length of hospital
stays, and quality of life'?.

Musallam et al., performed a large multicentre study of 227 425 non-cardiac surgery patients (of
which 30.4% had PA)?. 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 transfused’°.

Several overseas studies report PA as one of the most important risk factors of major
postoperative complications in surgical populations?310. 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 stay®. 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 group’. 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 .

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) .

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 3131415 Perioperative transfusion has been shown to be linked to
increase morbidity and mortality, even with just a unit of red cell transfused?. Several studies have
noted increased morbidity and mortality rates with blood transfusions?'416, This was also noted
in the large multicentre study by Musallam et al?. 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
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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 health'8, and in patients undergoing major
surgery, it may be a marker of an underlying disorder'®. 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 cases'®. 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 2%2', 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 3°
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Suggested algorithm to aid classifying preoperative anaemia and identifying underlying
aetiology.

ANAEMIA OF CHRONIC DISEASE?2

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 ™

Associated diseases Estimated
prevalence, %

Infections (acute and chronic)
(viral infections, including HIV infection, bacterial,

parasitic, fungal) 18-95
Cancer
(haematological, solid tumour) 30-77

Auto-immune
(rheumatoid arthritis, systemic lupus erythematosus
and connective-tissue diseases, vasculitis, sarcoidosis,

inflammatory bowel disease) 8-71
Chronic rejection after solid-organ transplantation ~ 8-70
CKD and inflammation 25-30

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 2223

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 disease?®

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;
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Figure 5: Pathophysiology of Anaemia of Chronic disease

Diagram showing mechanisms contributing to anaemia of chronic disease.
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ANAEMIA IN CHRONIC KIDNEY DISEASE: 2224

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) %
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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 %5

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
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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.
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Figure 8: Criteria for diagnosing iron deficiency in cancer patients’2

[ Iron deficiency in cancer ]

IDA ACD
Absolute iron deficiency Functional iron deficiency
(no iron stores) (iron stores +/++)

* Low hepcidin * High hepcidin

* Ferritin <100 ng/mL * Ferritin > 100 ng/mL

* TSAT <20% * TSAT <20%
* % HYPO >5%
* CHr <26 pg

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[(HbxSa02x1.34) + (pa02x0.003)]

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 injury?®2°. 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 further3°.

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 patients'®. 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 period3’.

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 sample’.

PA is very common in patients with colorectal cancer (CRC)%. 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)®.
Several studies have shown PA to be associated with adverse outcome in this group3233. PA has
been shown to be associated with poor outcomes in CRC patients, including decreased overall
survival as well as decreased relapse-free survival3233,
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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 impairment3+.

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 transfusions3%3. 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 effect'®.

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 radiotherapy3?-33.
Many patients may also have iron deficiency anaemia 4.

As noted, anaemia may be a common side effect of chemotherapy. The risk of anaemia may be
linked to the duration of chemotherapy*'. 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 4. 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 iron®". 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 update®. Another European society (European Organization for the Research and
Treatment of Cancer, EORTC) agreed with these recommendations in their 2008 publication 4°.

Anaemia amongst cancer patients may decrease their survival time and impact on local tumour
control 5. 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 population’. 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 transfusions*647. 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 mortality*34°. 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 “¢. 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 84°. However, we are
aware that blood transfusion independently associated with poor outcome #. 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 countries®®. 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.I1, Hb < 105 g.I1 during the second and third trimesters, respectively and < 100 g.l
postpartum '°. 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 baby®°. 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 indicated’®.

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 '. 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 anemia®2. The NATA guidelines (Network of Advancement of
Transfusion alternatives) recommend determining Hb level 28 days before surgery®3. 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 PA3°. 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 0.

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.11) 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 20,
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Figure 9: Suggested management of surgical patients *°

Listed for surgery
i
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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 transfusion®1:55.56:57,

The International Consensus states that patients with iron deficiency should receive oral iron if
time provides, where surgery is 6-8 weeks after diagnosis®®. 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 iron'®.

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

Page 16 of 25



transfusions (1 in 21 413) %8.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
formulations®®8°, 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 iron®.
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 risks®'. 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 transfusion®2. 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 group®3. 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 patients??. Although several studies have
shown reduction in need for transfusion amongst other populations*¢64, concerns over safety
remain an issue. Adverse events may include hypertension, thrombosis and ischaemic events®®.
PBM guidelines suggest that in patients with PA where an ESA is indicated, it should be combined
with iron therapy®®. 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
EPQ®%’. 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
transfusions®’. 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 haematologist?2.
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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 605046 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 Ig. |1 is very sensitive and specific for identifying absolute
iron deficiency. They suggest that a ferritin level < 100 Ig. |1 be used in conditions with
inflammation (C reactive protein > 5 mg. I1) 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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Surgical listing: expected > 500 ml
blood loss or transfusion risk >10%

Anaemia detection: Hb <130 g'I'!

Further laboratory testing: serum ferritin,
transferrin saturation, vitamin B12,
folate, C-reactive protein, creatinine

Figure 10: Treatment algorithm for Preoperative Anaemia '
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OTHER STRATEGIES TO REDUCE ANAEMIA RELATED POSTOPERATIVE MORTALITY"®
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

e detect and treat anaemia preoperatively

e appropriate timing of surgery to optimization of Hb

e nutritional and medical management of anaemia postoperatively
2. Minimize blood loss

¢ Identify patients at risk of blood loss

¢ Review antiplatelet and anticoagulant medications

e decrease iatrogenic blood loss

e autologous blood donation

e Good surgical techniques and haemostasis

e blood-sparing surgical techniques

e acute normovolaemic haemoilution

o cell salvage

e avoid hypothermia and coagulopathy

e haemostatic agents and antifibrinolytics

e avoid secondary haemorrhage postoperatively

¢ minimize postoperative infections, and review anticoagulation

3. Optimize physiological reserve
¢ Assess and optimize comorbidities and physiological reserve.

e 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 loss'3 %11, There is significant data to demonstrate that PA is
associated with increased PM'™3°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.

Page 21 of 25



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jadhunandan K, Moodley Y, Gopalan P. Preoperative anaemia in patients undergoing

open intra-abdominal surgery at a South African tertiary hospital. Southern African J Anaesth
Analg 2020; 26:24-9. https://doi.org/10.36303/ SAJAA.2020.26.1.2250.

Musallam KM, Tamim HM, Richards T, et al. Preoperative anaemia and postoperative outcomes in
non-cardiac surgery: a retrospective cohort study. Lancet. 2011;378(9800):1396-1407.
https://doi.org/10.1016/ S0140-6736(11)61381-0.

Baron DM, Hochrieser H, Posch M, et al. Preoperative anaemia is associated with poor clinical
outcome in non-cardiac surgery patients. Br J Anaesth. 2014;113(3):416-23.
https://doi.org/10.1093/bja/acu098.

World Health Organization. Nutritional anaemias. 1968. http://
apps.who.int/iris/bitstream/handle/10665/40707/WHO_TRS__ 405.pdf?sequence=1. (Accessed
22/03/2018).

Caroline Thomas, MB ChB FRCA, Andrew B Lumb, MB BS FRCA, Physiology of

haemoglobin, Continuing Education in Anaesthesia Critical Care & Pain, Volume 12, Issue 5,
October 2012, Pages 251-256, https://doi.org/10.1093/bjaceaccp/mks025

Mufioz M, Gémez-Ramirez S, Campos A, Ruiz J, Liumbruno GM. Pre-operative anaemia:
prevalence, consequences and approaches to management. Blood Transfus. 2015;13(3):370-379.
https://doi.org/10.2450/2015.0014-15.

Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, et al. A systematic analysis of global
anemia burden from 1990 to 2010. Blood 2014; 123 (5): 615-624. https://doi.org/10.1182/blood-
2013-06-508325.

Shisana O, Labadarios D, Rehle T, et al. South African National Health and Nutrition
Examination Survey (SANHANES-1). Cape Town: HSRC Press; 2013.

Marsicano D, Hauser N, Roodt F, et al. Preoperative anaemia and clinical outcomes in the South
African Surgical Outcomes Study. S Afr Med J. 2018;108(10):839-46.
https://doi.org/10.7196/SAMJ.2018.v108i10.13148.

Fowler AJ, Ahmad T, Phull MK, Allard S, Gillies MA, Pearse RM. Meta-analysis of the association
between preoperative anaemia and mortality after surgery. Br J Surg. 2015;102(11):1314-24.
https://doi.org/10.1002/bjs.9861.

Meyer, HM, Torborg, A, Cronje, L, et al; on behalf of the SAPSOS investigators. The association
between preoperative anemia and postoperative morbidity in pediatric surgical patients: A
secondary analysis of a prospective observational cohort study. Pediatr

Anesth. 2020; 30: 759— 765. https://doi.org/10.1111/pan.13872

Goodnough, L. et al. “Detection, evaluation, and management of preoperative anaemia in the
elective orthopaedic surgical patient: NATA guidelines.” BJA: British Journal of Anaesthesia 106
(2011): 13 - 22.

Saager L, Turan A, Reynolds L, Dalton J, Mascha E, Kurz A. The Association Between
Preoperative Anemia and 30-Day Mortality and Morbidity in Noncardiac Surgical Patients.
Anesthesia & Analgesia. 2013;117(4):909-915.

Glance L, Dick A, Mukamel D, Fleming F, Zollo R, Wissler R et al. Association Between
Intraoperative Blood Transfusion and Mortality and Morbidity in Patients Undergoing Noncardiac
Surgery. Survey of Anesthesiology. 2011;55(6):288-289.

Munting KE, Klein AA. Optimisation of pre-operative anaemia in patients before elective major
surgery - why, who, when and how? Anaesthesia. 2019 Jan;74 Suppl 1:49-57. doi:
10.1111/anae.14466. PMID: 30604424.

Gabriel RA, Clark Al, Nguyen AP, Waterman RS, Schmidt UH. The Association of Preoperative
Hematocrit and Transfusion with Mortality in Patients Undergoing Elective Non-Cardiac Surgery.
World J Surg. 2018 Jul;42(7):1939-1948. doi: 10.1007/s00268-017-4359-y. PMID: 29143088.
Hans GA, Jones N. Preoperative anaemia. Continuing Education in Anaesthesia Critical Care &
Pain. 2013;13(3):71-4. https://doi.org/10.1093/bjaceaccp/mks064.

Visser J, Herselman M. Anaemia in South Africa: the past, the present and the future. South Afr J
Clin Nutr. 2013;26(4):166-7. https://doi.org/10.1080/1607065 8.2013.11734467.

Shander A, Van Aken H, Colomina M, Gombotz H, Hofmann A, Krauspe R et al. Patient blood
management in Europe. British Journal of Anaesthesia. 2012;109(1):55-68.

Van Staden AM, Weich DJ. Retrospective analysis of the prevalence and causes of anaemia in
hospital- ised elderly patients. S Afr Fam Pract 2015;57(5):297-299.

Page 22 of 25


https://doi.org/10.1093/bja/aeu098
https://doi.org/10.1093/bjaceaccp/mks025
https://doi.org/10.1182/blood-2013-06-508325
https://doi.org/10.1182/blood-2013-06-508325
https://doi.org/10.1002/bjs.9861
https://doi.org/10.1111/pan.13872
https://doi.org/10.1093/bjaceaccp/mks064

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Walsh CM, Hattingh Z, Veldman FJ, et al. Iron status and anaemia of chronic disease in HIV-
infected African women in Mangaung, Bloemfontein. S Afr Fam Pract 2010;52(1):55-59.
Clevenger, B. and Richards, T. (2015), pre-operative anaemia. Anaesthesia, 70: 20-

e8. https://doi.org/10.1111/anae.12918

D'Angelo G. Role of hepcidin in the pathophysiology and diagnosis of anemia. Blood Res. 2013
Mar;48(1):10-5. doi: 10.5045/br.2013.48.1.10. Epub 2013 Mar 25. PMID: 23589789; PMCID:
PMC3624997.

Babitt JL, Lin HY. Mechanisms of anemia in CKD. J Am Soc Nephrol. 2012;23(10):1631-1634.
doi:10.1681/ASN.2011111078

Panesar, K. Anemia in cancer patients.US Pharm. 2013;38(11) (Oncology suppl):3-6.

Burton D, Nicholson G, Hall G. Endocrine and metabolic response to surgery. Continuing
Education in Anaesthesia Critical Care and Pain. 2004;4(5):144-7.
https://doi.org/10.1093/bjaceaccp/mkh040.

Weledji EP, Assob JC. The systemic response to surgical trauma — A review. EastCent Afr J Surg.
2012;17(2):3-12.

Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS. Perioperative myocardial infarction.
Circulation. 2009;119(22):2936-44. https://doi.org/10.1161/CIRCULATIONAHA.108.828228.
Meersch M, Schmidt C, Zarbock A. Perioperative acute kidney injury: An under-recognized
problem. Anesth Analg. 2017;125(4):1223-32. https://doi.org/10.1213/ANE.0000000000002369.
Munoz M, Acheson A, Auerbach M, et al. international consensus statement on the peri-operative
management of anaemia and iron deficiency. Anaesthesia. 2017;72(2):233-47.
https://doi.org/10.1111/anae.13773.

Ludwig H, Van Belle S, Barrett-Lee P, Birgegard G, Bokemeyer C, Gascon P, Kosmidis P,
Krzakowski M, Nortier J, Olmi P, Schneider M, Schrijvers D. The European Cancer Anaemia
Survey (ECAS): a large, multinational, prospective survey defining the prevalence, incidence, and
treatment of anaemia in cancer patients. Eur J Cancer. 2004 Oct;40(15):2293-306. doi:
10.1016/j.ejca.2004.06.019. PMID: 15454256.

Wilson MJ, Dekker JW, Bruns E, et al. Short-term effect of preoperative intravenous iron therapy in
colorectal cancer patients with anemia: results of a cohort study. Transfusion 2018; 58: 795-803
Liu L, Liu L, Liang Li-Chuang et al. Impact of Preoperative Anemia on Perioperative Outcomes in
Patients Undergoing Elective Colorectal Surgery. Gastroenterology Research and Practice 2018.
https://doi.org/10.1155/2018/2417028

Leichtle SW, Mouawad NJ, Lampman R, Singal B, Cleary RK. Does preoperative anemia
adversely affect colon and rectal surgery outcomes? J Am Coll Surg. 2011 Feb;212(2):187-94. doi:
10.1016/j.jamcollsurg.2010.09.013. PMID: 21276532.

Acheson AG, Brookes MJ, Spahn DR. Effects of allogeneic red blood cell transfusions on clinical
outcomes in patients undergoing colorectal cancer surgery: a systematic review and meta-
analysis. Annals of Surgery 2012; 256: 235-44.

Amato A, Pescatori M. Perioperative blood transfusions for the recurrence of colorectal cancer.
Cochrane Database of Systematic Reviews 2006; 1: CD005033.

Rodgers GM 3rd, Becker PS, Blinder M, Cella D, Chanan-Khan A, Cleeland C, et al. Cancer- and
chemotherapy-induced anemia. J Natl Compr Canc Netw. 2012 May;10(5):628-53.

Rizzo JD, Brouwers M, Hurley P, Seidenfeld J, Arcasoy MO, Spivak JL, et al; American Soci- ety of
Hematology and the American Society of Clinical Oncology Practice Guideline Up- date
Committee. American Society of Clinical Oncology/American Society of Hematology clinical
practice guideline update on the use of epoetin and darbepoetin in adult patients with cancer.
Blood. 2010 Nov 18; 116(20): 4045-59.

Aapro M, Beguin Y, Bokemeyer C, Dicato M, Gascoén P, Glaspy J, et al; ESMO Guidelines
Committee. Management of anaemia and iron deficiency in patients with cancer: ESMO Clinical
Practice Guidelines. Ann Oncol. 2018 Oct;29 Suppl 4: iv96—-110.

Busti F, Marchi G, Ugolini S, Castagna A, Girelli D. Anemia and Iron Deficiency in Cancer Patients:
Role of Iron Replacement Therapy. Pharmaceuticals (Basel). 2018 Sep 30;11(4):94.

Ludwig H, Van Belle S, Barrett-Lee P, et al. The European Cancer Anaemia Survey (ECAS): a
large, multinational, prospective survey defining the prevalence, incidence, and treatment of
anaemia in cancer patients. European Journal of Cancer 2004; 40: 2293-306.

Athibovonsuk P, Manchana T, Sirisabya N. Prevention of blood transfusion with intravenous iron in
gynecologic cancer patients receiving platinum-based chemotherapy. Gynecologic Oncology 2013;
131: 679-82.

Page 23 of 25


https://doi.org/10.1111/anae.12918
https://doi.org/10.1213/ANE.0000000000002369
https://doi.org/10.1111/anae.13773
https://doi.org/10.1155/2018/2417028

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Dangsuwan P, Manchana T. Blood transfusion reduction with intravenous iron in gynecologic
cancer patients receiving chemotherapy. Gynecologic Oncology 2010; 116: 522-5.

Kim YT, Kim SW, Yoon BS, et al. Effect of intravenously administered iron sucrose on the
prevention of anemia in the cervical cancer patients treated with concurrent chemoradiotherapy.
Gynecologic Oncology 2007; 105: 199- 204.

Aapro MS, Link H. September 2007 update on EORTC guidelines and anemia management with
erythropoiesis-stimulating agents. On- cologist. 2008;13 Suppl 3:33-6.

Heschl M, Gombotz H, Haslinger-Eisterer B, Hofmann A, Béhler N, Meier J. The efficacy of pre-
operative preparation with intravenous iron and/or erythropoietin in anaemic patients undergoing
orthopaedic surgery: An observational study. Eur J Anaesthesiol. 2018 Apr;35(4):289-297.
Kearney B, To J, Southam K, Howie D, To B. Anaemia in elective orthopaedic surgery — Royal
Adelaide Hospital, Australia. Internal Medicine Journal 2016; 46: 96—101.

Hung M, Besser M, Sharples LD, Nair SK, Klein AA. The prevalence and association with
transfusion, intensive care unit stay and mortality of pre-operative anaemia in a cohort of cardiac
surgery patients. Anaesthesia 2011; 66: 812—18.

Klein AA, Collier TJ, Brar MS, et al. The incidence and importance of anaemia in patients
undergoing cardiac surgery in the UK — the first Association of Cardiothoracic Anaesthetists
national audit. Anaesthesia 2016; 71: 627-35.

Sun D, McLeod A, Gandhi S, Malinowski AK, Shehata N. Anemia in pregnancy: a pragmatic
approach. Obstetrical and Gynecological Survey 2017; 72: 730-7.

National Institute for Health and Clinical Excellence. Blood transfusion. Quality standard [QS138].
2016. https://www.nice. org.uk/guidance/qs138 (accessed 22/03/2018).

Kozek-Langenecker, Sibylle A.; Ahmed, Aamer B.; Et al. Management of severe perioperative
bleeding, European Journal of Anaesthesiology 2017;34(6): 332-395

Goodnough LT, Maniatis A, Earnshaw P, et al. Detection, evaluation, and management of
preoperative anaemia in the elective orthopaedic surgical patient: NATA guidelines. British Journal
of Anaesthesia 2011; 106: 13-22.

Guinn NR, Guercio JR, Hopkins TJ, et al. How do we develop and implement a preoperative
anemia clinic designed to improve perioperative outcomes and reduce cost? Transfusion 2016; 56:
297-303.

Gurusamy KS, Nagendran M, Broadhurst JF, Anker SD, Richards T. Iron therapy in anaemic
adults without chronic kidney disease. Cochrane Database of Systematic Reviews 2014; 12:
CD010640.

Clevenger B, Gurusamy K, Klein AA, Murphy GJ, Anker SD, Richards T. Systematic review and
meta-analysis of iron therapy in anaemic adults without chronic kidney disease: updated and
abridged Cochrane review. European Journal of Heart Failure 2016; 18: 774-85.

Froessler B, Palm P, Weber I, Hodyl NA, Singh R, Murphy EM. The important role for intravenous
iron in perioperative patient blood management in major abdominal surgery: a randomized
controlled trial. Annals of Surgery 2016; 264: 41-6.

Lim W, Afif W, Knowles S, Est al. Canadian expert consensus: management of hypersensitivity
reactions to intravenous iron in adults. Vox Sanguinis 2019; 114

Avni T, Bieber A, Grossman A, Green H, Leibovici L, Gafter-Gvili A. The safety of intravenous iron
preparations: systematic review and meta-analysis. Mayo Clinic Proceedings 2015; 90: 12-23.
Auerbach M, Adamson J, Bircher A, et al. On the safety of intravenous iron, evidence trumps
conjecture. Haematologica 2015; 100: e214-15.

European Medicines Agency. Assessment report for: Iron containing intravenous (IV) medicinal
products. 2013. http:// www.ema.europa.eu/docs/en_GB/document_library/Referrals_
document/IV_iron_31/WC500150771.pdf; (accessed 22/03/ 2018).

Litton E, Xiao J, Ho K M. Safety and efficacy of intravenous iron therapy in reducing requirement
for allogeneic blood transfusion: systematic review and meta-analysis of randomised clinical trials
BMJ 2013; 347: 4822

Richards, Toby et al. Preoperative intravenous iron to treat anaemia before major abdominal
surgery (PREVENTT): a randomised, double-blind, controlled trial. The Lancet 2020; 396;
10259:1353 — 1361

Alghamdi AA, Albanna MJ, Guru V, Brister SJ. Does the use of erythropoietin reduce the risk of
exposure to allogeneic blood transfusion in cardiac surgery? A systematic review and meta-
analysis. Journal of Cardiac Surgery 2006; 21: 320-6.

Unger EF, Thompson AM, Blank MJ, Temple R. Erythropoiesis- stimulating agents — time for a
reevaluation. New England Journal of Medicine 2010; 362: 189-92.

Page 24 of 25



66.

67.

68.

69.

70.

71.

72.

Thakrar SV Clevenger B, Mallett S. Patient blood management and perioperative anaemia. BJA
Education 2017, 17 (1): 28-34

Kozek-Langenecker, Sibylle A.; Ahmed, Aamer B.; et al. Management of severe perioperative
bleeding, European Journal of Anaesthesiology 2017, 34 (6) :332-395

Patient Blood Management Guidelines: Module 2 — Perioperative. Quick reference guide. National
Blood Authority Canberra 2012.

Leahy, M.F., 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, 57: 1347-1358

Schack A, Berkfors AA, Ekeloef S, Gdgenur |, Burcharth J. The effect of perioperative iron therapy
in acute major non-cardiac surgery on allogenic blood transfusion and postoperative haemoglobin
levels: A systematic review and meta-analysis. World J Surg. 2019;43(7):1677-91.

Madu AJ, Ughasoro MD. Anaemia of Chronic Disease: An In-Depth Review. Med Princ Pract.
2017;26(1):1-9.

Aapro M, (")sterborg A, Gascon P, Ludwig H, Beguin Y. Prevalence and management of cancer-
related anaemia, iron deficiency and the specific role of i.v. iron. Ann Oncol. 2012 Aug;23(8):1954-
1962.

Page 25 of 25



	INTRODUCTION
	DEFINITION OF ANAEMIA
	PREVALENCE OF ANAEMIA AND PREOPERATIVE ANAEMIA
	WHY IS PREOPERATIVE ANAEMIA IMPORTANT TO THE ANAESTHETIST?
	ANAEMIA
	Types of anaemia 17
	Causes of anaemia: Why is this important to the anaesthetist?

	ANAEMIA OF CHRONIC DISEASE22
	Anaemia of chronic disease and Functional iron deficiency: The role of Hepcidin 22,23

	ANAEMIA IN CHRONIC KIDNEY DISEASE: 22,24
	ANAEMIA IN CANCER PATIENTS 25
	PATHOPHYSIOLOGY 17,26,27
	OPTIMISATION OF PRE-OPERATIVE ANAEMIA IN PATIENTS BEFORE ELECTIVE MAJOR SURGERY:
	Who should be optimized:
	Specific patient groups:
	When should patients be screened and optimized:
	How should we go about screening and optimization for PA:
	Iron Supplementation:
	Erythropoietin and Erythropoietin stimulating agents:

	APPROACH TO THE PATIENT WITH PRE-OPERATIVE ANAEMIA 19,66,68
	OTHER STRATEGIES TO REDUCE ANAEMIA RELATED POSTOPERATIVE MORTALITY19
	CONCLUSION
	REFERENCES

